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Technological considerations in establishing direct use projects

The Geothermal Village concept

Jacques Varet Géo2D

Powering Agri-food value chains with geothermal heat
to enhance food security and drive climate action
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Long-Term Joint EU-AU Research
and Innovatian Partnership on Renewable Energy

The «Geothermal Village » project Presentation frame

1. Introduction : presentation Dr. Jacques Varet, Géo2D

2. Aim of the fnGeothermal villageo p
3. Status of the 4 sites selected for a demonstration project

4. R&D engaged: methodology and Feasibility expected

5. Time frame




The «Geothermal Village » project o
GEID 1.Introduction : Géo2D EATRE

To

Do Do Do Do I»

SME based in France,R&D, expertise, advices, capacity building

Specialized in geothermal, mainly in the EARV, long experience, particularly Afar triangle (CNR-
CNRS since 1967)

Géo02D created 2011 by J.Varet, IAVCEI prize winner, former Head BRGM geothermal, French
Geological Survey director,EurogeosurveysPresident with experience in Ethiopia, Kenya, Djibouti,
Eritrea, Rwanda & Tanzania

Launched the Geothermal Village concept in 2014 (in a first EU/ACP Facility proposal)

Developed the concept since on geoscientific (1km3 approach), engineering (ORC + steam
condensing for water production) & social sciences

Engaged a PhDwith EHESS (Paris) on social approach to geothermal development serving local
needs for indigenous people (Susan Onyango)

Published several papers on the issue (see references);A guidebook on Direct Uses in the EARV is
under edition with UNEP (cf.Nf t f spregentation)

The GV1 R&D projectis financed under EU/AU LEAP-RE involving 15 partners from 4 EU and 4 AU
countries

Looking for GRMFsupport for demonstration sites being studied (Ethiopia, Kenya, Rwanda, Djiboli




GEID Geothermal Village - Jacques Varet Géo2D
INTRODUCTION

C Africa - in particular all a

long the East African Rift System - has

geothermal resources of high value (shallow volcano -tectonic related).

C Nevertheless, the resourcep even if exceptional with steam available at

the surface - iIs essential
areas where the societa

y untapped, particularly in the remote and arid
needs are highest.

C This due largely to a lac

K of reference (demonstration) projects when

relatively inexpensive boreholes can tap quite hot fluids (up to 150 AC).

C R&D (producing knowhow) is required to implement at the local level,
African solutions as the nature of the resource and of the energy

demand significantly diff

ers from existing scheme.



GEID The «Geothermal Village concept LEAP-RE

The Geothermal Village concept relies upon geothermal
fluids obtained from moderate depth boreholes :

C used first for small -size electricity production devices
)gpsubcmf! PSD!t * |

C then In a cascade of increasingly lower temperature for
direct uses (DU)

C such as drying crops/fish/meat, cooking and baking, fish
farms and greenhouses, pasteurizing (dairy),

C bathing and washing, supply drinking water, provide
cooling and freezing, including eco-tourism based on hot- 4
springs resorts.
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Fig. 2.1: The East African Rift system, with major fault systems (in red), major earthquake location
(white dots for M> 5), manifestations of Quaternary volcanism (in yellow) and plate-motion vectors
with GPS velocities (black arrows, with numbers in mm/y). Observe the progressive increase of the
spreading rate from South to North along the EARV (from 2mm/y in the KRV5 to 7 mm/y along the
MER and up to, 2 cm/y in Afar). Calais (2016)
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Fig. 2.2: Map of the volcanoes along the EARS. While only a few are located along the western branch,
the eastern branch is characterized by the high number of volcanic ceptres (red triangles are quaternary
volcanoes). Map from; www.riftvolc.geos.ed.ac.uk.




Kenya, Ethiopia, Djibouti (major/local sites)
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Fig. 2.3: Geothermal resource sites for electricity production identified (A: Left) in Kenya,. and (B:
Right) Status of Geothermal Exploration and Development in Ethiopia (from Omenda, 2012, 2018).
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Fig. 2.14: Geothermal sites in the Republic of Djibouti. Magmatic sites located along active |
spreading axis., whereas a-magmatic sites are shown with circles. The base map is the
Geological Map of Central and Southern Afar (Varet, 1975), The two magmatic sites of Manda
Inakir (North) and Abhé¢South) could benefit from a joint investigation with Ethiopia as they
extend on both sides of the border. But on Djibouti side alone, possibilities of DGUD exist. Map

actahlichad hyv (RAA2D far ODDEMR /129N18R)



_ LEAP-RE
Geothermal at the surface: steam or hotspring

Nubian plateau
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Fig. 2.7: Steam vents along a fault affecting basaltic lava flows in central Afar (Ethiopia), a kind of

manifestation that is quite frequent along the East African Rift Valley, and Afar in particular, where these - : . 3 F 5
have a local name: ‘boina”. A shallow geothermal resource presently essentially untapped (Photo 19~ 2.9: hot-springs along a fault affecting trap-basalts North of Eantale volcano in Awash National Park

J Varst 1969). FEilowa resort, southern Afar Regional State, Ethiopia (Photo J Varet, 2014)

Fig. 2.9: Left: Google map showing the limit of the Nubian plateau: on the right (West) the Nile
hydrographic basin, on the left (East) the Afar depression and the Awash River basin (Ethiopia),
Marginal grabens developed along the escarpment. Location of major hot-springs sites, circa 100°C
(from North to South: Harbu, Shekla, Borkena and Shewa Robjt) are shown in yellow. Also shown the
nearest steam vents s2.9 ex.jtes,in the Afar depression (in red). The limit of the Amhara and Afar regional
states is also drawn (white dotted lines). Right: Geological interpretative section of the hydrogeological
system feeding the geothermal systems (respectively hot-springs and steam vents) in the marginal
graben - affecting the pre-Miocene “basement” made here of trap-basalts prom the Nubian plateau -
and Southern Afar volcanic ranges built along faults and dikes of NNE-SSW (MER) direction.
Appropriate geophysical methodology are being developed to properly map in 3D the convective
geothermal plumbing system to be tapped by shallow drilling for local developments.

Fig. 2.6: hot-springs along fault bordering lake Bogoria (Kenya), the site, where hydrothermal deposits

developed, attracts fishes and flamingos (Photo J \aret, 2013)
Fig. 2.8: Steaming fault affecting a rhyolite flow near Qlkaria, Kenya (Photo J.\argt, 2014) 9
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Lang-Term Joint EU-AU Research
andl Innoyation Partnership on Renewable Energy

8 — Regional setting - Luhoi —-I-— Regional setting D
NW T20CH

L

0 3 Distance (km) 5 9

[ Lowpermeabilty  Re. Ruaruke Claystones  PL: Pindiro Limestones |l Formation limit  —==> Water flow \F"“'
] High permeabiiity KiS: Kipatimu Sandstones ~ KaS: Karoo Sandstones 3-5% Porosity range =150 °C —  Isotherm

Fig. 2.26: Conceptual model of the Luhoi geothermal system in Eastern Tanzania shown with an
idealised NW-SE section showing the Kipatimu, sandstone host of the geothermal reservoir, with a horst
structure which controls the hydrogeology and consequent thermal convection. The diagram on the right

show how the convection increase the geothermal gradient in the first kilometre at depth. (Armadillo et
al. 2020).

Fig. 2.24: Block diagram showing the hypothetical Northern Kivu Rift geothermal conceptual model
(JNVauet, 2018).
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Fig.2:25: ()\')_ éébidgical map of Uganda showing the main surface syrface thermal manifestations of

o L o o ey . Fig. 2.27: Some geological characteristics of the sedimentary basins in Nigeria and surrounding
Katwe (70°C), Kikiro.(86°C) and@u;gagﬁ,(Q& C) with its Iegend. (B — down). From W&_A‘ Alaba. countries showing the structures at depth, partic the underlying tertiary and cretaceous rifts
(ARGeg, 2008) and (C - up) section through Lake Albert showing the geothermal model derived from determining the thermal gradients (A: left) and someldetails of the Nigeria part of the Sokoto basin (B:
seismic profiles and hydrochemical studies (Kato, 2017) right) showing the resulting thermal gradients on a simplified geological base map (from Kwaya et al.,

2019).



XPLORATION METHODS FOR SHALLOW GEOTHERMA

RESOURCES

Table 3.1. Examples of explorations methods for the three play-types for DU in Africa

Source:
Play-type Volcano-hosted Fault-controlled Sedimentary
Area Eastern Rift branch Western Rift branch Basin areas

Characteristics

Volcano-hosted, magma heat
sources, distributed heat, deep
anomalies, shallow out-flows.

Fracture/fault- controlled, deep
circulation, convective systems,
localised anomalies

Commonly low to medium
temperature resources
controlled by fault or folds
systems

DU targets Shallow out-flows with Productive fault near surface Near hot-springs geological
fumaroles /steam vents spring discontinuities
Geological Volcanology and structural Detailed structural and litho- Structural and litho-
Methods mapping and fault kinematics | stratigraphic mapping stratigraphic mapping based
on previous oil explo. &
[ existing wells
Geochemical Fluid (hot-spring), gas Fluid analysis (hot- springs), soil Soil gas (CO, and Radon
methods (fumaroles), soil gas (radon & | gas (radon & CO,) surveys); fluid sampling and
o)) analysis
Geophysical Gravity, seismics, MT, TEM, Gravity, seismics, TEM, (optional Existing gravity, seismic
methods heat flow, occasional TGH MT), heat flow, TGH surveys; TEM, heat flow
eventually TGH
Conceptual Based on high-temp. 3D mapping of fault systems and | Anomalous thermal gradient
geothermal exploration results, determine | related convective up-flow allowing to catch shallow
modeling shallow out-flows reservoir . .

YA
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Table 3.2: Example of data sheets for DUGD initial investigations

Geography & geology Fluid sample characteristics | Socio-economic data

1. | Name 1. | Sampling feature 1. | Official name of resource

2. | County, State 2. | Specimen description 2. | Local language name

3. | Lat&Long Degree 3. | Fluid temperature (°C) 3. | Community on site

4. | Elevation 4, | Discharge 4. | Local language

5. | Topo environment 5. | Analysis type, date 5. | Population on site

6. | Satellite image 6. | Laboratory 6. | Population 5 km radius

7. | Air photograph 7. |pH 7. | Sexratio (male: female)

8. | Geological map 8. | Specific conductance 8. | % children, %elders

9. | Tectonic setting 9. | Total dissolved solids 9. | % educated persons

10. | Volcanic environment 10. | Ca, Mg, Na, K, Fe 10. | Main production

11. | Reservoir rock 11. | Si02_mgL 11. | Income (GDP/head)

12. | Reservoir extension 12. |Cl,F,SO,_mgL 12. | Distance to access road

13. | Hydrological context 13. | Bicarbonate_mgL 13. | Distance to electric grid

14. | Hydrothermal products | 14. | Isotopic analysis 14. | Telecom (phone access)

15. | Surrounding features 15. | Hydrothermal mineral 15. | Water access, quality
deposits

16. | Geophysical data 16. | Hydr. min. alteration 16. | Organisation structure

17. | Surrounding wells 17. | Geothermometres 17. | Religion/belief

18. | Geothermal concept 18. | Bibliography 18. | Contact person

19. | Bibliography 19. | Possible manageméﬁt




L

Social approach LEAP-RE
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Fig. 3.3: Ismael Ali Gardo and AGAP-Géo2D team meeting with elders in Teru e ERORES
(Photos Varet, 2016)
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Fig. 3.4: Social Scientist (Susan Onyango, Géo2D & EHESS) meeting women and girls at Badlands, Kenya under GP A project.




GEID The «Geothermal Village concept LEAP-RE

The LEARPRE EUAU R&D program

A First investigations show that hundreds of sites along the
EARS have the resources appropriate for such
developments, each installation allowing modular expansion.

A The GV project, supported by the EJAU LEARRE program
mobilize interdisciplinary teams from both Europe and Africa
to develop a few relevant demonstration systems, adapted
to the specific socio -economic needs of the local
community, at an appropriate technology level.




Geothermalillage LEAR Hidoject
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GEID The «Geothermal Village» (GV) project at a glance LEAP-RE

(; Dura'[lon : M8'M45 Djibouti, Ethiopia, France (3), German

Italy (2), Kenya (2), Norway, Rwand:
¢ Partners involved : UL, AAUUOoON, SSSAUNITQO, Fraunhofer IEG, y P
Géoz2D, ODDEG, UBO, NORCE, EDCL, SEPCO

C Main objectives:

A Introduce geothermalbased stand-alone electric and thermal energy oS \
systems to off-grid African communities .

A Providingtemplate case-studies on adapting GV concept to dn‘feremFF
SOCio-eco contexts | ¢

A Demonstrating feasibility to public and private investment
organizations

A Keeping thetechnology level appropriate for local operation and
maintenance

A Capacity Building to ensurdlocal empowerment and mastering
(sciences, technical, admin., etc.)




G—_—ID Structure of the Project LEAP-RE
| i s f Geothermal specificity of the: EARS:

- 2 GPS velocities p e L 10°

.~ C High geothermal heat flow inducing shallow resource
- C Geodynamics allowing for :
A high temperature (electricity generation) in the
Easter Branch and Afar
A Medium temperature in the western branch and
7 southern rift (direct uses applications)
T (; Social and economic demand vary due to climate and
/| &~ | §| 4 anthropology
 — “ C Wide range of contexts and applications but same
/ / R | challenge of:
[LOW temperature] [High temperature] A Shallow resources implying specific appro
Electricity prod. technologies
A Local management capacities off -grid systt

Nubian ,\
Plate H\{) ¢

Direct use




Geothermalillage g_

2. Aim of the project; development of the concep
A A project to build geothermal-based

stand-alone electric and thermal T vy | Atanats
energy systems to off-grid African it onge [ | doprans |
communities. gt g — 4l
A A project that brings together skills —R Ll /@
across the entire geothermal value el “sf /;{'/,az
chain with 7 WP: X X L7 .7
1. Geoscience (geology, geochemistry, —= s ' 2 % oy
geophysics, conceptuel modeling) "
2. Social Sciences (local demand, >
organisation, empowermentA *
3. Conceptual design and engineering
4. Feasibility study o e
5. Research mobility & Capacity o) =
building \ i 7 P e
6. Project management Thermal | A [omtone Gectherna
7. Preparation for demonstration ' piabn




Geothermalillage 0
LEAP -RE
3A varlety of S|tes representative of the diversity of the EARS
2=~ High geothermal heat flow inducing shallow resource
.0 W= A Geodynamics allowing for :
e a4 > U high temperature (electricity generation) in the
/ Easter Branch and Afar
U Medium temperature in the western branch and
| sa southern rift (direct uses applications)
; ‘ "f A Social and economic demand vary due to climate
|\ " and anthropology
é““ W A Wide range of contexts and applications but same

1 /. challenge of:
{ i AU Y — U Shallow resources implying specific approach &
/ / (From Calais, 2015) te C h Nno I Og | es

Direct use Electricity prod.

P —— e — U Local management capacities off -grid systgt
4 sites selected: Ethiopia, Djibouti, Kenya, R
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G——:ID Srtucture of the Project - Methodology LEAP-RE
| e, | | snamng S
Shallow
. . .. geotherml
Analysisootite characteristies resource

Geosciences

Socialeco.
sciences

Outcome:
» A Feasibility studies
A Implementation strategies

Basedon critieria:

- Localcommunitiyneeds lifestyle &capacities
- Type ofincomesources ;

- Appropriatelevelof technology etc.

Assessment cdvailable
resources:andneeds

Socialeco.
sciences

Engineering
sciences

(FromVaretet al., 2014)

Smaliscale Thermal
indus. activity station
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GEID Structure of the Project - Technology LEAP-RE

A Cascade use geothermal energy combining various technologies

A ORC: stand-alone, flexible and portable production modules for small
applications, in the range of 20 to 200 kWe, a sizeadapted to the
needs and production expected

A Selection & adaptation of African technology and local (regional)
engineering solutions (drilling, pipes,heat exchangers, etc.)

T o

>| 1“LEVEL |——» P1

COOLING

iR R Z4 I» 3" LEVEL —»P3

(Low Temperature)

Production

| RESOURCE PRODUCT
well .

Temperature T2 | Product P2

Temperature T3 | Product P3 Reinjection
| SIS ..

well (From RubieMaya et al., 2015)

Wi

a 2 micro-turbines brevetées a haute vitesse

.
e

] Connexion simple par brides normalisées
L

¥

ii Controle et supervision a distance 24/24 et 7}/7
o

ssemblage et test de performance chez ENOGIA

i Systéme «plug and play» sur un chassis unique

180 kW ORC plant dgnogia
https://enogia.com/wp
content/uploads/2021/10/180LEN.pdf

vard| TTLEVEL e P2 ion o Adsoion Machine) |AY Wide arrayof applications:

A Electric production €ooling

A Fish & agriproductdrying-> Kenya, Rwanda
A Domestic water productior> Ethiopia

[ Temperature T1 Product 517" T r D]IbOUtI
’ A Balneology> Djibouti, Kenya




GeothermaNVillage
GEID LEAP-RE

Structure of the Project p Capacity Building

Research mobility & partnership :
A Involvement of Master and PhD students in the project
A Summer schools/workshops about RE, in synergy and coordination with the otheREEAPS

Capacitybuilding: A Vote on thestatusof the newly created (2015)
A Basedon needs assessmentstraining for local Afar GeothermalAlternative PowerCompany
communitiesto ensure proper mastering of the (AGAP), art:thiopianCBO.
whole chain of basicknowledge(from technology Y o @
and financialhandlingto administrativeand social : ' {
&,

management) A This should guarantee
maintenance, extension and replication of such
communitybasedgeothermalprojects

A Trainingsthrough CBOsand NGOsinvolvedin the
GV(e.g. Kenya>HHCBQ Ethiopia-> AGAPR

(FromVaretet al., 2020)
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LEAP RE

Logerm \

Sl elected : (1) Era Boru, Afar Regional State Eth|0|a

S\ :
Geographic Coordinates 12°406 N 40°200E; Altitude : 700m ‘

Surface thermal manifestations are numerous (steam vents) and well known by
the Afar pastors, as they are engineered to condensate the steam and produce
water that is used for both | | v e s @and lukan sonsumption

- digging holes in the fumarole site,

- use the clay (red kaolin-iron hydroxides mixtures) produced by the
hydrothermal decomposition of the volcanic rock to create an impermeable
basin for condensate water collection,

- close the system with a chimney made of blocks of lava covered by branches
(acacias trees) that will allow to condensate the steam (as in condensation
towers of thermal plants).

- Example of such devices, are quite common all over Afar particularly at Era
Boru where 150 families live from this resource

The project i delayed due to Tigray war - will allow to identify shallow
drilling targets and answer the needs of the communities on site (energy
and water production)
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Sites selected : (2) Djibouti, Lac Abhé

Geosciences Georgaphic Coordinates: 11°09d.6 N; 41°53®0 E Altitude : 245-313 m

Successful geosciences field work in the Alltearea (Octg Nov. 2021)

- Gelogy

- Geochemistry

- Geophysics

- Characterization of the potential drilling site and of the geothermal reservoir
- Starting of data processing with all the involved partners

Social sciencesPreliminary survey

- 70 families near the site;

- aschool just built and started operating
- More families will join the village that
the geothermal resource will power,

- also providing water

The detailed social study will be engaged |
in the coming months
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Sites selected : (3) Bugarama, southern Rwanda

720,000 725,000

Coordinates: 2°426S ; 25°01 E Altitude: 956m

Access (distance & time): 288km from Kigali, 6 hours drive i \‘ L L I

SINW-SE Lineaments

Bugarama, is rather rich in thermal manifestations. At least 3
sites are gifted with hot springs, with characteristics not suitable
for electricity production. One of them will be selected in the
frame of GV project in February 2022;

g

Given the local economy based on agriculture, Direct Uses (DU) A 4 AN
applications will be studied in the area (crop drying and fish N4 WS 7o
. . . - N e R
farming in particular), s | NS f;» 'y

-
)

)
anapihn

Further exploration works to be engaged with EDCL late \ ey a3
2022, implying both earth science and social science teams, ? D o - SATANIEE ST,

9,710,000

followed by technology assesments. tegeND
Sampling Point (Temp.) L t Esti d R Extent
o > 60 deg.C — Clear :-_-_:' Minimum Area
& 50-60degC =====Unclear | ! Maximum Area
e 40-50deg.C ——— Contour (100m intervals)
© 25-40degC  ___.-- Gravity Lineament
®  <25degC Y
Location of Cross Section

©  NoData w




Geothermalillage
Sites selected : (4) Homa Hills, E. Lake Victoria, Kenya

Geographic Coordinates: 0°20@0 N ; 34°316E ; Altitude : 1131-1180 m

Previous investigations confirmed:
1 Low to intermediate temperature geothermal system in the prospect.

Heat source associated with magmatic intrusive.

T
9 Estimated reservoir geothermometry from 160°C to 235°C.
1

A resource to be utilized both for electricity generation (using ORC) and
direct uses (fish drying, thermalism).

Field works (geoscience and social sciences) to be engaged march 2022

A structural geology, geochemistry geophysics to establish a 3D picture of
the hydrothermal system plumbing at 1 Km3 scale.

A Anthropological study & analysis of the local socio-economic demand
(present and future) being quantified.
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GEID 5. Time frame & work packages LEAP-RE
YEAR 1 YEAR 2 YEAR 3
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
M1l 2 5 6] 7| 8 10| 11| 12y 13| 14] 15| 16| 171 18| 19| 20| 21| 22| 23] 244 25| 26| 27| 28| 29| 30| 31| 32| 33| 34| 35| 36
i . ST D1 e 103 : s (1)
coop [ LLILLILLILL P T
B
0 0 DNO () DZ H Preparatio Or Demo to D7

WP-5 Research mobility and capacity
WP-6 Project management

DlllllllllllIIIDIIIIIIIIIICIIIIIIIIC
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Onyang®; J (2014): For a new social genderbased approachto geothermal development ProceedingsSth African Rift geothermal Conference Arusha, Tanzania, 29-31°OCtobEr 2014~
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