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ABSTRACT

The aim of this paper is to highlight the vision of future perspective of new geothermal development
strategies. Djibouti has a long history of geothermal resource exploration since 1970, as the country is
endowed with numerous geological structu@BDEG( Of f i ce Dj i boutien de Deve
Geothermique)the newly createdspecializedagencyis the expression dhe strong political commitment

of the government to achieve the goalashieving a development of thigfordable energyDj i bout i 6
locaton at the junction of three main active geological structuaes,the presence afiumeroussurface
geothermal manifestatisnwith hot springs and fumarolegives the country the potential to develop
geothermal energyith an important commitmentf the government over this period, intense studies
throughout the country have been initiated, which enabled the discovery of an important potential estimated
to around 1000 MW. However, after liag carried out several drill holes, it was discovered thigh
temperature resources were difficult to identify away from active magmatic heat sources (as shown at
Hanlé), and thasome factors such as salinity limited the exploitation of the res@urtiee well identified

Asal high temperature geothermalegiat that current state of technology. The Government of Djipouti
strongly committed to exploit the resouresked financials partners to perform additional studies to help
finding solutions to these limiting factors. In the last 10 years, the coutkythe initiative to drastically

reduce fossil fuel dependence for power generdtioimporting electricity of hydro source from Ethiopia

and promahg development ofts own geothermal potential according to the 2035oris In order to
developsustainable geothermal sector, important initiative has been taken for the equipment and capacity
building for the manpower with specialized support from several partners like United Nations tjnivers
Geothermal Training Prograrand other bilateral pamtms (Iceland, Japan, and German government
agencies) Several exploratory studies have bedready started in the Lake Abhe with the technical
support from ISOR, Hanl&arabayiss with technical support from JICA and Sakalol progpétty

carried out byODDEGwith CERDAIso, the country raigkaround 31 Million USD for exploration drilling

in the AsalFiale geothermal field witlthe financial ofthe World Bank, Afdb, OFID, AFDwith the

Djibouti government particgtion. In order to establislthe first sep, i.e. a feasibility studpf a 50 MW
geothermal power plant, to be extended to 150 MW if the potential will be enough in thandrea
surroundings

1. INTRODUCTION

The Republic of Djibouti is located in tmorthern extremity oEastAfrican Rift Valley (EARV)system(a
continental riftjwherethe geologyis also influencedby the rifting phenomenonf the Red Sea and the
Gulf of Adenoceanic rift system resulting from the NE separation of the Arabian plate from.Africa
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In this geodynamic context, a huge quantity of energy is dissipatedaxary shallowanomalousnantle
to the surface. The Afar triangle and Iceland are the only two regions in the world where an oceanic ridge is
accessible off shore fgeological investigatioss andgeothermal exploitation.

This exceptional geodynamgettinggives the countryits geohermal potential. Since 197thirteen(13)
geothermal prospegt areaswereidentified. Several studiesarried out in thepast, inmany prospedte
areasrangingfrom surface exploration to exploratodyilling, haveestimatedhe geothermapotentialof
the country to be around 800 MW. Howeverthe only potential resourcesonfirmed yet is theAsal
Ghoubhefield, butits development was until nolmited due tofactorsthat inhibitoptimumexploitation.

Overthe last 10 years, higlevel political commitmentwasset upto promoteand develoghe geothermal
sector ina sustainable wayjn view of reducing drastically the fossil fuel consumptioior power

generation. In facthanks to imports of hydroelectricifyom Ethiopia,fossil fuel accounts for50% of the

electricity production in the countryhich leads to thehigh electricity cost

To achieve this objective the government set up in January 20idwaentity called ODDEG (Djibouti
Office for Geothermal Energy Development) in charge to stimulate a rapid geothermal development, and to
ensue this sustainablelevelopment.

This paper presentthe current energy duation, the current active potential fieldand theforeseen
development of this sectan thefuture

2 STATUS OF ELECTRICIT Y PRODUCTION
2.1. Electricity sector

The electricity sector was highly developeder the last Syears. Thermaknergyrepresented thenost
important part of the powegeneration. Asolar plant andan interconnedabn line from Ethiopian power
company(EEPCQ wereaddedto theenergy offeiin 2011.

The EthiopiaDjibouti interconnector provides an additional elextyi source, based on renewable (hydro),
ranging from 180 to 300GWh per year. It is therefore covering between half atiditdsof the demand.

The line terminates at a 220/63/20 kV substation, 12 km west of Djibdlgj where the voltage is
stepped dwn to 63 kV for interconnection with the existing transmission system. The transmission system
is currently limited to a 63 kV intezonnector between the main stations, and two 20 kV transmission
circuits from DijiboutiVille to Arta, some 40 km away. Theis also a 20 kV circuit between Dikhil and

Ali Sabieh in the south of the country. The distribution system comprises 20 kV radial circuits emanating
from the main substations. Most customers are supplied at low voltage (LV) via distribution substations.

More projecs using renewablenergy includinggeothermaknergy, arglannedn the nearfuture. Table 1
presentshe proportion oflifferent energysourcesised.
Tablel: Installedcapacityand production for electricitgyeneration from Edd (Edd?, 2013

Electricity generation Thermal power | Solar power Hydro-electricity | Total

plant (Imported)
Installed capacity(MW) 120MW 0.3MW 42MW2 173w
Production(MW h) 6663MWht 522MWh?3 354901IMWht 4|\2/|wa

1 Electricitede Djibouti (Edd).
2Average Importedtlectricity from EEPCO
3 Production in 201,2CERD,

2.2. Electricity generationcost in Djibouti

Electicity generation from diesel and heafgels represent important cost for operation andintenance
of power plantsHot weather caalsoleadto rapid fatigue of the mechanical comporsent
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The cost of electrity was decided t@ssurean optimum servicand to preventelectricity shortags.
Government legislate the price of thkectricity. TheGovernment initiate ir2012 and in 2014, a decrease
of the cost of energy for tHewest and middle class.

Table 2 desibesthe different cost of the electricity (Edd, 2011).

Customer Price perkWh
Social tariff 15¢c$kWh
(kv a)

Residential 55c¢c$ to
customer 40c$kWh
Industrial 34c$ to 42¢c$
customer /kWh

2.3 Projectsplanned in the energysector

Overthe next 10 years, the country has a good and ambitious program to develop andite>qeardy
provision to satisfy the local demand and increase the energy access in rural areas. Renewable energy
utilization represents a part of thesergy developmerstrategyincluding in the 2035 development vision.
Renewable Energy available lilselar, windand geothemal energyare the mostimportantresourcs of

Djibouti.

In the solarenergy sectgithe government has several projaatthe pipeline for providingrural areaswith
accesgo electricity, financedby donors and development ag@w Also afirst solar PV planbf300MW is
planned to be built in the central part of the country with private fuNdlsd energy is available witvind
speed rangindpetween 5to 10m/s, in theorth-easternpart The first wind farm with 60 MW poweris
planned tde built on 2017supported by Qatar Electric

However, due to the stability on tleéectricalgrid, and high resource availlity , geothermaknergyis the
bestresource t@ensurea sustainable developmeiib start with,thefirst plantin AsalFialeis plamedfor
commission in2018with an installed capacity of abo®0 to 50 MV extensible to 100 M. Also other
private initiatives are on discussion to exploit potensite for electricity production like gagipeline
project between Djibouti and Ethigp

3. STATUS OF GEOTHERMAL DEVELOPMENT IN THE COUNTRY

3.1 Geology

The geology of the countrys affectedby the
junction of theAden gulf, the Red sea oceani
ridge, and alsdy the East AfricanRift Valley
(EARV) system which constitute the triple
junction systemThe Afar depressiorf{Figurel)s
the region where crustaéxtension occurred
caused bythe separation tie Arabian, Nubian ,
and Somlian plates. This establishes the /
connection between the current oceanic ridge s
the Redseandthe Gulf of Aden systengnd the ik
EARYV intra-continental rifts. Figurel: The ifting system and Afar depression

!A target that will not be achieved before 2020 due to delays encounterednplamentation of theroject.
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The Aden gulf and the Red sea ridyethe most activgeological systemwith an average spreading rate
of 1, 5 cm/yearin addition with theEARV system(5 to 6 mml/y),this leadto importanttectonic and

magmaticactivitiesoverthe last 20 to 30Ma.

Almost all of the Afar depression is covered by basalt stoatand, eventually partially hidden by
sediments infiing in the grabensandwere created bthe early stages @roto-oceanicifting (Barbei and
Varet, 1977)3.5 to 1Myaga Almostall the rock composition in the country iadaltic like Calha basalts
(8-4 My), Somali basaltés to 3 My) Stratoidbasaltg3.5 to 1 My)etc, asshown inFigure 2.

Located in the eastn part of the Afar depression, the Republic of Djibouti has been the place of an
important tectonic activity since the Oligdiocene period until today. All stages of riftimigvelopé from
continental to oceanic rifting as deduced from the various volcanic units studied in Djibouti Republic

The seismicity assessment in temergedpart of the rifting system describes an important movement
collected in the AsaGhoubbetift, the area of the countmnyith thehighest identifiegotential

Recent volcanic formatiabuilt along identified active rift structures of oceanic tyre locatedin two

sites in Djibouti Republicthe Asal riftand the Manda Inakir range

[ stratoid rhyolites
0 Mabla rhyolites
] Gaifbasalts
[ Stratoid basalts
[ Somalibasalts
] Recent basalts
[ Dalha basalts
) Adoleibasalts

Figure2: Geological Maps of Djibouti (CERD)

Figure2 showsin dots, thesurface manifestation located mainly on &salGhoubberift (SW-NE trend)

red dos represent theaumeroushot spring and the blue dstshowthe fumarol€’.

3.2 Previous study

Sincethe yearsl970 § several surface studiggeredone in thecountrywhich locatedat least3 potential
areas for geothermaiterest The main location of thmostpromisingprospects is along thmain NW-SE

“Note that fumarole sites are more numerous than repomtéals map
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active axis of spreading crossing through the country from the Gulf of Tadjoura to Manda. Iiialir
preliminary studies foundraimportant potentiadrea inthe AsalGhoubhet zonegonfirmed by drilling in

1975,andafter newstudes exploratory drillingwereundertakern theyear1987in theHanlegrabenand

inthe Asal prospect.

Table 3showall the studiesarried outbetween 1975 to 1990 from surface exploration to deep drilling in

Exploratory Stage Surfaces Manifestations
Geothermal | Geology Geochemistry | Geophysics| Exploratory | Hot springs | Fumaroles
Site drilling
Lake Asal + + + + + + + ++ + + + +
North-
Goubhet ++ ++ ++ + +
Lake Abhe |+ + ++ ++ ++
Obock + + + + + +
Sakalol ++ + ++
Alol- ++ +
Gaggadeé ++ + +
Hanlé N T
++ + + + + ++ ++

Arta ++

++

different prospects.

Table 3:Geothermabtudiesundertakernn different prospectm the years 1972005

3.3 Asal geothermal feld

The Asalgeothermal fields located in theAsalGhoubhetrift which extends nortko the Asal Lake This
areaisthe most explored geothermal field in the country.

The first geothermal investigah was undertaken in 1970, by the French geological g BRGM).These
investigationdeadto thediscovey of the high enthalpy geothermal reservoir. With the financial support of
the World Bankand UNEPan additional 3, totalizing @eep borehokedrilledin this field.
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Table4 resumes the characteristics of these wiiléed in the Asal field

Wells Depths Temp Gradient Date
(m) max  temperature
(°C) (°C/100 m)

Asal 1 1145 261 18 1975
Asal 2 1554 235 14,3 1975
Asal 3 1316 280 15,51 1987
Asal 4 2013 345 15,2 1987
Asal 5 2105 360 15,2 1988
Asal 6 1761 280 12,75 1988

However,the exploration drilling showd also the high salinity of the geothermal resouveeich cause
scaling and corrosionf the wells. In fact, the recharge of the resenmiensuredy seawater from the
Ghoubbetwith salinity around 37 g/l and the Adadke,dueto intense evaporatiothe second most saline
place on the earth.
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Figure 3: Structural Maps of Asal field
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To avoid this salinity problem, thgtudy expected toihd in the AsalFiale caldera a better geothermal
resourcaegarding theecharge antherefoe less saline than the previous reservoir.

In 2008, geophysical measurements wereiadrout in this zonewhich confirmed the presence of
geothermal resourcefigure 3 shows the location othe AsalFiale geothermal field. Geophysical
measurement wasonducted usind06 TEM and 102 MT soundings and additional tectonic survey was
conducted based on aerial and satellite imagesielddvork data [SOR, 2008)

The resistivitymaps in thefigure 4 show a low resistivity zone around the caldera of Fialevhich
demonstrate the presence of hot body in the zdries map also report thgeismicity measured in the
period 1978002in the Asal rift (Doubre et al.2006, showing a high concentration of seismic activity in
the Fiale caldera at shallow depthF¥Xm) interpreted as direct magmater interaction in the upper part
of the uprising magma chamber (Varet, 2014).

An Environmentalmpact Assessment was already don2008 byReykjavik Energy InvestREIl) for the
AsalFiale zone.

This zone was tharea with themost potential in the country and the previous assessment predicted a

maximumreservoir capacitpf about300 MWe. The previous proje¢the Asal projectyvith the Icelandic
company Reykjavik Energy
Invest could not proceedas
originally envisaged due to
economic crisis experienced in
Iceland in 2008.

Due to these difficulties, the
Asal concession acquired by
REI expired and the Djiboutian
Government  decided to

develop the potential of the
areas.

In 2011, the Government of
Djibouti was committed to

financing and mitigating the

high risk in te drilling of at

least 4 wells. A group of

public banks led by th&vorld

Bank WB) are the principle
financial partners in the
project, with the drilling cost

estimated to be around

30Million USD.

Figure4: Resistivity maps @000 mb.sl. (REl, ISOR)

Figure 4: Resistivity Maps at 3000 m b.s.|, with seismic activity record (2008)

The objective of this project is to quantify the technical and financial feasibility of theFidal
geothermal resource for large scale (50MW) power generation. This project was designed to implement
exploration drilling program through which three to four full size production wells (9 &/8epth of

2500m are planed be drilled. This will be done ithe Fiale Caldera, on the active rift axis, using derivate
drilling technigues in order to reach good permeability conditions while crossing the vertical faulting

At the present time the geothermal consulting company has been selectidlitigecontractor identified
and field activities focused on civil engineering worksces roadand preparatioplatform for drilling

The question of the target of the exploration drilling is a matter of debate. The project geothermal
consultant at present prigije ahypothetical reservoir at 2.500m deptis temperature inversion was
observed in the A5 well drilled in 1988 on the NW flank of Fiale cald&caording to Varet (2004), the
tempeature inversion observed Asal 5should at present be reinvertdde to the magmatic injection at
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