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ABSTRACT

The significance of Geothermal Power within Eth@ofias long been recognized. Under a programme that
began in 1969, geo-scientific studies have beedwtiad in a number of Ethiopian fields and ovetesir areas
have been identified in the Ethiopian Rift Valleg have Geothermal Resources suitable for elegtricit
generation. From these areas it is recognized ahtattal of about 5000 MWe geothermal energy cowd b
developed. So far deep drilling has been undertakeXluto Langano (1982 to 1985) and Tendaho (1893
1998) and detailed surface exploration has beeryneampleted in four other areas. A 7 .3 MWe napacity

pilot plant has been installed at Aluto, currerggnerating about SMWe. Feasibility study for th@ansion of

the Aluto Langano Geothermal power has been receotinpleted with the Japanese Overseas Development
Assisstance. The study indicated expansion of thioAGeothermal power to additional 35MWe is febesib
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Accordingly, as an initial step to develop the 35&IVit is planned to drill four deep appraisal wetis2011
with the Japanese technical assistance and thedVBamk loan. The government encourages privatmisec
investment in Geothermal exploration and develogmattractive feed in tariffs and incentive packagee in
the process of being implemented.

Within the Ethiopia’s long range power plan, geotha& is now recognized as offering an importantéptal)
input to the Ethiopian grid as it is base-load alimhate independent. Irrespective of future hydeeelopments,
geothermal’s contribution to energy security atesmof drought is considered critical. The genenatio
development plan consists mainly of hydro projeetswever generation from Wind and Geothermal powe
plants are foreseen to compliment the hydro. By520is planned to generate 75 MWe geothermal pdvesen
Aluto Langano and by 2018 it is anticipated to gatea total of 450 MWe from five other geothermuadas in
the Rift. The order of priority for geothermal déygment in these areas is: Aluto Langano, Tend&loobetti,
Abaya, Dofan-Fantale and Tulu Moye

INTRODUCTION

Ethiopia started long-term geothermal exploratiod969. Over the years, an inventory of the possiesource
areas within the Ethiopian sector of the East AfnicRift system, as reflected in surface hydrothérma
manifestations has been built up. The inventorykworthe highland regions of the country is not pdete but
the rift system has been well covered. Of the ati@0tlocalities within the rift system that areibeéd to have
independent heating and circulation systems, atwaitdozen are judged to have potential for higthalpty
resource development, including for electricity @extion. A much larger number are capable of being
developed for non-electricity generation applicasicuch as in horticulture, animal breeding, agita®) agro-
industry, health and recreation, mineral water limgft mineral extraction, space cooling and heatietg.
(UNDP, 1973).

Since the late 1970's, geo scientific surveys ngostimprising geology, geochemistry, and geophysiese
carried out at, from south to north, the Abaya, @tti, Aluto-Langano, Tulu Moye and Tendaho prospec
(Teklemariam and Beyene, 2005). In addition,cmn@aissance survey of ten sites in the Centrakanothern
Afar has been carried out, some of these beingvi@t up by more detailed surface investigation. The
prospects and fields discussed here are showrgumd-iL.

Due to various factors that determined where the
first geothermal power plant would best 4
located, detailed exploration work was decided
commence in the Lakes area of the rift syste
during the 1970’s. The ICS was already bei
extended into this region of load growth. The be 14%
prospect areas from the technical point of vig
were located in the Afar which had then be
poorly endowed with essential infrastructure a S
local load demand to support power developme
The present circumstances however fay 1294
resource development also in the Afar region.

Exploration work peaked during the early to m
1980’s when exploration drilling was carried ol
at Alutu. Eight exploratory wells were drilled
with five of these proving productive. During  19°7
1993-98, exploration drilling was also carried o
at Tendaho. Three deep and three shallow ws
were drilled and geothermal fluids wer
encountered in the 200-600m-depth range.

Resource utilization was delayed until 1999. T
7.3 MWe net capacity pilot plant installed &
Aluto has faced operational difficulties that a
essentially due to the lack of the appropriatelfie
and plant management and operation skills. T
plant was then put back in to operation aff
problem identification and rehabilitation of th
plant was carried out at the Aluto-Langan
geothermal field.

Figure 1 Location of Geothermal Prospects in Etiaiop
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During the three decades that geothermal resouxpéoration work was carried out in Ethiopia, a good
information base and a good degree of exploratigracity, in human, institutional and infrastructteems, has
accumulated, ensuring that selected prospects eatanced to the resource development phase moh m
rapidly than before.

The exploration work to date has been carried guhb Geological Survey of Ethiopia (GSE) but haeddited
from a number of technical cooperation program® Tiost consistent over the long term had been supgo
UNDP, which also helped in creating other technazacities of the GSE. The European Development Fu
financed the overseas cost of the explorationidgilproject that resulted in the discovery of tHatA resource.
The development cooperation program of the Italinistry of Foreign Affairs provided the fundingrféhe
offshore costs of the surface and drilling expliorabf the Tendaho prospect. The reconnaissaneesof the
Afar was sponsored by the Petroleum Exploratiom@timn project financed by IDA during the 1980%he
IAEA is assisting the GSE in the isotope geochemitady of hydrothermal fluids and in the process i
providing training and experience in the applicataf the technique in geothermal investigationdEAalso
provided technical advice and equipment. The Gar@aological Survey (BGR) assisted in Geophysical
investigations (MT) of the Tendaho deep geotherReservoir during 2006-07. The specialized geothkerma
science and technology training programs in Jalpaly, New Zealand, Iceland and Kenya (in cooperatiith
United Nations University- Geothermal Training Progpm of Iceland and Kenyan Generating Power
Company) contributed in human resource trainingdadlopment.

WORK DONE IN GEOTHERMAL EXPLORATION AND DEVELOPMENT

The explored prosects are at various stages obmatin and include: (i) More advanced prospectgrah
exploration drilling has been conducted ( Aluto §ano and Tendaho), (ii) Prospects where surfacietpn
is relatively at higher level ( Corbetti, Abaya, fAn, Fantale and Tulumoye), and (iii) Prosects wtmirface
exploration is at lower level and warrant furthespleration in the future (Kone, Meteka, Teo, Dareim
L. Abe).

The More Advanced Prospects
Only two prospect areas have been subjected toetfn drilling to date.

The Aluto-Langano Geothermal Field

Detailed geological, geochemical and geophysicalesis were carried out in the Langano area dutiegldate
1970’s and early 1980’s. Results showed the existasf an underground fluid at high temperature with
evidence of long time residence in zones occupiedigph temperature rocks (ELC, 1986). The objecthen
was to locate an economically exploitable geothéraservoir.

Two wells (LA3 and LAG6) drilled on the Aluto volcamproduced 36 and 45 T.P.H. geothermal fluid aaigre
than 308C along a fault zone oriented in the NNE-SSW dicectTwo wells drilled as offsets to the west
(LA4) and east (LA8) of this zone respectively prodd 100 and 50 T.P.H. fluid with a lower tempematu
LAS5, drilled in the far SE of the earlier two wellas abandoned at 1,867m depth due to a fishinggrobut
however later showed a rise in temperature oveexa@nded period of time. LA7 was drilled in the 33wt
could discharge only under stimulation, being scibje cold-water inflow at shallow depth. The essti wells
drilled in the prospect were drilled outside thegant limits of the reservoir area, to the southl(Land west
(LA2) of the area drilled later.

A 7.3 MWe pilot geothermal plant was installed @99 utilizing the production from the above exptana

wells. The plant has not been fully operational duegeasons that have to do with the lack of opamat
experience. But now the plant is partially rehasiéd and put back into an operation of about 5 MWe

The Tendaho Geothermal Field

Geothermal exploration was carried out in the Tandarea with economic and technical support fraaly It
between 1979 and 1980. Between 1993 and 199& tleep (about 2,100m) and three shallow exploratory
wells (about 500m) were drilled and yielded a terapge of over 250°C. The Italian and Ethiopian
governments jointly financed the drilling operationthe geothermal field. A preliminary productitest and
techno-economic study indicated that the shallowdpctive wells could supply enough steam to opeagidot
power plant of about 5 MWe, and the potential ef deep reservoir is estimated about 20 MWe.

Based on this and further studies, the MinistryMifies and Energy is currently working on Tendaho fo
progressing it towards development. The recentagmgof a trunk highway through the Tendaho ardizhedip
facilitate such exploration and development. Inditioin, the Ethiopian government plans to extend th
country’s main 230KV transmission line to Semerhicl is within ten km of the drilled wells at Dubti
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Prospects where Surface Exploration is RelativetyHigher Level

Over the years, a number of prospects have begacsed to surface investigation: geology, geochasniend
geophysics and the shallow subsurface has beestigaged by drilling at a few of the prospects. yiaee
mostly located in the MER, especially in its mastent zones of tectonic and magmatic activity, difierent
sectors of the discontinuous WFB. The more impdortaeas are Abaya, Corbetti, Tulu Moye, Dofan and
Fantale.

The Abaya Geothermal Prospect Area
Abaya is located on the northwest shore of LakeyAbabout 400 km south by road from Addis Abab&e T
Abaya prospect exhibits a widespread thermal agtimainly characterized by hot springs, fumaroles a
altered ground. Spring temperatures are as hi¢lé S with a high flow rate. Integrated geo scient#ftadies
(geology, geochemistry, and geophysics) have ifledtthe existence of a potential geothermal resemith
temperature in excess of 2@ (Ayele et al., 2002). Further geophysical stadieluding drilling of shallow
temperature gradient wells are recommended here.
The 132 KV transmission line to Arba Minch to tleuth starts at the Wolayta Soddo substation localbeait
40 km distance to the NNW of the prospect. Thisesithe prospect for development of the resounce @ is
adequately explored, including by drilling.

The Corbetti Geothermal Prospect Area

The Corbetti geothermal prospect area (Figure 19dated about 250 km south of Addis Ababa. Corliet
silicic volcano system within a 12 km wide caldénat contains widespread thermal activity suchuasafroles
and steam vents. Detailed geological, geochengindl geophysical investigations conducted in theb&ltir
area indicate the presence of potential geothenmasérvoirs with temperatures exceeding °Z50 Six
temperature gradient wells have been drilled tottdepanging from 93-178m (Kebede, 1986). A maximum
temperature of £ was recorded. Detailed shallow temperatureibigion surveys and geochemical surveys
have conducted in 2009-2010. The data so faectti shows the probable existence of a deep miserith
temperatures exceeding 2%50.

A 132 KV power transmission line passes within biskof the prospect and is the main trunk line tatBern
Ethiopia, to towns along the two branches of tlghhiay to Kenya.

The Tulu Moye Geothermal Prospect Area

The area is characterized by volcanism dating fleeecent (0.8 —0.08 Ma) to historical times. Volcami
involved the extrusion of per alkaline felsic laagsociated with young tensional and transversertecteatures
dating from (0.1 —1.2 Ma) with abundant silicic dkaline volcanic products (Di Paola, 1976)the Tulu
Moye-Gedemsa prospect area. This suggests theewoéstof a deep seated magma chamber with a long
residence time. The area is highly affected by bygirmal activity with the main hydrothermal maasttgion
being weak fumaroles, active steaming (60€30and altered ground. The drawback of the hyemotial
manifestations is related to the relatively higtitiadle of the prospect area and the considerahi¢hde the
ground water table. During 1998-2000, integratedlggical, geochemical and geophysical studiesudioh
shallow temperature gradient surveys (150-200nonfianed the existence of potential geothermal mases
with a temperature of about 2 (Ayele et al., 2002) and delineated target afeafurther deep exploration
wells.

This prospect area is located close to the kokafavakh 11 and 11l hydro-electric power stationsg thssociated
230 and 132 KV substations and transmission lines.

The Dofan Geothermal Prospect Area

Geological, geochemical, and geophysical investigatin the Dofan geothermal prospect (Figure bwsthat
the area is characterized by a complex volcanificedihat erupted a considerable volume of panigtidava
from numerous eruptive centers between 0.5-0.2 Gte(inet and Gebreegziabhier, 1983)he presence of
several hydrothermal manifestations (fumaroleslatdsprings) within the graben, together with apémvious
cap, needs to be regarded with high priority fortHfer detail exploration and development (Teclu, A,
2002/2003).

The area is located about 40 km from the high geltsubstation at the Awash town.
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The Fantale Geothermal Prospect Area

The Fantale geothermal prospect is characterizeal t@gent summit caldera collapse, felsic lavausians in
the caldera floor and widespread fumarolic actjveyggesting thereby the existence of a shallownmaag
chamber. Active tensional tectonics form fissunpsto 2m wide near the volcanic complex. Groundewa
discharge to the system is assured by the proxiofitthe area to the western escarpment. The restias
integrated interpretation of previous data sugglesat the area is potentially prospective for futdetailed
geothermal resource investigations. Therefore,tdube presence of an impervious cap rock, theexmegiart
of the prospect particularly deserves to be ingastid during a more detailed geothermal explorgiimgram.
In this view, the Geological Survey of Ethiopia leasried out detailed geological, geochemical aempysical
investigations in order to delineate and selegfebareas for deep exploration wells.

Prospects where Surface Exploration is at Lower keév

The strategic exploration and development plansdedth a total of six geothermal project areas Wwhiad
been selected on the basis of proximity to are&sofomic activity and the national power grid. ldowr, past
work has shown that there are several other atteaptospects that are suited for pursuing in ¢melrun.

During the 1980’s, reconnaissance geological, gemital and geophysical investigations have beedwtied

at Kone, Meteka, Teo, Danab and L. Abe areasatafound in a zone extending between the soutiedn
northern Afar geological provinces (Elc, 1986). Blet and Teo hold promise for the discovery of eatnally

exploitable geothermal resources at high temperadumd warrant detailed surface investigation, fedld by
exploration drilling. The Lake Abe area warrantstiar investigation in a wider exploration conteRat

encompasses areas in the eastern part of Tendahengand the Lake Abe prospect in Djibouti. Theseurce
areas were not investigated in detail so far, as thrge distances from electricity load centerd the national
grid accord them lower priority. With advancing aomic activity in southern and central Afar as veslin the
eastern part of the country, these prospect areagdsprove useful for power supply both within tlegion and
to the national grid in the longer-term.

The prospects that have been dealt with under reissance stage are located to the north ®f ldtitude and
comprise terrain that is at the most advanced stdgdt evolution in the eastern Africa region ahdlds a
much greater potential for geothermal resources #my other region of equivalent size. This regibould be
considered as a prime target area for future eaptor and development. With the improving availigpibf the
economic development infrastructure in the regitthve power-supply system in the load growth areas of
northern Ethiopia would benefit from geothermal pogenerating facilities located in this part af ttountry.

From these long-term points of view, reconnaissaand preliminary surface evaluation works should
commence in the not too distant future in the negiof southern and central Afar, north of N 2atitude, in
order to raise the available level of knowledgearding the resource areas and to provide the reegess
information that is required for long-term planning

CURRENT GEOTHERMAL ACTIVITIES AND FUTURE STRATEGIES
Current Activities
Currently the following geothermal activities amig conducted in Ethiopia:

* A three year project entitled Strategic GeotherResource Assessment in the Ethiopian Rift Valley
has started in 2009. The target areas of assesseeiiendaho, Aluto Langano, Corbetti and Abaya.
Geo scientific studies including: (i) geological) geochemical, (iii) geophysical (MT, TEM, Grayit
and Magnetics) and (iv) Reservoir Engineering &sidare being conducted in these areas. The
objectives of the project are to locate and idgraifeas (sites) for deep drilling by acquiring diduat
can supplement the already available ones, ancadpgand synthesize all existing information in orde
to establish a geothermal exploration conceptualehéor future feasibility studies. The surface geo
scientific studies at Tendaho are being assistetidozerman Geological Survey.

 In order to expand the Aluto Geothermal Resourcetgofull potential, a study on the power
development at the Aluto Langano geothermal fial&thiopia (Phase I) has been conducted by GSE
and Japanese consultants as part of “FY2009 Stémlidsconomic Partnership Projects in Developing
Countries " promoted by the “Ministry of Economyratle and Industry of Japan (METI)” and that was
entrusted to West Japan Engineering ConsultantgWiest JEC) through Ernst & Young Shin Nihon
LLC and the Japan External Trade Organization (JBIEErnst & Young LLC et.al, 2010). The
objective of the study was to assess the capatityeogeothermal resource to generate electricity a
to determine the technical and eco-financial fabisitof the project. This was done by integratialh
the existing information and of the execution of lgdophysical survey. The study outlined subsequent
two phases for the Expansion and power developrefhase Il the drilling and testing of appraisal
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wells will be conducted and preparation to condihis phase are on going and in the third phase
drilling of additional wells and construction o8& MW plant is planned.

Future Strategies

Rationale for Strategy
During the past several decades, Ethiopia facedated cases of impending or actual power shortages.
Reliance on hydro-power has exposed the Ethiop@mep sector to the vagaries of periodic droughitas
limited the power that could be generated. Consetly it is planned to diversify the power gen@natmix.
Specifically, this will be done through utilizingdigenous energy resources that are economicathpettive,
reliable and have a low environmental impact. Adoay to worldwide experience, geothermal resournest
these criteria. Indeed, geothermal is known to bEhe@aper energy source. Besides, in Ethiopia rhase
intensively studied compared to other renewableures.

Currently, the desire to increase geothermal dgveémt and utilisation in Ethiopia is on accountta:

» Critical role of energy in socio-economic developmnef the country

e Energy demand growth

* Rural Electrification focus

* Increasing world oil price

*  Vulnerability to drought of the hydro power (curtignthe main energy supply)

« Availability of a Clean Development Mechanism (CDM)

» Readily available local qualified geoscientists @amdineers and equipment (Deep drilling Rigs etc..)
for geothermal exploration and development and

» Existence of identified potential geothermal pratreas

Strateqgic Plan for Geothermal Development

Six areas which are at advanced stage of exploratie selected as a prime target of near futur¢h@auoal
Development of the country. From these areasrédsgnized that a total of about 450 MW geotheremargy
could be developed in the next 8 years. It is kndhat the development of geothermal resourcesngrgdy
more expensive than for a similar capacity hydexgic scheme on a $/kW installed basis. Withihidia
however, the level of exploration drilling that hbeen completed at Aluto and Tendaho, and the paken
availability of existing drilling equipment shouégsist in reducing the cost of the next phasegwéldpment

The main criteria for prioritization of various mmect areas for undertaking further exploration and
development are: (i) State of advancement of eafgitlum level (Technical); (ii) The relative stratedocation
(proximity to the existing National grid as an eoanical factor),and; (iii) Population density of the arg@SE
and EEPCO, July 2008).

Based on these main criteria, the following geottedrprospect areas have been selected (in ordeniarfty)

for further exploration and development: (i) Alutangano, (i) Tendaho (iii) Corbetti, (iv) Abayd)) Dofan
and Fantale and (vi) Tulumoye

The strategies in each geothermal prospect aecdexeloped in terms of:

« Additional work required to fill knowledge gaps;

» Estimated time to complete the work;

« Estimated potential (MWe) of the field; and

* Required input to implement the project (Human uese, Finance, equipment).

The projected electrical potential of these aredabulated in Table 1.

Table 1: Projected output of six selected geothepm@spects in Ethiopia

No. Prospect Area Estimated out put Estimated time to
(MWe) develop (Years)

1 Aluto-Langano Geothermal Field = 75-100 3-5

2 Tendaho Geothemal field =100 4-5

3. | Corbetti Geothermal Prospect area = 75-100 5-6

4. | Abaya Geothermal Prospect Area =100 5-6

5 Dofan and Fentale Geothermal Prospect arpa =60 5-6

6 Tulu Moye Geothermal Prosepect Area =40 5-6

Total 450
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