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Executive summary

The present activity has been performed within the project “The African Networks of
Centres of Excellence on Water Sciences PHASE II (ACE WATER 2)”, that aims at fostering
sustainable capacity development at scientific, technical and institutional level in the water
sector, being implemented in partnership between UNESCO and the JRC.

In this framework, the analysis of energy production and demand patterns has a major
relevance for the assessment of both current socio-economic conditions and future
developments. Among others, the role of hydropower is expected to further expand in the
near future in most African countries, accounting for a major impact in terms of electricity
production, but also posing various social, technical and scientific challenges. Among them,
the medium-long term sustainability, face to impact of climate variability and climate
change on water availability, the competing water use among the different economic
sectors and human water supply needs, and the potential conflicts due to water allocation
policies, particularly in transboundary basins.

Hydropower has been the object of specific scientific analysis in a WEFE (Water-Energy-
Food-Ecosystem) nexus perspective at few of the major continental river basins, namely:

- the Zambezi river basin, by promoting scientific collaboration among the region
CoEs, experts in hydrology and hydropower from the Un. of Rhodes and the Un. of
Florida, and the JRC, addressing the basin development priorities as identified by
ZAMCOM;

- the Blue Nile, through the active collaboration of key CoEs in the region, namely
the Un. of Khartoum/Sudan and the AAU/Ethiopia, addressing the challenges of
future envisaged developments (e.g. the GERD).

Although not explicitly addressed, the topic of energy and hydropower production also play
a major role in other major basins, that have been investigated in the framework of the
project, namely the Lake Victoria and the Niger river basins.

In the light of the debate on energy production and on renewable energy in Africa, a
decision was finally taken to integrate the overall framework by investigating the role and
potential of geothermal energy, that looks like promising in several countries along the
East African Rift System (EARS), geographically extending from Eastern to Southern Africa.

The general objective of the report is to present the state-of-the-art on the geothermal
resource development in East African Countries (Eritrea, Djibouti, Ethiopia, Kenya, Uganda,
Rwanda, Burundi, Tanzania and Comoros) and in two Southern African countries (Malawi
and Zambia), for the sake of simplicity all collectively referred to as “East African
countries”.

The focus of the report is on geothermal activities aimed at generating electric power by
using either flashing or Organic Rankine Cycle (ORC) plants with geothermal fluids
extracted from medium to high temperature hydrothermal systems. A summary of the
present status of geothermal development initiatives underway in each of the 11 countries
is given, distinguishing between: surface exploration projects; drilling exploration projects;
well field development and power plant design and construction projects; exploited
geothermal fields.

The business models implemented are discussed, in relation with the peculiar features of
the geothermal energy which is characterized by important initial investments and limited
operating and maintenance expenditures, as most of the renewable energy sources, but
having peculiar remarkable mining risks mainly related to the exploration drilling phase.

Constraints delaying a more widespread use of geothermal energy for electric power
generation in East Africa are analysed together with the role of international and financial
institutions in providing funds and risk mitigation opportunities, support in capacity building
and the development of national legal frameworks needed for an improved and faster
development of geothermal resources in East Africa.



The report is the result of a desk-based work, consisted in a literature review of selected
papers and news approximately from year 2005, searched on web resources and dealing
with geothermal resources development in East African countries. The review includes
published papers, reports and documents that are available through the World Wide Web
(WWW).

While any reasonable effort has been assured to collect the relevant information, of course
the literature review cannot be complete and exhaustive because of the so many projects
underway and so many international and national stakeholders acting in the 11 African
countries considered. In addition, while most of the general information is available to the
public through the WWW, the details on specific initiatives are often not readily available
and, on the other hand, the published information is not always updated.

Geothermal energy: a low environmental impact renewable energy

Geothermal resources, consisting in the heat contained in the Earth crust, are presently
exploited for both electric power generation and for direct uses. Apart for the utilization of
low temperature resources (<100°C) only made for direct uses, the generation of electric
energy is made from medium (between 100°C and 200°C) and high (>200°) temperature
geothermal systems.

Favourable geodynamic environments allow founding exploitable geothermal systems at
economic and technical feasible depths, generally not exceeding 4,000 m. Almost all the
high temperature geothermal fields exploited today are hydrothermal systems from which
heat is extracted by means of wells producing fluids contained in a permeable reservoir.
According to thermodynamic conditions, the reservoir can be either vapour or liquid
dominated depending on the fluid phase controlling the reservoir pressure distribution.
Extracted geothermal fluids are used to operate condensing turbines or ORC plants,
depending on their thermodynamic conditions. Geothermal power plants typically are used
to supply the base load as field exploitation is performed following the natural well
production decline with minimal well regulation. Thus, geothermal energy supplies almost
constant power with a load factor often in the order of 90% and more, independent on
weather conditions and seasons.

Full reinjection of separated brines and recovered condensed steam is customarily
performed to avoid environmental pollution, to recharge the exploited reservoir and to
avoid subsidence effects. Lifecycle greenhouse gas emissions of geothermal power
generation are typically lower than that of fossil fuels power generation, and comparable
to those of solar PV, biopower and concentrated solar power.

The larger flash or direct steam plants allows to achieve lower levelized cost of electricity
generation (LCOE) than the smaller ORC plants. Well managed geothermal field
developments allow a LCOE lower than about 0.07-0.08 USD/kWh, which is competitive
with electricity generated with fossil fuels. Geothermal energy is also an indigenous energy
source less prone to the instability of international O&G market.

Phases of geothermal resources development

Even today, different countries and agencies employ different methodologies and
techniques in developing a project to utilize a geothermal resource. The IGA (2014) guide
for geothermal exploration divides the process of developing geothermal projects into eight
key phases, in line with the ESMAP Geothermal Handbook (Gehringer and Loksha, 2012),
as follows:

I. Preliminary survey

II. Exploration

III.  Test drilling

Iv. Project review and planning
V. Field development



VI. Power plant construction
VII. Commissioning
VIII. Operation

According to Gehringer and Loksha (2012), it may take approximately seven years (usually
between 5 and 10 years) to develop a typical full-size geothermal project with a 50 MW
turbine as the first field development step. Of course, the project development time may
vary depending on the relevant country’s geological conditions, information available about
the resource, institutional and regulatory framework, access to suitable financing, and
other factors. Due to this long project execution cycle, geothermal power is not a quick fix
for any country’s power supply problems, but rather should be part of a long-term
electricity generation strategy.

Each of the above phases of geothermal project development consists of several tasks.
After each milestone, the developer, either a private company or a country’s institution,
must decide whether to continue developing the project or not. The first three phases take
the developer from early reconnaissance steps to field exploration and to test drillings. This
first part of the project development (which could be broadly called the exploration stage)
either confirms the existence of a geothermal reservoir suitable for power generation or
not: it is usually seen as the riskiest part of project development. A strong reduction of the
risk is obtained only after the positive results of the test drilling phase, that is the
confirmation of the existence of the geothermal reservoir by drilling and testing of
exploration wells, but this phase is much more expensive than the previous surface
exploration phase, by more than one order of magnitude.

Once the existence of an exploitable geothermal reservoir has been confirmed, its main
characteristics evaluated through drilling and well testing results, and the technical and
economic feasibility positively evaluated, the field development phase and the power
construction phase can be performed, pending the availability of related funding resources.

Thus, the development of a geothermal resource for power generation is characterised by:
a long execution period with distinct phases and milestones to be fulfilled; the presence of
mining risks related to the early exploration drilling phase which are similar to those
afforded by the O&G industry; the availability of high skilled technical resources in several
disciplines including geosciences, drilling and reservoir engineering, plant engineering and
project management; the requirement of experienced drilling contractors and specialised
service companies; finally the high initial costs for field development and power plant EPC
which are recovered during a long term operation period with low maintenance and
operation costs, which make geothermal energy similar to the power industry.

Geothermal projects development in East Africa

Historically, reconnaissance and preliminary surface studies on geothermal prospects in
East Africa where performed by public institutions or companies supported by international
donors and consultants. In a few cases this approach allowed also to drill the first
exploratory wells, like in Olkaria (Kenya), Aluto and Tendaho (Ethiopia), and Asal
(Djibouti). Often, this approach has been characterized by a discontinuous performance of
exploration phases separated by long periods of inactivity, sometime accompanied by the
switch of operations from one institution to another one, with loss of skilled personnel and
know-how. More recently most of the countries have developed regulatory environments
in which both public and private operators, as well as private-public initiatives are allowed
to develop the geothermal resources.

The example of Kenya, with an institutional setup of its energy sector similar to that of the
most advanced geothermal countries in the World, testifies that the opening to private
investors and operators, as well as to the collaboration between public companies in charge
of the exploration and field management and Independent Power Producers, allows an
accelerated and more effective development. Other countries are following Kenya in
establishing a clear regulatory environment and accelerating the initial prospects
exploration with dedicated public companies.
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Recognized obstacles to the development of geothermal resources utilization in
East Africa

While the East African Rift System geodynamic context creates high favourable conditions
for the existence of geothermal systems at economically and technically drillable depths,
with a global potential estimated at 15,000 - 20,000 MW, at present only Kenya has
developed its geothermal resources with an installed electric power of about 865 MW,
against estimated resources from 7,000 MW up to 10,000 MW (Omenda, 2018b). Despite
exploration drilling performed since the 80's in both Djibouti and Ethiopia, no power
generation is at present active in both countries.

There are several reasons for the delay of geothermal resources development experienced
so far by East African countries, such as:

- the lack of clear and coherent legislative frameworks regulating the activities of
both public and private investors in several countries.

- the lack of local technical and managerial skills able to conveniently support the
exploration and exploitation of geothermal resources.

- the remoteness of many East Africa geothermal areas from developed O&G regions
where most of the drilling contractors and service providers are based, and then
the absence of infrastructures and logistic facilities supporting the drilling activities
characterising well developed O&G regions.

- inadequate financing of the early stages of geothermal projects; commercial banks
reluctance to participate in the exploration phase and the need for more risk
reduction opportunities which facilitate the investment by both public and private
operators.

- competition from other energy sources, such as Hydro in Ethiopia and several other
countries, which creates a challenging environment for geothermal projects in the
region.

- the issue of remunerative price for the generated electric power in still poor
developed national electric markets.

In order to help East African countries to overcome the above issues, international
organizations and financial institutions are actively collaborating with national governments
to create the necessary legislative framework in each country. They have facilitated the
capacity building with the organization of dedicated courses and conferences and the
creation of the Africa Geothermal Centre of Excellence (AGCE) in Kenya, taking advantage
of the existing training facilities of GDC and KenGen.

Geothermal power plant development involves substantial capital requirements due to
exploration drilling costs, for which it can be difficult to obtain bank loans. Since geothermal
exploration is considered high risk, developers generally need to obtain some type of public
financing. This risk is derived from the fact that capital is required before confirmation of
resource presence or exploitability, and therefore before project profitability can be
determined.

Some of the Governments (Kenya, Uganda, Tanzania) have decided to reduce this risk and
the cost of capital for private developers by creating public companies in charge of initial
exploration activities and in some case also to exploit geothermal resources and provide
private companies (that install power plants and supply electricity to their customers) with
the required steam.

An important risk mitigation opportunity is represented by the Geothermal Risk Mitigation
Facility for Eastern Africa (GRMF) which is providing grants covering a variable costs
fraction for infrastructure construction, surface exploration surveys and exploration drilling,
that are the phases characterized by the higher mining risks. After 5 Application Rounds,
grants have already been awarded to 30 projects located in Djibouti, Ethiopia, Kenia,
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Uganda, Tanzania and Comoros. The expression of interest for the 6™ Application round
has started on May 6, 2020.

Finally, several international stakeholders are actively supporting all the phases of
geothermal field development, from exploration to power plant EPC, with grants and soft
loans and providing technical assistance and consultant support to national institutions and
geothermal operators.

While the role of international institutions has been fundamental in supporting the
geothermal exploration and development in East Africa countries in the last decades,
sometime the support given was limited to a specific phase after which no further support
was available, determining strong delays in the performance of further phases. Often the
same prospect has been explored and developed with funding coming in different times
from different institutions, very often with different consultants that had to review each
time the data and results of previous activities. This approach was not always effective,
and produced changes in strategy, unnecessary reiteration of reviews and processing of
data, and consequently delays in the development process and higher costs.

The Eastern Africa Rift System (EARS)

Geothermal systems, which can be at present economically and technically exploited at
depth generally not exceeding 4,000 m, are found in peculiar geologic and geodynamic
environments which are strictly linked to plate tectonic features enhancing locally the heat
transmission from the mantle towards the Earth crust. The EARS, an intracontinental rift,
is one of such geodynamic environments. It is the continental branch of the worldwide mid
ocean rift system that corresponds to the third arm of the Afar- Red Sea - Gulf of Aden
triple junction. The EARS splits into an Eastern and a Western branch at about 5°N. The
Eastern Branch comprises the Afar depression at the North and the Ethiopian, Turkana and
Kenya Rift Valleys to the South, till the North of Tanzania. The Western Branch starts in
Uganda to the North end, and comprises Albert, Kivu, Tanganyika, Rukwa and Malawi Rift
Valleys. Its SW extension comprises Luangwa-Kariba-Okavango rifts in Zambia.

The Eastern Branch is characterized by a much widespread quaternary volcanic activity,
with large calderas and volcanic centres along the rift axis, with the presence of shallow
magma bodies. Geothermal prospects are mainly consisting in volcanic hosted high
temperature geothermal systems. The Western Branch has limited volcanic centres, with
the absence of shallow magmatic bodies and is characterized by geothermal prospects
mainly associated to medium, rarely high, temperature fault controlled hydrothermal
systems. While the overall EARS geothermal potential is estimated at more than 15,000
MW, the eastern Branch is for sure characterized by a higher potential mainly concentrated
in the Afar depression (Djibouti and Ethiopia) and the Ethiopian and Kenyan Rift valleys.

The role of geothermal energy in the energy mix of the East Africa countries depends on
the present status of the energy markets of each country, on the potential of indigenous
energy sources, including geothermal energy, and strategic choices taken by each
government. The East Africa countries have all some common features such as: a rapidly
increasing population whose majority still lives in the country side mainly occupied in
subsistence agriculture; low annual per capita income countries, with plans to become in
a near future middle income countries; the majority of energy consumption still satisfied
by Biomass (wood and charcoal) with adverse impact on the ecosystems; low per capita
electric energy consumption with the majority of population still not reached by electric
national networks; high fraction of electric energy generated by Hydro resources (with the
exception of Eritrea, Djibouti and the Comoros), high potential for development of Solar
PV and Wind resources, low use of O&G for electric power generation (with the exception
of Eritrea, Djibouti, Tanzania and the Comoros); plans to consistently increase the installed
electric power, extend the national electric networks and focus on renewable indigenous
energy sources.
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Eastern Branch

Looking at the present situation in each country, it appears evident that the countries
crossed by the Eastern Branch of EARS have a definitely higher geothermal potential,
mainly concentrated in the Afar depression and the Ethiopian and Kenyan Rift Valleys. Even
if not huge on an absolute scale, the resources inferred in Eritrea, Djibouti and the Comoros
(the latter not actually pertaining to the Eastern Branch of EARS), if developed, would
contribute to a large fraction of their present and future electric network base load.

Exploration of Alid volcanic complex in Eritrea shall be completed in order to allow the
location and drilling of exploratory wells. The inferred Alid prospect potential of 70 MW
would cover a large fraction of the country base load, as the total installed power capacity
amounts at some 195 MW.

The extensive reconnaissance and surface surveys performed in Djibouti, supported by
exploration drilling at Asal Rift and North Ghoubet have not yet identified geothermal
resources suitable for industrial development, being pending the results of recently drilled
wells at Fialé caldera prospect in the Asal Rift where a potential of up to 50 MW was
inferred. A 50 MW geothermal development would represent a significant fraction of
country base load, as the total installed power is at present about 123 MW.

Surface exploration of the Karthala geothermal prospect in Grande Mayotte, Comoros,
allowed to identify a geothermal potential of up to 40 MW, largely exceeding the base load
of the country, where the installed potential amounts at present at 22 MW, of which 16
MW are installed in Grande Mayotte. Exploration wells have been targeted and a project is
underway with the aim to drill 3 exploration wells.

Ethiopia has a large geothermal potential estimated at some 10,000 MW in the most
optimistic evaluations, which at present is still untapped after more than 40 years of
surface surveys over more than 20 prospects and deep exploratory wells drilled at Aluto
caldera and at the Tendaho graben. The situation seems to be ready to evolve thanks to
the award of 8 exploration licenses to international experienced operators and 3 drilling
projects managed by the Ethiopian Electric Power company at Aluto caldera, and Dubti and
Alalobad prospects within the Tendaho graben. Tulu Moye Geothermal Operation is ready
to start exploration drilling at the Tulu Moye prospect, while Corbetti Geothermal Plc will
soon start the exploration drilling at the Corbetti caldera which might be the greater
geothermal field in Ethiopia. Other important prospects are under exploration at Abaya,
Fentale, Boku, Shashemene, Duguno and Dofan for both high and medium temperature
geothermal reservoirs.

The promulgation of geothermal proclamations in 2016 and 2019 has definitely clarified
the regulatory framework for the development and use of geothermal resources in Ethiopia,
with clear procedures for the award of licenses for reconnaissance, exploration, and
development and use of geothermal resources for electric power generation by both private
and public operators. The competition of geothermal energy with other renewables in
Ethiopia, and particularly with massive Hydropower resources, is for sure problematic, but
the willing of the Government of Ethiopia to definitely develop its geothermal resources
seems to be proven by the recently signing of updated Power Purchase Agreements with
Tulu Moye Geothermal Operation and Corbetti Geothermal Plc. The direct involvement of
experienced international operators should definitely allow the construction and operation
of geothermal plants in Ethiopia. For those prospects directly explored by the Ethiopian
Electric Power Co., the subsequent building and operation of the power plants by
Independent Power Producers might be a suitable option, in particular for the Dubti and
Alalobad prospects in the Tendaho graben.

Kenya is the leading country in Africa as far as the development and exploitation of
geothermal resources is concerned, with 865.4 MW installed at the end of 2019, of which
706.8 MW are operated by KenGen at the Greater Olkaria field, where other 155 MW are
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operated by OrPower 4 Inc. Geothermal energy is now the primary source of electric energy
in the country.

The development of the Greater Olkaria Field is a success story witnessing the capabilities
acquired by KenGen in all the different phases of resource development, from surface
exploration and deep drilling to plant construction and field exploitation. Geothermal
Development Company (GDC) is the national company in charge of the development of
geothermal resources in Kenya. Both KenGen and GDC have their own drilling rigs and are
capable to execute integrated drilling services both in Kenya and in surrounding countries.

The Kenyan geothermal energy sector has a well-defined institutional set-up which
foreseen the role of both public and private companies in the exploration activities as well
as on building and operating geothermal plants. Different Public Private Partnerships
models are allowed, making the Kenya market close to the most advanced geothermal
markets in the World. Geothermal power development is projected to increase by 328 MW
between 2020 and 2022 with the commissioning of Olkaria PPP (140 MW), Olkaria 1 Unit
6 (83.3 MW) and Menengai (105 MW).

In addition to further development of the Greater Olkaria field by KenGen and OrPower 4
and the development by GDC of Menengai, GDC already performed exploration drilling at
Paka and is planning exploration drilling at Suswa, Korosi and Silali prospects. Private
operators are active on other prospects such as Olsuswa Energy Ltd at Barrier prospect,
Africa Geothermal International Ltd al Longonot prospect, Capital Power Ltd at Homa Hills
prospect, Arus Energy Ltd at Arus prospect, Akiira Geothermal Ltd at Akiira prospect. Other
prospects that include Lake Baringo, Elementaita, Namarunu, Emuruangogolak, and Lake
Magadi, licensed to GDC and private developers, are still in the planning stages.

Tanzania is interested by both the southern end of the Eastern Branch and by the Western
Branch of the EARS. The Government of Tanzania has invested considerably on its
geothermal resources by creating a dedicated company, TGDC, for the development of
geothermal resources with special focus on four flagship projects for a short-term target
of 200 MW. Surface exploration activities performed on the 3 of the above 4 prospects,
namely Kiejo-Mbaka, Songwe and Luhoi, suggested medium temperature reservoirs in the
range of 110-150°C suitable for direct uses and power generation using ORC plants.
Surface exploration of Ngozi prospect inferred a potential of at least 30 MW (P50) related
to a high temperature reservoir beneath the Ngozi crater, with an ongoing exploration
drilling project. At present, the surface exploration results suggest that the short-term
target of 200 MW is far to be realized with the 4 flagship prospects initially considered by
TGDC. The sites with known thermal manifestations on the Western Branch of the EARS
suggest low to medium temperature geothermal systems likely to be fault controlled.
Different perspectives could be liked to geothermal areas located in the Northern province
belonging to the Western Branch of the EARS, such as Natron prospect for which a surface
exploration study has been planned by TGDC. The overall picture of present geothermal
development in Tanzania suggest that the potential is probably much lower than in Ethiopia
and Kenya. In addition, this limited potential should compete with the large Hydro and
natural gas resources on which the present generation of electric energy is mostly based.

Western Branch

The geological settings and the exploration activities performed so far suggest clearly that
the countries crossed by the Western Branch of EARS have a lower geothermal potential,
mostly related to medium, rarely high, temperature fault controlled geothermal systems
whose utilisation for electric power generation would require ORC power plants.

Uganda is located at the northern end of the Western Branch of EARS which crosses the
country on its western border. So far, four potential areas located in the Western Branch
of the EARS have been identified and studied with detailed surface exploration surveys and
drilling of gradient wells, nhamely Katwe-Kikorongo, Buranga, Kibiro and Panyimur. Results
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achieved so far suggest medium temperature fault-controlled reservoirs with temperatures
in the range 110 - 150°C, with possible upper temperature of 200°C for the Buranga
prospect only. These temperatures would require the use of ORC plants for power
generation. All the four prospects are not yet ready for deep exploratory drilling. Despite
the optimistic evaluation of Uganda geothermal potential, amounting up to 1,500 MW, at
present the results of detailed exploration performed on the 4 most promising prospects
are indicating that geothermal resources suitable for power generation are still to be
confirmed.

Despite the willing and efforts of the Government of Uganda to utilize the geothermal
resources of the country, results achieved so far do not allow to hypothesize that
geothermal energy will be soon available to contribute to the base load of the national
electric network. It seems also that even if exploration will be finally successful, geothermal
energy will not be able to give a remarkable contribution to the future electric energy
generation in Uganda, which will be probably dominated by Hydro with the contribution of
other renewables.

Rwanda is located along the Western Branch of EARS and is crossed NS on its western
part by the Rift Valley. Despite its position, the geothermal potential of Rwanda, initially
estimated in the range 170-340 MW, has been recently revised down to 90 MW within the
2015 Electricity Master Plan. This in principle would still be an interesting potential in a
country in which the present installed power amounts to some 220 MW. Exploration
activities have been conducted on four most promising prospects, namely Karisimbi, Kinigi,
Gisenyi and Bugarama. Two of them resulted not to host a geothermal system, namely
Karismbi where two deep exploratory wells failed to find interesting temperature, and
Kinigi. Surface exploration concluded also that Buragama is a typical low-temperature
system, with temperature in the range 75-115°C, not suitable for power generation. Higher
temperatures up to about 160-200°C have been inferred for a deep reservoir in Giseny,
but additional surface exploration was deemed necessary before moving to the deep
exploration drilling phase.

Despite the willing of the Government of Rwanda to diversify the sources of electric energy
generation by developing also geothermal resources, results achieved so far indicate that
the known geothermal sites in the country have an overall limited potential and will not be
able to give a remarkable contribution to the future electric energy generation in Rwanda,
unless improved exploration approaches targeted to fault controlled systems will be able
to identify new promising prospects.

Burundi is located along the Western Branch of EARS and is crossed NS by the Rift Valley.
Geochemical surveys suggest the highest temperatures should be found in the Rusizi
Valley, with an inferred geothermal resource with temperature in the range of 100°-160°C.
The reconnaissance activities performed so far confirm that hydrothermal geothermal
resources of low and medium temperature might exist in Burundi, but the actual
characteristics of those resources still need to be confirmed with surface exploration studies
on most promising sites. Geothermal energy could contribute to the Government of Burundi
plans to increase and diversify the sources of electric energy generation by providing a
stable fraction of base load, but those resources are reasonably expected to be limited.

Malawi is located at the SW end of the Western Branch of EARS along the Rift Valley. The
reconnaissance and surface exploration activities performed so far confirm that
hydrothermal geothermal resources of low and medium temperature exist in Malawi. A
Geothermal Exploration Project encompassing the whole country completed in 2018
identified Chiweta and Kasitu as the most promising prospects with inferred temperature
between 110° and 135°C, at the lower temperature range for electric power generation
with ORC plants, with an estimated potential of some 10 MW each. According to the results
of the project, a limited contribution from geothermal resources to the country energy
requirements can be reasonably expected.
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Zambia is located at the extreme SW end of the Western Branch of EARS. The strategy of
ZESCO, the public utility in charge of geothermal development, has identified five priority
prospects on which detailed surface studies need to be completed, namely Chongo and
Kapisya in the North, Lubungu and Mupiamanzi in the West, Chinyunyu in the East, even
though preliminary investigations suggest that Kapisya and Chinyunyu prospects have low
potential for power generation. More advanced surface exploration surveys supported by
the drilling of gradient wells have been performed by Kalahari GeoEnergy at Bweengwa
River prospect in southern Zambia. Results confirm the existence of a fault-controlled
geothermal system with temperatures up to 150°C that can support a power generation
project of at least 10 MW based on ORC plants. Kalahari GeoEnergy is extending the
exploration to Kafue Trough where a resource with characteristics similar to the Bweengwa
River prospect are expected.

The reconnaissance and exploration activities performed so far confirm that hydrothermal
geothermal resources of low and medium temperature exist in Zambia, mainly linked to
fractured bed rocks and fault-controlled systems. A total potential for some 50 MW to be
generated using ORC plant is inferred. Despite the Government of Zambia need and willing
to diversify the sources of electric energy generation, it seems that even in the most
optimistic case geothermal energy will be able to supply only a very small fraction (<1.5%)
of electric power planned from renewable sources.
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Foreword

The present activity has been performed within the project: “The African Networks of
Centres of Excellence on Water Sciences PHASE II (ACE WATER 2)”, that aims at fostering
sustainable capacity development at scientific, technical and institutional level in the water
sector. The project supports twenty AU-NEPAD African Network of Centres of Excellence in
Water Sciences and Technology (CoEs) organized in three regional networks, in conducting
high-end scientific research on water and related sectors, in order to provide effective
scientific and educational support to governments. The project is implemented in
partnership between UNESCO, in charge of the human capacity development component,
and the JRC that coordinates the scientific component and leads the project.

In the framework of the project scientific component, the Southern and Central-Eastern
Africa Networks of WATer Centers of Excellence respectively identified the Zambezi river
basin and two relevant sub-catchments (Blue Nile Basin and the Lake Victoria Basin) of the
Nile river basin as common study areas for the development of common research
undertakings.

These basins pose many challenges from a perspective of Water-Energy-Food-Ecosystem
(WEFE) nexus, including among others: hydropower, reservoir multipurpose optimization
and release management, coupled surface water and groundwater management, rain-fed
and irrigated agriculture development, impact of land use and agricultural practices
(including livestock and fisheries), role of ecosystem services (natural parks, wetlands),
pressures on resources due to population growth, climate change, climate variability and
extreme events risks (drought and flooding).

In the framework of the energy component of the WEFE nexus, analysis has been focused
up to now on hydropower, playing a major role in most of the study areas, with relevant
planned future developments and key challenges on transboundary water availability, as
is the case for the assessment of impacts of the GERD (Great Ethiopian Renaissance Dam).

Although of minor relevance, still the geothermal energy production potential looks like
promising in few countries, along the East African Rift System (EARS), geographically
extending from Eastern to Southern Africa. Hence the envisaged need to provide a state-
of-the-art review of the topic, whose subject is better detailed here below.

Subject

The general objective of the present report is to frame the state-of-the-art on the
geothermal resource development in East African Countries (Eritrea, Djibouti, Ethiopia,
Kenya, Uganda, Rwanda, Burundi, Tanzania and Comoros) and two Southern African
countries (Malawi and Zambia). For the sake of simplicity, all the above countries will be
collectively referred to as “East African countries”.

The focus of the report is on geothermal activities aimed at generating electric power by
using either flashing or Organic Rankine Cycle (ORC) plants. The results of the research
allow to draft a summary of the present status of geothermal development initiatives
underway in each Country, distinguishing between: surface exploration projects; drilling
exploration projects; well field development and power plant design and construction
projects; exploited geothermal fields.

The business models implemented are discussed, in relation with the peculiar features of
the geothermal energy which is characterized by important initial investments and limited
operating and maintenance expenditures, as most of the renewable energy sources, but
having peculiar remarkable mining risks mainly related to the exploration drilling phase.

Constraints delaying a more widespread use of geothermal energy for electric power
generation in East Africa are analysed together with the role of international and financial
institutions in providing funds and risk mitigation opportunities, support in capacity building
and the development of national legal frameworks needed for an improved and faster
development of geothermal resources in East Africa.
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1 Introduction

Geothermal energy is a renewable energy characterized by: low environmental impact and
greenhouse emissions when compared to energy generated using fossil fuels; quite
constant generation output independent from weather conditions, which makes it
particularly suitable for base load electric generation; high initial capital costs and low
operating and management expenditures; remarkable mining risks mainly related to the
performance of exploratory drilling phase.

While well developed in Iceland, Italy, Turkey, USA, Mexico, New Zealand, in Far East (the
Philippines, Indonesia, Japan) and Central America Countries (Costa Rica, El Salvador,
Nicaragua), geothermal resources are at present only marginally exploited in Africa, with
the exception of Kenya, despite favourable geodynamic conditions in East Africa.

East Africa is characterized by the presence of the East African Rift System (EARS) with:
the Eastern branch extending from Eritrea to Tanzania and crossing Djibouti, Ethiopia and
Kenya; the Western branch extending from Uganda to Mozambique and crossing Burundi,
Rwanda, Zambia, Tanzania, Malawi. While this geodynamic context creates high favourable
conditions for the existence of geothermal resources at economically and technically
drillable depths, at present only Kenya has developed its geothermal resources with an
installed electric power of about 700 MW, against estimated resources amounting to some
7,000 MW. Despite exploration drilling performed since the 80’s in both Djibouti and
Ethiopia, no power generation is at present active in both countries.

The general objective of the present report is to frame the state-of-the-art on the
geothermal resource development in East African Countries with the focus on geothermal
activities aimed at generating electric power by using either flashing or Organic Rankine
Cycle (ORC) plants (DiPippo, 2012; Moon and Zarrouk, 2012). The development stage of
geothermal sector in East Africa countries is quite variable, depending on the potential and
characteristics of their inferred geothermal resources, the local energy market, and existing
economic and legislative frameworks.

The report is divided in three main sections:

- Introduction: which briefly introduces the main characteristics of geothermal
energy, gives an overview of the geothermal resources in the East African countries,
discuss about the phases of geothermal resources development and summarizes
the main obstacles to the development of geothermal industry in East Africa.

- International Stakeholders: which present the main international institutions active
in funding geothermal projects, providing technical assistance to local Governments
and organizing technology transfer and capacity building to local Governments and
companies.

- Countries Status: drafting a summary of the present status of geothermal
development initiatives underway in each Country, distinguishing between: surface
exploration projects; drilling exploration projects; well field development and power
plant design and construction projects; exploited geothermal fields.

Finally, a References section lists all the references cited within the text.

The report is the result of a desk-based work, consisted in a literature review of selected
papers and news approximately from the year 2005, searched on web resources and
dealing with geothermal resources development in East African countries. The review
includes published and unpublished documents that are available through the worldwide
web.

While any reasonable effort has been assured to collect the relevant information within the
time constraint of the present study (from March 13 to May 15, 2020), of course the
literature review cannot be complete and exhaustive because of the so many projects
underway and so many international and national stakeholders acting in the 11 considered
countries.



In addition, while most of the general information is available to the public through the
WWW, the details on specific initiatives are often not readily available and, on the other
hand, the published information is not always updated.

The World Geothermal Congress (WGC) 2020 was scheduled in Reykjavik from March 27
to April 1, 2020. Papers presented at the WGC are an important source of updated info
and data. In particular, the geothermal countries update is usually presented giving the
state of the art of exploration and exploitation activities in each country. WGC 2020 has
been postponed to May 21-26, 2021, because of COVID-19 health crisis. But papers were
already submitted and are available at https://www.geothermal-energy.org/explore/our-
databases/conference-paper-database/ and https://pangea.stanford.edu/.

Activities related to this report began on mid-March 2020, just a few days after a complete
lockdown was enforced in Italy due to the COVID-19 pandemic. Italy was followed shortly
by most of European countries and by the United States. The lockdown enforced, even with
different approaches, has already heavily affected the economy and the energy market at
a global scale. IEA (2020) estimates that as a consequence of the efforts to slow the spread
of the virus, the share of energy use that was exposed to containment measures jumped
from 5% in mid-March to 50% in mid-April. IEA analysis of daily data through mid-April
shows that countries in full lockdown are experiencing an average 25% decline in energy
demand per week and countries in partial lockdown an average 18% decline, while global
energy demand declined by 3.8% in the first quarter of 2020. Renewables (Solar PV and
Wind) are the only source that showed a growth in demand, driven by larger installed
capacity and priority dispatch.

The present analysis of geothermal industry in East Africa countries and in particular of
planned future developments, is based on available documentation which does not account
at all the effects of COVID-19 pandemic on the global economy and the energy
consumption in 2020 and on the years to come. Those effects might have an impact on
the energy planning of East Africa countries. Moreover, the major global supply chain
disruptions are of course having an impact on on-going projects which relay on goods and
services also supplied by international companies. The prediction of the future effects of
COVID-19 pandemic on the development of geothermal resources in East Africa countries
is outside of the scopes of the present analysis.

A few considerations can be any way made with respect to the effects on geothermal
industry activities:

- the slowdown of energy consumption affects heavily the fossil fuels demand with a
strong consumption decline and in a less amount the electric energy consumption;

- electric power generation will be cheaper using fossil fuels, but geothermal energy
investments are decided looking to power plant operations in the order of at least
25-30 years. Thus, decisions are not taken looking at short term crude oil price
changes;

- the crisis affecting the O&G industry is strongly affecting the drilling operations as
proven by the April and May 2020 decline of the number of drilling rigs active
worldwide shown in Figure 1.

- this slowdown of O&G drilling market will make drilling operation on geothermal
fields cheaper, as the same drilling contractors, service companies and consumable
materials of the O&G industry are employed.



Figure 1. Total World rig count (Source: Baker-Hugues
https://rigcount.bakerhughes.com/intl-rig-count)
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1.1 Geothermal energy: a low environmental impact renewable
energy

Geothermal resources, consisting in the heat contained in the Earth crust, are presently
exploited for both electric power generation and for direct uses. Apart for the utilization of
low temperature resources (<100°C) only made for direct uses, the generation of electric
energy is made from medium (between 100°C and 200°C) and high (>200°) temperature
geothermal systems.

The USGS definition of a geothermal system (Williams et al., 2011) is as follows: “A
geothermal system is any localized geologic setting where portions of the Earth’s thermal
energy may be extracted from a circulating fluid and transported to a point of use. A
geothermal system includes fundamental elements and processes, such as fluid and heat
sources, fluid flow pathways, and a caprock or seal, which are necessary for the formation
of a geothermal resource.”

Geothermal systems which can be at present economically and technically exploited at
depth generally not exceeding 4,000 m, are found in peculiar geologic and geodynamic
environments which are strictly linked to plate tectonic features enhancing locally the heat
transmission from the mantle towards the Earth crust. Figure 2 (USGS, 1997) shows the
relationship between the boundary of tectonic plates and volcanic activity, while Figure 3/3
shows the correlation between the location of major geothermal plays (both pilot and
commercial) and plate tectonics.

Figure 3 clearly shows as most of geothermal plays are located in volcanic areas
corresponding to mid-oceanic ridges, subduction zones, strike-slip zones, and
intracontinental rifts.



Figure 2. Plate tectonics and active volcanoes (Source: USGS, 1997)
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Figure 3. Plate tectonics and location of exploited (pilot + commercial) geothermal fields (Source:
IRENA, 2014)

02

0
Pacific Plate
45¢
Antarctic Plate
- & -~ a T - ’o
80 90 0° 90° 180

Plate boundary types

== Divergent type: Mid-oceanic ridges transected by transform faults Major zones of active volcanism

- Convergent type: Subduction zone } Intracontinental rifts

—z= Transform type: Strike-slip zone m Installed geothermal fields (pilots + commercial)
Examples of geothermal play types with current production

CV1 - Magmatic - Volcanic field type: B Taupo (New Zealand), @Kamojang (Indonesia), @Reykjanes (Iceland), A Puna (Hawai/lUSA)
CV1 - Magmatic - Plutonic type: DLarderello (Italy), @The Geysers (USA)

CV3 - Bxiensional domain type:  [OBradys (Nevada/USA), O Kizildere (Turkey), (& Soulz-sous-Forets (France), /\Olkaria (Kenya)
CD1 - Intracratonic basin type: A Neustadt-Glewe [heat] (Germany), @ Paris Basin [heat] (France)

CD2 - Orogenic belt/foreland basin type:  EUnterhaching (Germany), @ Altheim (Austria)

CD3 - Basement (hot dry rock) type: @ Habanero (Australia)



Favourable geodynamic environments allow founding exploitable geothermal systems at
economic and technical feasible depths. Almost all the high temperature geothermal
systems exploited today are hydrothermal systems from which heat is extracted by means
of wells producing fluids contained in a permeable reservoir. According to thermodynamic
conditions, the reservoir can be either vapour or liquid dominated depending on the fluid
phase controlling the reservoir pressure distribution.

Vapor dominated reservoirs produce dry steam, either saturated or superheated, which is
piped to a condensing power plant, whose simplified scheme is shown in



Figure 4 (Moon and Zarrouk, 2012). The condensed steam recovered at the condenser
(typically 25-30%) is pumped to reinjection wells, while the non-condensable gases (NCG)
are extracted from the condenser and discharged to the atmosphere after possible
treatment for the presence of contaminants (H2S, Hg). A rarely used alternative to a
condensing turbine is a backpressure turbine where the steam and NCG at turbine outlet
are directly discharged to the atmosphere. The gathering system (also known as Fluid
Collection and Reinjection System, FCRS) includes the steam pipelines from production
wells to the power plant and the reinjection lines for the recovered condensed steam. Vapor
dominated fields are not common. Examples are The Geysers (USA), Larderello (Italy),
Kamojang, Darajat and Patuha (Indonesia), Matsukawa (Japan).

Liquid dominated high temperature reservoirs produce a two-phase mixture of steam and
brine, which is separated and piped through steam and brine pipelines to a single-flash
condensing power plant, whose simplified scheme is shown in Figure 5 (Moon and Zarrouk,
2012). The separated brine and the condensed steam recovered at the condenser are piped
to reinjection wells, while the NCG are extracted from the condenser and discharged to the
atmosphere. Possible alternative to a single-flash condensing turbine is a double-flash plant
where the separated brine undergoes a second flash at a lower pressure to feed a low-
pressure stage of the turbine. The gathering system includes the steam pipelines from
separation stations to the power plant, the brine reinjection lines from the separation
stations to the reinjection wells and the reinjection lines for the recovered condensed
steam. Liquid dominated reservoirs are the most common high temperature geothermal
fields presently exploited. Two-phase conditions may be present within the reservoir under
the natural state as a steam-cap or can evolve during exploitation as a consequence of
reservoir pressure depletion and in-situ boiling of liquid phase.



Figure 4. Simplified schematic of a dry steam plant (Source: Moon and Zarrouk, 2012)
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Figure 5. Simplified schematic of a single-flash plant (Source: Moon and Zarrouk, 2012)
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Liquid dominated medium temperature reservoirs may produce liquid brine at wellhead, in
particular when production is assisted with downhole pumps. The brine is piped to an
Organic Rankine Cycle plant (ORC), also known as binary cycle plant as the heat carried
by the brine is transferred to an organic fluid whose vapor feeds the turbine. The simplified
scheme of an ORC plant is shown in Figure 6 (Moon and Zarrouk, 2012). The hot brine is
piped to the heat exchanger at the power plant, while the cooled brine is piped to
reinjection wells. A possible alternative to the simple ORC plant fed by liquid brine only is
that of an ORC plant fed by wells discharging a two-phase mixture of steam and brine. This
happens often when the reservoir has a high content of NCG, like in all the Turkish fields
located in the Menderes Graben, which promote gas lift and boiling within the producing
wells. In this case separators at well pads are used and steam and brine are piped
separately to the power plant, where two different heat exchangers are used for the steam
and brine streams. The cooled brine and recovered steam condensate are piped to
reinjection wells, while the NCG are discharged to the atmosphere. Thus, in this case the
gathering system includes the pressure separators, the steam and brine pipelines from
production wells to the power plant, the brine and condensate reinjection line from the
power plant to the reinjection wells.

Figure 6. Simplified schematic of a basic ORC geothermal power plant (Source: Moon and Zarrouk,
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Independently from the reservoir type and power plant, the exploitation phase of a
geothermal project requires three main components:

- Development of well field: drilling of production and reinjection wells required at
plant start-up;

- Building of FCRS: separation stations, steam and brine pipelines and reinjection
lines, with brine pumping stations where required;



- Building of power plant: main housing, turbines, generators, condensers, cooling
towers, substations (plus heat exchangers in ORC plants).

Geothermal power plants typically are used to supply the base load as field exploitation is
performed following the natural well production decline with minimal well regulation. Only
in particular cases, like in geothermal plants feeding an isolated closed electric network on
an island or in developed electric markets like in the USA, geothermal power plants are
operated at variable load. Thus, geothermal energy supplies almost constant power with a
load factor often in the order of 90% and more, independent on weather conditions and
seasons.

The main advantages and downsides or challenges associated with geothermal power
generation are summarized in Table 1 as “pros” and “cons” (ESMAP, 2012).

Table 1. The Pros and Cons of Geothermal Power (ESMAP, 2012)

ADVANTAGE DOWNSIDE/CHALLENGE

Globally inexhaustible (renewable) Resource depletion can happen at individual
reservoir level

Low/negligible emission of CO, and local air Hydrogen sulfide (H,S) and even CO, content is
pollutants high in some reservoirs

Low requirement for land Land or right-of-way issues may arise for access
roads and transmission lines

No exposure to fuel price volatility or need to Geothermal “fuel” is non-tradable and location-
import fuel constrained

Stable base-load energy (no intermittency) Limited ability of geothermal plant to follow
load/respond to demand

Relatively low cost per kWh High resource risk, high investment cost, and
long project development cycle

Proven/mature technology Geothermal steam fields require sophisticated
maintenance

Scalable to utility size without taking up much Extensive drillings are required for a large
land/space geothermal plant

Among the major challenges of geothermal energy there are the high costs for field
development and power plant EPC and the need to invest considerable funds before having
the confirmation on the existence and characteristics of the geothermal resource
(exploratory risks). The cost breakdown for two 110 MW plants in Indonesia is shown in
Figure 7. Total drilling costs for exploration and field development amount to 24%, thanks
to a relative competitive drilling market in Indonesia. Power plant and gathering system
(steam field development) amount to 56%. The cost for infrastructures (access roads, well
pads, base camps, water supply, etc.) amount to 7% of total cost.

In addition to specific field conditions, the final costs depend also on the power plant
capacity and type. Figure 8 shows the power plant cost per unit kWh installed for different
power plant technologies (data for the 2007-2020 period). Generally, ORC plants
characterized by smaller capacity have a higher installation cost than flash plants. This is



due to both the scale economy which can be obtained with larger plants, but also to their
lower conversion efficiency of thermal energy into electric power because of the
exploitation of reservoirs with lower temperatures (VERKIS, 2013). On the other hand,
ORC plants allow nowadays to generate electricity from liquid dominated reservoirs with
temperature as low as 120°C, which is impossible with conventional flash plants (DiPippo,
2012).

Figure 7. Total installed Cost Breakdown for two proposed 110 MW geothermal plants in Indonesia
(Source: IRENA, 2014)
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About the land requirements, it must be noted that often geothermal fields are in scenic
volcanic areas which may be protected as natural parks. This for instance occurs often in
Indonesia where geothermal fields are located along the volcanic belt in Sumatera, Java
and Flores islands characterized by tropical forests, craters, calderas and volcanic lakes
often protected by national parks. Something similar occurs in East Africa as geothermal
areas in the EARS may be close or inside to national parcs protecting the wildlife.

The possible environmental impact of geothermal energy utilization (GEOLEC, 2013)
slightly changes with respect to the type of geothermal facility, i.e. geothermal facility for
exploiting high enthalpy hydrothermal resources, medium enthalpy hydrothermal
resources and Enhanced Geothermal Systems (EGS), the latter being outside of the scope
of the present report. The environmental impact of geothermal facilities may be divided
into the following main categories:

- Surface disturbances, such as those caused during drilling, FCRS and plant
construction, possibly affecting flora, fauna, surface water (access roads, pipe and
power lines, plant and associated land use).

- Physical effects, like the effect of geothermal fluid withdrawal on natural
manifestations, land subsidence, induced seismicity, visual effects (buildings,
cooling towers, surface pipelines, power transmission lines etc.)

- Noise, such as equipment noise during drilling, construction and operation.
- Thermal pollution, such as due to hot water and steam release on the surface.

- Chemical pollution, like due to disposal of liquid and solid waste, gaseous emission
to the atmosphere, natural radioactivity, etc.

The main activities causing environmental impact of geothermal facilities are:
- Building of access roads, drilling pads and pipelines for drilling water supply.
- Well drilling and well testing.
- Well workover.
- Laying of pipelines, electric power transformation and transmission lines.
- Plant construction and equipment installation.
- Power plant commissioning and operation.
- Decommissioning of facilities.

All the above impacts need to be properly evaluated by conducting Environmental and
Social Impact Assessments (ESIAs), and subsequently monitored and mitigated with
appropriate measures during all the phases of field exploration, development and
exploitation

Special attention should be devoted to the emissions into the atmosphere of geothermal
plants. This issue has two different aspects:

- The emissions of harmful NCG, such as H>S and Radon, and of contaminants (Hg).
This issue is at present one of the main concerns for the public acceptance of
geothermal plants by local population in industrial countries.

- The level of GHG emissions of geothermal energy compared to other energy
sources, which is becoming an issue to obtain funds from international financial
institutions looking at the impact of funded projects on global warming.

Technologies for the abatement of H2S and Hg from gaseous emissions in condensing
power plants do already exist and are for instance applied on power plants operated by
ENEL GreenPower in Italy. They could be in principle deployed in most of condensing power
plants.
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About greenhouse gas emissions linked to conventional geothermal power plants, the NCG
extracted from the condenser are usually discharged to the atmosphere. Only in a few
medium temperature fields producing liquid brine and exploited with ORC plants, the cooled
brine with dissolved NCG is reinjected back into the reservoir. It is interesting to compare
the Lifecycle average greenhouse gas emissions for different electricity generation
technologies, expressed in terms of gCO2eq/kWh (IPCC, 2011).
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Figure 9 shows that, with respect to other renewables, emissions from geothermal power
plants are higher than those of Hydropower and Ocean energy only, and lower than both
Photovoltaic and Concentrating solar.

Despite the above encouraging figures, in the last years the reduction of GHG emissions
from geothermal power plants became more and more important and it is now the subject
of several R&D projects. Technologies under consideration mainly include: i) the capture
of NCGs (more than 90% usually represented by CO2) and their injection back into the
reservoir or connected aquifers using dedicated pipelines and wells; ii) the co-injection of
NCG with either separated brine and/or recovered condensed steam.

Even if the public acceptance of geothermal energy in East Africa still does not present
particular issues, it is likely that funding institutions in a near future will require that new
power plants will have GHG emissions below some predefined threshold.

In addition to environmental impacts also social impacts need to be addresses.
International guidelines such as the IFC (2012a) Environmental and Social Performance
Standards (PS1-PS8) are applied also to the planning and performance of geothermal
projects, such as for labour and working conditions (IFC, 2012b), community health, safety
and security (IFC, 2012c), land acquisition and involuntary settlement (IFC, 2012d),
indigenous peoples (IFC, 2012e), and cultural heritage (IFC, 2012f).
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Figure 9. Lifecycle greenhouse gas emissions for different electricity generation technologies
(Source: IPCC, 2011)
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1.2 Overview of geothermal resources in East African Countries

Geothermal plays located in correspondence of intracontinental rifts are found in the East
African Rift System (EARS). EARS is a succession of rift valleys that extend from Beira in
Mozambique in the south to the Afar triangle (or depression) in the north (see
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Figure 10), with a total distance of more than 4,000 km (Omenda, 2014; 2018b). The
EARS is a continental branch of the worldwide mid ocean rift system that corresponds to
the third arm of the Afar- Red Sea - Gulf of Aden triple junction. The rift is assumed to
mark the incipient plate boundary between the Somali and Nubian micro-plates. The EARS
splits into two at about 5°N to form the Eastern and Western branches. The Eastern Branch
comprises the Afar depression and the Ethiopian, Turkana and Kenya Rift Valleys extending
to the North of Tanzania, while the Western Branch comprises Albert, Kivu, Tanganyika,
Rukwa and Malawi Rifts. Its SW extension comprises Luangwa-Kariba-Okavango rifts.

The volcanic and tectonic activity in the EARS started about 30 million years ago and in
the Eastern Branch the activity involved faulting and eruption of large volumes of mafic
and silicic lavas and pyroclastics. On the other hand, the Western Branch is characterized
by paucity of volcanism, it is younger and dominated by faulting that has created deep
basins currently filled with lakes and sediments.
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Figure 10. The East African Rift System (Source: Omenda, 2018b)
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Geothermal activity in the rift is manifested by the occurrences of Quaternary volcanoes,
hot springs, fumaroles, boiling pools, hot and steaming grounds, geysers and sulphur
deposits. The manifestations are abundant and stronger in the Eastern Branch that
encompasses Afar, Ethiopian and Kenya rifts, where in the rift axis numerous central
volcanoes of Quaternary age overlying products of Miocene and Pliocene volcanism occur.
The shield volcanoes are built largely of intermediate lavas and by the associated
pyroclastics, thus indicating the presence of shallow hot bodies (magma chambers) acting
as heat sources of the geothermal systems. In the Afar rift where the crust is as thin as 5
km, extensive manifestations and high heat flux is due to a combination of mantle heat
and magma bodies occurring at shallow depths.

Summarizing, the Eastern Branch is characterized by (Omenda, 2018b):
- Dominant basalt - trachyte - rhyolite volcanism;

- Large caldera systems in the axis of rift;
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- Thick eruptive pile in the centre of Kenya and Ethiopian domes;
- Presence of shallow magma bodies;
- Dominant volcano hosted geothermal systems.

In the Western Branch, the surface manifestations activity is subdued and occurs largely
as hot springs and fumaroles. It is characterized by paucity of volcanism along the entire
length of the rift, with the main volcanic areas being Virunga and Rungwe. Heat sources
are believed to be due to a combination of buried plutons and high heat flux associated
with thinned crust.

Summarizing, the Western Branch is characterized by (Omenda, 2018b):
- Dominant potassic alkaline volcanism;
- Absence of large caldera systems and volcanic centres;
- Thin lava pile;
- Absence of shallow magma bodies;
- Geothermal manifestations largely associated with fault systems;
- Dominant fault controlled geothermal systems.

Detailed and reconnaissance studies of geothermal potential in Eastern Africa indicate that
the region has an overall potential from 15,000 MW (Omenda, 2014) to 20,000 MW
(Omenda, 2018b). Resource potential estimates based on the results of reconnaissance
and surface exploration studies, on which the above figures are mostly based, are
customarily performed using the heat stored method, also known as volumetric method
(Muffler and Cataldi, 1978). It is based on a static evaluation of heat in place, its
recoverable fraction and the conversion of recoverable thermal energy into electric energy,
neglecting all the hydrodynamic and thermodynamic processes that control the exploitation
of a geothermal reservoir. It is obvious that such estimate is associated with extremely
large margins of uncertainty, in particular with respect to the volume of the reservoir and
to the recovery factor. Despite the uncertainties on basic parameters can be handled using
the Monte Carlo approach, as suggested by Sarmiento and Steingrimsson (2007; 2011),
the heat stored method historically proved to overestimate the actual resource potential
(Grant, 2015). Thus, the above figures for the EARS geothermal potential shall be
considered as upper values and used with caution.

It is also interesting to look at forecasted role of geothermal energy in the generation of
electricity in sub-Saharan countries. Figure 11 shows the electricity supply by type, source
and scenario in sub-Saharan Africa, excluding South Africa (IEA, 2019a). The situation at
2018 is compared to two different scenarios (Stated Policies & Africa Case) at year 2040.
The IEA’s Stated Policies Scenario is based on current and announced policies, while the
Africa Case scenario is a hew scenario built by IEA around Africa’s own vision for its future.
It incorporates the policies needed to develop the continent’s energy sector in a way that
allows economies to grow strongly, sustainably and inclusively.
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Figure 11. Electricity supply by type, source and scenario in sub-Saharan
Africa (excluding South Africa), 2018 and 2040 (Source: IEA, 2019a)
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In 2018 geothermal power accounted for 2% of electricity generation and is expected to
represent in 2040 4% of electricity generation by both IEA’s scenarios. Thus, geothermal
is expected to double its contribution share in 2040, but still representing a small fraction
of electricity generation, in particular if compared to the important increment of Solar PV
which will compensate for the reduction of Hydro contribution. These scenarios both
suggest that even if most of the investments on renewable energies will be drained by
Solar PV, geothermal will anyway experience a large increment of generated energy and
then of installed power.

1.3 Phases of geothermal resources development

Historically, many of the early geothermal projects were developed in a non-systematic
manner. There were no clear guidelines or extensive experience to draw upon for the
geothermal development process, while exploration was rudimentary at best. The first-
time geothermal power was harnessed for electricity production was in Italy in the early
part of the 20% century using shallow steam in the Larderello field (Tuscany region) from
an area where surface discharges were clearly evident. In New Zealand in the 1950s, the
developments of the Wairakei field, the first exploited water dominated filed, were initially
justified by very high surface heat flows and the presence of numerous surface features,
e.g., geysers and altered hot ground.

Developing an understanding and defining the stages or phases of how to develop a project
to utilize a geothermal resource has taken time for the geothermal sector to accomplish.
Even today, different countries and agencies employ different methodologies and
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techniques. The IGA (2014) guide for geothermal exploration divides the process of
developing geothermal projects into eight key phases, in line with the ESMAP Geothermal
Handbook (Gehringer and Loksha, 2012), as follows:

1. Preliminary survey

. Exploration

. Test drilling

. Project review and planning
. Field development

. Power plant construction

. Commissioning

0 N OO 1 A W N

. Operation

According to the schedule in Figure 12 (Gehringer and Loksha, 2012), it may take
approximately seven years (typically between 5 and 10 years) to develop a typical full-size
geothermal project with a 50 MW turbine as the first field development step. However, the
project development time may vary, depending on the relevant country’s geological
conditions, information available about the resource, institutional and regulatory
framework, access to suitable financing, and other factors. Due to this long project
development cycle, geothermal power is not a quick fix for any country’s power supply
problems, but rather should be part of a long-term electricity generation strategy.

Each phase of geothermal project development consists of several tasks. After each
milestone, the developer, either a project company or a country’s institution, must decide
whether to continue developing the project or not. The first three phases, or milestones,
take the developer from early reconnaissance steps to field exploration and to test drillings.
This first part of the project development (which could be broadly called the exploration
stage) either confirms the existence of a geothermal reservoir suitable for power
generation or not: it is usually seen as the riskiest part of project development. Figure 13
shows the project cost and the risk profile of a typical geothermal project for a 50 MW
power plant, as function of the 8 phases listed above (Gehringer and Loksha, 2012). A
strong reduction of the risk is obtained only after the positive results of the test drilling
phase, that is the confirmation of the existence of the geothermal reservoir by drilling and
testing of exploration wells.

If the result from the first three phases, including the test drillings, is positive and the
geothermal potential is confirmed, Phase 4 is initiated with the actual planning and design
of the power project, including the feasibility study, engineering of components, and
financial closure. Phases 5 to 7 comprise the development of the project itself, consisting
of the drilling of geothermal production wells, construction of pipelines, construction of the
power plant, and connection of the power plant to the grid.

Completion of each phase represents an increment in the developer’s understanding of the
geothermal system, a decrease in the overall uncertainty of the project’s financial viability,
a project decision point, and (usually) a requirement for significant financial investment.

Other consultants and developers may divide the process into a different number of phases
(e.g., three phases: exploration, development, and operation; or five: reconnaissance
exploration, pre-feasibility, feasibility, detailed design and construction, operation), but the
underlying activities and philosophy are essentially the same.

While the 8 phases above cited are required to build and operate a geothermal power plant
from scratch in a green field, usually they are not performed as a continuous flow of
activities. More often phases such as reconnaissance, surface exploration, test drilling and
field development are separated by time intervals of different length during which the
operator (sometime different operators) is taking the necessary decisions, is looking for
financing, and is applying for necessary licenses and permits. Often the reconnaissance
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phase is performed at a country or regional level on behalf of a state institution or agency.
Promising areas are then selected for the performance of detailed surface exploration
activities either by a state institution or agency, or directly by a public or private
geothermal operator. The performance of surface exploration studies is usually subject to
the award of an exploration license, a process which might take time in particular if licenses
are awarded by the government on a competitive basis as happens in the most advanced
geothermal markets (USA, The Philippines, Indonesia, Italy, Turkey, New Zealand, etc.).

The positive results of a surface exploration study allow to draw the prefeasibility study
which delineates the prospect area to be investigated with deep exploration wells, locates
the exploration wells, defines their basic design and the needs for infrastructures, and
evaluates the overall costs of the exploration drilling phase. As the next step is
characterized by an important investment, which may be in the order of 20-40 M USD for
the drilling of 2-4 wells, and by a high mining risk, securing the necessary financing is
usually challenging and might require considerable time.
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Figure 12. Geothermal Project Development for a Unit of Approximately 50 MW (Source:
Gehringer and Loksha, 2012)
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Figure 13. Project Cost and Risk Profile at Various Stages of Development (Source: Gehringer and
Loksha, 2012)
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Usually within the same project the drilling and testing of exploratory wells is followed by
the evaluation of reservoir potential and by the execution of a feasibility study related to
the field development and the installation of a power plant. The feasibility study is then
used to find the necessary funds for the subsequent phases of field development (drilling
of production and reinjection wells necessary at plant start-up), and of steam gathering
system and power plant detailed engineering, procurement and construction (EPC).
Depending on the Country regulations, the development phase might require the switch
from the exploration license to a field development and use license, as is for instance
foreseen in Ethiopia.

Figure 12 assumes that the construction phase is performed once the field development
has been completed, a choice which allows the construction to occur when all the required
wells have been drilled and tested. This reduces the risks related to an early design
performed when only a fraction of necessary wells has been drilled and tested, but on the
other hand requires a much longer time as the two phases are performed in series.

It is common in countries with experienced geothermal operators to perform the field
development drilling and the EPC for the gathering system and the power plant almost in
parallel. In particular when the funds are provided by an international funding institution
(such as JICA, WB, etc.), an approach often followed includes the following steps within
the same project:

- Start of field development by drilling and testing the planned production and
reinjection wells;
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- Update the previous resource assessment and feasibility study after the drilling and
testing of a number of wells enough to cover all the prospect area; a flexible design
of gathering system is performed to account for the uncertainties linked to the flow
rate and discharge enthalpy of wells still to be drilled.

- Continue the field development drilling while performing the EPC of gathering
system and power plant based on the updated feasibility study.

This approach considerably reduces both the cumulative time necessary for field
development and power plant construction, and the risks connected to an early design of
gathering system and power plant conducted on a few wells directly testing only a limited
fraction of the reservoir volume.

1.4 Geothermal projects development in East Africa

As far as the business scheme chosen for the development of geothermal resources is
concerned, several schemes have been implemented in different countries with a well-
developed geothermal industry. Related experiences represent useful examples for the
development of geothermal resources in East Africa and are already successfully
implemented in Kenya.

The business schemes followed until now in East Africa are summarized by Omenda
(2018a) and shown in Figure 14. The initial business scheme followed was the full
development of a geothermal resource by a Public Entity, like the initial development of
Olkaria field in Kenya by KenGen. This approach has been followed in the past in many
other countries either by electric power corporations or national oil companies such as
ENEL in Italy, EDC in the Philippines, PGE and PLN in Indonesia, CFE in Mexico, ICE in
Costa Rica, etc.

A second business model foresees that a Public Entity performs the Resource exploration
and assessment and the Field development phases, those characterized by the highest
mining and financial risks, while the power plant development and operation is awarded to
an Independent Power Producer (IPP). This model has been chosen by GDC (Geothermal
Development Company) for the Menengai field in Kenya, where the 105 MW field
development was awarded on a competitive basis to 3 different IPPs (35 MW each). GDC
performed the field development, constructed the steam gathering system and will manage
the field exploitation by selling the steam to the IPPs. This approach is open to IPPs able
to manage the EPC for the power plant and subsequently operate the power plant with a
steam supply assured by the contract with the field operator. The IPP can be either a
private company as well as a state-owned electricity utility: this is the case of geothermal
fields in Indonesia operated by PGE (the national Indonesian oil company) who is selling
the steam to PLN (the national Indonesian electric power producer) who in turn generates
the electricity.

A third business approach limits the intervention of the Public Entity to the Resource
Exploration and Assessment phases, while the IPP develops and constructs the field and
the power plant and subsequently is in charge of both the well field and the power plant
operation, normally for at least 25-30 years. This approach is limited to a few IPPs which
are experienced geothermal operators acting internationally, such as Ormat, EDC,
Reykjavik Geothermal (RG), Enel Greenpower. This approach has been followed by KenGen
for Olkaria III 140 MWe field expansion, with the staged field development and power plant
construction awarded to Ormat through OrPower 4 Inc.
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Figure 14. Geothermal projects development in East Africa (Source: Omenda, 2018a)
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The fourth business approach limits the Public Entity role to the Resource exploration phase
with reconnaissance activities at regional scale and surface exploration of selected most
promising prospects. Then all the subsequent activities are demanded to IPPs which in this
case must be an experienced geothermal operator, or a JV between operators, acting
internationally.

An example is the Tulu Moye geothermal project in Ethiopia, operated by TMGO (TM
Geothermal Operations PLC, http://www.tmgeothermal.com/) a company belonging to
Reykjavik Geothermal Ltd (RG), the Icelandic based Geothermal developing company, and
Meridiam, a French based global investor and asset managing company.

Figure 14 shows that geothermal development for power generation in Eastern Africa was
driven mainly by the governments through state corporations, but the trend has since
shifted to IPPs developing geothermal projects from very early stages. This trend follows
what basically occurred in many countries all around the world, with an increasing shift
from public to private operators. Generally, apart for highly developed electric markets, a
Public Entity is the final buyer of the generated electricity. This requires the signing of a
Power Purchase Agreement (PPA) between the geothermal operator and the state-owned
electricity utility. In addition to obligations relating to the sale and purchase of the power
generated over the whole power plant operation period, the PPA usually sets out also the
required design and outputs, and operation and maintenance specifications for the power
plant.

Opening to private skilled operators should of course allow to speed-up the development
of geothermal resources, which is one of the main targets of the East African governments.

1.5 Recognized obstacles to the development of geothermal
resources utilization in East Africa

East Africa is characterized by the presence of the East African Rift System (EARS) with its
Eastern and Western branches. While this geodynamic context creates high favourable
conditions for the existence of geothermal systems at economically and technically drillable
depths, with a global potential estimated at 20,000 MW (Omenda, 2018b), at present only
Kenya has developed its geothermal resources with an installed electric power of about
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865 MW, against estimated resources amounting to some 7,000 MW. Despite exploration
drilling performed since the 80's in both Djibouti and Ethiopia, no power generation is at
present active in both countries.

There are several reasons for the delay of geothermal resources development in East
African countries, such as:

- the lack of clear and coherent legislative frameworks regulating the activities of
both public and private investors in several countries.

- the lack of local technical and managerial skills able to conveniently support the
exploration and exploitation of geothermal resources.

- the remoteness of many East Africa geothermal areas from developed O&G regions
where most of the drilling contractors and service providers are based, and then
the absence of infrastructures and logistic facilities supporting the drilling activities
characterising well developed O&G markets.

- inadequate financing of the early stages of geothermal projects, commercial banks
reluctance to participate in the exploration phase and the need for more risk
reduction opportunities which facilitate the investment by both public and private
operators.

- competition from other energy sources, such as Hydro in Ethiopia, which creates a
challenging environment for geothermal projects in the region.

- the issue of remunerative price for the generated electric power in still poor
developed national electric markets.

Several of the above obstacles are common to geothermal resources development,
independently on the location of the resource, but some are more specific to East Africa.

In order to help East African countries to overcome the above issues, international
organizations and financial institutions are actively collaborating with national governments
to create the necessary legislative framework in each country, to facilitate the capacity
building with the creation of excellence centres and the organization of dedicated courses
and conferences.

On the other hand, financial and international institutions, such as WB, EU, NDF, AFD,
AfDB, JICA, etc., are providing both grants and low interest loans to help public and private
operators in the various steps of geothermal resource development, from the exploration
surveys to the construction of power plants.

Legislative and administrative framework. A clear and coherent legislative framework
about the ownership of geothermal resources, licensing for exploration and exploitation,
permitting, environmental and social impact evaluation, technical regulations for drilling
and testing, is fundamental in any country willing to explore and utilize its geothermal
resources. Granting of exploration and exploitation rights should be based on the following
three principles (Gehringer and Loksha, 2012): a clear legal and regulatory framework;
well defined institutional responsibilities; and transparent, competitive, and non-
discriminatory procedures, including adequate measures for controlling speculative
practices.

This allows national and international investors to take their decisions in a clear contest
which reduces financial and operation risks. Clear exploitation rights assured by a
utilisation license are fundamental for geothermal field exploitation which is characterised
by high initial investments, low operating and maintenance costs and revenues shared over
a 25-30 years exploitation period. Administrative issues such as licensing, permitting and
environmental assessment need to be tackled carefully by project developers, as they
might impact a geothermal project by causing unnecessary delays. On the other hand,
governments should ensure that their regulations establish a transparent and
straightforward process that will foster the deployment of new projects.
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An example of a new legislative framework sponsored by international institutions is that
recently developed in Ethiopia with the following steps:

- Geothermal Resources Development Proclamation No. 981/2016;
- Geothermal Resource Development Council of Ministers Regulations No. 453/2019;

- Directives about licensing, permitting, geothermal drilling, etc., issued by the
Ethiopian Energy Authority, the Government institution in charge of the
management of permitting process and of the preparation of all necessary technical
directives.

It is worth to mention that the Ethiopian Regulations No. 453/2019 foresees that EEA shall
establish a process for geothermal resources data collection and management in
cooperation with GSE (Geological Survey of Ethiopia) or a successor entity responsible for
geothermal data acquisition, management and accessibility. EEA shall also establish and
maintain a Register of Geothermal Resources documents for the management of licensing
and permitting process. The owners of geothermal licenses shall periodically report to EEA
about the results of their activity and the raw data collected during surface surveys, well
drilling and reservoir exploitation. The availability of information about the geothermal
resources to potential developers and investors is believed to be a key element in
supporting the development of geothermal projects or programs (Gehringer and Loksha,
2012).

Lack of skilled resources. Capacity building is felt as a vital factor for the proper
development of geothermal resources in East Africa (IRENA, 2018). UNEP/ARGeo
conducted a skills gap analysis of geothermal technical personnel in African Countries
(UNEP and ARGeo, 2015) focused on 4 phases, namely prefeasibility, feasibility,
development and utilization. The results of the survey, discussed in detail in chapter 2.1.2,
pointed out that in order to fulfil the planned targets in terms of installed power between
2015 and 2030, the following required fractions of professional skill should be covered:
70% of geoscientists (geologists, geophysicists, geochemists), 91% of reservoir engineers,
88% of drilling engineers, 84% of plant engineers.

ARGeo concluded that overseas training facilities, such as UNU-GPT in Iceland, and the
organisation of dedicated workshops and courses in various African countries were not
enough to train the required number of professionals. Thus, in order to address the
challenge of technology transfer, African countries planned to set up the Africa Geothermal
Centre 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. The AGCE has been established in Kenya under the Kenyan law, and is
now using the existing training facilities of GDC and KenGen.

In addition to technical skills requirements, experiences gained in several East Africa
countries suggest that the development of adequate management skills is also
fundamental for national institutions and companies. In fact, government agencies outside
Kenya are short of commercial expertise and experience (in areas such as financial
analysis, market analysis, project management and business planning). Capacity building
should also be focused on supporting decision making, not only imparting technical or
commercial knowledge. Geothermal energy is a peculiar business sharing the activities and
mining risks typical of the O&G industry and the construction and operation phases typical
of the power industry. Managers able to work in this contest are then necessary.

Moreover, internal procedures of national institutions and companies, such as those for the
procurement of services and goods, shall be adequate for the requirements of the
geothermal industry. The use of procurement procedures built for different business
environments are proving to be inadequate when applied to the procurement of drilling
services, a global market having its own almost standardised procurement and contracting
procedures.

Remoteness of many East Africa geothermal areas. With the exception of Kenya,
were geothermal resources are well developed, in all the other East Africa countries the
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geothermal industry is still at an early stage of development. In addition, limited O&G
exploration and exploitation activities are in place in East African countries. Thus,
headquarters and logistic basis of drilling contractors and service providers are not present,
as well as the infrastructures and facilities characteristic of well-developed O&G and
geothermal regions. This situation makes drilling in these countries riskier than drilling in
countries with O&G activities, probably making drilling tenders in East Africa less attractive
for many O&G contractors even in a period of drilling market crisis as the present one
(https://rigcount.bakerhughes.com/intl-rig-count/). Drilling contractors accepting the
additional risks linked to these countries, probably include a compensation of those risks
in their offered prices which may result higher than those expected for well-developed
geothermal drilling markets.

Financial barriers. Geothermal power plant development involves substantial capital
requirements due to exploration drilling costs, for which it can be difficult to obtain bank
loans. Since geothermal exploration is considered high risk, developers generally need to
obtain some type of public financing. This risk is derived from the fact that capital is
required before confirmation of resource presence or exploitability, and therefore before
project profitability can be determined as basically shown in Figure14/3.

Governments can reduce this risk and the cost of capital for private developers in a number
of ways. For instance, they can create public companies that exploit geothermal resources
and provide private companies (that install power plants and supply electricity to their
customers) with the required steam.

Other risk mitigation instruments include cost-sharing for drilling and public-private risk
insurance schemes. With sufficient resource information, including seismic events, surface
tectonic lineaments, and deep drilling data (which national or local governments can make
available to developers), and reliable conceptual models of the underlying geothermal
system and groundwater resources, risks could be reduced and financial barriers could be
further eased, accelerating geothermal development (Gehringer and Loksha, 2012).

Approaches to risk mitigation

Approaches to risk mitigation for geothermal projects are discussed by JRC (2019a) which
makes reference to an overview report by ESMAP (2016a). According to them, geothermal
power plants development is hampered by:

(i) the need for significant up-front capital investment long before revenue is earned
from electricity sales;

(i) the high level of resource risk up to the early drilling stage.

The entire development process might take two to five years, from surface-based
explorations to the confirmation of the resource. Another three to five years is required for
additional drilling to build the well field and construct the power plant before operation can
commence.

Incentive schemes drawing on public support that help move risk capital into geothermal
exploration drilling include:

- Government takes on the full resource and other project risks by acting as the total
project developer (exploring, discovering, building and operating the project),
through state-owned enterprises or other government-backed entities. This was the
original approach in Kenya with the public power utility KenGen.

- Cost-shared drilling for mobilising private development, where some or all of the
risk of drilling to develop the steam field is shifted to the public sector. This is the
second step chosen by the Gov. of Kenya with the creation of GDC (Geothermal
Development Company) having the mission to perform surface exploration,
exploratory drilling, field development and operation, while selling steam to private
IPPs (Independent Power Producers).
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- Geothermal resource risk insurance that looks to pool exploration risks across a
portfolio of development.

- Early-stage fiscal incentives (exemption from duties, tax credits, etc.) that lower
the financial exposure developers would face during exploration drilling.

Financial risk management schemes

A Geothermal Risk Insurance Fund is seen as an appealing public support measure for
overcoming the geological risk (JRC, 2019a). As costs decrease and markets develop, the
private sector will be able to manage project risks with, for example, private insurance
schemes, and attract private funding.

With the notable exception of a few European market participants operating in well-
developed geothermal regions, project developers have very little capability to manage the
financial risk owing to the poor knowledge of the deep subsurface, lack of technological
progress and high costs. In effect, the probability of success/failure weighted net present
values of project cash flows tend to be overly negative, thus effectively shutting out private
capital from investing in geothermal energy.

However, with technology development (increasing the probability of success of finding
and developing geothermal reserves) coupled with experience and thus reductions in cost,
project developers will eventually be able to accept and, where appropriate, transfer
project risks (technical, economical, commercial, organizational and political) in such
manner that private funding will become available. Until then, a Geothermal Risk Insurance
Fund is seen as an appealing public support measure for geothermal.

Support schemes. Public support for geothermal energy it is meant to mobilise private
financing in a difficult investment climate. The economic and financial crisis started in 2008
has indeed affected investment in clean energy. The picture appears already to be
complicated, and it should be added that geothermal energy is a capital-intensive
technology that takes some years to develop. Such a barrier can be tricky to overcome,
especially with banks exclusively looking for low to zero risk.

Risk mitigation mechanisms

Innovative risk mitigation mechanisms targeting the early phases of a project can be crucial
to unlocking investment (IRENA, 2018).

Risk mitigation instruments already available in the region and worldwide were reviewed
during the IRENA workshop “Geothermal Finance and Risk Mitigation in East Africa”.
Existing direct finance options - for example from the Geothermal Risk Mitigation Facility
- have been important in attracting interest from the private sector and improving the
understanding of the geology through the financing of surface studies. However, it seems
that the time and effort required to complete the application process was onerous, owing
to limited staffing and experience of applicants.

The Geothermal Risk Mitigation Facility for Eastern Africa (GRMF) is providing grants
covering a variable costs fraction for infrastructure construction, exploration surveys and
exploration drilling, that is the phase characterized by the higher mining risks. Grants have
already been awarded to projects located in Djibouti, Ethiopia, Kenia, Uganda, Tanzania
and Comoros. GRMF is discussed in detail in chapter 2.3.1.

Equity and other funding for appraisal drilling, together with public-private well
productivity insurance schemes, could further encourage private sector involvement and
facilitate the successful development of geothermal projects, including medium
temperature systems. Regarding well-productivity insurance, it has been observed that
only a few geothermal power plants were developed globally using this instrument, with
some failed attempts in Germany, Turkey and the United States. However, public-private
risk mitigation insurance schemes, together with complementary investment and operating
aid, have been successful in supporting the market uptake of geothermal heating projects
in France and the Netherlands.
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High premium and transaction costs were reported to be obstacles for insurers due to small
markets and the intense due diligence required by each project. However, efforts are
underway to explore various insurance scheme designs such as a portfolio approach
(insuring the specific productivity of several wells in a prospect) and backstopping by public
concessional funds (e.g. Mexico). In this framework, the structure of the proposed
Geofuture Fund depicted in Figure 15 was presented during the IRENA workshop. The
proposal, which was shortlisted by the Green Climate Fund, promises to make it easier for
developers in Kenya and Ethiopia to raise equity.

Figure 15. Geofuture Fund proposal (Source: IRENA, 2018)

Coverage Type Sectors Coverage Type Sectors

Surface studies ' 40% CL Any p 4 N/A N/A
Infrastructure 40% CL Any 4 N/A N/A
Exploratory drilling f 40% CL Any . B60% CL Pri & PPP
Appraisal drilling p 4 N/A N/A 60%CL  Pri & PPP

Intervention typa key Sector key

NRG Mon-recoverable grant Any  Any sector (public, private or PPP) eligible

CL  Convertible loan Pri Private sector eligible

MN/& Mot applicable PPP Private private partnership eligible

Technical approaches to risk reduction

The IRENA (2018) workshop highlighted that sound exploration, wellhead technology
application and integrated resource use could help to reduce risks and improve projects
bankability.

The following elements, deriving from experiences and lessons learn, are believed to
reduce risks and improve the bankability of geothermal projects.

- Sound exploration for high-quality geological data: prior to the more capital-
intensive drilling phase, sound exploration through adherence to best international
practices to conduct and manage surface surveys and thorough data analysis from
the project site should be considered the first risk mitigation tools available.
Dedicated appropriate technical assistance is undoubtedly critical to improving the
quality and interpretation of geological data during the first phase of surface
exploration.

- Linking technical and commercial analyses to the development of realistic pre-
feasibility studies prior to making major investments. Pre-feasibilities studies are
customarily performed after the execution of surface exploration studies with the
main goal to support the decision to proceed with the expensive drilling of deep
exploratory wells. Sometime too optimistic approaches based on geoscientific
studies and not adequately supported by a technical and commercial analysis of the
next drilling phase, were the premises for unsuccessful exploration drilling.

- Generating early revenue through wellhead generators: the application of
wellhead technology has dramatically improved the economics of some geothermal
projects in Kenya and elsewhere. Generated electricity from single production wells
brings in cash flow early in the project and the possibility to relocate the wellhead
plant once there is enough steam available for a more efficient, large scale power
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plant. As the operation of the wellhead unit becomes very important to assessing
the economic feasibility of mobile wellhead power plants, its application should be
carefully considered at the beginning of the field development. It appears that
installing wellhead power plants is advantageous when an early electric generation
can be obtained during a long-term field development in quite large fields, and when
the wellhead power plants can be relocated on another field or field sector when
the final power plant starts its operations. From this point of view the KenGen
positive experience in Olkaria is quite significant (Saitet and Kwambai, 2015; Kibet
and Bwoma, 2012).

- Supplement project revenues through direct use applications and sale of other
by-products such as CO2, silica, etc. Direct uses include aquaculture, horticulture
and food drying, industrial processes, spas, etc., all of which can contribute to the
development of economic activities in the areas nearby the resource location,
thereby also facilitating social acceptance. For instance, in Kenya KenGen is building
a spa at the Olkaria field while GDC has set up a Demonstration Unit in Menengai
comprising four pilot projects utilizing geothermal heat: a mini greenhouse, an
aquaculture facility, a Containerized Laundry, and a Dairy Unit (Nyambura, 2016).

Competition from other energy sources. Geothermal energy shall be as much as
possible competitive with other energy sources, either other renewables or fossil fuels.
Figure 16 (IRENA, 2017) shows the estimated levelized cost of electricity generation
(LCOE) by geothermal plant technology for a 25-year economic life, O&M cost of 110
USD/(kW y), capacity factors based on project plans (or national averages if data were not
available) and the capital costs outlined in Figure 8/3. The Figure shows how the larger
flash or direct steam plants allows to achieve lower LCOE than the smaller ORC plants, and
that most of the plants allows a LCOE lower than about 0.08 USD/kWh, which is competitive
with electricity generated with fossil fuels.

Figure 17 shows the LCOE (for unsubsidized analysis) estimated by Lazard (