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ACRONYMS
\ AADL Aldwych Africa Development Limited
\ AFD French Development Agency
\ Aldwych Aldwych International Limited
\ ANADER National Rural Development Support Agency
\ BARPI Industrial Risks and Pollution Analysis Bureau (France)
\ CEDAW Convention on the Elimination of All Forms of Discrimination against Women
\ CILSS Permanent IntetState Committee for Drought Control in the Sahel
\ CIRASA Consulting Engineering and Applied Research
\ CITES Convention on International Trade in Endered Species of Wild Fauna and Flora
\ CIw Common Industrial Waste
\ CMS Conservation of Migratory Species
\ COD Chemical Oxygen Demand
\ COHV Halogenated Volatile Organic Compounds
\ CR Critically Endangered
\ DBQ Biological Oxygen Demand at 5 days
\ DD Data Deficient
\ DGAC French Civil Aviation Authority
\ DGE Directorate General of the Environment
\ DRA Detailed Risk Analysis
\ EDD Hazard Analysis
\ EHS Environment Health and Safety
\ EIN Environmental Impact Notice
\ EA EnvironmentalmpactAssessment
\ EN Endangered
\ EPC Engineering Procurement Construction
\ ESIA Environmental and Social Impact Assessment
\ ESMP Environmental and Social Management Plan
\ ESMS Environmental and Social Management System
EW Extinct In the Wild
EX Extinct
\ FAA Federal Aviation Administration
\ FNE National Environment Fund
\ FPIC Free, Prior and Informed Consent
\ GHG Greenhouse Gas
\ GlIP Good International Industrial Practices
\ GW Green Waste
\ HCNE High NationalCommittee for the Environment
\ HIW Hazardous Industrial Waste
\ HPP Humanpowered Pump

\ HSE Health, Safety, Environment
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\ HTA Medium Voltage (voltage levels between 1,000 V and 50,000 V
\ ICP Informed Consultation and Participation
\ ICPE Facilities Classified for Environmental Protection
\ IFC International Finance Corporation
\ InfraCo Africa  InfraCo Africa Limited
\ IPCC Intergovernmental Panel on Climate Change
\ IPP Independent Power Producer
\ IRENA International Renewable Energygency
\ W Inert Waste
\ LC Least Concern
\ LCBC Lake Chad Basin Commission
\ LRP Livelihood Restoration Plan
\ MEDDE Ministry of Ecology, Sustainable Development and Energy (France)
\ NHW NonHazardous Waste
\ NR Not rated
\ NR National Road
\ NT Near Threatened
\ OoDSs Ozone Depleting Substances
\ ONCFS National Hunting and Wildlife Agency
\ PAHs Polycyclic Aromatic Hydrocarbons
\ PASST2 Health Sector Support Project (Phase 2)
\ PIR Compensation and Resettlement Plan
\ PPE Personal ProtectivEquipment
\ PPP Public Private Partnership
\ PRA Preliminary Risk Analysis
\ PS Performance Standards
\ PSST Occupational Health and Safety
\ RAIA Analysis, Research and Information on Accidents (France)
\ RAP Resettlement Action Plan
\ SGAT Solar Glarénalysis Tool
\ SLG Local Management Body
\ SNE National Electricity Company
\ THC Total Hydrocarbon Content
‘ TOE Tonne of Oil Equivalent
\ ToR Terms of Reference
\ UICN International Union for Conservation of Nature
\ UNFCCC United Nations Frameworkonvention on Climate Change
\ VOC Volatile Organic Compound
\ VU Vulnerable
\ WEEE Waste Electrical and Electronic Equipment
XAF CFA franc (Central African financial cooperation franc)
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NONTECHNICAL SUMMARY

[. INTRODUCTION

Chad iexperiencingdifficulties in supplying and accessing electrical energy, which is holding back
its economic development. Nineix and a half (96.5%) of the energy consumed nationwide
(source:Schéma Directeur dé&hergie- Energy Sector Master Plan) ioguced from wood fuels,
which has serious environmental consequences, especially on&Cfaeést resources and air
quality.

In addition, Chad boasts considerable natural resources, including considerable solar energy
potential that could be used tadevelop sustainable electricity production systems, reduce
deforestation and improve the county/energy performance

With this in mind, Djermaya Solar (a consortium formed by Smart Energies International SA and
Aldwych Africa Development Limited (AARD)is planningto install and operatea 60 MWp
photovoltaic power plant in Chad. The project is scheduled to be built over two periods, with a first
phase of 32 MWp and a second phase of 28 MWp.

The site selectetbr the implementation of the project iBbcated neathe town of Djermayaabout

30km northwest ofthe capital NDjamena. It covers a surface areaatsbut 100ha (forthe two

phases of the project). The project site was granted to the DJERMAYA CDEN ENERGY in 2014 by the
government of Chad thragh a presidential decree.

1 ALDA has been selected by InfraCo Africa Limited to develop projects in sub-Saharan Africa. ALDA is a subsidiary of
Aldwych International Limited
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Figurel - ProjectLocation

The project is subject tan impact assessment, in accordance with its Category A classification as
confirmed by theDirector of Environmental Studies (Mr. Abderraman Mahamat) and the Director of
Urban Planning (Mr. Alaina Yacoub) of the Ministry of Environment and the Ministry of Urban Planning.
The Djermaya Solar Project would likely be classified as Category A agdorthC standards (2012),

i.e., as a project with significant environmental and social impacts that are diverse, irreversible, or
unprecedented, due to the need to manage the displacement of economic activities associated with
the project and to compenga the historical landowners.

Due to its Category A classification, the project is subject to an impact assessment as confirmed by the
Director of Environmental Studies (Mr. Abderraman Mahamat) and the Director of Urban Planning (Mr.
Alaina Yacoub) of thilinistry of the Environment and the Ministry of Urban Planning. The Djermaya
Solar Project is likely to be classified as a Category A project based on the IFC (2012) standards, i.e., a
a project with significant, diverse, irreversible, umprecedentedenvironmental and social impacts,

since it will require managing the displacement of economic activities associated with the project and
providing compensation to historical landowners.

This documenpresentsthe projecits environmental impact assessmerg eequired by Decree No.
630/PR/PM/MERH/2010 of August 4, 2010 on the regulation of environmental impact assessments
and Order No. 039/PR/PM/MERH/SG/DGE/DEELCPN/2012 of November 29, 2012 on general
guidelines for conducting an environmental impact assesgr(ia accordance with the provisions of
Article 16 of the order).

The ESIA report waseparedby a group of engineering firms including Artelia Eau & Environnement

and CIRA SA under the supervision of the Djermaya Solar consortiurB&£IRAuthorizetb conduct
environmental impact studies by the Ministry of Agriculture and Environment of the Republic of Chad.

1¢



DJERMAYA SOLAR
DJERMAYA PHOTOVOLTAIC POWER PLANT PROJECT
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT (ESIA)
INTERIM REPORT, REV

[I. PROJECT DESCRIPTION

The Djermaya Solar photovoltaic park will be equipped with-polgtalline modules mounted on a
singleaxis solar tracking system (or solar trackers).

Duringthe first phase, the plant will include 103,226odules of 72 cells each, which will generate a
peak power of 32 MWpfor anestimated energy output of 2,138Wh/kWp during the first year of
operation. This energy output will benade available tothe National Electricity Company (SNE) at a
negotiatedrate of CFA 7%Wh (25-year PowerPurchase Agreement (PPA)) and will be reitisted

to the entire Chadian power grid.

The power plant consists mainly of a cluster of photovoltaic panels, positioned to capture the maximum
amount of solar radiation, combined with a network of transformers/inverters and cables to distribute
the electricity produced throughout the grid. The following figure presents a brief overview of these
components.

The tracker system allows the modules to follow the path of the sun throughout the day and therefore
achieve greater operating efficiency achieyreater operating efficiency.

- -«
>
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SOURCE: (French Ministry of Ecology, 2011)

Figure2 - Schematic diagram of a photovoltaic park

The operating principle of the plant is as follows:

Creation of alirect current by the photovoltaic cells, under the action of solar radiation;

2 Assuming a module with a peak power of 310Wp each

1t
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Transformation of direct current into alternating current by inverters;

Elevation of the voltage of the electric current to a medium voltage (HTA) level of 33kV in the
transformer;

Transmission of alternating current of adequate voltage to the delivery station via the
connection power lines, before routing it to the national grid.

Djermaya Solar is responsible for the construction of the plant and the grid conneqtigpmaent.

Various facilities will be necessary for the construction of the power plant: traffic roads, collection and
drainage system for runoff water from the site, fencing and security system, a base camp during the
construction phase and staff accomnaitbn during the operation phase.

The construction of the power plant is estimated to last approximately one year. During the construction
phase, 300 employees will be present onsite to build the plant.

In addition, Djermaya Solar will be required totalsequipment (transformers, replacement conductors,
etc.) for the benefit of the National Electricity Company (SNE) to facilitate the integration of the solar
project into the existing network. Equipment installation has not been considered within tpe s this
study. It is understood that the delivery station as well as the equipment integrated in the network will be
transferred to SNE upon their commissioning.

Djermaya Solar will operate the plant for a period of 25 years. During the operatior,paadozen
employees on average will be employed.

At the end of the 25/ear period, the plant will be transferred to SNE, which can choose to continue
operating or dismantle it. SNE will be in charge of redistributing the energy producedéatireeChadian
network.

The figure below provides an aerial view of the project area

N . .
> LR " L4 T
. |
S| Dpeniaye 5 |~pu:-n-——--
. ITUge BwAde B 8 200e Be PR
130 585 (400 hed BOrN

- W
EETEN
]

wrey




DJERMAYA SOLAR
DJERMAYA PHOTOVOLTAIC POWER PLANT PROJECT
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT (ESIA)
INTERIM REPORT, REV

Figure3 - Projectright-of-way
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It should be noted that the layout of the sifmesented above may change slightly depending on the final
design of the facilities and discussions with the authorities or the various stakeholders involved in of the
project. The footprint presented represents the maximum surface considered.

Thevarious activities and components of the project that are likely to have some environmental impacts are
definedasimpact factors. The table below presents these impact factors for the various phases of the project.

Tablel - Project ImpactFactors

PROJEPHASE IMPACT FACTOR

Physicakight-of-way: Access to the site and construction activities will generate a physical rig
of-way on the site via thereation ofaccessoads/tracksand constructiorareasinvolving a loss of
space with consequences on the environmemtd localcommunities (disruptiorof economic
activities).

Employment opportunities orthe projectsite: A maximum of 400 people will be required

a t the site to fillunskilledto skilled positions.

Civil engineering worksCivil engineering activities will involve land reworkémgl brush clearing
operations. Temporary stripping of soils can also contribute to erosion and fine particles being
washed into the surrounding environment.

Traffic EqQuipment, materials and maclery will be brought in by road, which will haae
impact on local traffion the main road.

Consumption ofresources Civil engineering activities require the consumptaimaw materials
(metal,sand,concrete, etc.andvarious products to carry out the worksidoperate the
equipment (gasoline, oil, etc.).

LiquiddischargesCivil engineering activities lead tiee discharge of various liquid effluentisiring
works(e.g.,machinerywashingwater, sanitary effluents).

Waste production Civil engineering activities (excavations and Hitikg, brush clearing, etg.
lead tothe waste production (inert waste, etc.) as do equipment asserabtjinstallation
activities(packaging wastaff-cuts).

Atmospheric emissionand noise Equipment operatiorandvehicle traffic generally leaid
atmospheric emissions (GHG, diestp noise.

CONSTRUCTION

Accidentsituation: Poormanagement of the worksanleadto the appearance of degradations
that are likely to impact peoplandthe environment spillof dangerous materials, fire.

Physicalright-of-way: The permanent presenceof photovoltaic panelsand fences generates
physical righiof-way on the ground andherefore some possible consequenaas the landscape
terrestrial biodiversityandhuman activities.

Electricityproduction: The energy produced from thanversion of solar energgto
electrical energy is sent intthe public grid.

Wasteproduction: The normal operation of a photovoltaic power plant generditite waste,
some of which is classifiedhazardous industrial wasielectricaland electronicwaste,
maintenance oilsfluids, etc.).

Thepermanent presence of 12 employees the site inducegshe production of domestic
wasteandsanitarywastewaterin reduced quantities.

Noise Theoperation of a photovoltaic plargenerates littleor no noise.

OPERATION

Accidentsituation: Poormanagement of the worksanleadto the appearance of degradations
that are likely to impact peoplandthe environment accidental spill, fire,..

1¢
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. SUMMARY OF THE BASELINE CONDITION OF THE ENVIRONMENT

Thetable below presents a summary of the baseline condition of the environment along with an evaluation of
the intrinsic sensitivity of the various components of the Qitgatural and human environment.

Thefollowing definitions shall apply:

issue a critgion or theme attached to a portion of the territory which, given its current or
foreseeable condition, is of value with respect to environmental, heritage, cultural, aesthetic,

monetary or technical concerns.

sensitivity: the level of arenvironmental issue in relation to the project. Sensitivity expresses
the risk of losing all or part of the value of an environmental issue as a result of any project. In
this methodology, four levels of sensitivity have been identified for the classificaif
environmental issues with respect to the project: nil/negligible, low, moderate and high.

1¢
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Table2 Summary of baseline sensitivities identifies of the initial state

ENVIRONMENTAL THEME ISSUES | SENSITIVITY

PHYSICAL ENVIRONMENT

Thesite is locatedn aSahelian bioclimatic zone characterizgdarainy
season fromJuneto Septemberand adry periodfrom Novemberto May.
Rainfall can cause flooding in some araadthus vegetation.

Climate Thearea also suffers from the effects of climate change (reduced waté Low
supply, desertificationqaind hasa verycarbonintensive energy supply
(oil-fired power plants, firewood etc.).

Thesoilsin the study area are of sedimentary origof,acompact clasilt
natureand arepoor in nutrients. Therefore, thegretherefore vulnerable
to erosion. In addition, precipitations can cause the formation of water
bodies, or even flood zones.

Soils andub-soils Low

) Thesite hasaflat topography witha gentle slop@riented positively o
Relief /topography from southwestto northwest. Thdowestpoint correspondso the Negligible
wetland.

Groundwater samples were takett a depthof 60 m, whichmeansthat
Groundwater the groundwater table ist asignificant depth. In addition, the Low
groundwater is not connected to tHealakaindond andhe soils are
relatively impermeable.

The project area has a very high variabibityvater resources according
to the seasons. Water, which is abundant durthg rainy seasongquickly
Surfacevater becomes scarcim the dry season. A wetland is present néas project
site, which collects runoffom the area due to the of topographic
configuration ofthe site.

NATURAL ENVIRONMENT

Wetland The Dalakaina pond id@cal conservation concern environmeand Vi EE
Biological offers potential habitats for mangroups ofspecies.
environme | Other Habitats generally degraded orodified byhuman activitiesand L
nt habitats offering little potential for flora and fauna

Thesite is located im semidesert areasothe landscape issus o
Landscape reduced. Howevetthe site willprobablybe visible fromthe roadlocated | Negligible
to the eastlinking NDjamenato Djermaya.

NUISANCE

) ) Air quality is degradedtly the trunkroad nearthe site and bythe
Air quality atmospheric emissions tfie Djermayaefinery located7 km from Low
the siteto the north-east.

Since thestudy area is located in a rural area, noise souaredsimited
Nevertheless, theoad to theeast ofthe site being so close means the L.
Soundscape site is located in the strip by noise from that roadiefe are, however, | Negligibé
no urbanized areas ne#e site.

RISKS

Theproject areaislocated closdo the refinery and ahightraffic road In
addition, the area is destinedb becomethe industrialpole ofthe region.
Technological hazards However, the road along the site has a numbectudiracteristics that Moderate
could cause accidents. Therefore, traffic hazards are a real issue, esp
considering the area becoming an industrial zone..

The study area is potentially at risk of flooding due to heavy rainfall
during therainy season combinedith impervious soils, preventing
rainwater infiltration.

Natural hazards Moderate

2(
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ENVIRONMENTAL THEME

ISSUES SENSITIVITY

HUMANENVIRONMENT

Population

Thestudyareaislocatedin a sparselypopulatedrural area. Residentdive

in 6 moderatesizedvillageg200-4000inhabitants) within a 1-5 kmradius

from the site@right-of-way. Vulnerablepeople, mainlypoor households,

maybe presentdue to thecountry@modest levelof development.There Low
areno residentswithin the site@right-of- way, but there are some
constructionghere.

Land

Landslocated in the project area are managedunder the customary
administrationof the villageof Am Soukarand, to a lesserextent, of the
village of Am Koundjo. However, this customary land management
systemis gradually disappearingas lands are being soldoff dueto the
industrializatiorandperi-urbandevelopmenbfthe studyarea.Partof the
land where the project is to be located has been parcelledout and sold
by the Am Soukawvillagechiefto residentsof Djermayaand NDjamena.
Thesesaleshavelittle bearingon Chadiarandlaw, evenif the buyersfeel
that their rights arelegitimate.

The increasingscarcity of land resourcescould eventually impoverish
local populationswho rely on land for their economic activities,which
areessentiallyagriculturebased.

Economiactivities
andlivelihoods

The project@ residents are agropastoralists who heavily reliant on
agricultural activities, mainly farming and livestock breeding, for their
subsistencandincome.Theseactivitiesarebasedon the useof arablelands
and, aboveall, of perennialor seasonalvater points, suchasthe Dalakain
waterhole. These watempoints makeit possible to water flocks and als
develop irrigation networks for market gardening activities indhngseason.
People in theproject area use lands in various ways: as grazing site
cultivated areas, and as a passageways for livestock heading to
Dalakaina pond.

Exploitationof natural
resources

Several types of natural resources are used on the Prsicbut in a

very limited way due to a sparse forest cover (which implies a limited
production of wood products) and a very limited seasonal production of Low
low-diversity herbaceous products, caused by strong anthropic pressure

Nomadicpopulations

Some Fulani nomads occasionally set up camp on the project site for ve
short periods (a few days) before migrating to other grazing areas. Thest
populations are not particularly attached to the project site. According to
IFC criteria, thee nomadic populations are not considered indigenous Low
populations (PS 7).

Migration
flow

Migrationin the studyareais relativelfimited, with young people
migratingto the capital(in searchof employment)and the occasional
presenceof migrantstransitingfrom there to N®jamena. Duringthe
constructionof the refinery, Djermayaattracted economic migrants,but Low
theseflows havebeenlimited sincethe refinery becameoperational.

Culturalheritage

Thereis no evidenceof archaeologicaheritagein the project area.
Thereare no sacred sitesvithin the project site3right-of- way. Low

Healthandsafety

Water-borne diseasegqrimarilymalaria,are highlyprevalentin the study
area.Onlyonehealthcenteroperatesin Djermayaput it lacksbedsand
medicalstaff. This health centeisrelativelydistant from someof the
villagesin the studyarea,whichlimits its accesdy the poorest

households. Moderate

Each villagbasone or more water pointsthat are unreliable (broken

pumps,dry springsandunderincreasing demographipressure.
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ISSUES

SENSITIVITY

ENVIRONMENTAL THEME

Public
Infrastructure

Educationafacilitiesare concentratedn the Djermaya locarea which
limits accesso poor households.In Douguinaga, there is a elementary
school serving the children of the area, but it is in very poor condition.
Householdslo not haveaccesdo electricityand relyon
collectingdeadwood for cooking.

Low

Roads

Despitethe poor quality of the road network, the NRmeansthe study area
hasa quickconnectionwith Djermayaandthe capital, providing outletsfor
agriculturalproductssoldby the studyarea3inhabitants.

Road accedsetweenvillagesis more problematic:they areaccessed via
multiple rural dirt roadsthat passover barelands but whose routecan

suddenlychangef oneof the bare landswvereto be used.
Theprojectareais crossedoy a dirt track,a 300-meter section of
which iswithin the site@right-of-way.

Moderate
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V. SUMMARNOFIMPACTANALYSIBNDMITIGATION MEASURES

Thetable below providesa summaryof the project@impactanalysisThemethodologyand criteriausedfor the impactanalysigsensitivity persistence, severityextent, intensity, gros@ndresidualseverity)andthe details
of the assessmenare presentedin Chapter4 of thisreport.

Table3- Summary of the Proje@tVarious Gross and Residual Impacts and their Associated Mitigation Measures

SENSITIVITY PERSISTENCE| SEVERITY | EXTEN(E) INTENSITY GROSSEVERITY SUMMAROFPROPOSEEITIGATIOMEASURES p G E | RESIDUAL SEVERITY

(SEN (P) (©)] 0] GS) (SR)

ENVIRONMENTAL TARGET

Constructim Phase

To minimize GHG emissions as much as possible during the construction phase, it is recommended |
distances covered while transporting materials and personnel be optimized. For exammpsgeration could be
given to minimizing the distances travelled while transporting photovoltaic equipment by road (transport by
piggyback, etc.). In addition, all vehicles and machinery used on the site shall be subject to periodic inspec
accordance with current legislation, especially as they apply to pollutant emissions

i To preserve theopsoil layer during excavations, the first 20 to 30 centimeters of soil shall be excavated anc
for reuse at a later date. This material should be stored in a dedicated area in the form of uncompacted windre
a height of 1 to 2 m to preserveit qualities. This area may be located in the immediate vicinity of the work
especially where trenching is involved. These windrows shall be reused to restore the sites and thef-vigtyt
occupied during the construction phase. Each completedirwiv shall be protected by a tarp to avoid any eros
before reuse. Earthworks will not take place where there is persistent moisture;

9 Vehicles shall be restricted to the access tracks and areas marked out for the works, and their movements
limited as much as possibl&o minimize compaction of the soils used, the final access points shall be built as |
the works beginEfforts shall be made to ensure that all vehicles use these various access tracks instead ¢
as they move arouthon the site

 The equipment and machinery used shall be subject to very stringent regular maintenance to reduce th
accidental hydrocarbon pollution (e.g. hose burst or leakage from a mdghiaek). Vehicle maintenance w
preferably be perforrad offsite. Alternatively, a dedicated maintenance area shall be set up and equipg
prevent leakage into the natural environment (area to be turned into a retention zone)

1 Anti-pollution kits (e.g.: absorbents, containment socks) shall be made available to contain any spillage.
Implementation ofa responserocedure to deal wittaccidentapollution;

Soil and subsoil I Wash water from concrete buckets and mixevdl not be dischargeddirectly into the natural environment,but
will instead becollectedin a watertight pit. Once the water has settled (overnight), the pH shall be checked :
necessary, buffered with acid before discharge to restore the pH to a value close to neutrality (pH &dbtd|
depositscanbe treated asinert waste.

1 Wherehazardous products are prese(rnaintenanceproducts for machines,fuel, etc.), they shall be storedon
coveredandcorrectlysizedretention areas;

1 Hazardous material storage areas shall be closed duringuaoking hours to avoid any risk inftrusion and pollutior

resulting from a malicious act;

There shall be no uncontrolled dumping of waste on the site;

These measures shall be imposed by the Contracting Authority upon the subcontractor in charge of i

structures and assembling theatules

1 Overhead electrical cables shall be preferred. Buried cables shall be routed in a way to limit the length of cal

Topography 1 1 1 1 1 Negligible - 11| 1] 1| Neglgible

Groundwater _ The measures proposed to reduce and avoid impacts on soil and subsoil and surface water may also be applied to o
2 3 2 2 2 Minor avoid and mitigate impacts on groundwater. 1| 1] 1] 1] Negligble

Climate 2 2 2 2 2 Minor 2 2|2|2]| Minor

2 3 3 2 3 Moderate 212|112 Minor

=8 =4
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PROJECFPHOTOVOLTAROWERSTATIONDF
DJERMAYA

SENSITIVITY PERSISTENCE| SEVERITY | EXTEN(E) INTENSIVE GROSSEVERITY RESIDUAL SEVERITY
ENVIRONMENTAL TARGET SUMMAROFPROPOSEMITIGATIOMEASURES P G E |
(SR)

(SENY ) (©)] (0] (GS)

1 The avoidance measures designed to address the impacts of spills are the same as those applied to the soil g

{1 The base camp shall luipped with sanitary facilities and a properly sized sefyfie wastewater treatmen
system or equivalent

1 Open rightsof-way and earthworks during dry weather periods to minimize impacts on areas susceptible to fl
during the rainy season,

1 Concret mixing plants shall be located within the site, as far as possible from the wetland and the main wa
on the site (on the road sidg)vash water from concrete buckets and mixers will not be discharged directly in
naturalenvironment, but shall be collected in a watertight.ffince the water has settled (overnight), the pH s
be checked and ifecessarybuffered with acid before discharge to restore the pH to a value close to neutrality
to 8);

1 Foundation drill cttings shall be spread widely around each foundation or reused for construction purposes
site;

1 Thework areasshall beregularlycleanedto eliminatewaste.There shall be no discharge of washing water wit|
prior treatment by a desilter/oil separator; 21212 Moderate

1 The generator supplying electricity to the base camp shall be equipped with a deabdsl tank, if necessary,
placed on a retention structure

1 Installdion of a system at the outlets of the drainage system to reduce the discharge of sediments into the w
To this end the following planning principles shall apply

o Splitthe numberof discharges teeducethe volumedischargedat a singlepoint;
o Increase the discharge water return time
o Installsuspended solids abatemesystems suchs pebbleor aggregateareasat outfalls;
o Revegetate ditches to increase the stability of the facilities and increase the abatement of
suspended solids
1 Install a temporary water and effluent collection system within the construction site (collection ditches with

Surface water

Delineation and observance of thightsof-way and protection of areas of ecological interest such as the we
and its surrounding vegetation

Maintain access points around the wetland, to facilitate wildlife access regardless of the season (no barrjer
Opening of theights of way and conducting earthworks during the dry season to reduce impacts on biodivers
much as possible;
The aim is to ensure the site has at least as many trees after the construction phase as before. Priorities for 1|12 1] 1] Negligible
as follows

o Conserve existing trees to the extent possible.

) o Replant removed trees (relocate existing trees on the site where possible or replant with new plants) at the
Shrub/grass 2 2 3 2 2 Minor the site (at the drainage channels or the outer fenéeone-for-onereplacementatiois recommended2492m?)
Savannah Vegetatic u] PI’OVide the population W|th fe”ed WOOdS.

area . Prohibition of the use of phytosanitary products for brush clearing on the site (mechanical brush clearing only
To avoid introducing invasive plant speaiesing construction, machines should be cleaned before their arriv
the site. Materials brought to the site should also be quality controlled. 12| 1)1] Negligble
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PROJEQAFPHOTOVOLTAROWERSTATIONDF

DJERMAYA
VY AL TAREET SENSITIVITY PERSISTENCE | SEVERITY EXTEN(IE) INTENSIVE GROSSEVERITY O e O AT SRS B G = : RESIDUAL SEVERITY
G ®) ©) 0 ©9) (SR)
For a detailed description of impacts on wildlife, refer to the detailed table in Se@4i@R.2.2. Thegeneralrequirementsare asollows:
Openrights-of-way and conduct earthworks during dry peripds
Conduct land clearing during the dry season and outside juvenile bird breeding and rearing periods; clearing is bestldmtdeee November and June;
Delineate and observe th@ghts-of-way to avoid machine movements towards sensitive areas such as the Dalakaina pond and its surrounding yegetation
Prepare campaigns to scare away reptiles before earthworks start
. Install antiintrusion fences to prevent small wildlife (espegi@mphibians) from accessing the work area
Wildlife . Maintain livestock and human access points around the wetland area;
Ensure that risks of pollution on the site are managed
Raiseawarenes®f the site® ecologicalssuesamongall thoseworkingon the site;
Conduct ecological monitoring of measures implemented during the construction phase and the efficiencycohgtisiction measures.
Speciahttention shall bedevotedto the restorationof the siteat the end of the works:
o Tracksand accessoadsshall becleaned;
o Site infrastructuregtemporarybuildings septictanks,storage, etc.yhall bedismantled andevacuated,;
o Exposedareasshall becoveredwith excavatednaterial (topsoilreplacement);
1 1 2 2 1 Negligible o Anaturalre-colonizationor recultivationof the stripped landsshall becarriedout. 11| 2| 1| Negligible
Keepinghe site and itssurroundingsleanand regularlyremovingwastewill limit the degradationof the
Landscape landscape.
Limitation of the speedof the machinesn the buildingsite (30 km/h);
Stabilizatiorof constructionsite tracks;
Watering tracks in drgndwindyweatherto limit dustemissions;
Installation of concrete productiofacilities20mfrom site boundariesto limit off-site emissions;
. Washing vehicle wheels at the exit of the work site before driving on the main road. In the eextesbive dust
] ] ) 1 3 2 2 Minor deposits, the vehicles shall be completely washed 11| 2] 1| Neglgible
Airquality The number of truck trips involved in transporting materials, the routes used and the conditions under which
trips take place shall be optimized.
Regulatechnicalinspectionof the construction equipment. These operations shall be recorded in a
maintenance logbook available in each machine or vehicle
Stabilizatiorof the constructionsite tracks;
1 1 3 5 2 Negligible Regulatechnicalinspectionof the constructionequipment. Negligibl
Soundscape Optimization ofthe number oftruckinvolved in transporting materials, the routes used and the conditions undé L | 2 | 2 | 2 egligibie
which the trips take place.
Limit waste production at the source and give priority to local recovery and recycling channels
Understand and monitor waste flows and variations in their characteristics;
Recover waste or destroyunder acceptable technical and economic conditjons
Limit waste transportation in volume and distance;
. . Inform the publicand ensuretransparencyn wastemanagement.
2 3 1 2 2 Minor 1] 1] 2] 1| Negligible
Waste ] Waste shall be managed in accordance with the waste management plan preser@edtion 6.9. The principle is based
generation selective sorting during collection, a transfer and transportation process appropriate for the type of waste involv
disposal that is also appropriate for the nature of the waste involved.
Population - - - - - Null - A Null
displacement
Economic activities . In accordance with the ICrequirements, the loss of livelihoods derived from land use, agriculture and livest
4 4 4 2 3 shall be offset byhe project through a Livelihoods Restoration Plan (LRP). 211122 Moderate
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Encourage people to collect all woodigrbaceous and locust materials on the project site prior to the start of t

Harvesting of - -
2 1 1 1 1 | Negligible works or make woody materials removed from the site by mechanical means, available. 1|11/ 1| Negligible

natural resources

Populations of
nomadic herders 2 1 1 1 1 | Negligible . Noactionrequired 1| 1| 1| 1] Negligible
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SENSITIVITY PERSISTENCE| SEVERITY | EXTEN(E) INTENSIVE GROSSEVERITY RESIDUAL SEVERITY
ENVIRONMENTAL TARGET SUMMAROFPROPOSEMITIGATIOMEASURES P G E

(SEN P) (O] 0] (GS) (SR)

For communicable parasitic diseases and diseases with the potential to become epidemics, the worker pr
measures developed in the Worker Health ebafety Plan (WHSP, see § 6.6) should be enough to avoid infe
outbreaks and potential spread of disease to local communities, for example through local workers

For HIV/AIDS and STDs, a prevention measure (beyond managing this issue in therilVhis®B)ve having |
specialized NGO carry out one or two prevention campaigns on the subject in Am Soukar during the con
phase.

With respect to road safety, the project may conduct an awareness session on the subject of road hazarn
Soukamat the start of the construction works and then every two months during this period, in addition to cond
road risk management activities (see Section 4.2.1.5.2.B) 11222 Minor
Regarding potential for increased conflict and violence against women, workerdshmaiide aware of the need |
be respectful of local communities and women as part of the Environmental Information and AwareneéseB
section6.3).

To prevent the risk of disproportionate use of force, security staff (site security officers) willeesgecific trainin
in mediation and dialogue, and shall be reminded of Chadian regulations and international best security praci
§6.6.2.3).

CommunityHealth 3 1 4 2 2 Moderate
and Safety

Safety aspects: identification of risky tasks, wearing personal protective equipment (PPE), staff awareness ri
training on occupational hazards and postures t@abepted to avoid accidents, staff transportation to the site us
safe vehicles

Asystemfor handlingemergenciesindfirst aid.

Health aspects with a medical chegj on hiring, to validate fitness for work, prophylaxis (vaccinatidissibution
of prophylactic materials mosquito nets, mosquito repellents, condoms), prevention and hygiene prom
campaigns, routine health care, medical assistance (including medical evacuation) in the event of an accidg¢
The WHSP guidelines are presented in the E&@Etion6.6).

Security aspects: Security personnel shall be trained in the appropriate use of force in accordance with inte

best practices and applicable regulations and in appropriate conduct t@vamployees and neighboril
communities. Use of force shall be governed by rules of good conduct and restricted to preventive or d|
purposes. In all cases, responses shall be proportionate to the nature and severity of the threat being addres

Health andsafetyof 3 1 4 2 2 Moderate
workers

112122 Minor

Developa nationwidecommunicationplanon the realjob opportunitiesoffered by the projectto reduce
opportunisticimmigration;

Formallyprohibit gatehouse and osite recruitmentand set upthe recruitment officein Djermaya;

. Controlaccesgo the projectby installingoarriersand monitoringstations;

2 1 3 2 2 Minor . Ifpossibledo not locatethe basecampin Djermayabut houseworkersin N®jamenaexceptlocalworkerswho 1| 1] 2| 1| Neglgible
will liveat home);

Social Influx - ) ) )
Suggesto localauthoritiesthat a villagedevelopmentplan be putin placeto guidethe settlementof
economicmigrantsin well identified areas.
Create a bypass track along the eastern boundaries of the site. The width of this track (less than 20 meters)
Road angbedestriar integrated into the sit@ rightof-way to avoid additional landcquisitions.
access 3 2 2 2 2 Moderate . Create a bypasoad aroundthe site from the southeastthat is wide enough(about 10 meters)to allow 11121 Minor

pedestrianand motorcycleaccesdo the fieldsin this area.

1t
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BT TAREET SENSITIVITY PERSISTENCE| SEVERITY EXTENQE) INTENSIVE GROSSEVERITY T RESIDUAL SEVERITY
(SEY (P) S) 0} (GS) (SR)
To meet local expectationas much as possiblewhile meeting the quality requirementsof the constructionsite,
it isrecommendedhat a LocalStaffing plarbe implementedthat will aimto maximize the employment of people
from the villages in the vicinity of th@roject. The mechanismsof this plan are describedn Sectior5.5.7.
TheContractorandall their subcontractors shattomplywith the objectivesof this plan.
A monthly monitoring and auditing system shall be used to report data on local employment (number of jok
filled for residents of the villages concerned, number of jobs filled, etc.) to the Contracting Authority
Local 4 1 2 2 2 Vs TheContrgctor and all t'heir subcontractors shalllrecruit workers, manage them, and provide working conQitic Minor
employment comply with Cha@ .natllonal rggulatlons (in pgrtlcular Act No. 038/?3/96 of December 11,-19-96, e-ste-lblls-h
Labor Code) and with internatiahstandard8 (right to collective bargaining, freedom of association, eliminatio
forced labor, abolition of child labor, etc.). They must have each worker sign a written employment contrac
shall be archived and may be audited by the ConinacAuthority
dynamism -
Cultural heritage It is necessary to set up a limited preventive archaeology procedure, to be deployed only at the beginning of the wor}
2 1 2 2 2 Minor during activitiesnvolving ground works (digging of various trenches, excavation$, etc. Negligible
Public - - - - - Null - Null
Infractriintiira
Natural hazards - - - - - Null . Null
Daytimetransportationshall bepreferred,;
Trainingin road safetyrulesshall beprovidedto carriers;
Trafficspeedsshall belimited (30km onthe track /60 km withintowns/ 80 km on the road);
Machine and vehicle condition shall beecked daily by drivers;
] Asite employeeshall beresponsibldor managinghe traffic aspectof the site entranceto ensurethat there isno
Egggp dosloglcal 3 1 3 2 2 Moderate disruptionto roadtraffic and thatno hazardoussituationis createdwhen exiting themain road. Moderate
Thework areasshall befencedoff andclosedto the public,and easilyvisibleprohibition signs shall be
nosted
Operation phase
Climate - - R R R _

3 These standards are defined in several international declarations and conventions by the International Labour Organization (ILO) and the United Nations
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SENSITIVITY PERSISTENCE| SEVERITY EXTEN([E) INTENSIVE GROSSEVERITY RESIDUAL SEVERITY
ENVIRONMENTAL TARGET SUMMAROFPROPOSHIITIGATIOMEASURES P G E |
(SEY (P) S) 0} (GS) (SR)
Theelectricaltransformerspresenton site shall bepreferablydry (without dielectricoil). If it is impossibleto use
this type of equipment,transformersusingdielectricfluids will haveto be placedin a containmentarea. In addition,
anti-pollution kits shall benadeavailablein eachstationto provide for contingencies.

Since the site is covered by shrutdawvannah, only reworked areas, including trenches, ditches, and various ¢

used to create the drainage system shall be rehabilitated

To protect the wetland from the risk of clogging, it is necessary to limit soil erosion and therefore the issgparfded solids
in runoff water. To this end, the following planning principdesll apply:

Splitthe number ofdischargeso reducethe volumedischargedht a singlepoint;
Installsuspendedsolidsabatement systemsuch agpebbleor aggregateareasat outfalls;
Increase the discharge water return titne
Revegetate ditches to increase the stability of the facilities and increase the abatement of suspended solids
Thefollowing arrangementsnaybe considered:
Soiland subsoil 2 3 3 2 3 Moderate . Protection of canal banks withabion mats and turfing them with grass to ensure kegn stability; 2121212 Minor
protection of dischargeareaswith aggregate;
Creation of secondary channels to increase the number of discharges and decrease the volume discharged
point;
Creation of asystem of several serigonnected ditches with flow velocity reduction by means of partition walls
orifices. A section large enough to handle runoff from outside and inside the site. In addition, these ditches
significant storage volumes thaould limit or even eliminate the storage volumes to be created to meel
recommendations made in the hydraulics report (risk of flooding);
Grassing the bottonof the drainagechanneld Planting treesat the headof the slope;
Vegetation will bemanaged by cutting without using phytosanitary products.

'Topography - - - - - Null - -] - -] - Null
Groundwater Toavoidanyriskof conflictoverthe water resourcea detailedhydrogeological studghall becarried out prior to
2 3 2 2 2 Minor the installationand useof the well. Thestudywill haveto confirmthe capacityof the aquiferto meetthe projec® 1 /1] 1| 1] Negligble
needs without limitinghe resourcesavailableto the localpopulation.
Surfacewater 4 4 3 2 3 - Theproposedmitigation measuresare the sameasthosestatedin the sectionon soilsandsubsoil(see 4.2.2.1.). > 2| 21 2 | Moderate

Grasscutting on an annual basis with products made available to local communities Implementation of the measures
in the various sections concerning the soil/subgcfl4.2.2.1.3 aswell assurfacewater (cf.4.2.2.1.5.

Shrubby/
herbacgous 2 1 3 2 2 Minor Settingup an ecologicamonitoring at the beginningof the exploitationto verify the goodrecoveryof the plantationscarried ¢ | 5 | 1 | 1 Negligible
savannah out and the effectivereappropriationof the site by the localflora. Thefollow-up is recommended at leastovera period of 2

vegetation area yearsin wetseason.

Wetland 3 4 4 5 3 - Implementation of the measures proposed in the various sections concerning the soil/dafsgb®.2.1.) aswellas _
flora Rl surfacewater (cf.4.2.2.1.9. 112711 Minor
Preservatiorof accesgo the wetland to limit impactson wildlife by allowingdirect accesgo the entire wetland
perimeterregardles®f the seasonno barrier effect);
Tosetup shrub/herbaceouplantationsaroundditches and/obasinsto supportthe return of the localbiodiversity;
Wildlife > 3 1 > > VR E R Installationof a fence witha largeenoughmesh toallow smallfaunato circulate; 3111212 Minor

Setting up an ecological folleup system at the beginning of the operation phase to ensure that plantings have
properly carried out and that the local vegetation has effectively returned to the site. Fopow recommendedt
least over a period of 2 years during the wet season
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ENVIRONMENTAL TARGET SUMMAROFPROPOSHIITIGATIOMEASURES
(SEY (P) (S) 0] (GS) (SR)
Planting trees around the site will enhance the integration of the facilities into the landscape. The species selequathtirg
Landscape 1 3 4 2 3 Minor will be available locally in order to prevent any denaturation oféhgironment and maintain ecosystem services Minor
Populaton - - - - - Null 3 Null
Cultural heritage - - - - - Null - Null
Implementation of an incentive scheme such as a rural electrification program that could be based on solar energy &in
/Access to } } ) } } the core activity of the project proponent.
energy
Two options may be considered as a first approach: sware systems or solar migrids.
Economic activity
(Djermaya airport) } } } . } Null - Null
Soundscape 1 3 1 1 1 |Negligible - Negligible
Waste generation - Asin the constructionphasewasteshall becollected, recycledr recoveredby specializedcompaniesAn o
1 3 1 1 2 Negligible . . . . . Negligible
appropriatewaste management plashall beput in placefor this purposeduringthe operationphase.
Thelayoutof the photovoltaicparkis designedo stop anypropagationof fire from insidethe parkor from outside:
a 5 m wide track inside the site runs around the periphery and isolates it from potential fires from nearby
fields;
Theshrub/grasslandriegetationis maintainedand controlledsothat it doesnot representa significant source
of fuelin the eventof afire;
Thesametrackallowsthe circulationof emergency vehicleandallowsthem to accessanypoint of the siteto
Natural hazards 3 3 3 2 3 Moderate managahe fire risk; _ _ _ Moderate
Automaticshutdownsystemsplacedon the modulesandin the stationsallow automaticshutdownand
warningof the control centerin the event ofunusualoverheating;
Firefightingequipment (appropriatdire extinguishersgare placedin transformers and vehicles
The measures relating to flooding and erosion risks are the same as those appigitisobsoil(cf.4.2.2.1.1
andsurfacewater (cf. 4.2.2.1.5.
Various actions such as implementing a firebreak around the sitgegetation management on the site will reduce fire haza
_ In addition, the various training courses that are available to staff, as described in the title Worker Health and Sai@
Technological 3 3 1 1 2 Moderate | 6.6), and Section § 6.6.2 in particular, will enable s#ters to act in a safer manner during various maintenance actions ¢ Minor
hazards react appropriately in the event of an incident
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V. ENVIRONMENTAL AND SOCIAL MANAGEMENT PLAN

The ESMP defines an action framework aimedpedventing or mitigating the significant
environmental impacts and risks identified in the ESIA for the construction, operation and
decommissioning phases.

The ESMPaimsto structure the mitigation measuresdevelopedduring the ESIAprocessin a way
that allowsfor their effectiveimplementation.Foreachproposed actionthe ESMRiefines:

w A technicatontent;

w The operationaplan;

w Planning;

® Responsibilities;

w Results followup and monitoring

w Thebudget.

The ESMPshall be described indetail by Djermaya Solar, its prime contractor and selected
subcontractorgluring the designphaseof the project,to make surét is fully operationalbeforethe
start of the constructionphase. The ESMP,as an integral part of the managementsystem,
shall be reviewed and revised as appropriateduring the courseof the project, with a view to
continuouslyimproving it.

The chaptersto be detailed in the ESMPrelate to the organizationto be put in place and to
specificoperationalplansfor certainaspectsof ESH#&anagemenbf the project:

organizatiorof Health,Safety Environmentand Social ESHShanagement;
environmentalandsocialinformationand awarenesplan;
environmentaland socialmonitoringand followup program;

a socialmanagementplan including stakeholder engagementplan, complains
managementmechanismlivelihoodrestorationplan,localstaffing planetc.;

worker healthand safetyplan;

liquid effluent managemenplan;

air releasemanagemenplan;
wastemanagemenplan;
hazardougnaterialsmanagement plan
pollution preventionandcontrol plan
management plaifor polluted sitesandsoils;
traffic managementndroad safetyplan;

biodiversityactionplan;
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environmental audiprogram;
decommissioningndrehabilitationplan.

Overall, the implementation of the proje®ESMP is estimated at CFA F 569.4 million for the
construction phase and CFA 28.8 million annually footheration phase.
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0. INTRODUCTION

Chadis experiencingdifficulties in supplyingand accessinglectricalenergy,whichis holding back

the country@ development.Ninety-six and a half (96.5%) of the energy consumed nationwide is
produced from wood fuels, which has serious environmental consequences, especially & Chad
forest resources and air quality.

In addition, Chadbenefitsfrom considerablenatural resources,jncludinga large depositof solar
energy, allowing the development of sustainable electricity production systems, reducing
deforestationandthusimprovingthe country® energyperformance.

With this in mind, DjermayaSolar(a consortiumformed by SmartEnergiednternational SAand
Aldwych Africa DevelopmentLimited (AADLY) is planning to install and operate a 60 MWp
photovoltaicpowerplantin ChadTheprojectisplannedto beimplementedin two stageswith afirst
phaseof 32 MWp anda secondphaseof 28 MWp.

In addition, Chad boastsonsiderable natural resources, including considerable solar energy
potential that could be used to develop sustainable electricity production systems, reduce
deforestation and improve the count®energy performance

With this in mind, Djermaya Solar (ansortium formed by Smart Energies International SA and
Aldwych Africa Development Limited (AABDL)s planning to install and operate a 60 MWp
photovoltaic power plant in Chad. The project is scheduled to be built over two periods, with a first
phase & 32 MWp and a second phase of 28 MWp.

The site selected for the implementation of the project is located near the town of Djermaya, about
30km northwest of the capital ®jamena and covers a surface area of about 100 ha (for the two
phases of the projegt

The project is linked to a potential industrializationof the territory located between Djermaya
and N®jamena(airport project,1.5 kmaway,slaughterhouseroject, 7 kmawayarefineryetc.).

The figure below provides an aerial view of the project area

4 ALDA has been selected by InfraCo Africa Limited to develop projects in sub-Saharan Africa. ALDA is a subsidiary of
Aldwych International Limited

—
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Figure4 - Project rightof-way

0.1. DJERMAYA SOL@RPV PLANT PROJECT

DjermayaSolag photovoltaicparkwill be equipped with polycrystallinemodules.In the first phase of
the project, the plant will consistof 103,226modules of 72 cellseach,which will generatea peak
powerof 32 MWp, for anestimatedenergyoutput of 2,135kWh/kWpduringthe first yearof operation.

Theoperatingprincipleof the plantisasfollows:

Creation of a direct current by the photovoltaic cells, under the action of solar
radiation;

Transformation of direct current into alternating current by means of inverters;
Increased voltage to medium voltage current (HTA) bi\Bat the transformer;

Transmission of alternating current of adequate voltage to the delivery station via
transmission lines, and subsequent routing to the national grid.

Djermaya Solar is responsible for the construction of the power plant and the
equipment connecting it to the grid.

Various improvements will be necessary for the construction of the plant;

5 Assuming a peak power module of 310Wp each
iy
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Traffic lanes will be required to move around the site;

A collection and drainage system for runoff water from the site, whighaicularly
abundant during the rainy season;

Construction of a new receiving station to allow the grid to receive the energy
produced by the photovoltaic plant;

A base camp during the construction phase.
Thespecificsof eachof the facilitiesare detailedin Section§ 2.2 ProjectDescriptionand Rationale

Theconstructionof the power plantiswill lastapproximatelyone year.During the constructionphase,
300 employeeswill be presenton site to buildthe plant.

In addition, Djermaya Solar will be required to install equipment (transformers, replacement of
conductorsetc.)for SociétéNationaled®lectricit SNE)o facilitatethe integration of the solarproject
into the existinggrid Theinstallationof the equipmentwasnot consideredn the scope ofthis study.

It is understood that the delivery station and the equipment integrated into the grid will be
transferredto SNHIponcommissioning.

DjermayaSolarwill operate the plant for a period of 25 years.Duringthe operation phase,a dozen
employeeson averagavill be employed.

At the end of the 25-year period, the plant will be transferredto SNEwhich will be able to choose
whetherto continue operatingit or to dismantleit. SNEwill be in chargeof redistributingthe energy
producedto the entire Chadiargrid.

—
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DJERMAYA SOLAR

DjermayaSolaris a consortium composedof Smart Energiesinternational and Aldwych Africa
DevelopmentLimited (ADL)formed to develop,finance,build and operatethe future photovoltaic
power plant (PublicPrivatePartnership(PPP)df Djermayasubjectof this study.

17 SMARENERGIES INTERNATIONAL

SmartEnergiednternationalis a Frenchdeveloperspecializedn renewableenergies,in particular
photovoltaic. Smart Energiesinternational develops,builds, financesand operates solar energy
projectsin emergingcountries.

TheSmartEnergiegroup,foundedin 1936,isanindependentpower producermanagingabout100
productionsites, mainhsolar,in France SmartEnergiesalsoownsand managesydroelectricand
methanisationassetsaswell asassetsn Italy and Germany SmartEnergiesthroughits subsidiary
Smart Energieslinternational,is developing several energy production projectson the African
continentandin the Middle East.

17 AADL
ALDAis a subsidiaryof Aldwychinternational Limited (Aldwych).Aldwychdevelops builds,owns,
operatesand investsin power generation,transmissionand distribution facilitiesin sub-Saharan

Africa. Aldwychhasbeen selectedby InfraCoAfricaLimited (InfraCoAfrica)to developprojectsin
sub-Saharamfrica.

AUTHORS

Artelia

Artelia WaterandEnvironment

—

ARTELI

Le First PartDieu - 2, avenue Lacassagne

69425Lyon Cedex03 - France

Artelia is one of the largest independent European engineering, project managementand
consulting groups. It currently employs 3,58@fessionalsvorkingin 200countries.

Thegrouphasthe technicalandlogisticalcapacityto carryout a verylargenumberof studieswhile
mobilizingmultidisciplinaryteamsthroughout theworld.

The Artelia Groug@ areas of activity include water, energy, environment, infrastructure and
industry,as wellasurban planning.

TheGroupoffersawide variety ofconsultingandengineeringservicesncluding:

1 consulting, diagnostic and expertise services;
1 preliminary studies;

i design studies;

1 project management and coordination;

—
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technical assistance;
evaluation, audit;
research;
laboratories;
training.

=A =4 -4 A A

More specifically,the Artelia project team is composedof membersof the International CSR
Department,an entity of the Water & Environmentoranchof the Artelia Group. Thisdepartment
providesenvironmentalandsocialservicedor internationalprojects, especiallin the energysector.

Artelia has carried out numerous environmental and social studies for various clients (Energy
Caraibes,EDF,Groupe MATIEREPhotowatt, BP Solar, SéchilienneSidec, Green Solar, Akuo
Energy,Austral Energy,Casinoetc.) in the context of photovoltaic power plant construction
projects, andalsodue diligenceaudits(Société Général®oweo,CréditMutuel etc.).

In addition, the International CSRDepartmenthasextensiveexperiencen Africa.lt hasconducted
multiple environmentalstudiesfor the energyindustryin numerous Africamegionsand countries
Theseinclude dam projectsin Cameroon(Nachtigalproject), Mali (Feloudam project) and the
Democratic Republicof Congo (Grand Inga project), as well as power grid interconnection
projects,notablyin Chad, Cameroon ardigeria.

Finally ArteliaGroupis internationallyrecognizedy manyinstitutions suchasthe World Bank the
GlobalEnvironment Facilitthe EuropeanJnion,the AsianDevelopmentBank.etc.

IARGSA

CIRA TCHAD - DjambalBarh- Ruede Koumra BP
2596 N'Djaména, Chad

Conseil Ingénieriet Recherché\ppliquée(CIRA SA)
- Hamdallaye ACRO00BP 5016- Bamako- Mali

CIRASA,Conseilingénierieet RechercheAppliquéeis a consultingfirm operatingin about twenty
countriesin Africa. Establishedn September1991, CIRASAbringsits expertisein all phasesof
a project. CIRASAIs accreditedby the Ministry of Agricultureand Environmentof the Republic
of Chadto carryout Environmental ImpachssessmentéseeAppendiR).

CIRASAhassetitself the objectiveof providingquality servicesn terms of studies,consultingand
assistancelts mainfieldsof interventionare: transportinfrastructures hydro-agriculturalandrural
developmentwater supplyand sanitation,civilandindustrialbuildings.

—
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CIRASAhasateam of qualifiedprofessionalsgapableof meetingthe requirementsof its clients It
worksfor publicadministrationsaswell asinternationalorganizationsand private companies.

In 2013, CIRASAworked on 67 projects, including46 control projects and 21 studies.In Africa
the engineeringfirm participatedin the pre-feasibilityand feasibilitystudiesfor the development
of the SarhAbechecorridor (3 route variantstotaling 2,300km) in the Republicof Chad.

THE ESIA REPORT

0.4.1. Objective

Theprojectis subjectto animpactassessmentin accordancewith its CategoryA classificatioras
confirmedby the Director of EnvironmentalStudies(Mr. AbderramanMahamat)and the Director
of Urban Planning(Mr. Alaina Yacoub)of the Ministry of Environmentand the Ministry of
Urban Planning.The DjermayaSolar Projectwould likely be classifiedas CategoryB according
to IFC standards(2012),i.e., as a project with limited potential adversesocialor environmental
impacts, specificto the project site, largely reversible,and easily managedthrough mitigation
measures.

Thisdocument constitutesthe environmentalimpact assessmenbf the project under Decree
No. 630/PR/PM/MERH/201®f August4, 2010 on the regulation of environmental impact
assessmentsand OrderNo. 039/PR/PM/MERH/SG/DGE/DEELCPN/20Nbvember29, 20120on
the general guidefor conductingan environmentalimpactassessmenfaccordingo the provisions
of Article 16 of the order).

TheEnvironmentahnd SocialmpactAssessmentESIAjs a technicaldocumentthat identifiesand
assesseghe potential severity of the projed® impacts on the natural and soeieconomic
environment. This study should also help imprdkie environmentaldesignand considerationof
environmental and social aspects at each stage of the project, from its design to its
decommissioning.

0.4.2. Structure of the Report

UnderChadiarregulations, the following structure should be used for the preparation of the
report: Order No. 039/PR/PM/MERH/SG/DGE/DEELCPN/2042 general guidelines for
conductingan environmentalimpact assessmerElA):

® Nontechnicalsummary;
w Introduction;
w Chapterl: Legal, regulatorgndinstitutional framework

w Chapter 2: Facility, work or project backgroundthis chapter introduces the
background ofthe projectaswell asthe installations,infrastructuresand life phasesof
the future power plant;

w Chapter3: Descriptionof the receivingenvironment: thissectionpresentsan overviewof
the environmentaland sociceconomiccharacteristicof the projectarea;

—
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w Chapter 4: Analysis of the impacts of the selected variant: the potential
environmental and socieconomic impacts of the selected project as well as the
mitigation measures proposed to avoid, reduce or offsetltiP 2@dtenfiad a
impacts;

w Chapter 5: Technological hazards, safety measures and emergency plan: this section
presents the identified hazards related to the installations as well as the safety
measures and emergency plan associated with them to prevent and respond in the
event of anincident;

w Chapter 6: Monitoring and followp program: the monitoring and followp
programs include information on verifications regarding the proper implementation
of the measures recommended in Chapters 4 and 5 as well as the identification of the
persons in charge.

—
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1. CHAPTER 1: LEGAL, REGULATORY AND INSTITUTIONAL FRAMEWORK

1.1. ESIA PROCEDURE AND PROCESS

TheDjermayaSolarsolarpower plant projectis a Category project. Thismeansthat the project is
subject to the conduct of an impact assessment in accordance with decree M.
630/PR/PM/MERH/20100f August4, 2010 regulating environmentaimpact studiesand Order No.
039/PR/PM/MERH/SG/DGE/DEELCPN/20@2 November 29, 2012 on general guidelines for
conducting arenvironmental impact assessmef@ccordingto the provisionsof Article 16 of the
order).Article4 of DecreeNo.630/PR/PM/MERIaf August4, 2010 stipulatesthat GAll facilities, works

and projects that are likely to have significant impacts affdcts, as well as harmful repercussions on
the biophysical and human environment, due to their technical nature, their size and the environment
in which they are located, are subject to prior authorization from the Ministry in charge of the
Environmentgspecially in areas that are particularly sensitive such as forests, arid casdrareas
subject to desertification, oases, wetlands, areas hosting protected or endangered animal or plant
species, areas of historical and archaeological intérest

In addition, projectssubjectto animpactassessmenand fallinginto categoryA (Article 6 of Decree
630) are subject to mandatory public consultation as set out in Article 3 of Order No.

041/MERH/SG/CACETALDE/201f&gulating public consultations on environmental impact
assessmentsn accordancevith Article27 of the sameorder,the EIAdocumentsaremadeavailable to

the populationat a designatedocation for 30 days,during which time an administrativeofficer will

receivecomplaints§rom the affectedpopulations. Thesedocumentscanalsobe consultedonlineon the

websiteof the Ministry in chargeof EIA9r its partners.

Order No. 039/PR/PM/MERH/SG/DGE/DEELCPN/26fLRlovember29, 2012 on general guidelines
for conducting an environmental impact assessmdascribesthe approachto be followedfor an
ElA Thisapproach includesix(6) stepsdetailedbelow:

—
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Process in Chad

STEPS

SUBSTEPS

Step 1:Preparation by the
Directorate General of th

Substep 1.1: submissiorof the applicationto conduct the project ESIA the
DGHhby the Contracting Authority

Environment (DGE) and
transmission to the

Substep 1.2: submission othe ESIAor Environmentalmpact
Statement(EIS}o the Contracting Authoritypy the DGE

project owner of a
guideline relating to the
facility, work or project

Substep 1.3: Preparationof ESIAerms ofreferenceby the Contracting
Authority

subject to Article 80 of
Act N0.0014/PR/98

Substep 1.4: Approvalof the Termsof ReferencgToR)of the ESIA bythe DGE
within 14 days

Step 2: Completion and

Substep 2.1: TheESIAs conductedby a national consultancyfirm approved
by the Ministry of the Environmentand recruited by the Contracting Authority

submissionof the EIA by
the Contracting Authority

Substep 2.2: Submissionof 10 copiesof the ElAreport to the DGEby the
ContractingAuthority againstpaymentof the ESlAeport reviewfee (receipt of
paymentof this fee)

Substep 2.3: Reviewof the ESIAeport by the DGE withirl5 days

Step3: Public
Participation

Organizatiorof publicconsultationsby the DGH3 months)

Substep4.1: Environmentabhnalysidy the DGE withire maximumof three
months

Substep 4.2: Reviewof the ESIAby a specificworking committee (for each
facility includedin the project) setup by the DGE

Step4: ESIAAnalysis

Substep 4.3: Technicalopinion of the competent DGEdepartment within a
maximumof one month. Opinion submitted for information to the ministerial
departmentsand the administrativedistrict concernedby the facility, work or
project

Substep 4.4: Notification of inadmissibilityof the report by the DGEto the
Contracting Authorityin the event of major deficienciesidentified in the ESIA
report

Substep4.5: Additionalstudiesby the Contracting Authoritwithin a
maximum of 21 days

Substep 4.6: Technicabpinionof the DGE Opinionestablishedon the basisof
the ESIAreport, the public consultation report, the report of the working
committeesetup andall the documentssubmittedin supportof the application
for authorization

Substep5.1: DGE makes @ecisionwithin amaximumof 4 months

Step 5: Decision or
Issuance of
an EnvironmentaPermit
by DGE

Substep 5.2: Implementationof the facility, work or projectby the Contracting
Authority oncethe environmentapermit hasbeensecuredHowever, the permit
will lapseor ceaseto haveeffectif the physicaimplementation of the project@
activitieshasnot startedwithin a maximumof two years

—
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STEPS SUBSTEPS

Objective Measurethe nature, intensity and evolution of the impacts over a
givenperiod of time - Toverifythe adequacyand effectivenesof the mitigation
Step 6: Environmental | measuresmplementedoveranadequateperiod oftime.

monitoring of the Theterms of the monitoring program must be developedby the Contracting
facility, works or project | Authority, in collaborationwith the DGEor the agencyresponsiblefor building
bythe DGE the facility/conducting the works.These procedures are contained in the

Environmental and Social Management Plan (ESMP) that goes wit
environmental permit. The cost of monitorispall be borndy the Contracting
Authority.

CHADIAN REGULATIONS

Institutional andadministrative framework

TheNationalAssembly

The NationalAssemblyis a body responsiblefor passinglaws. Its mandateincludesdecidingon
environmentalissues Thecore principles concerning the protection of the environment and the
conservation of natural resources are stipulated in Article 122 of the said Constitution presented in
paragaphl.2.2.

TheHighNationalCommitteefor the Environment (HCNE)

Createdby DecreeNo. 822/PR/MET/950f October 20, 1995 the HCNE mandateis to promote,
harmonizeand monitor the implementation of environmentalprotection policiesand strategies
to ensure sustainabledevelopmentin Chad. Itis an interministerial body chaired by the Prime
Minister. Article 3of the decreedefinesthe membersof the HCNE.

Theseancludethe:

Minister of Rural Development.

Minister of Livestock and Pastoral Hydraulics.

Minister of Mines, Energy arféletroleum.

Minister of Public Works, Housing and Transport.

Minister of National Education.

Minister of Commerce and Industrial Promotion.

Minister of Territorial Administration.

Minister of Communication, in charge of relations with the CST, Spokesderstbie
Government.

Minister of Social Affairs and Wom@rAffairs.

Minister of the Armed-orces.Thespecifictasksof the HCNE aras follows:

—
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1 ensureeffectiveimplementationof the recommendation®f the SovereigrNational
Conferenceon Environmentand Development;

2 ensureeffectiveimplementationof the recommendationsand Agenda21 resulting from
the United Nations Conferenceon Environmentand Developmentin Rio de Janeiro in
Junel992;

3 ensureeffectiveintegrationof the EnvironmentandDevelopment

4 guidesustainabledevelopmentpoliciesandensurethey areeffectively
implemented;

5 maketrade-offs betweenconflictingdevelopment angnvironmental protection
priorities;

6 definethe procedures fothe implementationandthe functioningof a National
EnvironmentFund(FNE}o promote operationsn favor of environmenal protection

7 mobilizeinstitutionaland sociapartnersto promotethe protectionandimprovement
of the environment.

TheGovernment

The main ministries collaboratng at the central level with the Ministry of the Environmentin
environmentalmanagementre listedbelow.

Ministry in chargeof the Environment

The Ministry in charge of the environment is responsible for developing and implementing
governmentpolicyon the environment.

Ministry of EconomyandPlanning

Accordingto decreen°331/PR/PM/02of July26, 2002, the Ministry of Planning,Developmentand
Cooperationparticipatesin the preparation and organizationof the Donor€round tableson the
development ofChadandother consultations.

Ministry of Water

This ministry is responsible for designng, coordinatng, implemening and monitoring the
governmenf@ water policy.

Ministry of Agriculture

This ,mAinistry i§responsible for designing, coordinating, implementing and monitoring the
32 ¥ S NY ¥@iguliucaigolicy.
Ministry of Livestock
This ministry is responsible fonplemeningthe nationallivestockdevelopmentpolicy.
Ministry of Minesand Energy
This ministrymplements thegovernmen® policyon energyandminingdevelopment.

Ministry of SocialActionand Family

—
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The family policy defined by the government is carried out through the development and
implementation,in collaborationwith the technicalministries concerned,of educationand training
programsfor womenin urbanandrural areas.
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Ministry of Tourism Development

Thegovernmenf policyin the field of tourism consistsn aninventoryof allthe tourist potentialities
whichthe country hasto ensurea national exploitation, the development of the national tourist
resourcesin particular of the national parks and wildlife reservesand the hunting areasin
collaborationwith the minister in chargeof the environment,the incentiveand the support ofthe
privateinitiativesin the field ofthe tourismand thehotel trade.

Ministry of LandManagement, Urba®lanningandHousing

This ministryis involvedin the developmentof rural areasfor better managementand also in the
development andimplementationof land legislationin collaborationwith the ministriesworkingto
reducethe living spaceof wildlife through populationmigrationandthe extensionof crops.

Ministry of Territorial Administration

This ministryis concernedby the projectbecause of the involvement of the local ar@rritorial
authorities (Communes, province...)whichdependoniit.

Ministry of PublicHealth

It is responsiblefor the design,coordination,implementationand monitoring of the governmenf
publichealthpolicy.

Theorganizationof the Ministry of Environmentand FisherieResourcess definedby
DecreeNo.1472/PR/PM/MEEP/2018 hisministryis composed af

aGenerainspectorate

a Centraladministration

Decentralized®Services

of the Organization&JnderTrusteeship.
Thecentraladministrationis itselforokendowninto:

a GeneralSecretariat

aDGE

a GeneraDirectorate forAdministration,Planningand Monitoring

the following TechnicaDepartments:

o Directorateof Forests andhe FightagainsiDesertification.

o Directorateof NationalParksWildlife ReservesindHunting.

o Directionof EnvironmentalAssessmentand FightagainstPollutionsand Nuisances.

o Directorateof BiodiversityConservatiorand Adaptation toClimateChange.

—
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o Directorateof Environmental Educatioand Sustainabléevelopment.
o Directorateof Fisherieand Aquaculture.
o Administrative Financiabhnd MaterialAffairs Department.

o Directorateof StudiesPlanningand Monitoring.

w Deconcentratedstate services

Most ministrieshaveset up provincialdelegationsand departmentalservicesThedeconcentrated
technical servicesplay an important role with urban and rural populationsin the framework
of sustainableenvironmentalmanagement.

Thus,as part of the monitoring of the managementand control of forest resourcesthe Ministry
of EnvironmentandWaterhasestablishegrovincialdelegationsof the Environmentorresponding
to the 23 provinces,ForestrylnspectoratesWildlife ConservationSectors fisheriessectorsand
sub- sectors.

w Localauthorities

Accordingto the Constitution, the DecentralizedTerritorial Communities(rural communities,
communes,departments,provinces)are responsiblefor ensuringenvironmentalprotection with
the support of the State. As part of the implementationof the decentralizationprocessin the
country, support for local developmenthas been provided through specific capacity building
programsto empower rural communitiesto managetheir lands themselves(establishmentof
Local Management StructuresLMS).

1.2.2. Regulatoryinstrument

The legislativeand regulatory instruments goverring environmentalmanagementin Chadare as
follows:

The Constitution promulgatedon May 04, 2018,someof whoseprovisionsrelate to the
principlesof environmentalprotection. Amongothers,we could mention Articles51 and

52 stipulatingrespectivelythat devery person has the right tdalthy environmeriand that

aThe protection of the environment is a duty for all. The State and the Autonomous Communities
shallbe responsible fahe safeguardand protection of the environment. Any damage caused to
the environmentwill be subjectto fair compensatiog (Article57). The2018 Constitution

also establishesan ¢Economic,Socialand Cultural Councilresponsiblefor giving its
opinion on economic,social,cultural or environmentalissuesbrought to its attention

by the Presidentof the Republicor by the Presidentof the National Assemblyg (Article

168)

Act N°14/PR/980of August17, 1998, defining the generalprinciplesof environmental
protection. Thidaw aimsto establishthe principlesfor the sustainable managemenof
the environmentand its protection againstall forms of degradation,to safeguardand
enhancethe natural resourcesand improve the living conditions of the population.
Thislaw containsregulationson the developmentand protection of humansettlements
(Article 13); on the protection of the heritage and naturalenvironmentsjn particular
wildlife andflora (Article25)andwetlands(Article 35). Title V of this law, supplemented

—
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by DecreeNo.904/PR/PM/MERH/200%eals with environmentalprotectionandthe fight
againstpollution andnuisances.

T
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Chapterl of Title VI(EnvironmentaAssessmerand Emergencylan)of thislaw sets
out the proceduredor carryingout environmentalimpactstudies.

Act N°14/PR/9®f Augustl7,1998is specifiedby the following applicationinstruments:

DecreeNo.904/PR/PM/MERH/200®f August 62009regulatesenvironmental
pollution and nuisancesthrough various titles: (i) Title Il on Environmental
Classifiedracilities(ICPE:ii) Title 11l on waste;(iii) Title IV onliquid andgaseous
effluents; (iv)Title V on noxiousor hazardousubstances;

Decree No. 378/PR/PM/MAE/2014 of June 05, 2014 on the promotion of
environmentaleducation;

DecreeNo. 630/PR/PM/MERH/201®f August4, 2010on the regulationof EIA;

+  Order n°039/PR/PM/MERH/SG/DGE/DEELCPN/2@#2November 29,
2012onthe general guidéor conductingan EIA,

+  Order No. 041/MERH/SG/CACETALDE/204f3July9, 2013 regulating
publicconsultationson environmentalimpact studies;

Decree380/PR/PM/MERH/2014f Juneb, 2014,establishinghe modalitiesof
applicationof the wildlife regimeandpresentindistsAandBof protectedspecies
in Chad.

Act No.14/PR/20080of Junel0, 20080n the regimeof forests,wildlife andfisheries
resourcessetsout in Article 6 Chad2 national policy on theseresourceslt is based
on the conservatiorand developmentof resourcesandthe reductionof povertyand
the involvementof the populationin environmentalprotection.

Act N° 16/PR/99 of 18 August 1999 on the Water Code with provisionson the
managemenbfriver,lakeor groundwaterandthe operationof hydrauliovorks.Article
1 ofthiscodespecifieghat éallwaterresourcedpcatedwithinthelimitsofthenational
territory, are a collectiveasset.Assuch they are anintegral part of the publicdomain
of the Statewhichis inalienableand imprescriptible . Theirexploitationis subjectto
declarationor authorization,within the framework of the laws and regulationsin
force, and incompliancewith customary law

w Decree N579/PR/PM/MAE/2014fixing the modalities of managementof the
forestestate.

w DecreeNo. 822/PR/MET/950f 20 October 1995 establishinghe HCNEwhose
mission is to promote, harmonize and monitor the implementation of
environmentalanddevelopmentpoliciesand strategies.

Thelegislativeinstruments concerningurban planning anthnduseare as follows:

Lawsn® 23,24 and 25 of July22, 1967 whichrespectivelygovernthe statusof state
property; the systemof land ownershipand customaryrights; the limitations of land
rights. Andtheir applicationdecreesn® 186, 187,188 of August01,1967

—
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Act N°006/PR/20100f 20100n urbanplanningin its article 3 whichstatesthat ¢Each
decentralizedterritorial authority is responsiblefor the applicationof urbanization
measuredn its territory. The State shall progressivelytransfer to the decentralized
territorial authoritiesthe competencesnablingthem to managejn compliancewith

the lawsandregulationsof the Republiof Chad.

Finally the legislativeinstruments on workingconditions

Act N°038/PR/960f Decemberl1, 1996 in accordancevith article 1 of this code:
OA labor code is establishedin the Republicof Chad,applicablethroughout
the nationalterritory. It governsrelationsbetweenemployersand workers
resultingfrom employmentcontractsconcludedor executiononthe territory of the
Republiof Chad, regardlesof the placeof conclusionyesidenceand nationality
of the parties.w X»@ Booklll of the samecodedealswith the conceptsof working
conditions,health and safetyat work.

1.3.

INTERNATIONAL CONVENTIONS AND REGULATIONS

Chadhas signedand/or ratified a number of international conventions,agreementsand regulations
relating to environmental managementand protection. Signingan international instrument is a
preliminary approval,unlike ratification or accessionwhich impliesthat the country agreesto be
legallybound by the provisionsof the instrument Thelist of conventionsagreementsandregulations
concerningChad are listedin the table below.

Table5 - Listof internationalconventionstreatiesandregulations

EFFECTIV
NAMEOFTHECONVENTION, TREATY, REGULA| STATUS SIGNATURE RATIFICATION|  EpaTE
Conventiorestablishinghe LakeChad ] ]
BasinCommissiorfLCBCJringing Chadisafounding
togetherfour countriesbordering Lake memberalongwith 05/22/1964 - -
Chad(Chad, Cameroori\ligeriaand CameroonNigeria
Niger),CARandLibya andNiger
Algiers,15/09/1968
Afticanc . the C forof and revisedythe
ricanConventioron the Conservatioro Conferenceof the
Natureand NaturalResources AfricanUnionin 12/06/2004 01/20/2015 | 07/23/2016
Maputo on
11/07/2003
Convention establishintpe Inter-State
Committeefor DroughtControlin the ?uza/ggg?lug?o; 1994
SahelCILSS)
Phytosanitary Conventicior Africa, Adoptedin September
OAU Kinshasa, 1976
Agreementon the commonregulationof
faunaandflora betweenCameroon,Niger, | Adoptedon 15/12/1977
Nigeriaand Chad; 03/12/1977
03/03/1973a
: ; : Washington
Conventioron InternationalTradein :
Endangere®pecienf Wild Faunaand Ordigg:‘]gggﬁssmn AmBendedn
Flora(CITES Washington); onn,
( gton) 02/08/1988 06/291879
and
Gaborone
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Conventioron the Conservatiorof
Migratory Speciesf Wild Animals(CMS);

Bonn,
23/06/1979
Signaturen

1996

coming
soon

T
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NAMEOFTHECONVENTIQNREATNREGULATION STATUS SIGNATURE RATIFICATION E';';ETET'VE
Conventioron InternationalTradein )
Endangere®pecies CITES Membership 03/03/1973 03/05/1989
02/08/1988
Agreementon cooperationand consultation ;
betweenthe CentralAfrican Stateson the I\(/I);embersmp 16/04/1983
conservatiorof wildlife; 02/08/1988
: : Adopted in Rome on
Plant ProtectiorConvention 6/12/195 and revised 02/10/2005
on 17/11/1997(FAO)
InternationalCodeof Conducton the Adoptedin 1985, June
et - amendedin 1989,
Distributionand Useof Pesticides et 2013
revisedin 2002 (FAO)
Conventioron Wetlands(RAMSAR); Adoptedon
Conventi.oron Wetlandsof 02/02/1971 in 1988 in 1975
Internationallmportance in
Ramsar|ranand
Bamako Conventioan the Banof the
Carriageof HazardousVasteswithin Ad din Mali
Africaand onthe Controlof optedin Mali, on
Transboundargovementsand 30/01/1991 30/04/1991 01/07/1992
Managemenbf HazardousVastes
within Africa;
United NationsFrameworkConvention 09/05/1992a )
on ClimateChanggUNFCCC); New York April1993
. . . . o Adoptedin 1992in
Conventioron BiologicaDiversity; Riode Janeiro 7/06/1992 30/04/1993
ViennaConventioron Substanceghat
Depletethe Ozonelayer(ODS); ZAglggﬁggg May 1989
Montreal Protocolon the Adoptedon Junel994 Januar
Protectionof the OzonelLayer 16/09/1987 y
UnitedNations Conventioto Combat 15/10/1994a
Desertification; Paris 13/08/1996
RotterdamConventioron the Prior
Informed ConsentProcedureor Certain .
Hazardou€hemicalsnd Pesticidesn 11/11/1998a | 41025004
InternationalTrade; Rotterdam
StockholmConventioron 5
Persistent Organigollutants 220520018 | 161050002 | 17/05/2004
. Stockholm
(POPs);
BaselConventionvhoseobijectiveis to
regulatethe transboundary movement 10/03/2004 | 05/05/1992
anddisposabf hazardousvaste;
1.4. INTERNATIONAL STANDARDS

There are many international standardsdealing with the environmental and social aspects of
development projects. For the purposes of this study, the standards developed by the IFC
(International FinanceCorporation)were chosenas a referencebecausethey are amongthe most
widely usedin the world and are compatiblewith the standardsof most other international donors
(Europeaninvestment Bank, African DevelopmentBank, Overseas Privaténvestment Corporation,

etc).

—

ARTELIA/8512192/ AOUT 2019 35



DJERMAYA SOLAR
DJERMAYA PHOTOVOLTAIC POWER PLANT PROJECT

ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT (ESIA
INTERIM REPORT, REV

The IFCstandardsapplicableto the project consistprimarily of PerformanceStandards(PS)and
generalEHSyuidelinesTheseare presentedbelow.

In the event offifferencesbetweenthe nationalregulationsandthe IFGnternationalstandardsthe
most restrictivevalueswill be adopted bythe project.

TheDjermayaSolarProjectis classifiedas a CategoryA project with significantenvironmentaland
socialimpactsthat are diverseirreversibleor unprecedented.
1.4.1. AfDBStandards

For AfDB E&Sstudiesmust specificallyaddressAfDER Integrated SafeguardsSystemPoliciesand
Guidelineq1SS2013):

OperationalSafeguardl: environmentalandsocialassessment

OperationalSafeguard?: involuntaryresettlement- land acquisition, relocation
and compensation

Operational Safeguar@: biodiversityandecosystenservices

Operational Safeguard: pollution preventionand control, hazardousnaterials
and resourceefficiency

Operational Safeguar8: workingconditions,healthandsafety

The AfDBrecognizeghree project categoriesfrom 1 to 3 basedon the magnitude of potential
environmentaland socialimpacts.Theprojectis classifiedascategoryl accordingto AfDBcriteria,
asthe project couldpotentiallyimpact morethan 200 peoplein termsof economicdisplacement.

Forthe E&Sassessmenthe consultantshallrefer to the followingdocuments

IntegratedBackupSystemGuidelinesVolumel: Generalguidancefor the implementation
of OperationalSafeguard.. (AfDB 2015).

IntegratedBackupSystemGuidelinesVolume2: Guidelineson safeguards(AfDB 2015).
IntegratedSafeguardingystemGuidelinesVolume3: SectorFactSheets(AfDB 2015).

Safeguardsind SustainabilitySeries.Volumel-Publicationd: Environmentahnd Social
AssessmenProceduregESAP)ATDB 2015).

1.4.2. IFCPerformance Standards

ThePerformanceStandardgPS)InternationalFinanceCorporation(IFC)2012) (Anon.,2015)help

IFCclientsimprove their environmentaland socialperformanceto meet IFGdefined acceptability
criteria. EachCWSdefines clear objectives,followed by specificrequirementsfor each of the 8

themes addressed.To achievethe desired outcome, clients must implement measuresthat are

appropriateto the natureandscaleof their businessctivitiesandcommensuratavith the magnitude
of the environmentaland socialhazardsand/or impacts.

Theserequirementsbasicallyresultin the applicationof a hierarchyof mitigationmeasureghat are
intendedto anticipateand avoidadverse impactto

—
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workers, communitiesand the environmentand, if these impacts cannot be avoided,to minimize
them and, finally,to compensatédor the risksandimpactsin anappropriate manner.

TheseLOSare asfollows:
LOSL: Environmentahnd SociaRiskandImpact Assessmemnd Management;
PS2: Workforceandworkingconditions;
PS3: Resourceefficiencyand pollution prevention;
LOC 4CommunityHealth, Safetyand Security;
PS5: Landacquisitionandinvoluntaryresettlement;
PS6: Biodiversityconservatiorand sustainablenanagemenof livingnaturalresources;
PS7: IndigenousPeoples

PS8: culturalheritage.

LOSL: Environmentaland SocialRisk andmpact Assessmerdnd Management

LOS1 emphasizesthe importance of managingthe environmental and social performance of a
project throughoutits life. To be effective,an environmentaland socialmanagementsystem(ESMS)
must ensurethat a dynamicand continuousprocessis in placeand supported by the management
team, its workers, the local communitiesdirectly affected by the project and other stakeholders A
good ESMSappropriate to the nature and scale of the project, promotes good and sustainable
environmental and social performanceand can help produce better financial, environmentaland
socialoutcomes.LOSL alsorequiresthat developersbe awareof andrespectthe humanrightsof the
communitiesin which theyoperate andts workforce.

Themainobjectivesof LOSL are as follows:
identify and assesshe environmentaland socialrisksandimpactsof the project;

adopt a hierarchyof mitigation measureso anticipate and avoidimpacts,or where this
is not possible,to mitigate as much as possible,and where residualimpacts remain,
to compensatefor the risks and impactsfaced by workers, affected communitiesand
the environment;

Promoteimprovedenvironmentaland socialperformanceof clientsthrough effective
use of managemensystems;

Ensurehat grievancesrom affectedcommunitiesandexternalcommunicationgrom
other stakeholdersare addressedand manage@ppropriately;

Promote and provide the necessarymeansfor a concrete dialogue with the affected
communitieghroughoutthe projectcycleto coverissueshat mayaffectthem,andensure
that relevantenvironmentaland socialinformationis disclosedand disseminated.

—
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Theclient, in collaborationwith other responsiblegovernmentagenciesand appropriatethird parties,
will conductan environmentaland socialassessmenprocessand implementand maintainan ESMS
appropriateto the nature and scaleof the project and commensuratewith the environmentaland
socialrisksandimpacts. The&eSMS includdge followingelements:
(i) policystatement; (ii) identification of risksandimpacts;(iii) managemengprogram:
(iv) organizationakapacityand skills;(v) emergencypreparednessand responsejvi) stakeholder
engagementand (vii) monitoringand evaluation.

Stakeholderengagemenis a fundamentalrequirementof LOSL. To enableproper engagement, the
project proponent must implement stakeholder analysis, engagement planning, disclosure and
disseminationof all relevantinformation to identified stakeholders Affected communitieshave the
right to be consultedregardingidentified risks and impacts. To this end, it is important to disclose
relevant project information to enable communities to engage in consultation and informed
participation.

To comply with the LOS1, the DjermayaSolarproject has commissionedhis ESIAto addressthe
environmentaland socialimpactsand risks associatedwith the project and to ensurethat feasible
mitigation measuresare proposed.In addition, as part of this ESIAprocess,all stakeholderswill be
given the opportunity to expresstheir views on the proposed project, including through public
consultations.

LOQ: Workforceandworking conditions

LOS2 requiresthe developerto recognizethe fundamentalfactor that workersare its primary asset.
For this reason, LOS2 requires the creation and maintenance of healthy worker management
relationships.Theobjectivesof this LOSare as follows:

promote fair treatment, non-discriminationand equalopportunity for workers;
Establishmaintainandimproverelationsbetweenworkersand management;
promote compliancewith nationallaborandemployment laws;

Protectingworkers,includingvulnerablecategoriesof workerssuchas children,
migrant workers, thirdparty workersandwaorkersin the client@supplychain;

promote safeand healthyworkingconditionsand protect the health of workers
avoidthe useof forcedlabor.

LOS2 requires that sponsorsadopt and implement human resource managementpolicies and
procedures.Thesepolicies,proceduresand otherinformation must be made availabléo workersin
clear and understandableformats. Termsand conditions of employmentwill be made on a non-
discriminatoryand equalopportunity basis.Similarto PS1, a worker grievancemechanisnmust also
be establishedand maintained.

Therequirementsof this LOSareto protect the workforceassignedo the projectthrougha multitude
of themes:

ensurethe healthandsafetyof workers;

ensurethat the thirtd partieswho hire theseworkersarereputapleand
— legitimate companies;
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Monitor the primary supplychainon anongoing basio identify any significant
changesthat mayoccur;

Ensurethat no child orforcedlabor situationsoccuron the project;

Providea safeand healthywork environment forworkers.

Thus,during the constructionof the Djermayaphotovoltaic power plant, particular attention will be
paid to the proper respectof this performance standardto identify any deviation and apply, if
necessarythe appropriatecorrectivemeasures.

PS3: Resourcesfficiencyand pollution prevention

Increasedeconomicactivity and urbanizationoften generateincreasedlevelsof air, water and land
pollution and consumeresourcesthat are not inexhaustiblewhich could potentially posea threat to
local,regionaland global populationsand environments.lt is further recognizedgloballythat current
and projected concentrationsof greenhousegases(GHGs)n the atmospherethreaten public health
andthe well-beingof currentand future generations ThisStandardtherefore, defines,throughthese
objectivesanapproachto resourceefficiency preventionand control of pollution at the projectlevel.
Theseobjectsarethe following:

avoidor reduceadverseémpactson humanhealthandthe environment byavoiding
or reducing pollutiorgeneratedby projectactivities;

promote more sustainablaiseof resources, including energyndwater;

reduceprojectrelated GHGemissions.

The applicability of this CWSis determined during the environmentaland social risk and impact
assessmenprocessyhilethe implementationof the measuresiecessaryo meetthe requirements of
this standardis managedy the client@ ESMS.

To meet these objectives,measuresmust be taken regarding GHGemissionswater consumption,
wastemanagementhazardousnaterialsand pesticidesamongothers. These measureswill betaken
into accountduringthe completionof the project@ ESIAand ESMP.

LOCA: CommunityHealth, Safetyand Security

This Standardrecognizesthat activities, facilities and infrastructure associatedwith a project may
increasethe risks and impactsto communities.While recognizingthe role of public authorities in
promotingthe health, safetyand securityof populations,this SORcoversthe client@ responsibility to
preventor minimizerisksor impactson the health, safetyand securityof communitiesthat may result
from its projectactivities,with particularattention to vulnerablegroups.Its objectives ardo:

anticipateandavoid,duringthe life of the project,adverseémpactson the healthand
safety of affected communitieshat mayresultfrom ordinaryor non-ordinary
circumstances;

—
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ensurethat protectionof personnelndpropertyis providedin accordancevith applicable
human rights principles and in a manner that avoids or minimizesrisk to affected
communities.

Duringthe project life cycle,the client will assesghe health and safetyrisksand impactsto affected
communitiesand take preventiveand control measuresconsistentwith GoodInternational Industrial
PracticeqGlIP)asdescribedin the World BankGroupg@ EnvironmentalHealthand Safety Guidelines
or from other internationally recognizedsources.Therequirementsof this standardare relatedto

communityhealthandsafetythroughthe desigrandsafetyofinfrastructureandequipment, hazardous
materialsmanagementgecosystemservicesand community exposureto diseaseThis Performance
Standardwill be implementedduring the completionof the ESIAESMP¢onstruction and operation
of the DjermayaSolarproject.

LOG5: LandAcquisitionand Involuntary Resettlement

LOSS5 recognizegthat land acquisitionand restrictions on land use by projects can have negative
impactson the people and communitiesthat use the land. Involuntaryresettlementrefersto both
physical displacement(moving or losing shelter) and economic displacement(loss of assetsor
accessto assetsresulting in loss of income sourcesor livelihoods). Involuntary resettlement is
recognizedvhen affectedindividualsor communitiesdo not havethe right to refuseland acquisition
or use restrictions that result in physical or economic displacement. This LOS establishesthe
followingobjectives:

Avoid,and wheneverpossible limit involuntary resettlementby consideringalternative
projectdesigns;

avoidforcedeviction;

anticipateandavoid,or whereavoidancds not possible)imit adversesocialandeconomic
impacts resulting from land acquisition or restrictions on land use by: (i) providing
compensatiorfor lossof assetsat replacementcostandby (i) ensuringthat resettlement
activities are accompanied by appropriate disclosure of information, informed
consultation and participation ofaffected persons;

improveor at leastrestorethe livelihoodsand livingconditionsof displacedpersons;

Improve the living conditions of physicallydisplacedpersonsthrough the provision of
adequatehousingwith securityof tenure in resettlementsites.

In the caseof physicaldisplacement;he client will developa ResettlementAction Plan (RAP)hat
includescompensationfor replacementcostsfor land and other assetlosses.In the caseof projects
requiringonly economicdisplacementthe client will developa LivelihoodRestorationPlanto ensure
that affected individualsand/or communitiesreceivecompensationand other assistancehat meets
the objectivesof this SOP.

Forthe DjermayaSolamproject,aMeansof ExistencdrestorationPlanwill bedraftedand implemented
to meetthe objectivesof thisPS

—
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PS6: conservationof biodiversity and sustainablemanagementof living natural resources

LOS6 recognizeghat the protection and conservationof biodiversity,the maintenanceof ecosystem
services,and the sustainablemanagementof living natural resourcesare critical to sustainable
development. The requirementsin this CWSare basedon the Conventionon BiologicalDiversity,

which defines biodiversity as ¢the variability among living organismsin all kinds of ecosystems,
especiallyterrestrial, marine and aquatic,and the ecologicalcomplexesof which they are part; this

includesdiversitywithin speciespbetweenspeciesand of ecosystems.

Ecosystemservicesare the benefits that people, as well as businessesderive from ecosystems.
Ecosystenservicevaluedby humansare often madepossibleby biodiversity,andassuch,impacts on
biodiversitycanoften interfere with the provisionof theseservices.

This SOPaddresseshow clients can sustainablymanageand mitigate impactson biodiversity and
ecosystenserviceghroughoutthe life cycleof a project.

Theobjectivesof PS6 are asfollows:
protect and conservebiodiversity;
Maintainthe benefitsof ecosystem services;

Promotethe sustainablemanagementof living natural resourcesthrough the adoption
of practiceghat integrate conservatiomeedsanddevelopmentpriorities.

This LOS will baken intoaccountthrough the assessmenof the project® impacton the biological
environmentandthe measuresecommendedn the ESMPTheFaunaand Florastudy conducted on
site revealedthe presenceof speciesprotected by the Chadiargovernmentand speciesclassified as
criticallyendangered CR)No protected areashavebeenidentified within the perimeterof the study
areaor nearby(see3.2.2.1.2ProtectedNaturalAreas

PS7: IndigenousPeoples

LOSY recognizeghat indigenouspeoples,as socialgroupswith identities different from those of
dominant groupswithin national societies,are often amongthe most marginalizedand vulnerable
segmentsof the population. Thisstandardtherefore aimsto ensurethat the culture, knowledgeand
practices of indigenous peoples are respected and preserved;to anticipate and avoid negative
impactsof the project on the communitiesof these peoplesor to reduce,restore or compensatefor
them. Its objectivesare to:

ensurethat the developmentprocesgpromotesfull respectfor the humanrights, dignity,
aspirationsculturesand naturalresourcebased livelihoods dhdigenouspeoples;

Promote culturally appropriate benefits and opportunities related to sustainable
development folindigenouspeoples;

Establishand maintain an ongoingrelationshipwith the Indigenouspeoplesaffected by
a project throughout the life of the project based on informed consultation and
participation (ICP);

—
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obtain Free,PriorandInformedConsen{FPICjrom IndigenousPeoplesvherethe
circumstanceslescribedn this performancenote exist;

respectand preservethe culture, knowledgeand practices ofndigenouspeoples.

In the project area and more broadly in the vicinity of N@jamena,populationsof Fulani(Foulbéor
Mbororo) and Arab nomadsare presenton a seasonalbasiswith their herds of cattle, sheep,or
camelidsThesenomadsoccasionallyrazetheir herdson the projectsite andsetup campthere for a
few days but the projectsite isnot systematicallyisedasa campareabecausedt doesnot have unique
characteristiccomparedto other areas,suchasnaturalresourceqforage,wateringhole), culturalor
topographicalfeatures(obligatorycrossingpoint). In fact, apart from the project site and the nearby
waterhole,other areasare suitablefor the installationof Fulanicampsbecausethey have the same
natural resourcesTheFulanido not havea set and fixed route, with recurringcampareas, but settle
duringtheir migrationsfrom oneregionto anotherin the areasmost suitablefor the grazing of their
herds.

Fulaninomadsare not recognizedas an indigenouspopulation by the governmentof Chadbut are
recognizedas indigenousin Cameroonand other West African countries. They are recognizedas
indigenousin Cameroonand the Central African Republicby the African DevelopmentBank,which
doesnot recognizehem asindigenousn Chad.

The Fulanicantherefore be consideredindigenousin certain respects,but the project site doesnot
presenta particular attachmentfor them (ancestraluse, systematicseasonaluse, specificresource
locatedonly on the project site) and doesnot imply any right specificallyassociatedwvith the project
site (right of passagetseof resources)Thisindicatesthat the projectdoesnot fall underLOC?.

PS8: cultural heritage

SOP#8 recognizesthe importance of cultural heritage for current and future generations.The
purposeof this standardisto protect culturalheritageandto help clientsdo the samein their business
activities. In addition, the requirementsof this CWSfor the use of cultural heritage by projectsare

basedin part on the standardssetout in the Conventionon BiologicaDiversity.Theobjectivesof this

standardareto:

protect heritagefrom negativeimpactsof projectsand supportits preservation;
promotethe equitabledistribution of benefitsfrom the use ofculturalheritage.

The standard requires ESMS procedures (see standard 1) and consultations with affected
communities.Thestandard call§or mitigation measuresf impactscannotbe avoided.

Culturalheritagemeans(i) tangibleforms ofcultural heritage,includingmaterial objects,movableor

immovable, properties, sites, structures or groups of structures of archaeological(prehistoric),
paleontologicalhistorical,cultural, artistic and religiousvalue; (ii) unique natural featuresor material

objectsthat embodycultural values,suchas sacredwoodlands, rockslakesand waterfalls;and (iii)

certain instancesof intangible cultural forms that are proposedto be usedfor commercialpurposes,
suchascultural knowledge,innovationsand practicesof communitiesembodyingtraditional waysof

life

Duringthe surveyscarriedout for the preparationof the ESIAof the DjermayaSolarproject, no sites
of culturalinterestwereidentified within the studyareaor inits vicinity. In

—
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In the eventof sites of cultural interesbeingidentified at a later stage (particularly durintpe
constructionphase) steps will be takemo protect them asbestaspossiblein accordancewith the
requirementsof LOSB.

1.4.3. General EHGuidelines

The Environmental Healthand Safety(EHS)GuidelinegWorld BankGroup EHSguidelines,2007)

are technicalreferencedocumentsthat provide examplesof good practicefor industrial projects.

Adherencdo theseguidelineshelpsto meetthe criteriasetforth in LOS3 for resourceefficiencyand

pollution prevention. The general EHSguidelines provide generalrecommendationghat can be

appliedto a wide variety of projects. Thereare alsoindustry-specificEHSguidelinesthat address
environmental, health and safety issuesspecificto a given field. However, there are no EHS
guidelinesspecificto solar powerplants.

IFChasestablishedthese EHSGuidelinesto provide guidanceto project developersin the design
andimplementationof their activitiesthroughmeasuresandguidancevaluesto avoidandlimit any
potential environmentalimpacts. Thesemeasuresare generallyconsideredto be technicallyand
economicallyffeasiblein the contextof the creationof new facilities. Theenvironmentalassessment
mayalsorecommendthe integrationof measuregrom sourcether thanthe EHSyuidelines.

Wherehostcountryregulationddiffer from the levelsandmeasuregpresentedn the EHS5uidelines,
projectswill be constructedto meet the more stringentone. Themeasuresecommendedby the

generalEHSGuidelineswill betakeninto accountin the ESMRo proposewaysto avoidor mitigate

the negativeimpactsgenerated bythe DjermayaSolar project.

1.4.4. International Labour Organizatiddandards

ThelnternationalLabourOrganizatiorwasestablishedn 1919and becamea specializechgencyof
the UnitedNationsin 1946.It currentlyhas185Member StatesWith auniquecdtripartite € structure,
it brings together representativesof governments,employersand workers on an equal footing
to discusdabourandsocialpolicyissues.

Sincel919,the InternationalLabourOrganizationILO)hasestablishedand developeda systemof
international labour standardsaimed at increasingopportunities for men and women to obtain
decent andproductive workin conditionsof freedom, equity securityand dignity.

Internationallabour standardsare the basicminimum socialstandardsagreedupon by all actorsin
the globaleconomy .Theyareeither conventionswhicharelegallybindinginternationaltreatiesthat
canberatified bymemberstates,or recommendationsywhichserveasnon-bindingguidelinesOften,
a conventionsetsout the basicprinciplesto be appliedby ratifying states,while the corresponding
recommendationcomplementsthe conventionby providingmore specificguidelineson how the
conventionmight be applied.Thereare alsostandalonerecommendationsi.e., they are not linked
to anyconvention.Thereare currently 189conventionsand 203recommendations.

Eightconventionsare termed ofundamenta and deal with issuesconsideredto be fundamental
principlesandrights atwork:

—
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Freedomof Associatiorand Protectionof the Rightto OrganizeConvention, 1948No.87).
Rightto Organizeand CollectiveBargainingConvention 1949(No. 98).
ForcedLabourConvention,1930(No. 29).

Abolitionof ForcedLabour Conventior,957(No.105).

Minimum AgeConvention,1973(No.138).

WorstFormsof ChildLabourConvention1999(No.182).
EqualRemuneratiorConvention 1951 (No. 100).

DiscriminationEmploymentand OccupationConvention,1958(No.111).

The main themes covered by ILO conventionsand recommendationsare freedom of association,
collective bargaining, forced labor, child labor, equal opportunity and treatment, tripartite

consultations,labor administration, labor inspection, employment policy, employment promotion

vocational guidance and training, employment security, social policy, wages, working time,

occupationalsafety and health, socialsecurity,maternity protection, as well astaking into account
the specificitiesof certain types of workers (domesticworkers, migrants, seafarers,indigenousand

tribal peoples.etc.).).

Within the framework of the Project,the relevant ILO conventionsand recommendationswill be
respectedwvhenthey aremore bindingthan nationallaborlaws.

1.5. SUMMARYOFTHBEMAIN LAWSANDSTANDARDAPPLICABLE TBIEPROJECT

Table6 -Summanyofthe mainlawsand standardsapplicable tahe project

INTERNATIONAL
THEMES NATIONAL LEGISLATION STANDARDS VALUES/PLAN
PERFORMANCE SELECTHEDR
STANDARDSFC THEPROJECT
ENVIRONMEML MANAGEMENANDPROTECTION
Completionof an
PSlon therm g ESlIAhat will assess
o assessmeran heim fth
May 04,2018 Constitution; managemenbf the Impact of the
General . projecton the
principleson environmentaland environmentof the
environmental Act N 14/PR/980f 17/08/1998 socialrisksand site
protection definingthe generalprinciplesof Impacts
environmental protection. ;
PS8 on cultural E;%g?rl:ﬁqt'e?%an ESMPto t
heritage ! pac
reductionmeasures
Decreen°630/PR/PM/MERH/2010
on the regulationof EIA; Completionof an
ESlAhat will assess
Order PS1 onthe the impact of the
. n°039/PR/PM/MERH/SG/DGE/DE assessmenrand projecton the
Environmental EELCPN/201¢h the general of environmentof the
impactstudies i i . managemen site
guideto conductinganEIA; environmentakand
socialrisksand )
Order impacts Conductingan ESMPto
n°041/MERH/SG/CACETALDE/20 recom_mend impact
- ; |
N ) ICyuI(AILII |3|Ju
/\ consultationon EIAs.
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THEMES

NATIONAL LEGISLATION

Act N°14/PR/2008n the
regimeof forests,faunaand
halieuticresources;

Act N°16/PR/99n the

INTERNATIONAL STANDARDS
PERFORMANGEANDARDSIFC

PS3 onthe rational
useof resourcesand
pollution prevention

VALUES/PLASELECTHEDR
THEPROJECT

TheESIAconducted
will focuson assessing
resource
consumption,
pollutionrisks,and
conservatiorof
biodiversityand

Protection, WaterCode; PS6 on biodiversity ecosystem systems.
exploitation conservation,
and sustainable )

Decree . TheESMRwill
management n°380/PR/PM/MERH/2014 managemenbf living proposealternatives
of natural tablishindh dalitiesof naturalresourcesand
resources establishinghe modalitiesot. ecosystem services and measuresor

applicationof the wildlife regime Y : resourceprotection

andpollution control

Decreen®°579/PR/PM/MAE/2014

settingthe modalitiesfor the

PS3 onthe rational
useof resourcesand
pollution prevention
Consumptiorof TheESIAconducted
naturalresources ‘r’gg;gfcugon assessing
GHG . consumption,
Wasteand Pesticide po||u’[ion risks,and
Management; biodiversity
conservation
LOC 4n
communityhealth, TheESMRwill
Waste ;
safetyandsecuri i
management, Act N°14/PR/98lefiningthe y b g;%p%sée;sltuerggt:ves
liquid effluents gen.eralprmmpllesof i GeneraEHSGuidelines- | resourceprotection
environmental protection; - ;
ﬁmd gfaTeous, P IFCon DomesticEffluent: | andpollution control
armiul or Total Hydrocarbon
hazardous Decreen®904/PR/PM/MERH/2009 | Content I ith th
substances, on the regulationof environmental <10mg/L/pH6-9/ \(/:e(l)r?c]ﬂslt%nrggmldt e
auditory pollution and nuisances. BOD < 2®ng/L /COD valuesof the General
and <125mg/L/ TSS 85 EHDirectiveswith
olfactory mg/L/ Phenols< 0.5 regardto waste
g“t%lst I;snz;lwetals(t emissionsnoise, etc.
Chlorides< 600mg/L (seeTable71)

(average)< 1200
mg/L (maximum)

TOWNPLANNIN@GNDLANDUSE
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THEMES

NATIONALEGISLATION

Landuseand
urbanplanning

Law67-23 andits implementing
decreen®186concerninghe
statusof state-ownedproperty;

Law67-24 andits implementing
decreen®1870n the systemof
land ownershigand customary
rights;

Law67-25andits implementation
decreen°188of 01/08/1967

INTERNATIONAL STANDARDS
PERFORMANGEANDARDSIFC

LOS 5 oifand acquisition
and involuntary
resettlementthrougha
ResettlementAction Plan
and/or Livelihoods
RestoratiorPlan;

VALUES/PLASELECTHEDR
THEPROJECT

AlLivelihoods
RestoratiorPlan
(LRPill be drafted
to takeinto account
any displacemenbf
economicactivity

. Ao PS8 on cultural
concerninghe limitations of land heritgge !
rights
Act NO06/PR/201®n
urbanplanning

WORKING CONDITIONS

General
provisions
and
fundamental
rights

Act N038/PR/96on the
LaborCode

Complywith SOP n
labourandworking
conditionsrequiring that
asafeandhealthy
workingenvironmentbe
providedfor workers.

Compliance withLO
conventionsand
recommendations

Thesocialimpactof the
projectwill be assessed
duringthe ESIA.
Measuresadvocating
respectfor working
conditions andworkers
will be implementedin
the ESMP.

—
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2. CHAPTER PRESENTATION OF THE PROJECT FRAMEWORK

2.1. APHOTOVOLTARARKDEFINITION

A photovoltaic park is a facility that generateselectricity for the national grid by harnessingsolar
energy.lt isanintermittent productiondueto the dailysolarcycle,unlikethe run-of-river production of
hydroelectric power plants for example. Dependingon the location of the park, the electricity
productioncanbe storedor not.

A photovoltaicparkconsistsof:

1 asetof photovoltaicpanelsarrangedto capturethe maximumamountof solar
radiation;

1 accessoadsandintra-site serviceroads.Anyphotovoltaicparkmustbe accessibldor
the transportof the variouselementsandthe passag®f machineryThen for the
maintenance andthe follow-up of the installationsin exploitation,theseaccesses
mustbe maintained;

1 afenceinstalledon the peripheryof the site andaround theentire perimeterof the
plant.
It limits accesdo the site andis completedby an anti-intrusionsurveillancesystem;

1 asetof gridscomposedof:
9 electrical cables for connection to the local electrical grid;
1 agrounding grid.
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SOURCE: '(i:rench—M.inist'ryiof Ecology, 2011)

Figure5 - Schematic diagram of @hotovoltaic park
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2.2. PROJE@MESCRIPTIGNNDRATIONALE

2.2.1. Poject Overview

22.1.1. PROJEGBJECTIVBRBIDISSUES

Chad is experiencing difficulties in supplying and accessing electrical energy, which is holding back
its economic development. Nineix and a half (96.5%) of the energy consumationwide is
produced from wood fuels, which has serious environmental consequences, especially & Chad
forest resources and air qualityPetroleum products account for only 3% of total energy
consumptionand electricityonly 0.5%.

Inaddition, the smallamountof electricityproducedis consumedup to 80%in NDjamena470GWh
in 2016),the country® capital, of which only one-third of the city is electrified. At the national
level, the rate of accesgo electrificationserviceis around6.4%((IAE)n.d.).

Electricityproductionanddistributioninfrastructuresarealsoproblematicdueto their obsolescence
and undersizingn relation to the country®@ current demand(the populationhasquadrupledsince
their installation).

In addition, Chad boasts considerable natural resources, including considerable solar energy
potential that could be used to develop sustainable electricity production systems, reduce
deforestation and improve the countr@ energyperformance.

With this in mind, Djermaya Solar (a consortium formed by Smart Energies International SA and
Aldwych Africa Development Limited (AADR)) is planning toinstall and operate a 60 MWp
photovoltaic power plant in Chad. The project is scheddli® be built over two periods, with a
first phase of 32 MWp and a second phase of 28 MWp.

Finally the kilowatt-hour is veryexpensiveabout 220XAF when producedby thermal power plant
andabout80 XAFalmost3 timesless,by photovoltaicpower plant.

Onthe other hand,Chadbenefitsfrom considerablenaturalresourcesincludingalargesolarenergy
depositof 2,135kWh/m?2 accordingto the evaluationconductedby OSTEnergywhich offers with
the technologyto be developedaspecificyieldof 2,135kWh/KWp(for aperformanceratio of 78.8%).
This solar potential can be exploited to develop sustainablepower generation systems,reduce
deforestationandthusimprove thecountry@energyperformanceby focusingon renewableenergy.
Onthe other hand, the production of hydroelectricenergyis difficult to achievein the country@
Saheliarcontext(low rainfallandveryunevenhdistributedannually)andwind energydoesnot have
aninterestingdevelopmenpotentialinthe projectareabecausefatoo low depositandits character
consideredoo random(windsvaryingfrom 1.4m/s in the southto 5 m/s in the north).

Basedon this observation, th&Chadiargovernment hagstablishedhe following priorities

6 ALDA hasbeen selectely InfraCo Africa Limitedto develop projectih subSahararAfrica. ALDA is a subsidiaryof Aldwych
International Limited

7 Estimatedcost of thermal power generationfor 2017 by the consortium based on the costs indicated in the masterplan of
the energy sectorin Chad- Fichtner- February2012
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developa more economicabhndreliablepower generationsystem;

promote renewableenergiegmainlysolar)by facilitatingaccesgo theseenergiesfor
all households;

liberalizethe energysector;
to managethe forestry potentialin arationalway.

The Djermayaphotovoltaicpower plant projectis in line with the ChadiangovernmenS strategy
to developenergyresources.The project is also linked to the potential industrializationof the
region between Djermayaand N®jamena(airport, slaughterhousegtc.), which will eventually
becomethe country@industrialcapital.Indeed,the projectsiteislocatedon the edgeof the road
linking the two cities and an existingelectricity transmissionline, which reducesthe investment

required toconnect to the grid. Finally,asthe areais not inhabited, no physicaldisplacemenis
required.
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The purpose of the Djermayaphotovoltaic power plant is twafold: increasethe country@
electricityproductioncapacityin a sustainableandenvironmentallyfriendly manner,andmodernizethe
electricity transmissionsystemby renovatingthe line linking Djermayato N@jamena (changingthe
cablesandthe receivingtransformer).

Theprojectwill bethe first to be conductedout by anindependentpower producer. It will helpensure
an efficientand sustainableenergysupplyfor the country. It could constitute animportant foundation
for the economicandsocialdevelopmentof the Republicof Chad(Ministry of Economy2013).

2.2.1.2. PROJEQIOCAION

Thesite proposedfor the implementationof the solarphotovoltaicpower plantislocatedsouthwest of
the town of Djermayaaboutthirty kilometersnorth of N@jamenathe country@capital,locatedin the
southwestof the Republicof Chad.

Theproject areais located nearthe road linkingthe city of N@jamenato the Djermayarefinery. The
site coversan area of 100 hectaresand was ceded by the Governmentof Chad by presidential
decree(Appendi®) to the DJERMAYA CDENERGY compaimy2014.

Thisareaisthe futureindustrialzoneof the countryandshouldreceive varioudusinesprojectsin the
comingyears.Theprojectwill provideelectricityto the different future activities.
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SOURCE: Terms of Referen@jermaya Solar

Figure6 - Project Location
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Figure7 - ProjectRightof-Way

Table7 - Coordinateof the projectparcel

X(1) Y(1) LONGITULR) LATITUDR)
503716 1367411 12°2200.13¢N 15°23.066E
504485,1 1367341,94 12°2%7.856N 15°208.53¢E
504369,3 1366052,13 12°2125.896N 15°20Q4.68¢E
503600,01 1366118,98 12°2108.04¢N 15°1G9.216E

(1)UTMWGS84one33and (2)WGS84in decimaldegreesandin degreesninutesseconds)

It shouldbe notedthat the site layout presentedaboveis likelyto changeslightlydepending
on the final designof the facilitiesand discussionsvith the administrationor the various
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stakeholderdn the project. Theright-of-way presentedrepresentsthe maximum surface
considered.

2.2.2. TechnicalCharacteristics of theProject

It is plannedo install32 MWp of solarpanelsduringthe first phaseof the project.

The plant will be composedof a maximum of 103,226 modules of 72 cells of poly-

crystalline technologyand will aim to produceapproximately2,130 kWh/kWp during the

first year of operation. This energy will be made availableto the Société Nationale
d&lectricité (SNE)at a negotiated rate of 79 FCFA/KWh(25-year Power Pourchasse
Agreement(PPA)andwill beredistributedthroughout the Chadiargrid.

Thephotovoltaicpark consist®f:
256240m?2 of photovoltaicpanels;

665invertersandtransformersandtwo meters;

asetof gridscomposedf:

electricalcablesfor connection tothe localelectricalgrid;
agroundinggrid;

12 km of6 mwide accessoads,coveringanareaof 7.2 ha.

All of this equipmentis locatedwithin the perimeter of the site. Asthe project is still beingfinalized,
the technicalcharacteristic§number of panels,inverters, transformers,etc.) are likely to vary only
slightly.

22.2.1. PV MODULES
Theselection ofphotovoltaicmoduletechnologyis basedon performance, efficiencandcost.

Today,3 types of photovoltaic modulesare availableon the market. Theyare differentiated by the
type of cellsthat composethem. All cells are producedon a silicon basis,but the manufacturing
methodsgivethem very different characteristics, especialiy terms of productivity.

SOURCIHBttp:/fimages.slideplayer.fr/24/7319311/slides/slide_8.jpg

Les modules Les modules Les modules a
monocristallins polycristallins couches minces au
silicium amorphe
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Figure8 - lllustration of the different types of photovoltaic modules

Table8 - Technical characteristics of the various typeplbtovoltaiqpanels

MODULHEYPE DESCRIPTION

Cellsfrom a singleblockof molten silicongpureg cells.
Monocrystallinesilicon Cellsn general octagonadf darkuniform color (navyblue or gray).Best yield
(14to 22%)215Wp/m2.

Cellsmadefrom ablockof crystallinesilicon
Polycrystallinesilicon Rectangulacellswith amidnightblue colorandreflections.Average
efficiency(13to 16%)150Wp/m2.

proauced rrora ency (olo

~fitrms 12%)115Wp/m2.

Monocrystallinepanel technologyis more expensiveto purchaseand consumesmore resources. In
addition, monocrystalline panels heat up more in high temperatures and produce less than
polycrystallinepanels.Forthe Djermayaphotovoltaicpower plant, the choicewastherefore madeto
install ¢poly-crystallin€ photovoltaicmodules.

SOURCE: Canadian Solar

Figure9 - Photographya poly-crystalline photovoltaic panel

2.2.2.2. SUPPORTS FOR PHOTOVOLTAIC MODULES: TRACKERS

The tracker system allows the modules to follow the course of the sun throughout the day and
thus obtain better operating efficiency. The following figure shows tisigsstem.
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Figure10- Mechanical characteristics of the tracke

Thetablesare the supportfor the modules.Theyare saidto havea horizontal axis.Indeed,the
axis of rotation of the structure will be oriented north-south and will thus allow the follow-up
of the course of the sun from east to west with a maximum travel of +/- 60° around the
horizontal plane and a precisionof follow-up of 1°. For this purpose,a variable speedmotor
is placedat the level of each table, whichis fixed in the groundvia a systemof piles.

Eachtable will host 20 photovoltaic modules and will be spacedapproximately 2 m apart to
limit shadingand facilitate the operation of the plant andthe vegetatedareas

SOURCE: ExoTrackHZ

Figurell - Photograph of a solar module mounted on aakis tracker
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2.2.2.3. ELECTRICAL TRANSFORMATION EQUIPMENT
The varioulectricaltransformationcomponentsof the photovoltaicparkare as follows:

Inverters: the inverters transform the direct current produced by the modules into
alternating current. There are 665 of them, with one inverter for every 10 lines of
20 modules;

SOURCE: SUNGROW

Figurel2 - Photograph of an inverter

transformersithe transformersandtheir HVprotection cellsraisethe voltageaccordingo

the local recommendationsof the distribution grid operator. The alternating current is
thustransformedinto mediumvoltageof 33,000volts. Theyalsoprovideacontrolfunction
for the energyproduced.In additionto the currentandvoltagemeasuringdeviceqvoltage
transformers, current transformersand power transformers),they are equipped with

decouplingequipment(circuit breakers)and protection againstlightningsurges(lightning
arresters);

'SOURCE: http://www.criirem.org

Figurel3- Photograph of a transformer
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Thealternatingcurrent of the appropriatevoltageis then routed to the deliverystation
via the undergroundconnectionlines,to be sentto the nationalgrid. Thedeliverystation
with  HV metering is therefore the connectionpoint between the SNEgrid and the
generating plant.

2.2.2.4. NETWORKS

Theproject requiresthe constructionof a network of trenchesbetweenthe panels,the transformer
stationsandthe deliverystation. Thesetrenchescontairt

Electricakablesthey areintendedto transportthe energyproducedin 33,000Voltsto the
deliverystructure. Theinstallationof the cablesrespectsall the normsand standardsin
force.

A groundinggrid: made up of bare copper cables,it allowsthe groundingof metallic
massesthe implementationof the neutral system,aswell asthe evacuationof possible
lightningstrikes.

The lengthof the trench isestimatedat about5 kmto bury the cables.

Aspart of the project, the power line to the eastof the site will needto be modifiedto accommodate
the power generatedby the plant.

A 60kVAline of approximately100m isplanned to allow for aifeederbreak: connection,aswell
as the construction of a new substation, the receivingstation. The substationwill be located
in the easternpart of the site and will havean independent access

2.2.25. THE RECEPTION DESK

The current receivingstation in N@jamenais not able to receivethe electricity produced by the
photovoltaicplant. Therefore,it will be replacedby a new substationcapableof acceptingthe output
of the plant. Thisinstallation,whichis linkedto but independentof the project, is describedhere for
information.

2.2.2.6. THEBASE CAMRND ACCESS ROADS

A construction base campwill be set up on the site. To date, itpsoposedthat most of the 1520
expatriates mobilizedn the projectwill behousedin N®jamenawhile the localworkerswill probably
be housed irthe town of Djermaya(NDjamenacouldalsobe considered).

A smallbasefor expatriatestaff, with a maximumcapacityof 7 to 8 people(4 on average)will be set
up on the site, closeto the office premises.It will consistof 4 modular buildings,eachhousing two
roomsand sanitaryfacilities. Itsusewill dependon the needsof the site.

Workerswill be broughtto the site by a public transportationsystemset up by the EPGEngineering,
Procurement, Construction) contractor. The temporary buildings of the siteQ living quarters will
consistof ALGEC@pe modularbuildings.

Differentspaceswill be created:
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offices
base camp
changingooms

sanitaryfacilities (equippedwith septictanks),about 20 (for an averageof 300 people
presenton the site duringthe constructionphase);

storageareg

kitchensanddininghalls
Wastestorage.

No permanentfuel storageis plannedon the site. If acompanyrequestsit, authorizationwill be given
underconditions(e.g.,fuel tank with retention tank).

To carry out the construction,operation and decommissioningf the park, a grid of roadswill be
requiredthroughoutthe life of the facility. Accesso the sitewill befrom the N®jamena Djermayaroad,
locatedto the eastof the site,viaanewtrackcreatedaspart of the project. Thesubstationwill have an
independent access.

Thesite will havetwo accesoints, one at the site itself andthe other at the sub-station. Theaccess
roadswill be about 6 m wide and will be madeof a 50 cm thick compactedrock layerto guarantee
a practicableaccessvhatever theseason.

2.2.2.7. DRAINAGE SYSTEM
Arainwaterdrainagesystemwill be createdon the site.

The landhasa natural slopeoriented from westto easttowardsthe wetland,which
acts as anoutlet for the runoff water collectedin the area;

Theinstallationof the panelswill createpreferential runoff areatocatedon eachside
of the panel(dueto the rotation axisof the tracker);

Thepresenceof traffic trails alsocreatespreferentialpaths,dueto the presence
of ditcheson both sidesof the trail.

Thepurposeof the drainagesystemwill beto:
collectall the site@runoff (internalandexternal);

ensurethe properdrainage ofvater towardsthe wetlandto guaranteea certainstability
of the landandlimit soilerosion;

avoidanyfloodingphenomenoron the site, for whichwater storagevolumeswill have
to becreated(basinsgditchesin the canalsgtc. for example)

The drainagesystemwill be sizedbasedon the maximummonthly rainfall for the areawith a 100-
yearreturn period (Hydratec,2016).Collectionditcheswill be createdon and aroundthe site to carry
runoff from the site andfrom off-site.
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Thedevelopmentprinciplesthat will form the basisfor the designof the drainagesystemwill be as
follows:

Splitthe number ofdischargepointsto reducethe volumedischargedat a single point;
increasethe retention time of rainwaterbefore discharge;

Install suspended soliggatement systems such as riprap areas at outfalls and
sedimentation areas;

Install drainage stabilization systems:

Reegetate ditches to increase the stability of facilities and increase the removal of
suspendedsolids;
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protect the barks of the canals with gabions and grass to ensure a perennial stability;
Protect the dischargareaswith riprap.

Thedrainagesystemwill consistof a perimeterditch to collectall water comingfrom outsidethe site.
Otherditcheswill be installedto channelrunoff from the site. Allwater from the drainagesystemwiill
be dischargedowardsthe wetland (Dalakaingond).

Thefollowing figure showsthe type of
ditchesbeingconsidered

Coupe type du fosse projete

. 0.50 L 4.50m minimum |
1 1 1
Merion & créer (TN+0,20)

N wed

SOURCE: (Hydratec, 2016)

Figurel4 - Crosssection of the drainage ditch proposed for the site

2.2.2.8. SECURING THE SITE

The photovoltaic plant will have a secure perimeter fence associatedwith a video surveillance
system,with data recordingvia a secureline that will alsotransmit production data. Monitoring will
be continuous24 hoursa day, 7 daysa week, both during the constructionphaseand the operation
phase A guardingandsecurityservicewill be providedthroughoutthe project. However there are no
plans to call on the armed forces (police, gendarmerie,army, etc.) to secure the site or the
constructionsite.

Theentire site will be fencedoff assoonaswork beginson Phasel of the project.
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A 60 inch (150 cm) wide fire line will be installedaroundthe site to block or slow down a potential
bushfire. Thignstallationwill be regularlymaintained.

Monitoring and managementof site security will be provided by local maintenanceand security
teams.
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2.2.3. TheVarious Pases in the ife of a Photovoltaic Park

2231. PLANNINGOR THE CONSTRUCTOBENEPHOTOVOLTARARK

Thework is expectedto last approximatelyone year. However,it is important to rememberthat
the most favourable period for the works, notably the installation of the foundations,is during
the dry season(betweenDecemberand June), andhe most constrainingduring the wet season
(between JulyandNovember).

Thevariousstagesthat constitute the work phasewill follow one another,and sometimesoverlap
during therealizationof the work site sincesomeworkscanbe carriedout in parallel. Thephasef
the constructionsite canbe dividedinto severalots, eachcomprisingaseriesof tasks.Thefollowing
table presentsa syntheticversionof the planningproposedby DjermayaSolar.

Table9 - Estimatedime requiredto buildthe plant

NAMEOFTHESPOT NAMEOFTHESUBTASK DURATION ESTIMATEDOTAL
Installationof the fenceandgate 22days
Preparationof
the Cleaningandlevelingof the site 22days 42 days
COI’]St_YUCtIOI’]
site _

Temporaryfacilities 22days

Civil engineering 75days

Racksind foundationequipment 55days

RacKnstallation 60days

Groundingof the installation 48days
Constrltjhcgc;rilgf - 226days

Laying thecables 48days

Installationof the modules 30days

Mountingof the inverters 40days

Interconnectionine andelectrical 203days

ciihctatinn
Finalization 1day
Testingand . o

commissio Testingand commissioning 58days 58 days

SOURCDBjermayaSolar

2.2.3.2. CONSTRUCTION PHASE

Themajor phasesof work expectedare asfollows:

Decommissioning of the abandoned pipeline present on the site (according to available
information, this pipeline was never used). This pipeline was removed in July 2019, by the
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Chinese company Blue Ocean as part of its rehabilitation operations of thapifieking
the RigRIig field to the Djermaya refinery in partnership with SHT.
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Earthworks and clearing of the site to prepare the installation of the modules.

Fence of the building site: (installation of the solar farm ferif®15cm mesh
fence accompanied by a shock cable to limit intrusions. The project site will be
entirely fenced (righbf-way of phase | and phase Il). An intrusion detection
system will also be installed on the site to prevent theft and deliberate damage.

Qreation of a rainwater collection and evacuation grid.

Installation of a base camp for workers and a storage area for the arrival of
equipment.

Placement of access roads by excavation, placement of crushed stone and
compaction.

Excavation of the trenchesifthe electrical grid which will be completely buried.

Anchoring of the piles for the photovoltaic par@spporting structures. A 30cm
diameter and 1.5m deep hole is drilled and filled with concrete. The anchoring pile
is then implanted in the concretmass to support the modules. The realization of

7 piles for two tables (40 modules) is anticipated. The spoil will be left on site or
reused during the construction.

Installation of structures, trackers and assembly of modules:

Foundations: the structurewill be implanted on piles implanted within concrete
massifs of a depth of 1,5m. The high part will be able to reach 2,30m when the
modules are inclined at the maximum, that is to say at 60° compared to the
horizontal axis.

Assembly: All table assembly Mik done on site. It takes about 8 hours of labor
to install a table, including the stations and controllers but excluding electrical
work.

Cabling: the solar cables, i.e. the cables between the modules and the junction
boxes, will pass overhead from otable to the other, through cable trays
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SOURCE: Exosun

Figurel5 - Stefdorbuildingatable

2 Installationof the technicalpremisesinstallationof the prefabricated
transformers/delivery post. Concretefoundations maybe necessaryor the technical
premises.

3 Installationof inverters, transformersinddeliverystation.
4 Wiringandconnection ofgrids.
5 Powerup, testsandcommissioningests.

6 Realizatiorof the landscapingnd there-vegetationof the surfaceof the solarplant.

Generallyspeakinglittle earth movementis expected. Onlythe constructionof the constructionsite
tracks(kept during the operation phase)will be subjectto earthworks.In addition, no backfillor soil
will beadded.

Smallshrubsand other tall plants within the project right-of-way will be clearedand trees will be
relocatedwhere possible.If relocationis not possible these trees will be cut down. Compensatory
measureqreforestation)will be implementedon the peripheryof the site to obtainanarea of shrub
andtree coverequivalentto the arearemovedon site.

Theduration of the work will dependon severaffactors:
7 the numberof workersinvolvedin the work;
8 the climaticconditions, whiclcanblock thework site in the rainy season;
9 Problemsnotidentified at this time but whichmayarise duringhe constructionprocess.

A maximumof 400workersare expectedon the site at the height of the constructionactivity (300on
average)or an estimatedone-yearconstruction period.

Thepark@ equipmentwill be shippedmainlyby roadfrom the port of Doualain Camerooror Lomé in
Togo.Thisequipment representa volumeof approximately600containers.

2.2.3.3. ASSESSMENT OF CONSUMPTION, EMISSIONS, DISCHARGES, WASTE
NUISANCES PRODUCED DURING THE CONSTRUCTION PHASE

2.2.3.3.1.Natural resources and raw materials
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Basedon estimatesof the length of the runwaysrequired, and on the recommendationsof the
geotechnicalstudy (Terrasol,2016), it was estimated that 36,000m3 of crushed gravelly material
would be neededto ensurethe stability of the runways.

Concretewill be used to anchorthe photovoltaic panels and for the foundations of the various
buildings. A volume of approximately3,000m3of concreteis anticipated (18,000foundation posts
with avolume of106| andapproximatelyl,200m3for the foundationsof the technicalbuildings).

2.2.3.3.2.Waste

Twomainsourcesof wasteareidentified:
Constructionwaste,relatedto earthworks, packaging ohodulesetc.

Domesticwaste,relatedto the presenceof site workers. Considering productionof 0.5to
0.7 kg/person/dayof this waste and a maximumwaorkforce of 400 workers,the overall
productionwouldrepresent200to 280kgof domesticwasteperday.With adensityof about
500kg/m3,this representsa volumeof 0.4to 0.6 m3/d of wasteproducedfor 400workers
presenton site andtherefore potentially upto 220m3 of wastefor one year.

Thetypology,originand managemenimethod of the wasteanticipatedduring the constructionphase
arepresentedin the table below.
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Table10- Summarnyofwastegeneratedduringthe constructiorphase

CODB NAMEOFTHEWVASTE I ORIGIN | HANDLINGESTORAGENDDISPOSAL
CHANTIER
CommonindustrialWaste(CIW) GreenWaste(GW)and Inert Waste(IW)
) Storagebin - provisionof land
030105 | Woodthat doesnot Clearing clearingproductsto the local
containhazardous Brushwood population
substances clearing
Storageof topsoilandreusefor
siterehabilitation.
170504 | Soilandstones Earthworks Storageof excavatedsoiland
reusefor backfill
030308 Paper cardboard
; : Placedn recyclingcontainersand
150101 Packégln@apfer/cardboard T;%ﬂzp?r?o ]; ?:ggg?gtand disposedf in arecyclingfacility
150102 | Plasticpackaging packaging
150104 Metal packaging
Biodegradable
200108 ki![che?l waste Closed garbage can and
! — Base camp recovery by the garbage
200103 Mixed municipalwaste collectionsystem
) Storagdn the septictank
200304 Septictank sludge Base camp regularlyemptiedby a
specializecompany
Hazardousndustrial wastgHIW)
Wastepaint containing
080111+ |organicsolventsor other Constructioractivities
hazardousubstances
Storedseparatelyon site to
. Vehiclemaintenance, preventleakageof chemicals
130205 Qil transformeror other into S%”’ smirfaceor
130206 generatorleakage gS;rounn water. ivedi I
o - . entto aspecializedlisposa
160107* Qilfilters Machinemaintenance facility, or r%cyclingf avgilable
; . Maintenanceof machinery
200133* | Batteriesandsimilar andother equipment
150110* | Contaminatedhackaging Constructioractivities
Ragsabsorbents, . P
150202* contaminatecclothing Constructioractivities

8 Official wasteclassificationomenclatur@stablishedby decreen®20025400f 18 April 2002relatingto the classification

of waste.
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Thequantitiesof domesticwastegeneratedcanbe estimated agollows

Tablel1 - Estimatecamountof householdvastegenerated

WASTIPRODUCTIGNER
PERSORERDAY

TOTAL WASPRODUCTIGNERDAYFORI00
EMPLOYEES

PERDAY

ESTIMATEXOLUME

DUKING HEENTIRE
CONSTRUCTIENASE

0,5kg

200kg

0.4m3/d

146 m3

0,7kg

280kg

0.6 m3/d

220m3

Concerningthe other types of waste expected,it is difficult at this stageto correctly estimate the

guantity that will be produced.Neverthelesspbasedon feedbackfrom similar projects,the following
information canbe provided:

Packagingvaste(wood,paper,cardboard plastic)will representthe vastmajority of waste
producedduringthe constructionphase- severahundredto severathousandcubicmeters
of packagingre expected.

A very smallamount of hazardouswvaste is expected,in the order of one to a few cubic

meters.

2.2.3.3.3.Nuisances (noise, odors, light emissions)

Thenuisancesdentified for the construction phasenainlyconcern

the increasein roadtraffic (alreadydense)on the N@jamena Djermayaroad;

dustingdueto the passagef trucks;

increasedhoiseandriskof road accidents;

noisefrom constructionoperations;

light for nightwork or limited daylight conditionsandfor emergency lighting.

2.2.3.4. OPERATION PHASE

2.2.3.4.1.PowerGeneration

A photovoltaicsystemproduceselectricity from the light receivedfrom the sun.Whenlight hits the
silicon,a conductivematerial containedin eachcell of the panel, electronsare releasedto createa

directelectric current.

9 Basecbn anaveragef 300 peoplefor a12-monthperiod
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The secondkey componentof a photovoltaic systemis the inverter. Thisdevicetransformsdirect
current into alternating current (i.e., the current that flows through the public power grid and is
consumed).Transformerstationsthen increasethe voltage so that the current can be more easily
transportedin the medium voltage lines of the grid. Surgeprotectors and circuit breakersare also
installedand connectedto the parkto protect the facilities.Beforebeingconnectedto the grid, the
electricityproducedgoesthroughameterto accountfor the production.

The photovoltaic plant is connectedto the Chadiannational grid. All the electricity producedis
bought back bySNE

Consommation sur placo

< \

Onduleur I

Réseau

LI ~ /\
a . - /)&- ™~

Compteur Comptour
de production de conscmmetion

Panneaux Photovoltaiques

SOURCE: http://www.aesunisie.com/userfiles/image/schemaeseau_PV.JPG

Figurel6 - Schematic diagram of a photovoltaic park

2.2.3.4.2.0rganization oDperation,Maintenance andJpkeep
It is plannedhose 8 operatorsvill be presenton the site duringthe operationphase.

Themaintenanceplanwaswritten by Ostenergy,it isreferencedasSCHEDULE MAINTENANCE
SCHEDUILi&the internal projectdocumentation.

Theplandetailsthe variousmaintenanceand servicingnterventionsfor:
w generaloperations
w civilengineering works
w safetyandsecurityfeatures;

w the modules
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w inverters

w transformers

® high,mediumand lowvoltageinfrastructures;
w electricalpanels

w structuresandtrackers

w SCADAystemandweatherstation;

w the controlandmeasurement system

w the fire safetysystem.

The details of the frequencyof monitoring, verification and maintenanceof the variousitems are
givenin the internaldocument.

The main impact of maintenancewill be the cleaningof the modules with clean water and the
maintenanceof the site vegetation.Thefrequencyof module cleaningoperationsis not known at this
time and will dependon the annual climatic conditions, especiallyhe Harmattan (northeast sand
wind) blowing from Decemberto February/March Asa first approachit is estimatedthat 4 cleanings
per year could be necessaryThewater requirementsfor cleaningare estimatedat 11/m2 of panel,
i.e. approximately250m3 per cleaningcampaignor 1,000m3/year.The water for cleaningwill be
suppliedby a well drilled on site. The cleaningoperationswill be spreadover a period of about 10
days.

Waterrequirementsfor personnelare consideredhegligiblecomparedto the needfor cleaning.

Sufficient firefighting resourceswill be availableon site to manageAccident situations.

2.2.3.4.3.Nuisancegnoise,odors,light emissions)

Eachline of trackershasa seasonaimotor, a daily motor and a dimmer box. Thesemotors operate
from sunriseto sunset(approximatelyevery 10 minutesfor 3 to 5 seconds)At the end of the day,
approximatelyone hour after sunset, thenodulesstop (dependingon the installatior@ control).

Theseengineshave a sound power level at the sourceof 55 to 58 dB(A),or 37 to 40 dB(A)at 2 m
distance.

No particularlight emissionisexpectedindeed for installationsequippedwith trackersthe radiation is
alwaysreflected perpendicularto the sun. Themirroring is suppressedecauseof the perpendicular
reflection ofthe panels.

2.2.3.5. DECOMMISSIONING PHASE

The photovoltaic power plant has a planned lifetime of 25 years (duration of the photovoltaic
electricity purchaseobligation); beyondthat, if the ageingof the modulesallowsit, the operation of
the plantwill continuefor afew more years.



DJERMAYA SOLAR

DJERMAYA PHOTOVOLTAIC POWER PLANT PROJECT
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT (ESIA)

INTERIM REPORT, REV E

At the end of this operating phase,the installationis to be completely dismantledand the land
restored to its original state. The following table presents different examples of existing
decommissioningmethodsaccordingo the typesof equipment makingip the installation.
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Table12 - Exampleof decommissioningnethodsfor groundmounted photovoltaidnstallations

f ! v . |
fquipements I Elements | Type de lixations I Meéthodes de démantelement |
- — ‘ -
Panneaux photovollalques | Plagues sur la structure Devissage ges dips de mainten
' - metalhgue par des oys des moduias sy [ struciure
UL HION
. métaligue
TRANSIOEMATION |
T LIVRAISON OF . % 2
ceroncith Onduleurs Posés au sol sans londaton Enlevernent A 'ade dune grue
Paste de |iviason Pase au w0l sans fondation [ Enlevernent A I'sde dune grue
IBPOR Cadres metaliques Foods 3 B poutre en bots Deyss ane
1! Kl
OFS MODUL = i | | :
Pouties en bos Frxees sur les pieu Debovlonnage
o Peux maintenus Ancrés dans & sol Arrachage
sSALL
(5 <14 g " par une foadation belon eventueiement renforee
IOl "
P un plot batan
‘ L}
CABLAGES Cabes Enfouls dans un tranches RAgUVLEUe e lranchees
ELECTRIQUIS peategee el enkevement des cables
1 ]
Cameras el deteclewrs Fooes & des poteaw Devissage des slements
USRI -
Cldture Altachee aux poleaux enfonces Demaniélement classaque
l_'._'I 15 “r“ '_-A_-l
Piste d'acces A cansidérer en fonction de Futfisation du site apeés cessation
IRCULATION 00 '3 Eles pevent, Dar exempde. senvr 0@ stes dacces

JCodes au S1re revegealisees

Source: (Ministry of Ecology, 2011France
Forphotovoltaicpanels:

All the photovoltaic panelsand supporting structureswill be dismantled. All of this equipment will be
recycledthroughthe appropriate channels gspeciallythe photovoltaic modules.Fig.17below shows the
life cycleof a photovoltaic panel
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Figurel7 - Diagranofthelifecycleofphotovoltaiqanels

Therecyclingof photovoltaicpanelsis feasiblewithin adaptedchannels. There is nget arecycling structure
for photovoltaicpanelsin Chad However this typeof organizatiorexistselsewheran the world. Forexample,
in Europe,manufacturersof photovoltaic panelshave been groupedtogether since 2007 around the PV
Cycleassociationto organize collection and recycling. Operational subsidiarieshave been createdin the
various countries of the EuropeanUnion to implement the systemrequired by the Waste Electricaland
ElectronicEquipment{WEEEJirective.

In France the only eco-organizationapprovedby the public authoritiesto take chargeof used photovoltaic
panelsfor the period 2015- 2020is SAFVCY CLErancecreatedin 2014.It hasset up a collective collection
and recyclingsystemand acceptsall panelsfrom the Frenchmarket, regardles®f their brandor technology.
If a producerwishesto disposeof his photovoltaicpanels, he cancontact PM\CYCLE.

It isreasonabldo assume thaequivalent structuresvill be createdin the future in Africato allowanadequate
recyclingof photovoltaicmodules.

Onthe site, the decommissioningf the photovoltaicinstallationswill be organized afollows:

2 The foundations of the structures supporting the photovoltaic panels (piles reinforced with
concreteblocks)will be removedby simpleremovalwith the help of a craneof sufficient power.
Theconcreteblockscanbe usedasbackfillor will be treated asinert waste.The holesleft bythe
concrete blocksvill befilled with earth or soilof equivalent quality.

3 Forthe metal structure, after removalof the panelsand unscrewingof the structure, it will be
recycled viaghe existingmetal recovery channel.
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4 Forthe inverters,theywill be collectedandrecycledin anadaptedchannel.

Forthe installationsof the base camp

Themodular buildingswill be dismantledand evacuated

Table13- Summanofwastegeneratedduringthe decommissioninghase

NATURBFTHEWASTE RECOMMENDHREATMENTS
Soiland earthwork materials Onsitereusefor landreclamation
Concreteand cement Recycling
Insulationmaterials Reuseor recycling
Fences Recycling
Plasticmaterials Reuseor energyrecoveryin a unit equippedwith an acid
fumetreatmentunit
Polystyreneresidues Reuseor energyrecoveryin a unit equippedwith flue gas
treatment
Buildingtimber Reuseor energyrecovery
Aluminium, copper, steel Recycling

2.2.2.  Technical Dat&ummary

Table14 - Summaryof the technicaldata of the project

GENERAL DATA
Numberof modules 103226
Numberof trackers 6650
Numberof inverters 665
Panelsurface 256240m?
Surfacearea of theparcel 1000000m?
Linearof accessoads/tracks 12km
Powerof the park 32MW
Expectedannualproduction (over25years) 2000kWh/kWplyear
Numberof transformer stations 1
Numberof delivery stations 1
2.3 IDENTIFICATIGDFSOURCESFIMPACT

The various activities and componentsof the project that are likely to have an impact on the
environment are defined asimpact factors. A first table taken from a FrenchMinistry of the
Environmentguideidentifiesthe pressuresexertedby groundmountedphotovoltaicinstallations.
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Tablel5 - Pressuregxertedby ground-mounted photovoltaicinstallations

c:hm d‘n. Nature de Phase
(remise en état) l'installation d’'exploitation
ansommatlon de surface, X X
utilisation de surfaces
Imperméabilisation du sol X
Tassement du sol X
Excavation, érosion du sol X X
Pollutions chimiques X X
Pollutions sonores X X
Pollutions lumineuses X X
Vibrations X
Ombrage, asséchement
Echauffement des modules X
Tensions électromagnétiques
Perception visuelle de I'installation X
Maintenance X

SOURCE: ((MEDDE), 2009)

Fromthe projectdescriptionandthe previoustable, the variousimpactfactorsof the projectare
listed belowfor the variousphases ofhe project.

Tablel6 - ProjectimpactFactors

PROJE®HASE IMPACFACTOR

Physicarfight-of-way: Accesso the site andconstructionactivitieswill generatea physical
right-of-wayon the site viathe creationof accesseandconstructionzones involvingaloss of
space withconsequencesn the environmentandlocalcommunities (disruptionof economic
activities).

Employment opportunitieson the site: the site will requirethe recruitmentof a
maximumof 400peoplefor unskilledto skilledjob profiles.

Civilengineeringworks: civil engineeringctivitieswill involvelandreworkingandbrush clearing
operations.Thetemporaryexposureof soilscanalsopromote erosionand the transportof fines,
by runoff, to the surroundingenvironment.

Traffic: equipment, material&nd machinerywill be broughtin by road, whichwill have
animpacton localtraffic on the mainroad.

WORK . — . . - . . .
Consumptionof resourcescivilengineeringactivitiesrequirethe consumptiorof raw materials

(metal, sand, etc.)and various productdo carry outthe work and operatethe equipment
(gasolinepil, etc.).

Liquiddischargescivil engineeringactivitiesleadto the dischargeof variousliquid
effluentsduringthe works(e.g.washingwater for machinessanitary effluents).

Waste production: civil engineeringactivities(clearing,clearingbrush, etc.) leadto the waste
production (inert waste,etc.) asdo assemblyand installationactivities (packaging waste, off-
cuts).

Atmosphericemissionsand noise:in general the operationof equipmentandvehicle traffic
leadto the productionof atmospheric emission&GHGgdust), noiseandlight.
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Accidentsituation: a badmanagemenbf the workscanleadto the appearancef
degradedmodelikelyto impactthe peopleandthe environment:spillof hazardous
materials fire.
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2.4.0.

PROJE®HASE

IMPACFACTOR

Physicatight-of-way: the permanentpresencenf photovoltaicpanelsandfencesgenerates aphysical
right-of-way on the ground and therefore possibleconsequence®n the landscape, terrestrial

biodiversityand human activities.

Electricityproduction: the result of the conversiorof solarenergyinto electrical energy
issentto the publicgrid.

Wasteproduction: the normaloperationof a photovoltaicpower plantgeneratedittle waste,
someof whichis classifiedashazardousndustrialwaste(electricaland electronic waste,

OPERATIONS maintenanceoils, fluids, etc.).

Thepermanentpresenceof 12 employeeson thesiteinducesthe productionof
domesticwasteand sanitarywastewaterin reducedquantities.

Noise the operationof a photovoltaicplant generatedittle or no noise.

Accidentsituation: a badoperationof the parkcanleadto the appearancef degraded mode
likelyto impactpeopleandthe environment:accidentakpill, fire, ...

2.4

PROJEGALTERNATIVES

PowerSurce

Chadd electricity mix is based100% ondieseland heavyfuel oil. Electricityproductionis
expensive (over20 centsper kWh)andpolluting.

Thesolardepositin Chadis one of the higheston the continent,whichmakesphotovoltaics
the most competitive energy source comparedto fuel oil in the N@jamenaregion. In
addition, the production of electricity from photovoltaic modules does not emit
greenhousegasesor pollutants duringtheir operation.

Apartfrom solarenergy the alternativesto dieselandheavyfuel oil in the Njamenaregion
arenon- existentor non-competitive:

1 Despitethe presenceof the ChariRiver,the NDjamenaregionis not suitablefor

hydroelectricproduction. The hydrologyis very irregular and the sandyterrain
makesit difficult to build a reservoir.Theareas withhigh hydroelectricpotential
are too far from the consumption centers and the electrical grid to be
economicallyiable.

Chaddoes not have significantknown gasreserves.Gasis neverthelessoften
produced during oil extraction and processingbut it is most often used for
domesticconsumptionor for local power generation(e.g.,the 10 MW Mondou
power plant project). BecauseChad is landlocked,importing liquefied gasis not
costeffective.

Thewind resourceis weakin the N@jamenaregion,with wind speedsaveraging
lessthan 6 m/s. Most of the wind energyis located in northern Chad,where
electricityconsumption is low.

1 Aninterconnectionproject with Cameroonis under developmentbut will not be

operational for severalyears.In addition, due to strategicconsiderationsthere
is a strong desirein Chadto developits ownenergyresources.
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In addition to the economicargumentsin favor of solar energy, it is important to note
the strong politicalsupportreceivedby theprojectfrom the Chadiargovernment.Thelatter
hasalsoregistered the DjermayaSolarprojectamongthe 19 priority projectsof the African
Renewabldénergyinitiativein  March2017in Conakry, Guinel0.

2.4.1. Location

1 Solarresource - Irradiation is high in the N@jamenaarea. The producibility of
polycrystalline panels with 1-axis trackers is estimated at more than 2,100
kWh/kWhplyear.

1 Electricitydemand- The project is located lessthan 20km from N®jamena,the
capitaland the maincenter of electricity consumptionin Chad.A solarpower plant
requiresspaceand a certain distance from urban areasis necessaryto find a
sufficientlylarge plot of land. A 100-hectareplot of land hasbeenallocatedto the
Djermayaproject by presidential decree. Thisland is also located in a future
industrialzone.

7 Climate- Thereis no major risk of flooding, stormsor strongwinds. Temperatures
canbe highbut do not prevent photovoltaigroduction.

1 Topography Theterrainisflat, evenandfairly open(few treesor significant
vegetation).

1 Landuse - The chosenlocation (100 hectaresin total) affects only 3 parcelsof
cultivated land (3.4 ha) and 10 parcelsof fallow land (11.9 ha) for a total of 11
people affected. The rest of the site (about85 ha)is barelandthat servesashoth
grazingareaandcultivableland but onwhichno developmentasbeendoneto date.
Therearenoinhabitantssettledonthe land. Apartfrom the few cultivatedhectares,
the land hadittle economicvalue.

1 Proximityto military or air activities- Thesite is closeto a Frenchmilitary camp,but
not close enoughto causeanyconstraints.There are nair traffic constraints.

1 Landuseplanning,specializedr regulatedareas- Theprojectis locatedin a future
industrial zone.Severakurroundingproperties have beenallocated forindustrial
projects,includinga major slaughterhousendtannerycomplex.Theprojectis not
locatedin aspeciakegulatory area.

1 Environmentabhndsocialconsiderations

w Biodiversity- Theproject was movedslightlyto the east(see§ 2.4.5 to avoid
the humiczonesurroundingthe Dalakaingond, which offers potential habitats
for many speciesgroups.Outsideof the wetland, the land haslittle potential
for flora andfauna, and isgenerallydegradedoy humanactivities.

w LandAcquisition- Theland haslow economicvalue.No relocationis required
andthe amount ofcompensatiorbeingconsideredsreasonable.

w Othersocialimpacts- Thelandis not usedfor culturalor religiouspractices.

10 http:/itecsol.blogs.com/mon_weblog/2017/03/lancerderitd-projetsdansle-cadrede-linitiative-africaine for-the-
solarin-goodlake.html
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2.4.2.

2.4.3.

Gonnectionto the grid- Oneof the mainreasondor selectinghe siteisits proximity
to the 66kV transmissionline connectingthe Djermayarefinery to the Lamadji
substation.Thiswill allow the project to use the same corridor as the existing
transmission line, thus limiting the footprint of the new transmissionline. In
addition, the Lamadjisubstation,to which the project will be connected,is located
less than 20 km away.To compensatefor the intermittency of the photovoltaic
production,it isoptimal to integrateit into the interconnectedgrid of N®jamena
whichhasaninstalledcapacity of 157MW.

Accessibility Thelandis locatedalongthe road linkingNdjamenato the Djermaya
refinery. Thisroadwasusedto transportheavyequipmentduringthe construction
of the refinery and is of good quality and does not require any particular
improvements.Onlya 50to 100 meter accessoad will needto be builtto connect
the solar powemplantsiteto the existingroad.

Availabilityof labor - Thesurroundingvillageshaveavailablelabor. Theproject plans
to hire localstaff duringthe construction andperationof the solarplant.

GeotechnicalConditions- Geotechnicatonditionswere deemedgood at the time
of site selection.Ageotechnicalnvestigationhassincevalidatedthis assumptionn
2016.

Dust, clogging- Apart from the harmattan period (Decembeifebruary) there are
no major dust problems. The cleaningfrequencywill be adaptedto avoid any
cloggingof the panels.

WaterAvailability- Thewatertableislocatedat a depth of 60m.Waterrequirements,
which remain low due to the nature of the project, will be suppliedthrough a
borehole.

Security,geopoliticalrisks- Chadis located in a geopoliticallycomplexregion. Its

neighbors, the CentralAfricanRepublicSudanLibyaNiger,NigeriaandCameroon,
have all beenin armed conflict for severalyears with terrorist or secessionist
groups.Theclosestthreat to the site is the presenceof the terrorist group Boko

Haram in the Lake Chad region. Neverthelessthe Djermayaprojectis located

betweenamajorFrenchmilitarycampandthe Djermayaefinery,whichisthelargest
investmentin Chado date,sothe areaisverysecure. Economialevelopmentof the

areawould enhanceits stability.

Technology

An independent analysisconducted by CAMCO,supplemented by financial modeling,
concludedhat the mostcompetitivekWhis producedby combiningpolycrystallingpanels
and l-axistrackers.

Installedcapacity

Thetotal project hasaninstalledcapacityof 60MWp.However,a grid study concludedthat,
due to the low installedcapacityof the interconnectedgrid of NDjamena(157MW),it is
necessaryo buildthe plantin 2phases32MW cthen 28MWc,to optimizeits integration.
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2.4.4.  Projectlayoutandright-of-way

The Djermayasolar power plant project was initially developedon a squareshapedright-
of-way located partly on the wetland (Dalakainapond). This alternative to the project
proposeda development ironeor two phases:

1 The60 MWp alternative,which proposeda one-time installationof the entire power plant.
This alternative implied an immediate filling of the part of the wetland includedin the
perimeterof the site.

1 Alternativesof 32MWpto 45,56 MWp installedin phasel with a developmentin phasell of
the complementanyinstallationsallowingthe plantto reachaninstalledcapacityof 60 MWp.
Thesealternativesimpliedafilling of the wetland during phasell of the project.

Exceptfor a time differencein the developmentof the wetland, these 2 types of alternativesare
similar. Thus,only the 60 MWp alternativeis presentedbelow for an analysisof the elementsthat led
to the displacemenbf the site limits.

3.2.1.1. BRIEPRESENTATIQRTHENITIAIPROJECT

Theinitial project, in its 60 MW alternative, correspondsto the first designconceivedby Djermaya
Solar.Thisdesignaimsto maximizethe useof the projectarea,i.e.the 100haof land allocatedby the
Chadiargovernmentin 2014.1t providesfor the installationof photovoltaicmoduleson the part of the
land coveredby the wetland and therefore the completefilling of this part of the site.

The original site footprint, squarein shapeand partially coveringthe wetland consistingof a large
pond, is shownasa red squareon the map on the following page (Fig.1§. The new project site, as
consideredn the impact assessmenis representedasa greenrectangle.

Theprovisionalprojectfor the implementationof the plantis presentedbelowin Fig.19.
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Figure18 - ProjectRightof-WayArea:OriginalandNew

SOURCE: Djermaya Solar

Figure19-Layout of the 60 MW alternative

3.21.2. ELEMENTEHATLED TOHEABANDONMENJDFTHISALTERNATIVE

The first pointconcernsthe filling in of nearly16 hectaresof wetlandby this alternative.It shouldbe
rememberedthat the projectislocatedin Chadin the Saheliarzone.Thepresenceof water in such an
environment is necessarilya boon for wildlife, which is attracted by water for its survival,
especiallyin the dry season.Therealizationof the project risked negativelyimpactingthe ecological
richnessof the site.

In addition, the initial location of the site would have resultedin significanteconomicdisplacement
for farmersof cerealandvegetablegrowingland, especiallglongthe Dalakaingond (atransition zone

that is graduallydrying up) where okra and cucumberswere grown in the dry season.The extent

of this displacementindthe numberof peopleaffectedare presentedin the table below.

Tablel7 - Summaryof Initial Impacts
NUMBEROF
AREA TOTAINUMBEROFPEOPLE
TYPOFLOSS AFFECTHBIA) PARCELS AFFECTED

AFFECTED

Losf cerealcropland 18.3 26 26
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Lossof market gardening 53 79 3

land '

Lossof Grazingarea NA 450 (approx.)resident

bareland 55,2 hgrdersfrom the 4

for various villages

uses Customary NA 102peoplelivingin Am
arableland Soukar
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Tota 78,8 105 98

In total, 99 people could havebeendirectly affected by the Project,not countingpotential usersof

the arableland (about 100 inhabitantsof Am Soukar)and cattle breedersfrom the surrounding
villages. Thetotal areaaffectedwasabout 80 ha, of which 23.6 ha is dedicatedto agriculture,55

haisbare landthat servesasboth grazingareaand cultivableland but on whichno development
hasbeen doneto date.

In comparisonthe new right-of-way affectsonly 3 parcelsof cultivatedland (3.4ha)and 10 parcels
of fallowland(11.9ha)for atotal of 11 peopleaffected.Thelossof undevelopedarelandisgreater
in area(about85ha) butthe numberof peopleaffectedis similar.

Thenew site, by avoidingencroachmenbn the DalakaindPondtransition zone,wherethere are a
large number of smallscale vegetable farms (79 people), significantly reduces the impacts
associatedwith the project.

TheconsortiumDjermayaSolar thus decidedto modify the boundariesof the site. Thisrequestwas
validatedby the Chadiargovernmentin September2017andthe landinitially grantedby the state
shiftedto the eastand extendedto the north andsouthto keepa similarsurfaceareato the initial
project.

The relocation of the site outside of the wetland is a strong avoidance measure for the
environmentaland socialimpactsof the project.

2.45.  NoProject Alternative
DjermayaSolarhasfor vocationto:

1 To be the first largescale photovoltaic project in Chad,and even the first largescale
renewableproject.

1 Tobethe first IndependentPowerProducedPF) in Chadandeventhe first PublicPrivate
Partnershipg((PPE).

1 Bethefirst project financing (nosrecoursefinancing)in Chad.

1 Develomndstrengthenthe technical]egal,commercialfinancial environmentalandsocial
skillsof Chadiarinstitutional actors,includingaccesgo grantsto covertheir consultingand
legalfees.

1 Generateabout5 million eurosin savingsper yearfor the financiallycritical SNEthanksto
the productionof a competitivesolarkWh and thesavingsn fuel oil.

1 Produceapproximately3 TWh (1.4 TWhfor phasel) of cleanenergyover the life of the
projectandthus savenearly35,000equivalenttons of CO2per year.

1 Encouragehe use oflocalresourcegdo ensureChadd energyautonomy.

1 Tohirelocallyand supportthe developmentof the Djermayaregion,a real bulwarkagainst
the instabilitiesof neighboringregions.
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Thus failure to implementthe projectcouldresultin the followingconsequences:
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Delayin the developmentof large-scalerenewableprojects,includingphotovoltaic,
in Chad.

Delayin the developmentof PPPdncludinglPPsanddiscouragementf privateinvestment
- developinga project of this sizein Chadrequiresseveralyearsand severalmillion eurosat
risk. DjermayaSolaris currently the only project of this sizein an advancedstage of
development.Thus,if DjermayaSolaris not realized,it is possiblethat the implementation
of the first PPRwill be delayedby severalyears,whichwill negativelyimpactthe country@
economy.

Delayin the implementationof projectfundingin Chad.

Little or no increasen the skillsof Chadiarninstitutional actorson the PPPand
photovoltaic projectaspects.

Noreductionin averagecostper kWwhfor NESn the mediumterm.
Noreductionin Chad@carbonfootprint in the mediumterm.
Lessnergyautonomyin the mediumterm.

Lesgdevelopment irthe Djermayaregion,therefore more possibilitiesof instability.
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3. CHAPTER DESCRIPTIGNFTHERECEIVINENVIRONMENT

Thischapterprovidesa detailed descriptionof the physicalnaturaland humanenvironmentlikely to

be affectedby the project. It is basedon a review of environmentaland sociceconomicliterature, as
well ason field surveyshat specifythe contextin whichthe photovoltaicpark projectislocated. The
descriptionof the initial state is basedon thematic maps:climate, geology,hydrographyand socic

economic elements. A final section concludeswith the sensitivity of the various environmental
compartments, whiclalsoconstitutesaninput into the impactanalysigprocess.

3.1. LOCATIORNDAREAOFINFLUENGCEBFTHEPROJECT

Thephotovoltaicpower plant projectis locatedin Chad,in the Djermayaregion,in the southwestof

the country. Theterrain is relatively flat with an altitude varyingbetween 292 and 295 m, for a total

area of 100 ha. The site is covered by mostly herbaceousvegetation with some isolated shrubs.
Thereis awetlandto the westof the site and anintermittent streamfeedingit.
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It isimportant to note that this zoneof influencevariesaccordingto the componentstudied
(societal or environmental) It isthusdefinedmore preciselyin the variougpartsof the study,
3.2.1,3.2.2and 3.2.5.

3.2. DESCRIPTION ODHE VARIOUSOMPONENTS OF THE ENVIRONMENT

3.2.1. Physicaknvironment

3211  CLIMATOLOGY

3.2.1.1.1.Climaticconditions

Chadd climateis Sahelianput it variesgreatlydependingon the geographicalocationof the
area. Thecountryhastwo seasonsarainy seasorcharacterizedy coolertemperaturesand
rainfall with  a quantitative gradienttowards the south and a dry seasonwith little or no
rainfalland heatthat can exceed40°Con averageper month.

Threeclimaticzonescanbe distinguished, fromrmorth to south,asshownin Fig.22

w TheSaharartype zone:it covers48%of the country® surfaceand is characterized
by a low annualrainfall (lessthan 200 mm). In this environment,water is the main
ecological constraint,and is only presentin the wadi beds, areasof groundwater
outcrop andsome lakes.

w TheSaheliarzone:it covers38%of the country@ surfacewith a rainfall of between
200 and600mm peryear.Thehydrographiagyridisformed by numerouslakes, rivers
and temporaryponds.

w TheSudantype zone:covering24%o0f the country@ surface,it is the mostwatered
zone with a rainfall between 600 and 1200 mm per year. Its hydrographicgrid is
composed of lakesandrivers(Anon., 2014).

w The project site is located in the Sahelian zone but is also influenced by the Sudanese
zone. Overall, rainfall is concentrated during the rainy season, the duration of which
varies between the north and south of thmuntry but is mainly concentrated
during the months of July to September in the project area

200 mm 40°C

50 mm 35°C

100 mm 30°C

Rainfall
aineladwa

50 mm 25 C
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Source: World Bank

Figure21 - Evolutioroftheaveragéemperatureandprecipitatioroveroneyeabetween 1900and 20124ntheregionofDjermaya

Accordingo dataprovidedby the Hydratechydrologyreport (Hydratec2016),rainfallvaluesvary as
follows.

Teable 18 - Monthly rainfall dataat N®jamenaairport station

JANUARY | FEBRUAR | MARCH| APRIL | MAY [ JUNE | JuLY AUG | SEPTEMBER | OCTOBER | NOVEMBER DECEMBER YEAR

Min. 0 0 0 0 0 2 49 34 14 0 0 0 226

Mea 0 0 0 8 |26 | 54 | 156 | 196 95 20 1 0 556

Max. 0 0 3 47 (117|124 | 307 | 394 251 81 26 6 990
SOURCHHydratec2016)

Concerninghe temperatures,they vary between 24°Cfor the coldestmonth (January)and 34°Con
averagefor the hottest month (April). Thereis alsoa colder period during the rainy season(July-
September).
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Figure22 - Map ofthe variousclimatic zones of Chad

3.2.1.1.2.Sunshine

Chad@ sunshinds particularlyimportant with an averageof 3,750hoursin the north of the country and
2,850hoursin the south. Theintensity of globalradiationvarieson averagefrom 4.5to 6.5 kWwh/m2/d.
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Theregionof Djermayahasa very favorablesolar potential for the developmentof solarphotovoltaic
energy. The project areareceivesa global horizontal irradiance (GHI)of 2,193 kWh/m2/year which
correspondgo anintensityvalueof about6 kwWh/m#/d (Ministry of Economy2013).

Global horizontal irradiation Africa and Middle East

. . S
g . b 5 y

solargis

ritp Nelargs. nfo

Average annual sum (4/2004 - 312010) 0 500 1000 km

<1600 1800 2000 2200 2400> KWhim2 £ 2011 GeoModel Solar s.r.0

SOURCE: solar tools.com

Figure23 - AnnuamearninsolatiormapofAfricaandtheMiddleEast

The site is located in a Sahelianclimate, characterizedby an alternating rainy seasonfrom Juneto
Septemberand a dry seasonfrom Novemberto May. Heavyrainfall can causethe appearanceof
floodedareasand thusfavorthe appearanceof vegetation.

Theprojectareaisvery sunny, whictconstitutesa strongsourceof solarenergy.

3.2.1.2. GEOLOGY AND SOILS

The geologicalformations of Chad,formed essentiallyduring the PanAfrican Orogeny (700520 Ma),
constitute a large ensemble ,about 5,000km wide, located between the West Africancraton and the
Congoleseraton.
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Thegeologicahistoryof Chads markedby thick sedimentaryformationsandrecentvolcanismThe Parn

Africanorogenyfavoredthe accumulationof Paleozoisedimentsin the northern and eastern partsof

the countryasopposedto the centraland southernpartswhichonly sawthe accumulationof sediments
at the beginning othe Cretaceous. Anthis after the establishmenibf the grabensand horsts,whose
formationis linkedto the phenomenonof the breakupof Gondwanaand the separationof Africaand
SouthAmericaabout130millionyearsago.Toallthesephenomenaa post-orogenicvolcanismisadded.
Subsidencef this regionand sedimentationcontinueduntil the Quaternary(Abderamane2012).
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Figure24 - Simplified geological map of Chad

The study area is characterizedby recent Quaternary(Phanerozoic}errains of sedimentarynature,
essentially fluvio-lacustrine sands, eolian sands, alterites and volcanites. These different layers of
depositscanreach400m in thickness Severakeriesare identified:
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asandydominatedseriesfrom 50to 60 m, whichoutcropson thesurface;

a claydominatedseriesfrom 150to 200 m
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a predominantly sandy series of about 50 m;

a predominantly clayey series about ten meters thick in contact wikie base.

Thelastsedimentationgresenton the upperlayersare complexascanbe seenon the following well
profile, observednearN®jamena:

0- 80 cm black clay

80- 160cm: mottled sandrusty, verycompact
160-260cm: greyclay, withrusty spots;
260-270cm: white sand

270-340cm: blackclay,compact(Pias,1970).

Theseobservationsare confirmed by the geotechnicalstudy conducted by the engineeringfirm
Terrasol,which identified the soilson the site as exclusivelyclay at the surfaceand with a sandy
tendencyat depth, locatingthe boundarybetweenthe two layersbetween2 and4 m deep(Terrasol,
2016).

Themajorgeologicakzonesf the countryareshownin Fig.24andthe areanearthe projectin Fig.25.

The study area has alkalinesoils on clayeysilty alluvium, but also some localizedpatchesof saline
alkalinesoils,ascanbe seenon the mapin Fig.26.Thesesoilshavehigh pH rangingfrom 8 to 10, an
absorbentcomplexgreaterthan 15% andhigh compactnessDue to theirchemicalcomposition and
the spatialconfigurationof their compoundsthey havedegradedphysicapropertiesandarenot very
permeable Duringthe rainy seasonsthey canbe at the origin of numerouspoolsand cause flooding
(Massoumi, 1968).

The soilsin the study area are of sedimentary origin, of a compactclay-silt nature and poor
in nutrients. Thesesoilsare not very permeableand favor both the accumulation of water on

the surface (formation of water bodiesand more or lesstemporary ponds) but alsorunoff and
enil arncinn
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Source:UNESCO.

Figure25 - Geological map of the Djermaya region
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Figure26 - Soilmapofthestudyarea
3.2.1.3. RELIEF AND TOPOGRAPHY

Therelief of Chadis relativelyunevenand presentsan alternationof plainsand mountainsvhose
highestpointsare as follows:

to the north: the EmiKoussimassif(3,415m);
in the center:Mount Guéra(1 615m);

Tothe south:the LamMountains(1,160m) (Anon.,2014).
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Figure27 - Relief Map of Chad
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Thestudy areahasa plain relief varyingbetween 200 and 500 m of altitude without presenceof hilly
areas.

Theprojectsiteis locatedat an elevationof 292to 295m, and hasa relativelyflat topographywith an
elevation difference of approximately3 m between the highest (northeast) and lowest (southwest)
points. Thelowestpoint correspondgo the wetland areato which precipitationcanrun off.

The site hasa flat topography with a slight slopeoriented positively from southwestto
northwest. The lowestpoint correspondsto the wetland.

32.14. HYDROGEOLOGY

Chads groundwater resourcesamount to approximately 500 billion cubic meters (Anon.,2016).
Theseresourcesare presentin vastsedimentaryformations within which are located aquifersin

the form of free or deepcaptiveto semicaptiveaquifers. Thesedifferent setsare presentedby
the maps Fig.28and Fig.29.
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Figure28 - Hydrogeological map of Chad
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Figure29 - Map of the major hydrogeological complexes of Chad

The project arealies within the West Pleistocenehydrogeologicunit (Fig.29, which is underlain by
Middle Pliocenesandyformations and covers235,000kmz2. Thecharacteristicof the aquifer are not
uniform. Inthe ChariBaguirmithe hydrogeologicalinit of the projectarea,the sandsmayappearas a
homogeneousinit of 40to 70 metersin thicknessput more often than not, fluvial sedimentationhas
givenwayto episodesf lacustrineor limnic sedimentation.

Transmissivitywaluesrangefrom 95 mz/day to 600 m%/day and permeabilityvaluesfrom 3 m/day to
56 m/day. The specificflow valuesvary between 2 m3hm gnd 9 m3m_ |n NDjamena,the storage
coefficient(S)wasestimated betweert x104 and 1 x10-3.

The aquifer is rechargedby rainfall infiltration (more continuous south of the ChariBaguirmiand
sparserin the Saheliarzone)and by surfacewater infiltration (alongthe Chariand Logonerivers, Lake
Chad). The relationship with the lower aquifers is not yet well established, although the
piezometricloadsof the LowerPlioceneare higherthanthoseof the LowerPleistoceneTheaquifer is
dischargedy withdrawals,by direct evaporationin the clayzones,andby flow to the northeast. The
flow ratesof the boreholesexploitedin the frameworkof villagehydraulicsvaryfrom 7 m¥htg 40 m3h
(HCNEMEEPNUIDAES2003).

Thevulnerability of the aquiferto potential sourcesof contaminationdiffers accordingto the nature
of the aquifer, especiallywhetherit is confinedor free, shallowor deep.Indeed,in the caseof the free
aquifer, suchasthat of the Pleistocenethe problemof vulnerabilityto pollution canbe serious given
the lentil-like nature of the sandy layers and their hydraulic interconnection with the upper
formations
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Accordingto the study conducted by the engineeringfirm Hydratec (Hydratec,2016), boreholes
conductedon the projectsite did not revealthe presenceof groundwaterin the top 10 metersof soil.
Thesefindings highlight the absenceof a hydraulic connectionbetween the project area and the
groundwatertable communicatingwvith LakeChad.

Concerninghe chemicalquality of the waters of the Pleistoceneaquifer, they present mainly two
facies:

A bicarbonatefacies(calcic,sodiumor mixed); dry residuesare lessthan 500 mg/l and
often evenlessthan 200mg/I.

A marked sulphate (sodium)facieswhen the dry residue exceedsl.5 g/l. The faciesis
attributable to contaminationof the Lower Pleistocenewaters by the overlying Upper
Pleistocenesvaporite horizons. Thewaters are then difficult to use,exceptfor livestock
wateringwhen mineralizationremainsmoderate.

The following table (Table19)presentsa summaryof the characteristicsof the various
aquiferspresentin the studyarea.

Dueto its large sedimentaryformations, Chad hassignificant water resourcesstored in
aquifers.

No evidenceof groundwater wasfound within the project right -of-way
within the first 10 meters,indicating a lack of connectionbetweenthe project areaand
the underground water table communicating with Lake Chad.
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Table19 -
Aquifer ) Hydrogeol Location Area
ogicalunit (km2)
Kanem,
i Batha,
Middle and Mulilayer Chari
e system,north Baguimi 235000
SR central(Sahelian ,
zone) Lake,
Salamat,
Mavo-Kehbi
Multilayer
i Central
Middle
Bliocen system,north Chari 30 000
central(Sahelian Baguirmi
€ zone)
LEET Multilayer Kanem,l__ake,
Sieae system,north Chqn 130000
. central(Sahelian ~ Baguirmi,
zone) Western
Batha,

Summarytable of the variousaquifersin the studyarea

Lithology Thicknes Other
s(m) features
Fluvialsands 30-70m
and clayey (jg.200) Freeto
intercalations  fairly sem_r
consiste captive
nt
Lenticular
fluvial sands
intercalated
in Pliocene
clays
If/l/lijt\r/:il:/rgs 30-70m, To IEeNEandto
i .~ 70-200at e South
intercalations NW of the - free,
Lake captive,
artesianism

SOURCE: (HGNEEEPNUMDAES2003)

Hydraulic
parameters

T: 100
600m#/d
S 0,001
Qs 2-8
m3/h/m

T: <350
m3/d S
0,003
Qs 0,7-10
m3/h/m

T: 60-450
m2/d
S 0,001
0,0001
Qs 29
m3/h/m

Chemistr
y

SR0.30.5
gll

SR0.2-0.5
g/l locally,
j9- 1,59/l

RS0,4-
1,6g/1
sulfated

bicarbonate,
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3.2.15. HYDROLOGY

LakeChadexperiencedecurrent periodsof droughtduringthe 1970sand 1980sand hassincelost its

surfacearea and volume, seeingits river systemreducedto the Chari(1,200km) and Logone (1,000
km)rivers.Thesdwo rivershavetheir sourcesnthe CentralAfricanRepubli@andCameroon, respectively,
to feedLakeChad.

Asfor the country@other rivers,they arenot permanentlypresent.LakeChadsoneof the sixmain lakes
of Chad:

LakeChad, thdargestlakein the country, borderingNiger,Nigeria,and Cameroon;
LakeFitri eastof NDjamena;

Lakelro, in the southreasternpart of the country;

LakeLéré nearthe Cameroonian bordegt the westerntip of the country;
LakeTikem,richin fish,nearLakelLéré;

LakeOunianga, whicls locatedin the desertandfed by groundwater(Anon.,2014).

Eaux souterraines (Milions m) Eaux de surface (Milions m)

Dans les besoins en eau | il faut sjouter

les besoins des éco-systemes aquatiques
(en particuber les zones dinondations et les
lacs) qui condtionnent ke maintien de la
biodiversité ainsi que celul des ressources
essentielles pour la péche, I'dlevage et les
cultures tradtionnelles de décrue.

Ces besoins indicatifs sont représentés par
un dégracé bleu clair

B Besoins Hydraulique vilageoise
. Besocins Hydraulique urbaine
Bl Besoins Hydraulique pastorale
] Besoins Hydraulique agricole
[l Besoins Hydraulique industrielle
[[] Ressources en eau souterraine
Ressources en eau de surface

Figure30- Summary of water needs and resources in Chad

Thefollowing mapshowsthe variousriver systemsin the country.
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Figure31 - Hydrographic grids in Chad

Thehydrographiogrid (shownin Fig.33 in the vicinity of the project areais characterizecdby the Chari
and its tributaries. Thisriver flows into LakeChadand provides83%of its water. The Chari drains a

watershedof 650,000km2 and hasa flow rate that fluctuates significantlyaccordingto seasonality;
from 180 m3sduwinathe |ow water period (Octoberto April) to 3,400™3s during the rainy seasonmid-

Juneto the end of SeptemberHydratec2016).

Inthe areaof the site,thereisaveryhighvariabilityof water resourceslependingon the seasonalityand
volumeof rainfall.
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This wide range of water resourceshas a significant effect on the landscape,land use by local
populations,but also interms of attractivenessand habitat potential for plantandanimalspecies.

Le Chari | O
) A

Site du projet

¢
)

/

« \

\\ Fosse alimenté en saison de
! pluie et sec le reste du temps

\. N'Djamena

\"\_ o

-

Source: Hydratec, 2016

Figure32- Hydrographicsystem inthe vicinity of the site

The study areais characterizedby severaltypes of aquatic environments(ponds,ditches,water
points, naturaland anthropogeniaunoff), almostall ofwhichare seasonal.

Themap and photographson the following pageshelp to locate and illustrate schematicallythese
variousentitiesin relationto the projectright-of-way.
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SOURCE: (Hydratec, 2016)

Figure33 - Delimitation of thecatchment area of the Dalakaina pond
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Figure34 - Locatiorofthemainintermittent flowsidentifiedonsiteandtheirflow directionsduringhighwater periods

Within the study area, it is worth mentioningthe presenceof severalintermittent flows and a pond
(wetland).

3.2.1.5.1.Dalakaina pond (outside the project righftway).

Itisfed exclusivelypy surfacewater (temporaryrunoff andrainwater)dueto the verylow permeability of
the soil and the absenceof a surfacewater table. Locally,it playsa role asa watering placefor the
livestockas well as for the irrigation of the variouscropslocatedin the vicinity. Fishingis very little
practiced there.

Thiswetlandchangeswith the seasonsThecentralpart of the pond appearsto remainwet for most or

all of the year, but may disappearcompletelywhen rainfall is insufficientduring therainy season. On

the other hand, the flooded areasaround the pond expandas the rainy seasonprogresses. These
temporarilyfloodedareasare then suitablehabitatsfor wildlife butalsoideal foragriculture.

Thefollowingimagesshowthe significantdifferencebetweenthe rainyanddry seasons.
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Figure35 - Photo®ftheDalakaingondndryandwetperiods

3.2.1.5.2. Temporary watercoursetributary of the Chari(outside theprojectright-
of-way)

It islocatedalongthe road linkingthe capitalN®jamenato the villageof Djermaya-Thisflow crossesa
culvertunderthe road,about400m from the northeastboundaryof the projectsite (closesipoint), and
then joinsthe Charion its right bank,about 20 km downstreamfrom the site.
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It should be noted that this flow does not have a clearly defined preferential bed along its entire

crossedparcels.

SOURCE (ARTELIA 201Wet season

Figure36 - Ditchculvertcrossingothesoutheasbfthesite (left)andwaterflowareaatculvertoutlet(right)

3.2.1.5.3.Smallflows of purely anthropogenic origin (withinthe project right-of-
way)

Theprimarypurposeof thesecanaldsto collectand channelsurfacewater andthen conveyit to the
Dalakaingond.
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SOURCE: (ARTELIA 201Wet season

Figure37 - lllustrationofoneofthedryflowsintothe pond(left)andslight depressioralongthe old pipeline(right)

3.2.1.5.4. Smalltemporary natural or man-madewater sources(insideand outside
the project right-of-way)

Theyfill up in the wet seasorandare usedfor wateringlivestock.

Figure38 - Exampleftemporanwaterpointantheprojectright-of-way
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Chad hasa hydrographic network composedmainly of two long rivers and various large
lakes.

The project areais influenced by the presenceof severalsmall intermittent flows and by the
proximity of a permanent pond (Dalakaina pond) fed by the surrounding runoff and whose
water levelsand zoneof influence

vary accordingto the season.

32.16. BIOGEOGRAPHICAL CONTEXT

3.2.1.6.1.Locationof the studyareain the regionalcontext

The project areais locatedin the Sahelianstrip, in the transition zone with the Sudanesestrip
further south.The CharRiverflows westof the siteat a distanceof about15 km(see Fig.33.

Whenwe look at the biogeographicontextin whichthe project areais integrated,we observethe
presenceof:

w TheChariand its tributaries that structure the territory and influencethe variousplant
formationsthat can befound.

w A grid of stagnantwater points, of varyingsizes,some of which remainin water (only
partially) throughout the year. This grid of depressionsis found continuouslyin the
watershedof the mainriversthat structurethe territory.

w Drierareasoccupiedmainlyby sparselyegetatedsoils.

Thesuddenrainfallof the rainyseasorallowsthesewet depressionso be rechargedthusbecoming
poolsand promotingthe return of vegetationcoverovera largepart of the territory.

Oncethe rainy seasoris over, these pondsgraduallydry up until they disappearcompletelyin the
dry seasorfor some.

Thevegetationis totally dependenton the rainsand changeswith the seasons.

SO Geogle Eart

Figure39 - Regionatontexindryseasoifleft)landwetseasoifright)
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The project area does not have an original character,but rather is integrated into a global context
structured by the main watercoursesthat are the Chariand its tributaries and where a multitude of
smalltemporary and/or permanentwater points are found around which biodiversityand traditional
humanactivitiesof breedingand cultivationare organized.

3.2.1.6.2. Landscapefthe studyarea

The project is locatedin an opensavannahenvironmentwith a very flat topography,which allows a
perception of the site at a closelevel but limits the perception of the site at the level of the large
landscapdmaskingeffect of the vegetation).

Aspreviouslymentioned the landscapeaf the siteisentirelydependentonrainfallandtherefore,on the
seasons.Two different landscapesan be distinguisheddependingon the dry seasonand the wet
season.Thepresenceof anold pipe that hasneverbeenusedcrosseghe site in the north- southaxis
(seeFig.4].

Inthe dry seasonthe site presentsarelativelydesertlike landscapeascanbe seenin Fig.40and Fig.41.

N f"‘h. 4‘- s " _.‘ .'.-‘I E
SOURCE: (Egis Environment, 2@YRCE: (Egis Environment, 2014)
Figure40- Photograpliofthesitein season

Figure41- - Photograph of the site ithe dry
seasorn pipecrossinghe site

During this season,most of the site, with the exceptionof the wetland, is experiencingsevere
drought. We note the presence of bare soil (see photos below), forming clay shrinkage
phenomena.
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SOURCEhotographs of the Artelia / CIRA field mission

Figure42 - Phenomenon of clay shrinkage forming soil crusts

The vegetation cover consists mainly of dry herbaceous pleimseverthere areafew isolated
treesandshrubs.

SOURCE: Photographs of the Artelia / CIRA field mission
Figure43- Dry herbaceous plants Figure44 - Isolated shrub (Acacia)

The wetland (Dalakaina pond) and the associated vegetation gradually regress towards its central
part (cf. Fig. 34).

In the wet seasonthe landscape is very different during the wet season due to the strong
precipitation that causesa semblanceof dense herbaceous vegetation. The wetland is then
flooded to its periphery and the site then takes on a green appearance (see photo below).
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SOURCE: Photographs of the Artelia / CIRA fieigision
Figure46 - Differentviewsofthesite-wetland-shrubvegetatiorontheright
The landscapeof the sitechangesstrongly with the seasonglue to the level of vegetation
cover.

The siteis locatedin a region undergoingindustrialization. This anthropization will
eventually leadto a significant modification of the landscape.

3.2.2. BiologicaEnvironment

Theapproachchosento evaluateand characterizehe biologicalenvironmentwasbasedon
three levelsof expertise:

ananalysiof availablebibliographicdata, both atthe Chadianeveland inthe study
area;

the realizationof field surveyswith the help of experts,in dry andwet periods;
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consultationwith local stakeholdersand, more specifically ethno-zoologicakurveys
of the villagersof Amsoukarmand Amkoundjowho frequent thestudyareadaily.

3.2.2.1. CONTEXT OF THE BIODIVERSITY OF CHAD

3.2.2.1.1.Bioclimatic zones of Chad and the project area

Chadis affectedby three bioclimaticzones aspresented previouslin Fig.22,whicharefrom
north to south:

w The Saharanzone vegetationis presentin the oases,plainsand areaswhere the water
table outcropswhile the soilsare for the most part not very evolved.In most of the other
areasthe vegetationis almost non-existent. Wildlife is dominated by the antelope family
such asthe dammashgazelle dorcasgazellejeptocerosgazelle addaxandoryx,etc.

w TheSahelianzone the soilsare ferruginoustropical sandy poor in organicmatter while the
vegetationis characterizedy:

w The shrubby savannaoccupyingthe southern part and where Acaciaand Balanite
dominate, depending on the type of soil, with a herbaceouscarpet composed of
Andropognées.

w Thesteppe(or pseudoesteppe) Jocatedin the northern part andcharacterizey veryopen
woody formations, the grassycarpet dominated by Aristidae. Wildlife is abundantand
varied.

w TheSudaniarzone the soilsare ferruginousandtropical, rich in organicmatter and wildlife
isabundantandvaried.Theflora consistsof two different typesof vegetation:

w the clearforest;

w thetree savanna.

The project study area is located in the Sahelian zone, very closeto the border with the
Sudaneseone,in a transition zone, theSaheleSudaneseone.

There are mainly two typesof vegetationin this climatic zoneof Chad: tree speciesand bushy,
low-growing grassspeciesThe presenceof floral and faunal biodiversity is directly related to
the presenceof water.

3.2.2.1.2.Protected natural areas

Chadis one of the largestcountriesin Africaand is hometo an extremelyrich and threatenedSahele
Saharan biodiversity. Due to its varied climatic areas, numerous ecosystems and natural
environments argoresent throughout thecountry.

The grid of natural protected areasrepresents12%of the national territory (14,217,530ha), which
is insufficientto representthe diversityof territories and ecosystemsMost of Chad protected areas
were createdbefore 1975, the start of the country@ civil war, with the lastareadating from 2010.In
addition, Chadfacesmany pressuresand challengeswhether human, material, economic or climatic
((Fac),n.d.). The variousthreats to biodiversity in Chadare presentedin the following Section8
Tabl.273.2.2.1.5.
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Thereare 19 protected natural areasand 10 classifiedforests (see Appendix4. The variousnatural
protectedareasare asfollows (Anon.,2016):

3 nationalparks
w Zakouma\ationalPark(305,000ha);
w MandaNationalPark(114,000ha);
w SenaluraNationalPark(73520ha).

w 7 wildlifereserves

® OuadiRiméOuadiAchim(8000000ha);

w BarhSalamai2,095,01tha);

w SiniakaMinia (464,30tha);

w FadaArchei(211,000ha);

w BinderLéré(135,000ha);

w Mandelia(138,000ha);

w Aboutelfane(110000 ha).

w 1 Lakeritri BiosphereReserve (195,000a);

w 7 huntingareas, includingAouk(1 185 000 ha);
w Melfi (426,000ha);

w Douguia59,000ha);

w Kouloudia65,000ha);

w BarhErguig(70,000ha);

w ChariOnoko(366,400ha);

w LakeAlgae(360000 ha).

w 1 pilotcommunityhuntingarea,the BinderLéré(40,000ha).

In additionto this division,sixareasin the country have beeitentifiedasRAMSARIites RAMSARItes
are wetlandsof internationalimportance,both from an environmentaland societalpoint of view. They
are likely to harbor sensitive speciesand play an important role as rich, high conservation concern
ecsystems. Each protected area is administered by a conservator who is responsible for its
managemeniand protection.
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Parc national n 3 492520 43
Réserve de faune w 7 10875 300 95,7
TOTAL 10 11367820 100,0

Source : UICMPACO, 2008; Brugshe & Scholie, 2013

Sites du patrimoine mondial 1 62 B0E 0 0
Sites Ramsar L] 12405068 2500000 n
Réserves de la biosphére 0 0 0 0
Sites RAPAC 3 513520 513520 45

Figure47 - Characteristics of the various protected natural areas in Chad
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Figure48 - Location of Cha@ various natural protected areas

Theprojectsite is notaffectedby anyprotected naturalareasthe closestidentified areasarethe
followingsites:

w Camerooniarmpart of LakeChad(Cameroon), RAMSAIRe n°1903:site locatedat
the closestto about70kmfrom the Project.

® TheFloodedPlainof WazalLogong(Cameroon)RAMSARIte n°1609:site locatedat the
closestl5kmfrom the Project.

w TheMandeliaWildlife ReservdChad)the closestsite is located55 km fromthe Project.

No natural areas protected by law are affected by the project. The closestareasare not
affectedby the project's right -of-way.

3.2.2.1.3.State ofVegetation in Chad

Thepresenceof flora is extremelyrelated to the nature of the soils,the type of relief, the presence
of water andthe climate ofthe consideredarea.

Thepresenceof vegetationis very stronglycorrelatedwith the precipitationregimeand ascanbe
seenon the following map (Fig.49, the length of the growingseasoncloselyfollowsthe divisionof the
variousbioclimaticzones


file:///C:/Users/User/Desktop/Ndiengoudy/Binder2.doc%23bookmark28

DJERMAYA SOLAR

DJERMAYA PHOTOVOLTAIC POWER PLANT PROJECT
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT (ESIA)
INTERIM REPORT, REV E

Moins de 20 jours
Longueur de la saison B D:40260jours
de végétation
De 60 3 100 jours
(entre 1990 et 1999) = '
- Plus de 100 jours

Tendagce a 'augmenation
e la longueur de

saison de végétation

Zone
project

CAMERDUN 0 500 km

Sourcée: OECD Data 2006

Figure49 - Lengthof the vegetation season based on the geographical area

The project site is located at the boundarybetweenthe two zoneswhere vegetationlength ranges
from 40to 60 daysand60to 100days.

Chadalsohasvery important forest resourcesand would represent44.71%of the nationalterritory.
Theseforestsare totally dependenton the availablewater resource.Thestratification of the climate
from the arid north, to the humid south,drawsthe followingforest types(Anon.,2016):

® Unproductivemixedformations:

Thisconcernghe tree savannahén the ecologicatonditions. Thistype of vegetation
belongsto the Saheliardomain.

Thegrossvolumeon barkdoes notexceed20m3/ha.Thedominantheightdoes
not exceed/ m.



DJERMAYA SOLAR

DJERMAYA PHOTOVOLTAIC POWER PLANT PROJECT
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT (ESIA)

INTERIM REPORT, REV E

w Clearforestformations:

Theyare constituted bygalleryforestsalongthe watercoursesandthe islands oflensedry
forestswhichgivewayin placesto degradedformationswith openforestsandwooded
savannahs. These densemanaged forestare productive.Thegrossvolumeon barkis
about12Qm3ha,

w Productivemixedformations:

Thesearethe forestsandwoodedsavannah®f the Sudaniarzone.The grossolumeon
barkis greaterthan 60 m3ha,

Thefollowingmap (Fig.5Q showsthe type of vegetationpresentin the variousbioclimaticareasIt can
be seenthat the most forested areasare located in the south of the country, in contrastto the
relativelydesertareas(baresoil,dunesandlittle herbaceous/egetation)in the north.

Accordingto this map, the project area, located in the SaheleSudaniantransition zone, should
therefore be mainly covered by Acaciaseyalthicket formations and Acaciashrub savannahghat
transitionto the Cymbopogorpseudasteppe.
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Figure50- The variougypes of vegetation in Chad by bioclimatic zone

Regardingthe plant speciespresentin Chad,it is estimated that there are approximately 4,318 speciesof higherplantsincluding
71 endemic speciesand 11 threatened speciesaccordingto the 5th National Report on Biodiversity of Chad.However, these
numbersare far from comprehensive due to the lack of a complete inventory at the national level (Anon., 2014). Furthermore,
the International Unionfor Conservatiorof Nature (IUCNYed list only lists 6 threatened speciesAspart  of this study, an extraction

of the databasewasperformed on 15/12/2016.1t is from this 20191UCN data that the analysiswasconducted

Données suffisantes

Evalué

®
R |

Figure51 - DifferenteveloflUCNXtinctiorriskrankings

Table20- Level of extinction risk for flora in Chad

CATEGORY

TOTAL

Plants

351

| "En ar (E Risque
[l_En Al d'extinction
| Vulnérable (VU)
Quasi menacé (NT)
©
Données insuffisantes (DD)
{ Non évalué (NE)
Source(IUCN, n.d.)
DD | LC | NT | VU | IN
7 | 3 | 2 | 4 | 3 0 0 0

Thereisaverycloselink betweenclimaticconditions, especiallsainfall,andthe type of plantsfound in
the variougregionsof Chad Chadhassignificantforestresources, especialig the southof the country.

Thenumberof endemicand threatenedplant specieds mostlikely underestimateddue to the lack of
availablescientificdata.

According to the bibliographic data presentedabove,the project areais occupiedby a mixed
vegetationof Acaciathickets and ashrubby savannahpassingto the pseudosteppe.

3.2.2.1.4. State ofwildlife inChad

Accordingto the 6th National BiodiversityReport of Chad(Anon.,2014), Chad? wildlife diversity is
estimatedto include722specief animals(wild anddomestic)(878wild speciesaccordingo the IUCN)
not includingthe insectgroupwhichappearso be richerin specificdiversity.
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Themost studied and known faunais composedof mammals birds, reptiles and fish. Currently,131
speciesof largemammalsare known, 532 speciesof birds of which 354 are residents, 117 palearctic
migrants,and 260 Afro-tropical migrants,as wellas177 speciesof fish.

In additionto thesespeciesChadaboundsin manyother typesof faunathat arelittle studied.Thisis
for examplethe caseof mollusks,arachnids,turtles, etc. Much researchremainsto be done to

identify as many animal speciesas possible. This researchconcerns,in particular, amphibians,
crustaceansinsects reptiles,fishesbut alsobirds. Thisresearchwould allowto enrichthe knowledge
on wildlife diversity ofthe countrybut alsoon Africain general.

Concerning théhreatenedspeciesthe following datacouldbe extractedfrom the IUCN databases.

Table21 - Levebf extinctionriskfor wildlifein Chad

CATEGORY TOTAL DD | LC | NT | VU | IN

Animals 878 12 | 88 | 22 | 19 | 6 | 10 | 1 0
SOURCHUCNN.d.)

Table22 - Riskevelby speciegroup

THREATENEPECIES

. . - . Other Mushrooms
Mammals Birds Reptiles Amphibian Fish Mollusks invertebrat andprotists Total
15 13 2 0 1 4 0 0 35

SOURCEUCNN.d.)

Thusthere are 35threatenedspeciesand one extinctspeciesn the wild. Thecompletelist of
threatenedspecieds presentedin the followingtable.

Table23- Listof threatenedwildlife speciesn Chad

SPECIHD FAMILY GENRE SPECIES REDLIST STATUS
22695189 ACCIPITRIDAE Gyps africanus
22695207 ACCIPITRIDAE Gyps rueppelli
22695185 ACCIPITRIDAE Necrosyrtes monachus
22695250 ACCIPITRIDAE Trigonoceps occipitalis
165397 BITHYNIIDAE Gabbiella neothaumaeformis
512 BOVIDAE Addax nasomaculatus
8968 BOVIDAE Nanger dama
22694053 CHARADRIIDAE Vanellus gregarius
5660 CROCODYLIDAE Mecistops cataphractus
6557 RHINOCEROTIDAE Diceros bicornis
22695180 ACCIPITRIDAE Neophron percnopterus
22695238 ACCIPITRIDAE Torgos tracheliotos IN
165387 BITHYNIIDAE Gabbiella tchadiensis IN
8972 BOVIDAE Gazella leptoceros IN
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12436 CANIDAE Lycaon pictus IN
2810 PLANORBIDAE Biomphalaria tchadiensis IN
SPECIHD FAMILY GENRE SPECIES REDLIST STATUS
22732272 ACCIPITRIDAE Circaetus beaudouini VU
22696116 ACCIPITRIDAE Polemaetus bellicosus VU
22680339 ANATIDAE Marmaronetta angustirostris VU
1151 BOVIDAE Ammotragus lervia VU
8973 BOVIDAE Eudorcas rufifrons VU
8969 BOVIDAE Gazella dorcas VU
22690419 COLUMBIDAE Streptopelia turtur VU
182323 CYPRINIDAE Barbus zalbiensis VU
12392 ELEPHANTIDAE Loxodonta africana VU
219 FELIDAE Acinonyx jubatus VU
15951 FELIDAE Panthera leo VU
22692039 GRUIDAE Balearica pavonina VU
10103 HIPPOPOTAMIDAE Hippopotamus amphibius VU
12765 MANIDAE Smutsia temminckii VU
165377 PLANORBIDAE Bulinus obtusus VU
22696221 SAGITTARIIDAE Sagittarius serpentarius VU
163423 TESTUDINIDAE Centrochelys sulcata VU
22104 TRICHECHIDAE Trichechus senegalensis VU

Amongthesedifferent species15specief mammals4 specieof birdsaswell ascrocodilesand Nile
lizardsare fully protectedat the nationallevel. Therearetwo lists:the Alist of protectedspecies and
the B list for which protection is only partial. The complete lists (A and B) are presented in
Appendib.

Table24 - Thetwo typesof wildlife protectionlistsin Chad

LISAA | LISB

26 specienf mammals,19 specief birdsand one 25 specienf mammals23 specief birdsand 7
species ofeptiles;thesespeciesarefully protected specie®f reptiles;thesespeciesare partially
protected
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Figure52 - Summary map othe varioustypes of flora and fauna species present in Chad according to the climatic domain

A. Mammals
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Thepatrimonialinterestof the known Chadiarfaunais essentiallyrelatedto largemammalsin the
SaheleSudaniarzoneswe find speciesuchas:

Giraffes(Giraffa camelopardal)s
Buffalo Syncerusaffer);
elephants(Loxodontaafricana);
hartebeestqAlcelaphuduselaphuy
damaliskgDamaliscugkorrigun);

the red-fronted gazellegGazella rufifrons)
buffalo cob(Kobuskob);

cobesdefassa{obusdefassy;

the greatkudu (Tragelaphustrepsicerok
DerbyElks(Tragelaphuslerbianus;

antelopes

the hippotragueqHippotragusequinug;

Grimm@ duiker (Sylvicaprayrimmia),

red-sidedduiker (Cephalophusufilatus);

deer(Capreolusapreolus;

harnessedyuib (Tragelaphuscriptug;

ourébi(Ourebiaourebi;

probably the last populations of lions of the Sahelian countries (Panthera leo);
of cheetahqgAcinonyxubatus);

of wild dogs (lycaonpictus).

Spotted hyenas,leopards, jackals, ratels, civets, Gambianmongoosesand other genets; primates
(patas,baboons,cercopithecinesand other galagos)rodents (porcupineshares,squirrels,rats, etc.)
arealsopresent.

Chadhas a large number of elephantsdistributed mainly in severalprotected areas.The Lamentin
(Trichechussenegalensjsis characteristicof the BinderLéré Wildlife Reserve.The pangolin (order
Pholidotes)salsopresent(Anon.,2014).

B. Avifauna
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Chadhasaveryhighdiversityof birds,with 8 sitesof importancefor birdsandbiodiversityidentified in
the country. The country is home to 516 different speciesaccordingto BirdLife International
(Birdlife,2016),including401terrestrial speciesand 115aquaticspecies.

Ofthese 516species215are considered migratoryNo endemicspeciesare presentin Chad.

TOTAL 516 (69%) | Breeding Endemic

IUCHN Red List status for all birds

Landbirds 401 Seabirds

Migratory 215 Waterbirds

s
= | el | IS
Ln
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The numbers in brackets refer to the country's
rank when compared to other countries and

territories globally.

Figure53 - SummargfthestatusofdifferentbirdspeciesnChad
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Thirteen(13)speciesarethreatened(3%of the total numberof species)pf whichfive (5) are
identified ascriticallyendangerediwo (2) asendangeredand six(6) asvulnerableaccordingo the

IUCN.
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Table25 - Birdspeciedistedby IUCNNn Chad

SPECIES IDENTIFICANIIMBER SPECIES COMMONNAME CATEGORY
3376 Gypsrueppelli Ruppel@vulture
3172 Vanellugregarius Sociabldapwing
3382 Trigonoceps occipitalis BaldVulture
3373 Gypsafricanus Africanvulture
3372 Necrosyrtesnonachus Scavengevulture
3371 Neophron percnopterus Percnoptera

SPECIHBENTIFICATIONUMBER SPECIES COMMONNAME CATEGORY
3381 Torgodracheliotos OricuVulture IN

467 Marmaronettaangustirostris Marbledmarmoronet VU

2784 Balearicgpavonina Crownedcrane VU
2498 Streptopeligturtur TurtleDove VU
3547 Polemaetudbellicosus Martial eagle VU
3562 Sagittariusserpentarius SagittariusMessenger VU
31639 Circaetudeaudouini Beaudoui® Eagle VU

SOURCEBirdiite,2016)
C. Reptiles

For reptile species,Nile Crocodiles(Crocodilusniloticug, Nile Varans(Varanusniloticug, and
Pythonseba(Anon.,2014)arefound inChad

ThelUCNred list identifiesthree specief turtles in Chad.Theseare the furrowedturtle (Geochelone
sulcatg classifiedas vulnerable,the SenegalTrionyx (Cyclanerbissenegalens)salso classifiedas
vulnerableand the NubianTrionyx(Cyclanerbiglegans)lassifiedascritically endangered.

Stillaccordingo the IUCN{here arealsolong-snoutedcrocodilegMecistopscatphractug classified as
ccriticallyendangered by the IUCN.

D. Frogs

Thisgroup of faunais dependenton the aquatic environmentfor its reproduction and thus its life
cycle.Indeed, the juveniles,initially in the form of tadpolesdevelopin the stagnantwaters of the
ponds before joining the ground at the adult age. Somespeciesmay bury themselvesand enter
hibernation or torpor in the dry season(starting in OctoberNovember)while waiting for rainfall to
return (Seignobos2014). ThelUCNIists 8 speciesof amphibiansn Chad.Theyare all speciesof the
order Anura.All speciesdentified by the IUCNdatabaseare classifiedasLC.

Table26 - Endangere@mphibianspeciesn Chad
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SPECIES | COMMONNAME | CATEGORY
Ptychadenaibroni BroadbandedGrassFrog LC
SouthAfrican sharmosedfrog
Ptychadenaxyrhynchus (SouthAfricansharpnosed frog) LC
Ptychadendrinodis Dakargrasslandrog LC

Hallowel@ Toad

Sclerophrystaculata LC
Sqlerophrysegularis ' Africancommontoad LC

(or Amietophrynus*egularis)
Sclerophryssteindachneri SteindachneB Toad LC
Sclerophryskeros Subsaharaffoad LC
Xenopusnuelleri Muller@Platanna LC

SOURCHUCNnN.d.)
ThegeneraAmietophrynusand Sclerophrysre synonymous

Accordingo the study,the mosthunted species ar@anurans,n particular:
3.0 ptychadenasp;
3.1 ptychadenarinodis,
3.2 euphlyctisoccipitalis
3.3 hemisusmarmoratussudanensis
3.4 pyxicephalusdspersus.

Someof thesespecies, notablPtychadendrinodisand more broadlythe genusPtychadenaare
cited inthe IUCNIist presentedin the table above.

E. Conclusion

Chad's wildlife includes large mammals such as hippos, giraffes and elephants,as well as a
large number of bird specieghanks to the various wetlandsfound throughout the country.

As for the flora, the lack of scientific knowledge makes the conservation work difficult.
However, we note that according to the IUCN, the critically endangeredspeciesinclude 4
speciesof vultures, 1 speciesof wader, 2 species ofcattle, 1 speciesof crocodile, 1 species of
rhinoceros and 1 speciesof mollusk.

3.2.2.1.5. Threatsto biologicaldiversity

Chada biologicaldiversityis threateneddirectly or indirectly by variousphenomena(listedin
Table27. Themainonesare as follows:

w Bushfires: Thisis an ancestralpracticethat hasthe effect of weakeningthe vegetation,
makingit vulnerableduring the annualdry period. Theycontribute to the degradation
of soilsby wind deflation and to the reduction of microbial activity due to the heat
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developed. Thishasthe effect of slowingdown thenaturalrestorationof the soilandthe
fertility of the fallow soil.

w The load on the rangelands due to the concentration of livestock around easily
accessiblavells, someareasmay experiencea looseningof the surfacelayer of the soll
asaresultof heavytrampling by livestock.Thismakesthe soilmore vulnerableto erosion
andleadsto soilimpoverishment folagriculture.

w Deforestation the main factor of deforestationis the abusivecutting for the supply of
firewoodto the populations.

w Extensiveexploitation and shortening of fallow periods the overexploitationof land
andthe non-restitution of nutrients takenby livestock lead$o a decreasen soilfertility.

w Theincreasein poachingandinsecuritylinkedto armedconflictsthat are detrimentalto
largefauna.

w Lack of policies and regulations regarding the managementand protection of the
environmentandwildlife.

w Thelackof scientificknowledgeanddataon the speciegresentin the territory andtheir
conservatiorstatus.

w Invasive speciesrepresenta real risk for biodiversity, especiallyaquatic plant species
(freshwater hyacinth, water fern etc.). This vegetation invasionrepresentsa serious
obstacleto the multiple functionsthat riversand lakesplayandnegativelyaffectsthe life
of the populations.Thefishermenandin particular the fish traders suffer a significant
reduction in their earnings.Farmerswho practice traditional rice cultivation seetheir
exploited spacesconsiderablyreduced and those who practice irrigation with water
control spenda lot of time cleaningthe canals.The areas coveredby fodderthat serve
assupplementanfeedfor animalsareliterally beinginvaded. Thissituationisexacerbated
by the lack of control and availability of control tools and easy contamination (high
germinativepower of the seed,circulationof the plant by meansof transportor animals
through their coat, intestinesor hooves).In addition, there is a lackof competent
personneland poor equipment for control and scientific and technological research
andcommunication(Anon.,1999).

Table27 - List of direct and indirect threats to the environment

DIRECTAUSES INDIREQTAUSES
Lackof alandusepolicyandstrategy

Overgrazingf domesticanimals

Excessiveruning Weaknes®f the regulations
Poorcoursemanagement Lackofa rurruarlaci%ggglznfymgland useby
Excessivexploitationof fishthroughthe use of Lack ofscientificdataon the country@
substandard fishingear biodiversity
Shorelineand watersheddeforestation
Expansiorof cashcrop monocultureswithout Reductionof fallow time

maintainingor creatingadjacentprotective
vegetationcover
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Groupingof severalthousandheadof livestock Climatechange
Treedforage Armedconflicts
TraditionalPharmacopoeia Absencef instruments regulating the
Largeloadsof animalsfor alongtime inone abusiveuseof important meansof
place dewateringat low water level
Lackof aresourcemanagemenplan Non-compliancewith fishing
Increasingexport offishto other countries regulations

SOURCIEANON.,1999)

Chad's biological diversity is under strong pressurefrom various human activities that have
adirect or indirect impact.

The lack of strong environmental regulations andarmed conflicts do not allow to actively
fight againstthe different threats.
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3.2.2.2 FIELBURVEYS

3.2.2.2.1 Methodology used

Tounderstandthe ecologicalssueswithin the studyareaandthe projectright-of-way,two field
campaignsvere conducted:

w afirst onein dry period (October2016), carriedut by the CIRASAfirm;

w asecondonein the wet season, (Augusbeptember2017),carriedout by ARTELIANd
ERBDéveloppemenCameroun.

Floristic and faunistic inventories were carried out using the transect method associatedwith
guadrats (White & Edwards,2000). This method allows for the best possible gridding of all the
environments irthe studyareaandthus forthe most accurateevaluationof issuesat stake.

As an example,the mapping of the transectsand quadrasset up during the wet period surveysis
presentedbelow.

Mare do

Dalakaina

Figure54 - Location of transects and quadras during survegysvet periods

Thefindingspresented irthe following sectionsare a synthesiof thesetwo assessments.

3.2.2.2.2 Naturalhabitatsandflora

The strict right-of-way of the project is affected by open environments such as meadows and
pasturesagriculturalplots, smallwateringholesfor livestock remainsof old buildings(foundations), etc.
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Thehabitatscanbe describedasmodified and are subjectto anthropogenigpressuremarked
by farmingandranchingactivities.Alsonoteworthyisthe presenceof anabandonedipeline

(removed in July2019)aswell asdrainsfor irrigation.

Field surveysduring the dry seasonshow that the herbaceoudayer is very weak. The vegetationis
dominatedby perennialgrassesAndropogorsp, Hyparrheniasp, Aristidasp, Cymbopogasp.

Table28- Dry season grass cover composition (source C3RA2016).

RECOVERY IUCN
ORDER RECOVERY RATE AT
1 Andropogorsp 30% LC
3 Aristidasp 10% -
4 Cymbopogorsp. 5% -
5 Anthropizedand degradedsavannahbare 550
soilandcrops 0 il

Vegetationformationsin the projectareaare heavilydegradedoy the needfor firewood, aerialforage,
andagriculturalplotsasseenin the photographshelow.

SOURCE: Photographs of the Artelia / CIRA field mission

Figure55- Herd of goats grazing in the right of way of the project Figure56 - Bérébéré cultivation plot in near
the Dalakaina pond
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SOURCE: Photographs of the Artelia / CIRA field mission

Figure58 - Drainagelitchdischarginginto the

Figure57 - Exampleof localizedwoody vegetationin the flooded area
Dalakaingond

duringhigh water (transitionarea)

The inventories conducted during the wet seasonshow that the open environments present
are mainly dominated by the Poaceaethe Grassesand the Mimosaceae.Theseare followed
by Fabacea@andMalvaceae whichhavethe sameproportions and then weakly by other families.

Figure59 - View of the project site covered with grasses, a few Figure60- Example of an area where natural
isolated shrubs and vegetationhas been almost completelgliminated
over very large areas. The one having given way to
other herbaceous plants. i$ almost village huts.
impossible to

devoid of woody plard

ARTELIA
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Figure61 - Aquatic plant formation of water soft characterized

by a layer of Figure62 - Dominated anthropogenic formations by
_ Poaceae used as pasture
Polygonaceae, Gramineae and

Nymphaeaceae from the periphery to
the center of the Dalakaina pond
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The botanical inventories in the field made it possible to determine 33 species divided into 18
families, as shown in the tale and the figure below.

Table29- List of inventoried plant species (Source ERE, 2017)

NOTOM FRENCH NOTOM SCIENTIFIC FAMILLE IUCN (2017)
Calotropis procera Calotropisprocera Apocynaceae N/A
Heteranthera callifolial Pontederiaceae N/A
D37 FAMILY
Polygonum POLYGONACEAE
Polygonum salicifolium BUCKWHEAT N/A
D9B FAMILY
_ CONVOLVULACEAE
Aquatic spinach I[pomea aquatica MORNING GLORY N/A
Sesban Sesbania sesban Fabaceae N/A
Pistachio herb Senna obtusifolia Fabaceae N/A
Aristida sp. Poaceae N/A
Prickly amaranth Amaranthus spinosus Amaranthaceae N/A
Abutilon Abutilon mauritianum Malvaceae N/A
Echinochloa
Bourgoutiere obtusiflora Poaceae N/A

Balanites aegyptiacal

Desert date tree tree Balanitaceae N/A
Tamat Acacia ehrenbergiang Mimosaceae LC
False gum tree Acacia tortilis Mimosaceae LC
Raddiana
Neb- neb Acacia nilotica Mimosaceae N/A
Spermacocea sp. Rubiaceae

Celosia sp. Amaranthaceae
Nenuphar Nymphea lotus Nymphaeaceae N/A
Red Baron Imperata Cylindrica Poaceae N/A

Abelmoschus
Okra esculentus Malvaceae N/A
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Sesbania pachycarpi Fabaceae N/A
Commenlina sp. Commelinaceae
NOTOM FRENCH NOTOM SCIENTIFIC FAMILLE IUCN (2017)
Acacia mimosa Acacia Seyal Mimosaceae N/A
Brachiaria sp. Poaceae
Cyperus sp. Cyperaceae
Eragrostis sp. Poaceae
D37 FAMILY
POLYGONACEAE
Polygonum sp. BUCKWHEAT
Argentinian fleabane Conyza bonariensis Asteraceae N/A
Undetermined 1 Curcubitaceae
Undetermined 2 Poaceae
Undetermined 3 Malvaceae
Undetermined: 4%
Undetermined 5
Undetermined 6
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Figure63 - Speciesbundancéy familywithin the projectright-of-way.

Note: no protectedand/or conservation concerftoristicspeciesiavebeenidentifiedduringthe field surveys
Overall, withinthe studyarea,shrubandtree vegetationremainsvery sparse.

Two main speciesare encountered, Acaciaseyal and Balanites Aepyptiaca(LC) Shrub and tree
densitiesare mainlylocatedoutsidethe project right-of-way, in the peripheral zoneof the Dalakaina
pond,whichisfloodedonly duringhigh water.
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Table30- List of woodyspecies inventoried (Source CHRA, 2016).

[TUCN
ORDER SPECIES STATUS

Acaciaseyal -

BalanitesaegyptiacalAmmanniaaegyptiaca) (LO)
Acacianilotica -
Ziziphusnauritiana -
Acaciasieberiana -
Calotropisprocera -

o O~ WN -

Datata processingof the satellite image allowed to identify on the totality of the surfaceof right-of-
way of the project the zonescoveredby trees and shrubs.Thiswoody coverrepresentsan areaof 2492
m2 or 0.06%o0f the total areaof the project area. Thefollowing figure presentsthese different zones

j OURCE: Pho
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Figure65 - Footof Acacia seyal at the edge of the Dalakaina
Figure66 - Foot of Balanites aegyptiaca in the project

Aroundthe project@right-of-way, there are varioustemporarywater points, mainly of anthropicorigin,
but alsothe Dalakaingpond, which hasa permanentcharacter,despitea strongretreat of the flooded
areasin the peripheryduringthe dry period.

This pond is respectively characterized,from the middle to the periphery by Nymphaeaceae,
Graminaceaeand Polygonacea€eT he aquaticvegetationconsistsmainly of Nenuphaesp, and various
aquaticplantssuchasMimosasp.or Cyperugpapyrus

Its perimeter is strongly marked by anthropic activities (agriculturalfields, wood cutting, etc.), but this
wetlandandthe associatedregetationformationsare of highconservation concerfor wildlife in general
andmigratorybirdsin particular.

Indeed, the conditions created by the presenceof a water point and the developmentof aquatic
vegetation offer potential habitats for many species:reproductionfor amphibians,wintering, resting
and feeding for birds, hunting for reptiles and finally the developmentof a fish fauna (tilapia, eel,
catfish).

Thebanksof the wetland are alsopartly cultivated for cucumbersand okra. Farmersdig gullies
from the pondto bring water closerto the fields.

SOURCE: Photographs of the Artelia field mission

Figure67 - Viewoftheaquatiovegetatiorassociatedith DalakainRondluringhewet season

3.2.2.2.3 The mammals
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Nomammalspeciesvere observed duringhe field campaigns.
Accordingto the findings of ethno-zoologicalsurveysconducted in the villages of Amsoukarand
Amkoundjowhichborderthe project, four speciesof mammalsbelongingto three familiesarelikely to

frequentthe site:

w The dorcas gazelle(Gazelladorcag and the dama gazelle (Gazelladama)
which are observedn apunctualway by the villagers.

w Thewild dog (Lycaonpictug also occasionallycrossesthe project right-of-

way and its surroundings.

w Finally,the presenceof the AfricanElephant(Loxodontaafricang shouldnot
be totally discounted.Thelastobservationof this animalby villagerswastwo
yearsago, in an area locatedabout17 kmfrom the village of Amsoukar(a
passinganimal).

Mammalianuse of the study arearemainspossible but is severelylimited by human
activity and habitat potential. At best,the studyarearemainsa transit zonefor certain

species.

Table31- List of mammals likely to frequent the study area (Source ERE, 2017).

Protection
French e o CITI
Scientificnames Families i
names statusin statl
Chad*(] iet\
Elephant Loxodonta africana Elephantidae A
Lycaon Lycaomictus Canidae A
Gazelledlama Gazelldama Bovidae A
DorcasGazelle Gazelladorcas Bovidae B I
ListA: fullyprotectedspecied list B: partially protectedspeciesaccordingo Act N°14/PR/2008f Junel0, 2008 '
Accordingo the protectionstatusin Chadthe specied..africana,G.damaandL.pictus
are Alisted while G.dorcasis B-listed. Althoughthesepotentially presentspecieshave
not beenrecordedwithin the strict project right-of-way, they present a strong
conservationissueas they are classifiedas threatenedonthe IUCNred list (2017).
3.2.2.2.4 Birds
The surveyscarried out in the field have allowed us to identify about thirty species,
most of whichare migratoryand/or wetland-dependent.
The vast majority of the speciesobservedand/or potentially present frequent the
pond and its peripheralenvironmentswhicharelocatedoutsidethe strict right-of-way
of the project.
Table32- List of bird species observed during the field campaign during the wet season (Source ERE/ARTELIA)
Protectio
n stat Cites 1
Frenchnames Scientificnames Families status statu Migratory
(List) in statu .
. S (2017)
Cattleegret Bubulcusbis Ardeidae N/A LC
IntermediateHeron Egrettaintermedia Ardeidae N/A LC
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Melanocephalusieron Ardeamelanocephala Ardeidae N/A LC
Africanopenmouth Anastomudamelligerus Ciconiidae N/A LC K
Jabiruof Africa Ephippiorhynchus Ciconiidae A I LC
Protectio Cites IUCN
Frenchnames Scientificnames Families L - statu s | Migratory
List) in statu
(Ch;d S (2017)
AfricanSpoonbill Plataleaalba Threskiornithidae A LC K
Falcondbis Plegadidalcinellus Threskiornithidae N/A LC K
ilbissacred Threskiornigethiopica Threskiornithidae N/A LC K
Gambia armygoose Plectropteruggambensis Anatidae B LC K
EgyptianGoose Alopochen aegyptiaca Anatidae B LC K
Helmetedduck Sarkidiornisnelanotos Anatidae B LC K
Widowed Dendrocygnaiduata Anatidae B LC
Fawn Dendrocygne Dendrocygnéicolor Anatidae B LC K
Northernpintail Anas acuta Anatidae B LC K
NorthernShoveler Anasclypeata Anatidae B LC K
Summetteal Anas querquedula Anatidae B LC K
Tealof winter Anascrecca Anatidae B LC K
Scaup Aythyaferina Anatidae B VU K
Tufted Duck Aythyafuligula Anatidae B LC K
Shake Sagittariusserpentarius Sagittariidae A VU
AfricanGallinule Gallinula angulata Rallidae N/A LC K
Crownedcrane Balearicgpavonina Gruidae A VU
White Stilt himantopus himantopus Recurvirostridae N/A LC K
Osprey Pandiorhaliaetus Pandionidae A LC K
AfricanGymnogen Polyboroidesypus Accipitridae A LC
White-billed Alecto Bubalornis albirostris Ploceidae N/A LC
Least Sandpiper Calidrigminuta Scolopacidae N/A LC K
BlackheadedLapwing Vanellugectus Charadriidae N/A LC
SpurredLapwing Vanellusspinosus Charadriidae N/A LC
Whip-poor-will Chlidoniageucopterus Laridae N/A LC K
AshyHeron Ardea cinerea Ardeidae N/A LC K
Franciscaftupletus Euplectedranciscanus Ploceidae N/A LC
BarnOwl Tytoalba Tytonidae N/A Il LC
Minute weaver Ploceusuteolus Ploceidae N/A LC
BlackKite Milvusmigrans Accipitrids N/A LC

Legend Migratory (K), VulnerablgVU),Near Threatened(NT),LeastConcern (LCNot
applicable or no response(N/A). List A: fully protected species/ list B: partially
protectedspeciesaccordingto Act N14/PR/200&f 10 June2008.

Amongthe speciesobserved,six and eleven speciesrespectivelyare listed A and B,
accordingto the protectionstatusof Chad.In addition,three speciesseen,namely:the
crownedcrane(Balearicapavoning, the serpentine(Sagittariusserpentariu$ and the
scaup(Aythyaferina) are classified vulnerableaccordingo the IUCNprotectionstatus

(2017).
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The majority of the speciesobservedare migratory (this observationis also valid for
the species potentially present) and only six speciesnamely: Barn Owl (Tyto alba),
Crowned Crane (Balearica pavoning, Serpentine(Sagittariusserpentariu, Widow
Swan (Dendrocygnaviduata), African Jabiru (Ephippiorhynchussenegalens)s and
Intermediate Heron (Egrettaintermedig appearto be non- migratory(TablelV, V).

Onthe other hand,only a fewspeciesvere observedwithin the strict projectright-of-way
duringthe inventories,namely:Vanellustectus, Bubulcusbis, Egrettaintermedia, Ardea
cinereaand Calidris minuta. These specigsresentalow conservation stake.

_- ‘\.70"‘

Figure70 - African Gallinula (Gallinula angulata) EL?:;EIT; - (Anastomus lameliigerusfrican
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Figure72 - Black Kite (Milvus migrans) Figure73- Sacred ibis (Threskiornis aethiopica)

Figure74 - Melanocephalic Heron (Ardee

melanocephala)

Figure75- Spurred LapwingVanellus
spinosus)

SourcePhotographs of the Artelia / CIRA field missie2016 2017

Overall,avifaunais rich and diversifiedand the Dalakaingond site offers potential habitatsfor many other
species,especiallymigratory ones. Accordingto local residents, migratory birds stay around and in the
pondsof the two villagesand the Dalakaingpond in particularduringthe period from Juneto Septembeiof
eachyear.

Bibliographicdata and surveysof villagerssuggestthat more than sixty speciesbelongingto 17 different
familiesarelikelyto frequentthe Dalakain@ond site Thisrichnessof bird life is explained by the geographic
locationof the studyarea,nearseveraimportant bird areas:

w Beween two wetlandsof internationalimportance,namelythe LakeChadbasinandthe Waza
Logonefloodplain(Fig.15);

w Inaddition, it borderstwo areasof Cameroonclassifiedas important sites for bird
conservatiorby Birdlife International(2001);

w It islocatedlessthan 14 km asthe crow flies from Cameroorand about 80 km south of Lake
Chad(alsoclassifiedasimportant for bird conservatiorby Birdlife International).



DJERMAYA SOLAR
DJERMAYA PHOTOVOLTAIC POWER PLANT PROJECT
ENVIRONMENTAL AND SOCIAL IMPACT ASSESSMENT (ESIA)
INTERIM REPORT, REV E

0 150 300

Kilométres

Source (ERE, September 2017

Figure76 - BirdlifelnternationamapofCamerooandChad2001)

3.2.2.2.5 Herpetofauna

Theinventory of amphibianshasidentified 2 specieswithin the Dalakaingpond. Thesetwo species
presentalow conservatiorstake.It shouldbe noted that in the dry seasonthe project@ right-of-way
areais completely abandonedby the amphibianswho take refuge in the wetter areas.Duringthe

wet season,a large part of the project@ right-of-way is flooded and thus becomesfavorable to

amphibiansThisobservationis allthe more visiblein the ditchesand canalshat crossthe area.

Table33- List of amphibians observed in the study area

Protection IUCN
R . ) CITES
Frenchnames Scientificnames Families status(List) Statu
. status
in Chad S
Toad Bufosp. Bufonidae N/A - -
- Pyxicephalusdulis Pyxicephalidae N/A N/A LC

Thelocalpopulationalsoconfirmsthe presenceof smallfrogsthat canbe heardespeciallyduring the

rainy season. Twapeciesare describedoy the usersof the pond

Thesewere the Ourdoudoufrog (ardjajain local language)and the jumping frog (achachain local
language) Songswere also heard during the visit in the wet seasonbut the correspondingspecies
couldnot be identified.

Regardingeptiles, three specieswere observed,includingone speciesof snakethat was seenon
severaloccasions, withimnd aroundthe projectright-of-way area,and twospecief lizards.

Thediscoveryof moults during the dry period tendsto confirm that the study areais frequentedall
yearroundby snakes.


http://amphibiaweb.org/lists/Pyxicephalidae.shtml
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Table34 - List of reptiles observed in the study area

Protection CITES IUCN
Frenchnames Scientificnames Families status(List) Statu
in Chad status
S
- Psammophiglegans Lamprophiidae N/A
agamasp Agamidae N/A
Common agama Agamaagama Agamidae N/A LC

Participatorysurveysof localvillagersidentified 14 other specieshat could potentially be
present, suchasvariousspecief monitor, shakesandvipers.Amongthesepotential species,
I O02mRI y OS

%

the spurredtortoise (Geochelonsulcatg is classifiedasévulnerable
IUCNprotection status(2017).

Figure77 - Pyxicephalus edulis, species common in wetlands on and Figure78- Snakenoltfoundinthe projectright-of-

around the project
way

Figure79- Common agamanearthe village Figure80- agama sp on theproject site

of Amsoukar

Source: Photographs of the Artelia / CIRA field missi@016 2017
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3.2.2.2.6 Fish

Theproject@strictright-of-waydoesnot includeanyaquaticenvironmentdikelyto supportfish
fauna. Onlythe Dalakaingond hassufficientwater levelsto support fishand otheraquatic
species.

Duringthe wet seasonsurveyssamplingwas conductedwith the help of local villagersto
identify the diversitywithin the pond.

Table35- List of fish identified in Dalakaina Pond

Protection CITES IUCN
Frenchnames Scientificnames Families status(List) Statu
. status

in Chad S
Tilapiaof the nile Oreochromisp. Cichlidae N/A N/A N/A
Catfish Clariasp. Claridae N/A N/A N/A
Catfish Protopterussp 1. Protopteridae N/A N/A N/A
Catfish Protopterussp 2. N/A N/A N/A

Atotal of four fish speciesvere inventoried. Thespeciednventoriedare oflow importanceand

are not consumedby the localpopulation.

Figure81- Tilapia

Figure82Catfish

Figure83- Silurus

Source: Photographs of the Artelia / CIRA field missi®016 2017
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3.2.2.2.7 Insects

Data collection on the site made it possible to observe a very abundant species of ant ddksdor
barbatusbelonging to the family Formicideae and the subfamily Myrmicineae.

This species is found on neregetated surfaces which correspond to the feeding areas of birds.
Indeed, the birds come to feed there, during the management of the reserve stocks of millich
represent the food of the ants.

. gn
Source: Photographs of the Artelia ERE 2017 field mission

Figure84 - Messor barbatus

3.2.2.3 SUMMAROFTHEETHN&Z OOLOGICAURVEYS

Ethnozoologicakurveyswere carriedout in the villagesof Amsoukarand Amkoundjoto obtain
additional information on the local fauna and flora (in addition to bibliographicdata and field
inventories)and tobetter understandthe relationshipsbetweenvillagersandlocalbiodiversity.

Thesesurveystook the form of individual interviews with 17 villagers and two participatory
meetings in eachof the two villages
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Themainfindingsare asfollows:

87% of the villagersinterviewed claim to consumeanimalsfor food and sociocultural
purposes,and that the majority come from the pondsin the abovementioned villages,
especiallythe Dalakaingond.

Thebirdscapturedin the villagesof Amsoukatand Amkoundjoare mainlyintendedfor self
consumptionandthe restfor socioculturalactivities,namelyhandicraftsandthe treatment
of certaindiseases.

60%o0f the villagersinterviewed claimedto know about the existenceof anurancapture
sites,while 40%claimedthe opposite.lt isimportant to note that localpopulationsdo not
consumeanurans asthey donot eatthem.

75%o0f villagerssurveyedsaidthat reptileswere important for food, 17%for trade andself
consumptionand8%for sociecultural activities.

allresidentsare fully awareof the existenceof the law protectinganimals.

Theuseof animals irthe studyareaby villagersis summarizedn the table below.

Table36 - Wildlife use by villagers according to ethrzoological surveyindings

Common Verrlr;?::lar Part/ Organ Importance:food / medicinal/ commercial/ other
name (Arabic)
, Consumptiorby Muslimsand Christians
Flesh(1) ., Treatmentof spinalpain
Varan Warak Greasq?2) . Manufactureof shoesand knife sheaths
Skin(3) . Treatmentof mycosiswith varanusfat
. Sale
- Usedto healinfectedwoundsandasamillet ut
Turtle 0Aboungada Carapace/ ensil (cup)
Flesh - Consumption
- Consumptiorby Christiansat the locallevel
Anurans éCocd - Treatmentof bloated belliesn children(05months to
(Frogsand SAnoure lyear) _ .
toads) - Treatmentof scorpionand snakebites
- Captureandsale
Guineafowl Egg - Treatmentof earache
Heron - ColdTreatment
Bird oHoubara - Treatmentof rheumatismand sexualityproblems
Sacred lbis Feathers - Makingof the fans
Bird GAmzazout Faeces - Treatmentof mumpsandboils
Lycaon - Treatmentof backandear pain
Selgsthon Bile - Treatmentof earache
Spinabones
Snake ¢Ambourloung andcarcass - Treatmentof bodyinflammations
Catfish Catfishgrease - Treatmentof headachedy massage

3.2.2.4 SUMMARYFISSUES

Thetwo field campaignsgonductedin dry andwet periods, highlighthe following points:
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The habitats affected by the project right-of-way are highly impacted by anthropogenic
activitiesand are consideredmodified.

No protected plant speciesand/or conservation concerspecieswere inventoried during
the field surveys.

The habitats with the highest stakes correspondto the Dalakainapond and the wet
vegetation associatedwith it. Thesehabitats are refuge and hunting areasfor reptiles,
breeding areasfor amphibians,resting and feeding areasfor birds (and even breeding
areasfor somespecies).

Theremnantsof the acaciadominatedwoodlandon the peripheryof the pond alsoserve
ashabitatfor somebirds.

Within the strict right-of-way of the project, wildlife issuesarelow dueto the useof the land
for agriculturalactivities(grazingand seasonafarming).

Ethnozoologicalsurveysshow that there is still a strong link between the habits and
customsof the villagersandthe localbiodiversity. Theevolutionof environmentalprotection
regulationstendsto modify this observation.

Thepotentialin termsof habitatsandfloristic diversityvariesvery stronglybetweenthe dry
andwet seasonssoit is possible tadentify three distinctzones:

The open environments which concernthe essentialpart of the project® right-of-way
zone.Theyare dominatedby herbaceous/egetationthat presentsalow conservation concern
becauseof its relatively degradedstate. It is usedas a feedingareafor livestockand in
someplaces as a cultivation area, and becauseof the human presence,it presentslittle
interest for fauna,at mosta placeof transit for largefauna(hyenasand smallcanids for
exampleland of temporarypresence focertainreptiles.

Thetemporarily flooded transition zonearound the Dalakainapond, locatedoutside the
project@ right-of-way and which changesaccordingto the season,and which therefore
presentsa moderate stake. It has little or no vegetationin the dry period but can be
frequented by numerousspeciesin the high water period and used for human activities
(mainlycrops).

The Dalakainapond, locatedoutsidethe projectright-of-way, is in water for a large part of
the yearand canserveasa habitat for many groups(breedingfor amphibianswintering,
restingand feedingfor birds, hunting for reptiles and certainmammals for example),but
alsoasawateringareafor livestockandanirrigation areafor localagriculture.

Note:Inthe IFCPerformanceStandard dConservatiomf Biodiversityand Sustainabléanagement of
LivingNaturalResourcesnatural habitatsare classifiedcasmodified, natural or critical.

Alteredhabitatsare areasthat maycontaina largeproportion of exoticanimaland/or plant

speciesand/or where human activity has significantly altered the primary ecological
functions and speciescomposition. Modified habitats may include areas developed for

agriculture, plantationscoastal areaseclaimedfrom the sea,and areasreclaimed from
wetlands.

Natural habitats are composedof viable assemblagesf plant and/or animal speciesthat
are largely native and/or whose primary ecologicalfunctions and speciescompositions
havenot beenfundamentallyaltered by humanactivity.
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Critical habitats are areas of high biodiversity value, including habitats of critical
importance for criticallyendangeredand/or endangeredspeciesareasof highimportance
for endemic and/or restricted distribution species;areasof high importancecontaining
significant international concentrationsof migratory and/or unique species;critically
threatened and/or unique ecosystems;and/or areas that are associatedwith key
evolutionaryprocesses

Bytransposingthis habitat classificatiorto the habitats encounteredin the project right-of-way,
the open savannah habitats (mostly herbaceous)as well as the temporarily flooded
environments (transition zone)anbe consideredas modified habitats,due to the stronglocal
pressureof human activities.

The wetland, without constituting a habitat of major interest and/or sheltering rare or
threatened species,still constitutes an area regularly frequented by wildlife and continues
to provide the ecologicakonditionsessentiako the localsurvivalof manyspeciesin this sense
it isconsidereda natural habitat
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Figure86 - Synthetienapoftheissuesntermsofnaturahabitatswvithintheprojectright-of- wayanditsimmediatesurroundings
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In summary, it can be noted that ngorotected plant speciesand/or conservation concerrspecies
have been inventoried at the project site and that wildlife issuesare limited. The habitats
encounteredare classifiedasmodified and do not presentany particular issue

The wetland locatedto the west,and southwestof the project arearepresentsa local biodiversity
issue dueto therelatively desertlike conditions of the area,especiallyduring the dry seasonThe
issueshouldbeput into perspectivef the siteis placedin its regional context,consideringthe large
number of similar environments presentin the Chari watershed.

3.2.3. Initial state of pollution

The presenceof pollution inthe soil and water (surfaceand underground)was investigated
duringa field samplingcampaignThesamplesvere then sentto aninternationalaccredited
laboratoryfor analysisin-situwater quality andnoisemeasurementsvere alsoperformed.

3.2.3.1. AIR QUALITY

Dueto the proximity of the nationalroad locatedto the eastof the site, the air quality of
the site is impactedby emissionglueto heavytraffic.

TheDjermayaefinerylocatedabout 7 km north-eastof the site isalso thesourceof emissions
that degradethe air quality of the region.

The air quality of the areais therefore consideredto be degraded

3.2.3.2. SOUNIENVIRONMENT AND VIBRATIONS

Thesite is locatedlessthan 500 meterswest of the road linkingN®jamenato Djermaya.This
road isverybusywith manytypesof vehicleslt isusedin particularby manytrucksservingthe
Djermayarefinery.In addition,with the proposedconstructionof a new slaughterhousaear
the project area, and more generally,the potential industrializationof the area, this road
would be increasingljpusy.

Thissustainedroadtraffic causedocalizednoisenuisancealongthe route of the road.

Noisemeasurementswvere made during the day in the project areato get an overview of the
dominant noisesourcesat the variousstationslocatedon the map below.
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Figure87 - carte de localisation des stations de mesures de bruit

Table37 - Findingsof noisespotmeasurements

MEASURING POINT GP%;Z:BATES SOL(JS';’(%L;ME DOMINANT NOISE CODOMINANT NOISE
Longitude:
Outlineof the pond 15°150.84 55,4 Wind Birdcalls
Latitude:
12°2184.48&
Longitude:
Bollard n°searthe 15°223.15% 43,4 Wind -
pond Latitude:
12°220.31
. Longitude:
e oA, |  15°280.07% 52 Wind Passagef
SouKar Latitude: vehicles
12°2145.453%

Thenoisemeasurementsheetsare presentedin Appendix6.

Thespot measurementsare indicativecontraryto the measurement®on periodsof 24 hours reflecting
more the reality of the soundactivity of the site. However,these measurementsallow usto havean
estimate of the soundenvironment.Thisdinitial state¢ will makeit possibleto estimatethe impactof
the noiseproduced bythe future installations.
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The measurementscarried out makeit possibleto identify different noise sourcesdependingon the
location. Noiseis mainly due to wind and birds near the pond, and mainly due to wind and passing
vehiclesnear theroad borderingthe site to the east.

Thereare no regulatorythresholdsfor noisein Chad.lt is therefore proposedto comparethe ambient
noisevalueswith the indicativevaluespresentedin the followingfigure.
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105 dB Concert/ Discotheque

90 dB
Seuil de danger !l: 95dB Klaxon
G|

Seuil de la douteur
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70dB Salle de classe
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40 dB Salle de séjour
:[, 30dB Chambre a coucher

Vent leger
. 0dB
Seuil d"audibilité

tchulle des bruits - Echulle du brot (un dB)

v

SOURCE: http://www.ecoresponsabilite.ademe.fr/

Figure88 - Noise scale

With values recorded reaching a maximum of 55.4 dB (A) near the road,avolsient temperature in the area is considered low.

1 SOILS
W Methodology

The purpose of soil quality analyzes is to establishiaitial state of the area on which the power
station will be built and to assess existing pollution.

During the field campaign, 3 soil samples were taken at several locations. Generally, samples were
taken from the surface (between 10 and 100 aweep) using a shovel and a trowel.

The analysis programonductedby the ALcontrol laboratory is detailed below:
Heavy metals (As, Cu, Zn, Cd, Pb, Cr, Hg, Ni).
@ Volatile Organic Compounds (VOC)

Polycyclic aromatic hydrocarbons (PAHS)

@ Volatile OrganidHalogenatedCompoundgqVOCS).
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@ Total hydrocarbons (HCT CGL{0).

Thetable belowliststhe locationsof eachsoilsamplingpoint.

Table38 - Locatiorof soilsamples

SAMPLEAME LOCATION GPSOORDINATES
Bank ofthe pond_Dalakaina Edgeof the pond 33P 0503347 1366930

Pipeline_Pipelingunction point Pipelineweld point 33P0503906 1366125
Cropplot_fields Cropplot 33P05037551366148

Thefollowing mapshowsthe location of the samplingpoints.

Figure89 - Location map of soil sampling stations

Thesamplesheetsare presentedin Appendix6.

w Findings

A summaryof the findingsis presentedin the table below (the Al Controllaboratoryanalysigeport is
providedin AppendixJ.

Inthe absence ofegulatoryvaluesin Chadthe findingswere comparedto Dutch regulatorywalues
(DutchlinterventionValues- RehabilitationCirculardes sols 2009, Ministry of Housing, Urban Planning
and the Environment, General Directorate of Environmental Protection) usually used in an
international context.
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Meaningof ctarget valuee and dinterventionvalue

Targetvalue: the target valueprovidesa referenceindicationin terms of soil quality. Thesevalues are
thresholdsfrom whichpreventiveactionscan beimplemented.

Intervention value: valuesexceedingthe thresholdsand requiring an immediate intervention of
depollution and rehabilitation concerningthe quality of the soils (important pollution requiring
sanitary emergency measures). These high concentrations indicate that the quality of the
soil may be detrimental to humans,faunaandflora.

SEUILS DE LA REGLEMENTATION HOLLANDAISE

Valeurs cibles

=ty
B

Valeurs fournissent les seuils & partir desquels
des actions de prévention peuvent étre engagées

Concentration en polluant

Valeurs dont le dépassement nécessite un assinissement d'urgence

Figure90 - Limitvalues undetheDutchregulation

THEEGEND

LEGEND

Valiluebelowthe limit of quantification

Parameter detected bubelowtargetvaluethreshold

Valuebetweenthe targetvalueandthe interventionlimit value

g Valueabovethe interventionlimit

Table39- Soll test results

Samplingstation
Parameter Unit CASNO. Uncertaint Limit of
y (%) guantification
Bankof the Pipeline_Pipeline
pond_Dalakaina | junctionpoint plc
Metals
| arsenic ma/ka DM 7440382 18 <1 2 1.6
cadmium mg/kgDM 7440439 20 <0,2 <0,2 <0,2
chrome mg/kgDM 744047-3 25 <1 45 38
copper mg/kgDM 744050-8 28 <1 27 16
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mercury mg/kgDM 743997-6 20 <0,05 <0,05 <0,05
lead mg/kgDM 743992-1 20 <10 14 12

nickel mg/kgDM 744002-0 23 <1 23 21

zinc mg/kg DM 744066-6 14 <10 58 48

VOCS
benzene uo/l 71-43-2 20 <0,05 <0,05 <0,05
toluene ug/l 10888-3 19 <0,05 <0,05 <0,05
ethylbenzene po/l 10041-4 23 <0,05 <0,05 <0,05
orthoxylene ug/l 95-47-6 25 <0,05 <0,05 <0,05
para andmetaxylene pg/l 179601231 30 <0,05 <0,05 <0,05
xylenes po/l - 30 <0,05 <0,10 <0,10
TotalBTEX po/l - 30 <0,2 <0,25 <0,25
PAHS
naphthalene ma/kgDM 91-20-3 33 <0,02 <0,02 <0,02
acenaphthylene mg/kgDM 20896-8 33 <0,02 <0,02 <0,02
acenaphthene mg/kgDM 83-32-9 33 <0,02 <0,02 <0,02
fluorene mg/kg DM 86-737 20 <0,02 <0,02 <0,02
phenanthrene mg/kgDM 8501-8 20 <0,02 <0,02 <0,02
anthracene mg/kgDM 120-12-7 20 <0,02 <0,02 <0,02
fluoranthene mg/kg DM 206-44-0 20 <0,02 <0,02 <0,02
pyrene mg/kgDM 129000 20 <0,02 <0,02 <0,02
benzo(a)anthracene mg/kgDM 56-55-3 13 <0,02 <0,02 <0,02
chrysene mg/kgDM 218019 13 <0,02 <0,02 <0,02
benzo(b)fluoranthene mg/kgDM 205992 13 <0,02 <0,02 <0,02
benzo(k)fluoranthene mg/kgDM 207089 13 <0,02 <0,02 <0,02
benzo(a)pyrene mg/kgDM 50-32-8 13 <0,02 <0,02 <0,02
dibenzo(ah)anthracene mg/kgDM 53703 17 <0,02 <0,02 <0,02
benzo(ghi)perylene mg/kgDM 191-24-2 17 <0,02 <0,02 <0,02
indeno(1,2,3cd)pyrene mg/kgDM 193395 17 <0,02 <0,02 <0,02
Sumof PAHY10)VROM mg/kgDM - 21 <0,2 <0,20 <0,20
Sumof PAHY16)- EPA mg/kgDM - 21 <0,32 <0,32 <0,32
VOC

1,2-dichloroethane ma/kgDM 107-06-2 24 <0,03 <0,03 <0,03
1,1-dichloroethene mg/kgDM 75354 31 <0,05 <0,05 <0,05
cis1,2-dichloroethene mg/kgDM 156:59-2 14 <0,03 <0,03 <0,03
trans-1,2-dichloroethylene mg/kgDM 156-60-5 18 <0,02 <0,02 <0,02
dichloromethane mg/kgDM 75092 18 <0,02 <0,02 <0,02
1,2dichloropropane mg/kgDM 78-87-5 16 <0,03 <0,03 <0,03
1,3dichloropropene mg/kgDM 542756 33 <0,1 <0,10 <0,10
tetrachloroethylene mg/kgDM 127-18-4 27 <0,02 <0,02 <0,02
tetrachloromethane mg/kgDM 56-23-5 31 <0,02 <0,02 <0,02
1,1, Ltrichloroethane mg/kgDM 71-55-6 25 <0,02 <0,02 <0,02
trichloroethylene mg/kgDM 7901-6 20 <0,02 <0,02 <0,02
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chloroform mg/kgDM 67-66-3 14 <0,02 <0,02 <0,02
vinylchloride mg/kgDM 7501-4 62 <0,02 <0,02 <0,02
hexachlorobutadiene mg/kgDM 87-68-3 24 <0,1 <0,1 <0,1
bromoform mg/kg DM 75252 33 <0,05 <0,05 <0,05
HCT

fraction C16C12 mg/kgDM - 28 <5 <5 <5
fraction C12C16 mg/kgDM - 28 <5 <5 <5
fraction C16C21 mg/kgDM - 28 <5 <5 <5
C21CA40fraction mg/kgDM - 28 <5 <5 <5
total hydrocarbonsC10C40 mg/kg DM ) 28 <20 <20 <20

Interpretation of resultsfrom laboratoryanalysiof soilsamples:

Theresultsof the laboratoryanalyseof the soil samplesvere comparedwith the Dutch
standards. Thevariousparametersare commentedbelow:

w Heavy metals including arsenic,chromium, copper, lead, nickel and zinc were
found in eachsoil sample.However,the concentrationsare all below the target
valueswith the exceptionof copperfor the sampletakenfrom the cropplot which
very slightly exceedshis target value. These concentrationsare likely natural
(geochemicabackgroundlandthe projectsite canbe consideregbollutionfree for
theseparameters.

w NoVOCswverequantifiedin any ofthe samples.
® NoPAHswere quantifiedin any ofthe samples.
w NoVOCswvere quantifiedin any ofthe samples.
w Nototal hydrocarbonswere quantifiedin any ofthe samples.

The soil samplegaken showno trace of contamination.

1 SURFACE WATERS

w Methodology

Thepurposeof the surfacewater quality analysessto establishaninitial state ofthe areaon
which the power plantwill be built and toevaluatethe existingpollution.

Duringthe field campaign2 surfacewater sampleswere takenat severallocations.In
addition, in- situ analysegpH,conductivity,temperature)were performedbefore sampling
for eachsample.

Theanalysigprogramcarriedout by the ALcontrollaboratoryis detailedbelow:
w heavymetals(As, CuzZn,Cd,Pb,Cr,Hg,Ni);

w VOCS;

w 16 PAHS;
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w HCTC1G6C40.

Thetable belowliststhe locationsof eachsurfacewater withdrawal point.

Table40 - Locationof SurfaceVater Withdrawals

SAMPLEIAME LOCATION GPSCOORDINATES
Dalakaina Edgeof the pond 33P 0503347 1366930
Collector(zone2) At the collector level 33P 0503630 1366796

Thefollowing mapshowsthe locationof the samplingpoints.
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Figured1- Locationmgp ofwater sapling stations

W Reauits

Theresuitsof thepontmeasuramentarepreseniedhthe igboielelow.

Tabied1 - ResulisfinsitusurfacsvaiermessuraTents

AREARVEASREVENT | PH CONDLCTMITY TEMPERATURE
Dalkaira 634 003 263C
Colleciozone) 631 028 0IC
Tarmperatiurearenigdueto the cimeate ofhe studyarea.

Asummanof the resuitsis presentedn the tablebelowv(the analysiseport fram the Al Conitrol labooratioryisirovickel in Apgpendix?.
IntheabsenoefreguiaionvaluesnCnedneresulsverecanparedd tivo sourcesfaualityiimit values:

w ThaAHQImkingheterqualitylimits (4thedition,2011), whidprovideagilitativeview for humaroonsunpion.

o Tl i e R ib2013) whid queliyfor v .

theervrommant
Tabied2-Results of surface weter analyses
. N Samples m%o dirkig O’Im
AL b Gl y(%) q.ﬂlil'[aﬂ' I Natural Collector %{%ﬂj& Hmenm
Mare (pond ! 2e
dalakaina_Dalakaina tributary)_Zone2 A%z?]%')"e
Metals
| Arsenic Lo 7443332 15 <5 <5 <5 10 5
Cadmium gl 744439 15 <02 <020 <020 3 009
Chare Ve 144473 10 <1 <1 <1 0 -
Capper v/ 7443608 10 < 23 8,4 2000 -
Merauy Ve 1433076 2 <0®H <0®B 50109 6 (0107%3)
Lead Vo) 7433021 12 <2 <20 <20 10 -
Nidel Ve 7440020 12 3 3 6,5 70 -
Zic Vo) 7440066 15 <10 <10 <10 3000* D
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VOCS
berzere gl 71432 20 02 02 02
Duere gl 108383 19 02 02 02 70
ehyberzere gl 105414 2 02 02 02 -
arthoxylene gl BA76 5 01 01 01
paraandeaxylene Lol 17960031 D <02 <02 <02
Xyleres gl - 0 03 03 <03
ToBBTEX gl 0 Sl Sl <

PAHS
nechihekere Lo/l 91203 13 01 <01 01
acergphhylere gl 208968 19 01 01 01
acengohihere Lo 83329 18 <01 <01 <01
fluoere gl 86737 15 <006 <006 <006
pherentrene g 86018 24 0@ 02 0
arhracere gl 126127 20 0@ 0@ 0
fluoranthere gl 206440 21 02 02 0@
pfere gl 129000 21 02 0@ 0
berzo@)aniracere gl 56563 15 0@ 0@ 0
chysere g 218019 5 002 =7 002
benzo)iuoranthere gl 206992 19 02 02 =7
benzoforanihene g 207089 20 <001 <001 <001
berro@)pyrere gl 50328 2 <001 <001 <001
doermohaneoee | o 53703 21 0@ 02 0@
benzo(ghiperylene gl 191242 17 02 0@ 0@
incero(12:3d)pyrere ol 193395 17 <02 <002 0@
SUOEAI0) L 19 <03 <03 <03

P

S EATRIOr L 19 <06 <06 <06

HCT
fracion C1€T12 Lol €3 S5 S S5 120
fraction C1Z°16 Vo) 3] S5 5 5 13
fracion C1&21 Vo) 9] S5 5 5 -
C2CAraction Lo » S5 5 5

LEGEND
< Valdoebonthe imit of quentification
Vabesbovehelimitsor theproectionof aq atidife (Careck)
I Vaushoarelimisiororinkinghaer (WHO)

*

Irditaliveraberelaiedl?taste anisbledeterorationofweter (not
relatedio healthiactors

*k

Chronieposurglongienm)
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Interpretation of laboratory results of water analyses:

2 parameterswere quantifiedin the samples:

A Copperin both samplesjn concentrationsof the order of the limit of quantification,well
below the limits setby the WHO(factor 1000for the Dalakaingpond andfactor 250for the
natural collector).

A Nickel for the sample of the natural collector, in concentrationlower by a factor of
10 comparedto the limit valuefixed by the WHO.

For?2 parameterscadmiumand mercury,the laboratory@ limits of quantificationare too highand
do not allow comparisonof sample concentrationsto Canadiancriteria for the protection of
freshwater aquaticlife. Theseboxesare therefore coloredyellowto markthis uncertainty.

The surfacewater samples collecteddonotshowno evidenceof contamination.

l GROUNDWATER

w Methodology

Thepurpose ofthe groundwaterquality analysessto establishaninitial state of the areaon which
the power plantwill be built and toasses&xistingpollution.

Duringthe field campaign,one groundwatersamplewastaken. It was not possibleto carry
out additionalsamplingbecauseof the absenceof other samplingstructures(wells)in the project
area.

Theanalysigprogramcarriedout by the ALcontrollaboratoryis detailedbelow:
w heavymetals(As, CuzZn,Cd,Pb,Cr,Hg,Ni)
w VOCS;
w 16 PAHS;
HCTC106C40.

Thelocationof the samplingpoint is shown inFig 91. The

samplingform is attachedin Appendix6.

) Findings
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A summaryof the findingsis presentedin the table below (the Al Controllaboratoryanalysis
report isprovidedin Appendixj.

Inthe absenceof regulatoryvaluesin Chad the findingswere comparedto Dutchregulatoryvalues
(Dutch Intervention Values - Soil Remediation Circular 2009, Ministry of Housing, Urban
Developmentandthe Environment, Directorat&eneralof Environmental Protection).

Meaningof dtarget valuet and dinterventionvalue

Targetvalue: the target valueprovidesa referenceindicationin terms of soil quality. Thesevalues
arethresholdsindicatingwhen preventiveactionscanbe implemented.

Intervention value: valuesexceedingthe thresholdsand requiring an immediate intervention of
depollution and rehabilitation concerningthe quality of soils (important pollution requiring

emergency sanitary measures).These high concentrationsindicate that the quality of the
groundwatermaybe detrimentalto humans faunaandflora.

SEUILS DE LA REGLEMENTATION HOLLANDAISE

Valeurs cibles —

Concentration en polluant

Valeurs fournissent les seuils & partir desquels
des actions de prévention peuvent étre engagées ¢

Values whose exceedance requires emergapayediation
|

Figure92 - Limit valuesunderthe Dutch regulation

In addition, the findingswere also comparedto the WHOIimit valuesfor drinking water quality
(4th edition,2011),in additionto the values establishetly the Dutchregulations.
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Table43 - Result®f groundwateranalyses

Sampling Dutch
Uncertaint Limit of station va
PRram e i CASNE: y (%) quantification
TDC Target
Amsoukar_PMH value
Metals |
arsenic pa/l 7440382 15 <5 <5 7,2 |
cadmium pa/l 7440439 15 <0,2 <0,20 0,06
chrome pa/l 744047-3 10 <1 <1 2,5
copper pa/l 744050-8 10 <2 <2,0 1,3
mercury pa/l 743997-6 29 <0,05 <0,05 0,01
lead pa/l 743992-1 12 <2 <2,0 1,7
nickel pa/l 744002-0 12 <3 <3 2,1
zinc pa/l 744066-6 15 <10 <10 24
vocs |
benzene pa/l 71-43-2 20 <0,2 <0,2 0,2 |
toluene pa/l 108-88-3 19 <0,2 <0,2
ethylbenzene pa/l 100414 23 <0,2 <0,2
orthoxylene pa/l 95-47-6 25 <0,1 <0,1 -
para and metaxylene pa/l 17960% 30 <0,2 <0,2 -
231
xylenes pa/l - 30 <0,3 <0,30 0,2
TotalBTEX pa/l - 30 <1 <1 -
PAHS
naphthalene g/l | 91203 13 <0,1 <0.1 001
acenaphthylene pa/l 20896-8 19 <0,1 <0,1 -
acenaphthene pa/l 83329 18 <0,1 <0,1 -
fluorene pa/l 86-73-7 15 <0,05 <0,05 -
phenanthrene pa/l 8501-8 24 <0,02 <0,02 0,003
anthracene pa/l 120-12-7 20 <0,02 <0,02 0,0007
fluoranthene pa/l 206440 21 <0,02 <0,02 0,003
pyrene pa/l 129000 21 <0,02 <0,02 -
benzo(a)anthracene pg/l 56-55-3 15 <0,02 <0,02 0,0001
chrysene pa/l 218019 25 <0,02 <0,02 0,03
benzo(b)fluoranthene pa/l 20599-2 19 <0,02 <0,02 -
benzo(k)fluoranthene pa/l 207-08-9 20 <0,01 <0,01 0,0004
benzo(a)pyrene pg/l 50-32-8 22 <0,01 <0,01 0,0005
dibenzo(ah)anthracene pa/l 53703 21 <0,02 <0,02 -
benzo(ghi)perylene pg/l 191-24-2 17 <0,02 <0,02 0,0003
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indeno(1,2,3cd)pyrene pg/l 193395 17 <0,02 <0,02 0,0004
Sumof PAH{10)VROM pa/l - 19 <0,3 <0,3 -
Sumof PAHY16)- EPA ug/l - 19 <0,57 <0,57 -

HC |
fractionC10C12 pa/l - 36 <5 <5 -
fractionC12C16 pg/l - 36 <5 <5 -
fractionC16C21 pg/l - 36 <5 <5 -
C21C40 fraction pg/l - 36 <5 <5 -
total hydrocarbonsC1G C40 ug/ i 36 <20 <20 50

LEGEND
< Valuebelowthe limit of quantification

Parameterdetectedbut below target value threshold

Valuebetweenthe target valueand theintervention limit value

Valueabove theinterventionlimit
* Valuehigherthan theWHOvalues

Interpretation of laboratory results of water analyses:

Theresultsof the analysesarried outby the ALcontrollaboratoryfor the groundwater
samplewere compared withthe variouslimit valuespresentedin Table43 .

Forgroundwater,no parameterwasquantifiedin the laboratory.All the analyses
presentedfindings lowerthanthe limits of quantification.

It is noted that for groundwater,the laboratorylimits of quantificationfor manyparameters
(metals, PAHsand xylene) are too high and do not allow comparison of sample
concentrationswith Dutch target values.Theseboxesare thus coloredin yellow to mark
this uncertainty. Thisuncertaintyis neverthelessto be put into perspective,becausethe

action limits, valueswhose exceedancds indicativeof pollution, are well abovethe limits

of quantificationfor all these parameters.Onecan thus consider thathe analyzedsample
doesnot presentanytrace of contamination.

The groundwater samplecollectedshowsno evidenceof contamination.

1 SUMMARY

At the end ofthe field mission the conclusiongoncerninghe current state ofthe pollution
onthe siteare
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The measurednoiselevelsare relatively low and haveallowed the identification of
the main noisesourcesin the perimeter and in the vicinity of the site.

No contamination of the site soilshasbeenidentified.

No surface watercontamination of the site hasbeenidentified.

N Aarninindwatar cantaminatinn nf tha cita hachaanidantifiad

2. Risks
q NATURAL
w Seismic

No dataregardingseismiaiskin the studyareacouldbe found. Howeverit appearshat
Chadis not knownto bea highseismicityarea.

() Flooding

The site is locatedin the flood zone of the ChariBaguirmi,which is characterizedoy two
phenomena:the overflow of the Chariand the accumulationof surfacewater in the natural
depression®f the watershed Thesdwo phenomenaarereinforcedbythe heavyrainfallthat
canfall onthe areaduring the rainy seasonandthe impermeabilityof the siteQ@ soils,which
favorsthe riskof flooding.

A. Riskof flooding by overflow of the ChariRiver

TheChariRiverhasalreadyrecordedfloods, especiallyn the neighborhoodsof NDjamena.
The largest knownflood datesbackto 19471948 with a peakflow of nearly 4,000™3sin
NDjamena.

On the other hand, at the project site, the risk of flooding by overflow of the Charican be
excluded. As confirmed by the Hydratechydrologicalreport (Hydratec,2016),the presenceof
natural barriers of atopographicalnature (seeFig.93 betweenthe bedof the Chariandthe project
site (14km apart) allowsusto affirm that the riskis zera
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SOURCE: (Hydrate2)16)

Figure93 - TopographiprofilebetweertheCharRiveandtheprojectsite

B. Riskof flooding by surfaceaccumulation

Dueto the topographicconfigurationof the site and the nature of the soil, surfacewater
accumulation phenomenamay occur. Indeed, the wetland forms a water reservoir that
can reach about fifty hectares.

Accordingto the Hydratechydrologicalreport (Hydratec,2016)the flooding causedby the
accumulatiorof surfacewater canreachthe elevationof 293.5m knowingthat the altitude of
the site variesbetween291.83and295.09m. Theriskof floodingon the projectright-of-way
areaistherefore proven.

W Soilerosion

The soilspresentin the project areaare sedimentaryin nature and formed from very fine
particles, notablyclay.Thiscompositioninducesa particularmechanicabehaviorof the soill,
characterizedy astrongcompactnessanda strongcapacityof withdrawaland swelling.

Thistype of soil is particularly sensitiveto erosionbecauseof the finenessof the particles
that can be easilycarriedawayby wind, runoff, but alsoby the creationof ponds.Therisk
of soilerosionon the projectsite istherefore proven.

Two natural risks are identified for the site,arisk of flooding by surfaceaccumulationand a
risk of soil erosion.

1 TECHNOLOGIES

W TheDjermayarefinery

TheDjermayarefinery is located approximately7.5 km northeastof the DjermayaPVplant
site. This industrial complex may present risks due to the nature of its activities and
industrial processes.However the distanceseparatinghe site from the refineryis sufficient
for the site not to be affected by the direct effectsof the installation.

() Roadtransport

Thenationalroadlinkingthe capitalN®Djamenao the villageof Djermayaunseastof the solar
power plantsite. The roads located,for its closestportion, at 450m from the projectsite.

Thisroad is very busy sinceit is used by many carriers makingthe connectionbetween
the capitaland Djermaya,includinga large number of trucks from the Djermayarefinery
that make deliveriesof fuel oil.

Thereare manydifferent typesof users:
w trucks,especiallytankersdeliveringfuel oil from the refineryto the power plant;
w cars;

® two-wheelers(bicyclesmotorcycles, mopedtc.);
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w pedestrians
w livestock

w eftc.

The varioupicturesbelowillustrate thesedifferent users

ission

Figure94 - DifferenttypesofuseroftheroadinkingN®jamendo Djermaya

Thisroadis particularlyhazardousandwill haveto be consideredasa sensitiveelement
duringthe deliveriesof material.

3.2.4.3. TOXICOLOGICAL

Notoxicologicahazardghat couldaffect thesite havebeenidentified.
3.2.5. Humanrenvironment

3.2.5.1. STUDYREA

Asshownon the map below, the project is locatedin the provinceof HadjerLamis,in the
department of HarazeAl Biar and in the sub-prefecture of N@jamenaFara,about 30 km
north of the capital N®jamena.lt is locatedin a rural area,bordered on the east by the

paved national road linking N®@jamenato LakeChadand Massaguetind onthe westby a
pond calledDalakaina.
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Figure95 - Administrativelivisiorinthevicinityoftheprojectarea

Theprojectstudyarea, forthe humanenvironment, coverswo elements:

The site® location zone,which correspondgo the projectQ direct impact zone In
this zone,no villagesor dwellingsare located,with the exceptionof Fulaninomadic
campsthat settle there temporarilyfor veryshort periods.

Thezonelocatedwithin a 5 km radiusof the project site, which correspondgo the
zoneof indirectimpact Inthis zoneare6 localities, representedn the mapbelow.

A mediumsizedcommunity,Djermaya, locate@bout4 kmnortheastof the project
area, neathe Djermayarefinery

5 smallvillages: Am Soukar, the closest hamlet to the project area (less than 1 km);
Douguinaga, located less than 2 km east of the project area; Am Koundjo, about 3
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km north of the project area fothe outskirts of Djermaya); Délékéna, about 2 km
southwest of the area; Kilmé, about 4 km south of the area.

Several seasonahmpsare alsolocatedin this area,whichisveryfrequentedduring
the dry season byariousChadiamomadicgroups.
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Figure96 - Map of villages and major public and private infrastructure in the study area
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3.2.5.2.METHODOLOGY

The study and characterizationof the human environmentwere carried out from a collection and
analysisof bibliographicdata and a field missionthat allowed for in-depth sociceconomic surveys

Theobjectivesof the field missionwere:
identify all humanactivities inthe projectarea;
collectsocioeconomicdata fromlocalstakeholders;

to carryout, in the villagessurroundingthe project area,investigationactivitiesto better
understandthe socieeconomiccontextin whichthe populationslive;

assessthe sociceconomicissuesthat will require special attention in managingthe
impactsof the project.

All of the data collectedin the field has been incorporatedinto this impact assessmentin addition,
missionsconductedas part of the LivelihoodsRestorationPlan (LRP)Yrom January10-26, 2017 and
October9-19, 2017 supplementedsomeof the previouslycollecteddata.

3.2.5.3. GOVERNANCE

3.2.5.3.1. Administrativeorganization

In accordancewith the Constitution promulgated on May 4, 2018,11 Chad is organized into
decentralizedautonomouscommunitiesunder the supervisionof the State but with administrative,
financial, property and economic autonomy. Theseauthorities are organizedas follows: provinces,
departmentscommunesandrural communities Thechieftownsof the provincesdepartmentsand sub-
prefectureshavethe statusof communesThereare therefore no communesn the studyarea.

The decentralizedautonomous communities have competencied 2 in land use planning, economic,
sociceducational, health, cultural and scientific development, as well as in the protection and
enhancemenbf the environment.

More precisely, thecompetencedetweenthe 4 levelsof decentralization aralistributed asfollows:

w Province:designand planningof the State® economicand socialaction, monitoring and
evaluation of the regional development plan in consultation with the Departments,
Communesndrural communities.

w Departmentparticipationin the developmeniandimplementationof the provincialanduse
plan.

® Commune:elaborationand executionof communalinvestmentplansand intermunicipal
development charters.

11 And Act N.10-019 of October 13, 2010 determining the fundamentalprinciples of the administrative organization of
the territory of the Republicof Chad.

12 Transferredby Act N.06-033 of December11, 2006 on the distribution of competencesbetweenthe State and

the decentralizedterritorial authorities and completed by Act N.00-002 of February16, 2000 on the Statutesof the
decentralizedterritorial authorities
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w Ruralcommunity:elaborationandexecutionof alocalprogramof economic social health,
culturalandscientificdevelopment.

Thenational governmenstate is represented in these communities by administrative umiisich are
decentralizedentities of the central government. Theseunits are the provinces,departments and
communes. Thefunctionsof theseunits are asfollows12

w Provinceaframeworkfor the representatiorof the Statein the decentralizedocalauthority
at the provinciallevel. It isthe higherleveladministrativeunit at the direct disposabf the
central power where the public authority of conception, coordination, animation and
control of deconcentratedoublicserviceds exercised.

w Department: administrativeunit where the public authority of coordination, animation
and managemenis exercised.

® Communeadministrativeunit of managementlt is theframeworkof representatiorof the
State tothe Communesandthe RuralCommunities

As 0f2018, thecountryhastwenty-three (23)provinces, ondwundredandseven(107)departments and
three hundredandseventyseven(377)communes.

The province of HadjerLamisis divided into 3 departmentsand 9 sub-prefecturespresentedin the
table below.

Table44 - Administrative organization of the province of Hadjgramis

DEPARTMENT HEADQUARTERS COMMUNES
Dababa Bokoro Bokoro, GamaMoito

Dagana Massakory Karal,MassakoryTourba
HarazeAl Biar Massaguet Mani, MassaguetNDjamenaFara

Theprojectis locatedin the sub-prefecture of NDjamenaFara.lt is surroundedby rural communities
groupedinto villagesand hamletsthat are managedn a customarymanner,under the supervision of
a hereditaryvillagechief.

3.2.5.3.2. Localpublic governance

The local public authorities with significant influence in the study area are divided between
deconcentratecanddecentralized authorities.

The deconcentratedauthorities are the ProvincialGovernor,the Prefectand the SubPrefect. Their
attributions, defined in decree NO1-154 of March 15, 2001 on the attribution of the Heads of
administrativeunits, are the following:

w TheProvincialGovernorplacedunderthe hierarchicatontrol of the Ministry of the Interior,
Security and Decentralization,the Provincial Governor is the representative of the
Governmentwithin the limits of hisor her constituencylUnderthe supervisiorof the Prime
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Minister and under the control of the Ministers, the Governorensuresthe coordination
of all publicservicedn hisdistrict.

12 Asdefinedin Act N.160190f October13, 2010,which determinesthe fundamentalprinciplesof the administrative
organizatiorof the territory of the Republicof Chad.

w ThePrefect:like the Governor,the Prefectof the Departmentis, within the limits of his
district, the Headof the Administration.He controlsthe activitiesof the publicand para
publicservicesnstalledin hisdistrict.

w The SubPrefect: The SubPrefectis the custodianof the powers of the Republicand
ensureghe maintenanceof order and security.He manageghe Traditionaland Customary
Chieftaincies.

Thedecentralizedpublic authoritiesare the provincialcouncil,the departmentalcouncil,the municipal
councilandthe mayor. Thepowersandresponsibilitieof eachof theseentities are definedin Act N.0Q
002of Februaryl6,20000n the Statutesof decentralizederritorial authorities.

As the decentralizationreform has not yet been fully implemented,the public authorities resulting
from this reform (provincialanddepartmentalcouncilsn particular)haveonly beenpartially established
in someprovinces.

3.2.5.3.3. Customarygovernance

Accordingo OrganicAct No. 10-013/PRof August25,20100n the statusand powersof traditional and
customary authorities, the heads of administrative units are supported at the grassroots by
traditional and customary authorities.

Todaytraditional and customarypowersare hierarchicalin the followingway:

w The sultans they exercisetheir powers over sedentary populations in several sub
prefectures.

w The canton chiefs and the tribal chiefs the canton chiefs manageseveralvillages of
sedentarypopulationsin the samesub-prefecture;their tribal chief counterpartsmanage
severalferiks &l 3of nomadicpopulations.

w Thegroup leaders they managean intermediate entity between the canton and village
chiefs,andmaybe sedentaryor nomadic.

w Villagechiefsand ferik chiefs they managethe villagesandferiks,whichare the smallest
entities groupinga community.

As auxiliariesto the administration, the traditional and customary authorities have administrative
(ensuringthe protection and conservationof customaryheritage, assistingthe administrationin its
missionof supervisinghe population, collectingtaxes,informing and sensitizinghe population about
public policies, etc.) and judicial (collaboratingin the searchfor the perpetrators of crimes and
misdemeanorsand handingthem over to the administrativeand judicial authorities) responsibilities.
Theyalsohaveconciliationpowers(conflictresolution,etc.).

13 Temporary encampmentsf nomadic populations, which generallygroup about ten families, rarely more than twenty.
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Theseauthorities are chosenfrom amongthe traditional chiefsof the locality. In the event of death,
dismissal,or physicalor mental incapacity,the authority is replaced by a member of the lineage
chosenby the family council. A remnant of the conflict with Chadianpolitical parties, traditional and
customaryleadersare subjectto the obligation of neutrality, prohibited from militant and partisan
activities,and must resignfrom their positionsif they want to engagein political activities(Institute for
Researctand Debate onGovernancglRG)2013).

In the project area,the villagesare all headedby a hereditarychief. Most chiefshavebeenin place for
severaldecade§AmSoukar20years, AmKoundjo:38years,Douguinaga40years,Dalakaina: 10 years
andKilmé: 24years).

Thevillage chiefs are assistedby a village councilcomposedof notables,elders and religiousleaders
(imams). These authorities are responsiblefor making decisionson behalf of the community by
consensus. Thegre activein mediation andocalconflictresolution.

Youngpeople are not involved in village decisionmaking but are simply informed of the decisions
made.Womenare frequentlyleft out of localdecisiormakingprocesses.

3.2.5.3.4. Securityand socialorder

Theongoingsecurityinstability aroundthe shoresof LakeChadwith the widespreadpresenceof Boko
Haramextendsfrom the projectarea,closeto LakeChad(about80km)andthe roadleadingto northern
Cameroonand Nigeria,to the capital city of NDDjamena.Severalrecent events have confirmedthis
localizedinstability:

® OnJuly11, 2015, the national pressreported the death of two suicide bomberswho
allegedlyblew themselvesup in Djiugéré.Theyreportedly targetedthe Djermayarefinery
locatedabout 6 km fromthe projectarea(ALWIHDAnfo, 2015).

w OnJanuary8l,2016,two suicideattackstook placein the HarazeAl Biardepartmentnear
LakeChad.Thefirst attackwascarriedout by amanin the villageof Guité,at the entrance
to the localmarket; the secondattack,whichtook placeshortly thereafterin Mitériné, was
carriedout by two teenagefemalesuicidebombers.Theseattacks,linkedto the influence
of BokoHaramin the area,claimed thelivesof adozenciviliansand injured more than 50
others.

Despitethesetrends,no suchattackshavebeenreportedin the project@areaof influence(Djermayaand
its surroundings)Similarly ,no conflictshavebeenrecordedbeyondfightsand disagreementsbetween
villagers.Thevery limited consumptionof alcoholunderthe influenceof religionhelpsto limit brawls.
Whenaconflictbreaksout, the villagechiefandthe eldersmediateandtake legalaction if the situation
escalates.

Thenearestpolice station is in Djermayawhere there are also officesof the technicalservicesof the
waterandforestsandof the customs Thearmyalsocarriesout dailycheckof usersof the national road
(openingof trunks, searchingof loads,etc.).

3.2.5.3.5. Intra andinter-villagerelations

Thevillagesin the project areaclaimto be related or allied and have good relations. Historically,the
originalvillageis saidto be Am Koundjo foundedabout 350yearsagoby an Arablineageleader named
Bakari. Am Koundjo, which means place of gatheringin Arabic, is believedto have been founded
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after several Arab lineagescame together to escapean insecuresituation (IARCSA, 10/26/2016).
Theboundariesof eachvillageare notclearlyestablishedoy physicalmarkers,but the landwherethe

projectwill belocatedis said to bdargelyunderthe landholdingof the villageof Am Soukarexceptfor

the northern quarter of the site which is managedby the villageof Am Koundjo. (Seelocallandissues
in chapter3.2.5.4.3.

3.2.5.4 LANDSYSTEMS ANBNDUSE

3.2.5.4.1 Modern law and customarylaw

TheChadiarlandtenure systemischaracterizedy alegalcomplementaritycombiningnodernlaw (land
registrationor title systemandtraditional law (customaryrightssystem)accordingo the three laws of
July22,196714

In modernlaw,15 ownershipof land is establishedby the procedureof registration,which consists in
the establishmentand registration of a title of ownership:the land title. Only this title guarantees
ownershipof landwithin the meaningof Article 544 of the CivilCode.

Modern law alsorecognizesustomaryrightswherethere is a developmentof the land that findings in
dat least a permanent and visible footprint on the land. Thus, agricultural activities and forestry
developmentsare likely to confer customaryrights. On the other hand, any land that is cdeemed
vacantand without a mastek or that is not developedeventhough customaryrights are exercisedon
it, maybe registeredin the name ofthe State.

Customanjaw, which playsan important role in the country, especiallyn rural areas,is basedon local
rules,basedon socialvaluesand norms. In this system landis collectivelyowned by a clanor lineage.
Theagriculturallandis organizedarounda échief of the land g a descendanbf the founding lineageof

the village Individualaccesss obtainedby virtue of patrilinealdescent Thisright of accessis maintained
and can be transmitted from one generationto the next, as long as the land is developedand
exploited; under these conditions,the farmer is assuredthat he will not be dispossessedf it, except
in the caseof seriousmisconductagainstessentialsocialprinciples.In this way, the farmer is assured
that he will not be dispossessedf the land, unlesshe commitsa serious offence againstessential
social principles. Traditional practices also recognizerights for nomadicherders,suchasaccesdo

rangelandsor to pasturearoundwateringholes.

Modern law and customarylaw fit well together in the context of agriculturaland forestry activities.
Thepersonexploitinga pieceof land under customarylaw canthus applyfor registrationfollowing the
sameprocedureasfor anyother land.

Onthe other hand, pastoralland tenure, which characterizes grazingareamanagedoy communities,
is not recognizedby modern law: while traditional rules recognizeherdergrights of accesstheir
grazingareasare consideredoy modernlaw asvacantand unownedland. Thissituation preventsthe
sustainablesecuringf pastoralactivitiesandcanencouragehe emergencef conflicts betweenherders,

14LawsNo. 23, 24 and 25 of July22, 1967, and their implementing decreesNo. 186, 187 and
188 of Augustl, 1967, which govern respectively:the status of state property, the systemof land
ownership and customaryrights, and the limitations of land rights. In addition, the Constitution of
the Republic of Chadof 1996 (revisedin 2005) recognizesand protects property rights.

15 Article 1 of Act No.24 of July22, 1967, on land ownership.
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farmersandlandowners However suchconflictsdo not occurin the projectQarea of influence,where
relationsbetweenthe variousland usersare cordial.

3.2.5.4.2 Locallandissues

In the study area,whichis still rural, accesgo land is customaryand governedby villageguardianship
authorities. This accessis free of charge after agreementfrom the village chief. Landis essentially
untitled andlandrightsare passedownfrom generatiorto generation.Customanaccessightsto land
differ accordingo the intendeduseof the land:

w Thegrazingareasare spacessharedby all villagersand benefit from aright of useopen
to all. Thesegrazingareasare locatedon areasof barelandowned bymanyindividuals.

w Accesso agriculturallandis moreregulatedandinvolvesobtaininga permitto farmissued
orally by the villagechief.

Thelandon whichthe projectsiteislocatedis largelyownedby the villageof Am Soukargexceptfor the
northwestquarter of the site, whichis managedoy the villageof Am Koundjo.

However, customary land managementis in the process of disappearingasa result of land
speculationlinked to the proximity of the study areato the capital. Thisspeculationis causedby the
industrializationof the area,desiredby the authorities,and by the peri-urbanizationencouragedy the
city dwellersof NDjamenaand Djermaya.

Severaphenomenaattestingto thesetrendshavebeenobserved:

The city dwellers and influential people of NDjamenabuy land alongthe road to set up
commercialfarms. In the vicinity of Am Soukar there are severalsmallfarms, as shownin
Fig.96.

Many individualsfrom Djermayaor N®jamenaalsobuy bare land from villagersfor housing
or agriculturalprojects (or evenfor speculation).Forexample,almostall of the landin the
project areaeastof the old pipelinewassold or donatedby the villagechief of Am Soukar.
Theplots are often bounded(seephotos below) with surfacesrangingfrom a few hundred
squaremetersto 4 hectaresFor themoment theyremain bare.

qw e R Sl 3‘ F————
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SOURCE: Photographs of the Artelia / CIRA field mission

Figure97 - Terminals on the project site
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Thelocal authorities have encouragedhe demarcationof housingplots aroundthe village
of Am Soukar:the areasto the south of the villageand betweenit and Douguinagahave
beendemarcated bythe landregistry.

Atthe sametime, the nationalauthoritiesare expectedto grantlargetractsof landto private
companiedor the constructionof major industrial projects(refinery, livestockcomplexand
slaughterhouse, newirportin N@jamena).

Alargeproportion of villageland,previouslynanagecdcustomarilyandpassedn from fatherto son, was
sold by villageauthorities. The salewas often accompaniedy the issuanceof a certificate of saleby
the villagechief.In somecases|andbuyersobtainedcertificatesof ownershipfrom the Sous Préfet or
rural land rental orders from the Préfet (see photos below of the various types of documents
consulted. The legal validity of these documentsis questionableunder Chadianland law, which
recognizeonly the Titre Foncier(TF)as proof of ownership(see previoussection). Accordingo the
villagechiefof Am Soukara one-hectareplot of landisworth 2 million CFArancs, or 200 CFArancsper
squaremeter.

SOURCE: Photographs of the Artelia / CIRA field mission

Figure98 - Certificate ofSale, Rural Land Lease Order and Certificatproperty

The village authorities, by selling customary land, contribute to the scarcity of land resources
necessaryo maintainagricultureandlivestockthe mainsourcesof incomefor localcommunities. They
therefore createarisk of impoverishmenof thesecommunities.

Theseauthorities are alsovulnerableto undervaluationof their land, fraudulent transactionsand land
grabbingon their untitled land.

The monetization of land often leads,in the long term, to an increasein the risk of land conflicts
between villagers or even between villages, especially when they have not delimited physical
boundariesbetweenthem or do not physicallymark the limits of their land (seesection3.2.5.3.5. This
emergenceof conflictshasalreadybeenobservedduringthe censusof agriculturalplots on the project
site as part of the LivelihoodsRestorationPlan. The chiefsof Am Soukarand Am Koundjo cameinto

conflict over the boundariesof their village lands. An agreementwas reachedwith the presenceof

a seasonakiver northwest of the project site as the land boundary between the two villages.Since
then, no new conflictshavearisenbetweenthe two villagechiefs,who work in good understanding.

Finally,the concessiorof land by the state for large industrial projects has also led to problems of
compensationfor local communities losing their land. As an example, compensationfor those
affectedbythe refinerywasnot paiduntil early2017,6 yearsafter the industrialsite beganoperating.
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3.2.5.4.3. Landuse

Inthe studyarea,the dry soilsare primarilydedicatedio animalgrazing Theedgesof ponds(located off-
site) and seasonaltiversare usedfor rainfed andirrigated agriculture livestockwateringand grazing.

Onthe projectsite, the landuse issimilarto the rest of the studyarea:

w Theareaeastof the old pipeline,where the majority of the boundedbarelandis located,
aswell asthe central areawest of the old pipeline,is dedicatedto livestockgrazing(see
section3.2.5.8.2on livestockactivity).

w Tothe eastof the old pipelineisanold brick factorywith a boreholeand a water retention
basin,now abandoned.

w Thenorthwestquarterof the site and a small portion to th@uthof the site are dedicated
to cerealcropsduring the rainy season(see Section3.2.5.8.1on agriculture).Theseareas
are frequently cultivatedout may beleft fallow if annualrainfallis low.

Accordingo the villagechief,all the landin the projectarea(includinggrazingand)is cultivablein years
with excellentrainfall. Thisinformationis partially confirmedby observationof satelliteimages (suchas
the onebelow,from 2010)that showthe presenceof fieldseastof the old pipeline,outlined bythe yellow
square(thesefieldswere not visibleon siteduringthe field visits).

Source: Google earth
Figure99 - Satellitémageofthecentrabreaoftheprojectsiteandagriculturaplots

(vellowsquare)

The proximity of the capital is encouraginga change in land use throughout the study area:
agriculturaland grazingland, especiallyalong the national highway,is gradually being convertedto
accommodatesmaltscaleeconomicactivities(rural agriculturalconcessionsyarehouses, construction
companiespr largerones(the Djermayaairport or slaughterhouseproject). TheState facilitatesthese
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changesby grantingland in this areato allow the establishmentof large energy projects(suchasthe
Djermayarefinery or the present project).

3.2.5.5. POPULATIOANDDEMOGRAPHY

3.2.5.5.1. Demographic®f the study area

Chadcurrently hasa population of 11,039,873lts populationis very unevenlydistributed acrossthe
national geographicspace:nearly half of the inhabitantslive in only 10%of the countryQ total area
(Anon., 2015), mostly in the southern part of the country, with the north being desert and largely
uninhabited.

Chadhasa strongpopulationgrowth (3%in 2013)but down from 3.7%in 2000(World Bank,2012).

Accordingto the latest census(Republicof Chad,2009),the population of Hadjer Lamisprovinceis
566,858, which represents5 percent of the Chadianpopulation. The distribution by age group,
genderandareaof residenceat the provinciallevelisillustrated by the agepyramid (Republicof Chad,
2009)%presentedin Fig.10Melow.

80yearsandolder
75-79yearsold
70-74yearsold
65-69 yearsold
60-64 yearsold
55-59yearsold
50-54 yearsold
45-49yearsold
40-44 yearsold
35-39yearsold
30-34 yearsold
25-29yearsold |
20-24 yearsold I
15-19yearsold ' |
10-14yearsold : :
5-9 yearsold
1-4 year
= 0year MEN Rural
B\ IEN 1 Irhan WOMEN

Figure100- Agepyramid,HadjerLamigprovince

16 Age pyramid created from data from the RGPH of 2009.
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150,070peoplelive in the departmentof HarazeAl Biar, which representsabout a quarter of the
provincialpopulation

Table45 - Demographic# the provinceof the studyarea

PROVINCE PPSSL\JIII_’:EI:':QI-\I DEPARTMENT DEPI(D)AF’:‘I%I’:E:I)'I[\:-\L COMMONWEALTH ggg:if_ﬁg,\‘
Massakory 111934
Dagana 188348 Karal 48 016
Tourba 28 398
Bokoro 114050
HadjerLamis |566858 Dababa 228440 Gama 32 066
Minto 82 324
Massaguet 52 776
ngaze Al 150070 Mani 65 225
Biar )
NDjamena 32 069
Fara

SourceBasedn the 2009 GeneraCensuof PopulationandHousing (RGPH)

The sub-prefecture of NDjamenaFara, where the project is located, has a population of 32,069
(6,166 households),or 21% of the departmental population and barely 5.7% of the provincial
population. Thepopulationis composedof 50.3%men and 49.7%women. The populationof the sub
prefectureis very young,with 56.9%of individualsunder the ageof 18. Converselypnly 5.5% of the
populationis over 60 yearsold, whichis consistentwith the low life expectancyof the country (50.7
yearsin 2012(World Bank,2012)).

Thenumberof inhabitantsof the villagesin the indirectimpactzoneof the projectis presentedin the
table belowl7.

Table46 - Demographicsf studyareacommunities

LOCALITY ESTIMATERUMBEROFINHABITANTS

AmKoundjo 1446
Am Soukar 102

Djermaya 1765
Douguinaga 940
Dalakaina 398
Kilmé 912

Total 5563

17 Thefigurespresentedhereareall from acensusonductedy theN'DjamenaFarasubprefectureThe yearof this censuss
notindicatedon thedocumenprovided,butit canbe estimatedhatit dates backat most,to thelastRGPH,i.e. 2009.
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Atotal of 5,563peoplecouldpotentially be indirectly affectedby the project.

Nomadicgroupsof variousorigins(Fulani,Arabsfrom the Bathaprovince)alsoseasonallyrequent the
study area.However,the high mobility of these nomadicpopulationsmakesit impossibleto formally
countthem andto know their exactnumbers.

3.2.5.5.2. Vulnerablepopulations

Vulnerablegroupsare defined by IFCin its RAPDevelopmentManualasdrhis group includes dpersons
who, becauseof their gender, ethnicity, age, physicalor mental disability, economic disadvantage
or socialstatus, are likely to be more adverselyaffected by resettlementthanothersandmaynot be

fully ableto availthemselve®f or benefitfromresettlement assistancandrelateddevelopmentoenefits.

Alsoincludedin this group arethe particularly vulnerableconflictdisplaced personandrefugees.

Theidentificationof vulnerablepopulationshasnot beenthe subjectof detailedsurveyshy ARTELIE8
but regionaland localdata canshedlight on the presenceof vulnerablegroupsin the studyarea:

® Almosthalf of the Chadianpopulation (46.7%in 2011 accordingto the World Bank)lives
belowthe nationalpovertyline. Themain sourceof vulnerabilityfor the populationsin the
studyareaistherefore undoubtedlypoverty.

w Ofthe 6,166 householdsin the sub-prefecture of NDjamenaFara,12.5%are headedby
women, or 770 households.Sincethe study area represents about half of the sub-
prefecture® population, itis expectedthat manyhouseholdswill be headedby women.

w 5.5%0f the population ofthe sub-prefectureis over60yearsold, orl,763individuals.

w Chadhostsa number ofrefugeesfrom neighboringcountries(Nigerians South Sudanese,
CentralAfricans).However these are located outside the study area,on the borderswith
their respective countries (although there are Nigerianrefugeeson the shoresof Lake
Chad).

w Accordingto the Internal DisplacementMonitoring Centerl9 there are approximately
111,500people displacedby armed conflict or climatic hazardsin Chad.However,these
are based ireasternChad sothere are no internallydisplacedpersonsin the studyarea.

The vulnerable populationsin the study area are therefore most likely to be poor households the
elderly,femaleheadsof household and peoplewith disabilities.

3.2.5.5.3. Genderissues

The status of women in Chadis complex, subjectto the influencesof customarylaw, the Muslim
religion, modern law inherited from France(the colonizingcountry until 1960) and alsointernational
law.

Both customarylaw and Islam are traditionally unfavorableto the equality of men and women.
Womenaregenerallydevotedto functionssuchasprocreation, educatigchildrenand the maintenance

18 Accurate identificationis usually donethrough a RAP orPRME.

19 http:/mww.internal-displacement.org/. The Internal Displacement MonitoringCentre (IDMC)is an institution  attached
to the NGONorwegian RefugeeCouncil. IDMQprovides information and analysison displacement around the world.
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of her home. Her freedom of opinion and participation in decision makingprocessesare not
encouraged.

Despite the integration gbrovisionspromoting genderequalityinto the constitution (Articles

13 and the ChadianCivil Code (inherited from the colonial period) and the governmenf@

efforts to encouragethis equality (notably through accessiorto international conventions
suchasthe Conventionon the Eliminationof All Formsof DiscriminationagainstWWomen

(CEDAWand the implementationof dedicatedpublic policies) the statusof womenin Chad
remainsdeeplyunequal. Areportontheimplementationof CEDAWiA the countryemphasizes
the followingchallengeso changing attitudes andthe status ofwomen

w permanenceof unequal conceptionsin customarylaw that continue to apply in many
provincesof the country (exclusionof women from inheritance, lack of land rights,
dependenceon the spouse fordecisiormaking);

® women®&perception oftheir own statusandrole;
w g 2 Y S pobré&nowledgeof their rights.

In the study area, womenQ activitiesare centeredon householdmaintenanceand market gardening.
Most womencultivatetheir own marketgardenplots. Lands are cultivatedfter authorizationfromthe

villagechief. Themoneygeneratedbythe saleof agriculturalproductsbelongs to women, who put it to

work for the householdwhen an expensehasto be made. Themen remainresponsiblefor the main
expense®f the household(health,education,homeimprovement, etc.).

Marriagesare arrangedby the parentsand involve the paymentof a dowry, which may, for example,
consistof 2 million CFAfrancs,3 oxen,and 3 suitcasef clothing. Womenare marriedat a very young
age,sometimesasyoungas 12/13, and can haveup to 10 children.Men practice polygamy (up to 4
wives) without the consentof their previouswives, leadingto householdswith up to 40 children.
Separationof a womanfrom her spouseis possible but casesare rare. After a separation, a woman
must wait 3 months before she can get back together. Domesticviolence is rare, as is alcohol
consumptionby spouses.

Asin the restof the country,the situationof womenin the studyareaisunequaldueto the persistence of
customarylaw: they are excludedfrom village decisioamakingprocessesand althoughthey attend
public meetings,they do not actively participate unlessthey are askedto. However,women do not
perceivethisinequalityandfeel relativelyempowered.

3.2.5.5.4. Migration

Migrationflows in the studyareaare stronglyinfluencedby a rural to urbanexodus encouragedy

w Proximityto the capitaIN®jamena(30km): this concentrated34.8%of the migratoryflows
of the entire countryin 2014 (INSEE2014).Localcommunitiesconfirmthe attractionthat
this city representsfor youngpeople.

w Thedevelopmentof Djermaya,where the constructionof the refinery hasmadethe city
attractiveto rural migrantsseeking economiopportunity.

w Theproximity of neighboringcountries(CameroonNigeria,and Niger,about 70 km away
asthe crowflies),whichare alsorecipientsof Chadiammigrantsbut on alimited scale.
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In generalvillagecommunitiesare negativelyaffectedby the migrationof youngmento the capital for
their studiesor to seekemployment. Thesevillagesdo not attract newcomers,but rather are places
of transitwhere migrantssettle temporarily beforetrying their luck inDjermayaor the capital.

Without official datato confirmit, the demographidrend in thesevillageswould therefore be oriented
towards a decline in the young population, which could however be compensatedby the high birth
rate that Chadhas(6.38children perwomanin 2012 (WorldBank,2012)).

However, this trend could be reversed.The study area could thus, in the yearsto come, become
increasinglyattractive to migrantsbecauseof its proximity to the capitaland a phenomenonof perk
urbanizationthat can already be observedwith the installation of numerous notables and private
entrepreneurs.

3.2.5.5.5. Ethnicgroupsandlanguages

Chadis composedof many ethnic groups.The12 main onesare the Sara,Arabs,Mayo-Kebbi, Kanem
Bornou, Ouaddai,Hadjarai, Tandjilé, Goranes,Fitri Bartha, Peuls,Baguirmiens,and Iro (for more
information, refer to FigureFig.10) (Anon.,2015).

Thestudy areais predominantlypopulatedby Arabsfollowed by GoranegAnon.,October2016), two
ethnic groupsthat are amongthe main groupsin Chadand that populate other parts of the country.
Arabor Fulaninomadsalsosettle in this areaseasonally (serext sectionon this topic).

Main ethnic groups Main languages spoken
Mousse
ye Marba Boulala
Fula Mounda 47°
languaBaguirmi n
ge e Iro 204 204 204
Fula
languag Mas
2% n 1% e sa
Fitri Batha 2% Others 3% 2%
> 2% Zaghaw
a
Gorane Sara 3%
6%

28%
\ /-

Tandjilé
6%

arabit
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Figure101- MainethnicgroupsandanguagesChad

The Chadianpopulation is characterizedby a significantlinguistic diversity. Thereare more than 130
languagesdivided into three major language families (ChamiteSemitic, Nilo-Saharanand Niger-

Congo, to which are added numerousdialects.Most of these languagesare spokenby only a small
numberof speakergfor detailsof the mainlanguagesseeFig 101). ThemainonesarelocalArabic, Sara
Gorane, KanemboWaba,ZaghawaPeul, Mousseye, Moundanilarba, Boulalaand Massa.

In addition,accordingto the constitution, the two official languagesof Chad areclassicalArabicand
French.Thesetwo languagesare the language<of the dstatet (legislation,administration,education,
etc.),but not of the population:asamothertongue,no onespeak<lassicahrabictaughtin schools,and
the proportion of Chadiansvho understandFrenchis probablylessthan 30 percent(Anon., 2015).

LocalArabicisthe majority languagespokenin the studyarea.

3.2.5.5.6. Indigenouspopulations

TheFulaninomads,alsoknownasFoulbéor Mbororo, numberapproximately250,000accordingo the

1993 census(InternationalWork Groupfor IndigenousAffairs). Theylive in central Chadand migrate
annuallyover great distancesrom the central provinceswhichthey visit in the rainy season, to the

southern provinces,which they visit in the dry season.Thesemigrations, called transhumancesare

motivated by deficitsin forage and water resourcesin the northern provinces during the dry season.
At this time, many nomadic groups (including camel drivers from Batha province)cometo settlein

the Djermayaregionandon the outskirtsof N@jamenapoccupyingzacant land for a few daysto several
weeks.

Thesenomads occasionallygrazetheir herds on the project site and set up camp there for a
few days,but the project site is not systematicallyusedasa campareabecauset doesnot have
unique characteristicssuchasnatural resourcesor water comparedto other areas.TheFulanido
not have a set and fixed range, with recurring camp areas,but settle during their migrations
from one region to anotherin the areasmost suitable for the grazingof their herds

Figure102- Fulancampsnstalledorafewdaysontheprojectsite

Fulannomadsarenotrecognizedsanindigenougopulationbythe governmeniof ChadHowever, they
haverightsand dutiesas setout in Act No. 4 of October31,1959,regulatingnomadismin the territory
of the Republicof Chad.

The Mbororo Fulaniare also consideredindigenousin Cameroonand other West African countries
(African CommissionWorking Group on Indigenous Populations/Communities,2006). They are


http://www.axl.cefan.ulaval.ca/monde/famarabe.htm
http://www.axl.cefan.ulaval.ca/monde/famnilo-saharienne.htm
http://www.axl.cefan.ulaval.ca/monde/famnigero-congolaise.htm
http://www.axl.cefan.ulaval.ca/monde/famnigero-congolaise.htm
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recognizedsindigenousn Cameroorandthe CentralAfricanRepublidythe AfricanDevelopment Bank,
whichdoesnot recognizehem asindigenousn Chad(seesectionl.4.2.

In Chad and at the international level, several organizationsrecognizethe Fulani as indigenous
populations: AFPATAssociatiordes FemmesPeulesAutochtonesdu Tchad),a Chadian organization
committed to the promotion of the rights of indigenousFulani populations; or the International
Work Groupfor IndigenousAffairs(IWGIA).

TheFulanipopulationsmeet certaincriteria developedby the IFCto defineanindigenouspopulation in
its performancestandardn.7,namely:

w Selfidentificationasmembersof adistinctindigenousculturalgroupandrecognitionof this
identity by others:the Fulaniidentify themselvesas adistinct groupbut are not recognized
assuchbythe Chadiarstate.

w Collectiveattachmentto distinctgeographicahabitatsor ancestrakerritories in the project
areaand to the natural resourcesexistingin these habitats and territories: the Fulani
nomadizeon lands belongingto a dozencountries (Guinea,Mali, Céte d@voire, Nigeria,
Niger,Chad,Senegalgetc.). Theycarry out their migrationswithout a fixed route, moving
accordingo the rainsto areaswhere grazings abundant.Theyare therefore not culturally
and specificallyattachedto the project site, which they do not systematicallyvisit during
their migrations,andonly whenthey do sofor very short periods.

w Customarycultural, economic,social or political institutions distinct from those of the
dominantsocietyor culture: the Fulanihavea way of life that distinguishegshem from the
rest of the Chadianpopulation. Theyhave cultural institutions specificto their group and
their rights are notably defendedby the AFPATbHut they do not havetheir own economic
or political institutions.

w Adistinct languageand dialect, often different from the official languageor languageof
the country or region in which they live: the FulanispeakPulaar,a languagethat is
effectivelydistinctfrom the official and majority language®f Chad.

TheFulanicantherefore be consideredjn somerespectsasindigenous.

3.2.5.5.7. Religion

AlthoughChadsasecularstate,religionplaysanimportantrole. Themostwidelypracticedreligions are
Islam(58.4percent)in the SaheleSaharanegionsand Christianity(34.6percent,includingl8.5 percent
Catholicand 16.1 percentProtestant)in the southernregions.Animistsrepresentonly 4.0 percent of
the population (Republicof Chad,2009). Thereare tensionsbetween Christiansand Muslims(with a
north/south divide,with the north perceivedasMuslimand Arabicspeakingandthe south as Christian
and Francophile) as well as between moderate Muslimsand fundamentalists (Anon.,2015).

In the province of Hadjer Lamis, the population is almost entirely Muslim: 98.2% Muslim, 0.8%
Catholic0.6%Protestant,and 0.3%animist.

In the study area, the Muslim religion predominates. Severalreligious buildings are used by the
inhabitants(seephotosbelowand Fig.96whichlocatestheseinfrastructures):

® 2mosquesn Djermaya
® 1mosquein AmKoundjq

® 1mosquein Douguinaga
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w 2 mosquesin Am Soukar:a smallone and a larger one built by an orchard owner 400 m
north of the hamlet.

SOURCE: Photographs of the Artelia / CIRA field mission

Figure103- MosqueofAmSoukaftopleft)andmosquesfDjermaya

Thereare alsoafew medersagKoranicschoolshttachedto the mosquesandcemeteriesin each village.

Like all Muslims, people in the project area celebrate Muslim holidays such as Ramadanand
TabaskiTheyalsohold animist ceremoniesgelatedto rain andharvests.

3.2.5.6. CULTURAHERITAGE

3.2.5.6.1. Natural Areasof Communitylmportance

Significanihatural areasare usuallycomposedof landscapeensemblegmountainrangesrivers, lakes)
or individualelements(waterfalls, especialljmposingrocks)that are deeplyrooted in local culture,
mythsandlegends and communitycustoms.n the studyareathere areno suchareas.

3.2.5.6.2. Sitesof heritageand archaeological interest

Chaddarchaeologicaheritageis still largelyunknown,due to a lackof archaeologicatesearchand the
unevengeographicdistribution of the campaignsconductedsincethe beginningof the 20th century
(concentratedin northern Chadand around LakeChad).To date, there is no bibliographic evidenceto
confirmthe potential presenceof archaeological heritagie or aroundthe projectarea.

However, preventive archaeologicalcampaignsconducted prior to the construction of the Chad
Cameroorpipelinebetween1999and 2004 revealedthe presenceof numeroussitesof intereston the
Chadianportion of the pipeline, which is 178 km long. Someof these sites have been classified as
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Chadian national heritage by ministerial order (BOUIMON Tchago, 2013). The presence of
archaeological heritagim the projectareacannottherefore be totally excludedevenif it isunlikely.

3.25.6.3. CommunitySacredSites

Sacredsitesor sitesof culturalimportanceto localcommunities mainly mosquesand cemeteries, are
all located near villageboundaries.Accordingto local communities,there are no sacredsitesin the
projectarea.

3.25.7. ACCESBOPUBLIGERVICES

3.2.5.7.1. Education

TheChadiareducationsystemis organizedaccordingo the guidelinesof Act N°16/PR/2006s follows

1 Aformalsystem which includes primary , basic,
secondanand higheteducation.

1 Aninformalsystem, includingron-formal education(e.g.,publicliteracy
centers)and informal education.

In terms of efficiency,Chadhasmade significantprogressin terms of schoolcoverage However, less
than one-third of schootagechildrenreachthe end of primary school,which placesChadamong the
countries with the lowest completion rates in sub-SaharanAfrica. Deficienciesin the quality of
education are regularlgoted.

Significantimbalancegemainin the systemin terms of disparitiesby gender20 geographic
location, andhouseholdincome.Theprovince ofHadjerLamishasone of the lowestschool
enrolimentrates in the country (seefigure Fig.104). Theliteracy rate is also much lower

than the nationalaverage(8.1vs.22.3%).

20 Throughrolerepresentatioandstatusparentgreferto investmorein theschoolingof boysthan girls,
thelatter often beingconsideredas matrimonialgoods,guaranteesf biological andsocial reproduction.
Girls andwomenarethussentto marriageat an early ageandcannotcontinuetheir schooling.
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Figure104- Enrollment rate by province Source

The total population counted, aged 15 and over, is largely illiterate, uneducated and without a
diploma. % ofpeopleagedl5andovercannotreador write, 68.9%of them haveno educationand 84.8%
have no diploma. The rural environmenton the one hand and the female genderon the other are
disadvantagedh termsof education.

In the studyarea,the maineducationainfrastructureavailableis locatedin DjermayaTwofacilities are
identified andlocatedin Fig.96:

1 Apublicelementaryschool(seephoto below).
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1 Aschoolcomplexaccommodatingprimaryandsecondaryevels,private.

SOURCPhotographs fronthe Artelia/ CIRAield mission

Figure105- Public school of Djermaya

Bothinfrastructuresare in goodcondition,but the quality of the teachingoffered suffersfrom alack of
personnelandequipment.

The village of Douguinagaalso has an elementary school where children from the surrounding
villages, especiallAm Soukar,attend. However,the conditions of reception of the pupils and the
teachingare mediocrewith two veryrudimentary classroom&eethe photosbelow).

Figure106- Douguinag@rimarySchool

3.2.5.7.2. Health

Chadd epidemiologicalprofile is characterizedby the prevalenceof endemicand epidemicdiseases,
primarily malaria,21 tuberculosis22 acute respiratory infections, HIV/AIDS3 and diarrhea.
Malnutrition is alsoanimportant causeof morbidity and mortality.

Despitesignificantefforts in terms of health infrastructure, biomedicalequipment, staff training and
financing healthindicatorsare not alwayssatisfactory Averagdife expectancyat birth islowerthan the

21616,722 caseswere reported in the country in 2012, including 1,359 deathswith a casefatality rate of 0.2%.

22 In 2012, the National TuberculosisProgram (NTP)recorded 10,800 casesof all forms of tuberculosis (TB),
including 3,849 new casesof pulmonarytuberculosisplus (PMT+),0r 35.64%, and a therapeuticsuccess

23 Thenational HIV prevalenceis 3.3% accordingto the 2005 seroprevalencesurvey.
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averagefor sub-SaharanAfrica. Infant and child mortality and a high fertility rate place Chad among
the least developedaountriesin this area.

Chadd current health systemis not yet ableto meet the health challengest faces.Accordingto the
AgenceFrancaisele Développemen{AFD)gthe humanresourcesystemis deficientin termsof health
carepersonnel(doctors,pharmacists stateregisterednurses,midwives),with a high concentrationin
urban centers(particularlyN®jamena).Thisshortageis due in particular,on the onehand,to the low
capacityof traininginstitutions,both publicandprivate,to train alargenumber, and, on the other hand,
to the failure of the system for enrolling these agentsin the civil servic& (AgenceFrancaisede
Développement (AFD), 2016). Hence the implementation, under funding from AFD and other
organizationspf the 2dphase ofthe Health SectorSupportProject(PASST2)y the Ministry of Public
Health.

Beyondheseconsiderations, theostof care whichisoften excessivén relationto the standardof living
of the population, hinderghe useof medicineby the majority of people.

In the study area, health servicesare, aswith education,concentratedin the Djermaya local areawith
onlyoneoperationalhealthcenterin the city (seephotosbelow).Thiscenterhas7 beds,1 state- qualified
nurse and a midwife. It hasa consultationroom, an observationroom, a deliveryroom, a prenatal
consultationroom and a pharmacy.lt handlesemergenciesgeneralconsultationsand deliveriesand
coverss7villagesij.e.,approximatelyl 6,000inhabitants. Seriousasesarenottreated by this centerand
should be referred to the hospitalin MassaguetHowever,the vast majority of patientswantto be
sentto hospitalsin the capital,which are closerand provide better quality care.

-

SOURCE: Photographs of the Artelia / CIRA field mission

Figure107- Djermaya Health Center
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The center hasa manual pump for water that works all year round, but doesnot have an electricity
supply (the installedgeneratorno longer works), which penalizeshe delivery of certain care and the
conservatiorof medicinesin optimal conditions.lt suffersfrom alackof medicinesalimited number of
bedsandthe dilapidatedstate of someequipment(includinga broken delivery bed). It receiveslimited
assistancefrom NGOsor internationalorganizationsyith only one supportprogramdeployedby the
ItalianCooperationwhich is specificallyaimedat combatingchild malnutrition.

Theprofile of pathologiesmostlyobservedby the centerisin line with the nationaltrend: malariais the
most commonly treated condition, followed by acute respiratory infections caused by dust,
traumaticaccidentscausedy road accidentsandsyphilis.Other caseof STDshave been observed,
but HIV/AIDSremains rare. The center offers HIV testing and then refers patients to hospitalsin
NDjamena.At the village level, the main diseasereported is malaria. Waterborne diseasesrealso
mentioneddueto the presenceof stagnantwater in seasonaponds.Contagiousdiseasesvith epidemic
potential arerarer but canoccur24

Thereis alsoa problemwith deliveries.In the absenceof an ambulanceat the disposalof the health
center,complicatedcasesoften cannotbe treated in time. In the villages deliveriesare done with the
help oftraditional birthattendants.

In addition to the health center and hospitalsin the capital,the inhabitantsof the study arearely on
traditional medicine and use local plants, leavesand barks, to prepare decoctions.Giventhe low
diversity of the flora and the anthropizationof the environment,which has greatly degradedit, it is
unlikelythat the project sitewill providesuchplants.

3.2.5.7.3. Water, hygiene andsanitation

At the national level, the rate of accesgo drinking water is estimatedat 42.9%.However,this rate
masksdisparities both in the distribution of types of infrastructure and in the accessrate at the
provinciallevel.

Theprovinceof HadjerLamisis one of the most favored provinces,with more than 75 percentof the
populationhavingaccesdo cleanwater. Neverthelessthe proportion of householdghat take at least
half an hourto collectdrinkingwater is particularlyhigh.

Inthe studyarea,waterissuppliedin avarietyof waysdependingonthe usesof the waterwithdrawn.

1 Seasonallyin the variousponds and streamsthat form after the rainy seasonor
semi permanentlyin the Dalakainapond. The water collected can be used for
drinking after treatment or for washingdishesand clothes.

1 At boreholeswith manual pumps (humanpowered pumps or HPM), which are
found in mostvillages:

o AmSoukathasa manualwater pump (with a45m deepborehole), in average
conditionbut functionalall yearround.

o Douguinagdas3 pumps,only one of whichis functionalall yearround.

o AmKoundjohas5 boreholeswith manualpumps,3 of whichare out of order.

24 During interviews conducted with village leadersin October 2016.
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1 Thelocationof thesepumpsis shownin Fig.96.Thequality of the water pumpedis
good enoughto not require any speciattreatment (additionof chlorineor filtration).
Households storewater in largejarsin their kitchens.
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SOURCE: Photographs of the Artelia / CIRA field mission

Figure108- Hand pump and water storage jars at Am Soukar

Despite the existencesince 2011 of a decree requiring villagersto contribute financially to the
managemenbftheir waterpointandthe formationof water pointmanagementommittees25accessto
hand pumps in the study areais free, not regulated, and not managedby a village management
committee. In some communities (notably Djermaya),the number of water points is insufficient to
meet everyoné needs,andthe quality of the water ispoor and asourceof disease.

Intermsof sanitation,the inhabitantsof the studyareaessentiallyusetraditional bancotoilets found in
each family compound. In the absenceof toilets, some people go out into the open. Thereis no
wastewater managementsystem, which is a factor in the proliferation of contagiouswaterborne
diseasegdysenterycholera.etc.).

There is also no householdwaste managementsystem and waste is thrown away in the nature,
contributingto the degradationof the villagerglivingenvironment.

3.2.5.7.4. Energyransport andtelecommunications

Althougha highvoltageline passesiearthe projectarea,the villagesin the studyarea donot have any
electricityconnections.

In Djermaya,someinhabitantshave solar panels.Otherwise householdsusewood, charcoaland cow
dung as fuel for cooking. It should be noted that since tree cutting is prohibited, villagers limit

themselvedo collectingdeadwood. Otherwise they canbuywoodon the marketin DjermayaThe use
of natural resourcedfor energyproduction,althoughlimited, increaseghe pressureon local resources
of wood products,contributingto deforestationand desertificationin the region.

In terms of telecommunicationggrids, villagershave accesso mobile telephonywith three national
grids available: Tigo, Airtel and Salam.The poor quality of the grid and the still prohibitive costof
telephonypenalizethe developmentof the sectornationwide.

Villagersalso haveaccess tdocalradio stations.

25 OrderNo. 24/MHUR/201Ionthedefinitionand termsf useof village participationin the constructiorof drinkingwater
facilities.






















































































































































































































































































































































































































































































































































































































































































































































