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INTRODUCTION

The Economic Community of West African States (ECOWAS) is a regional
community with a surface of 5.1 million of square km which represents about 17%
of the African continent. With a population of more than 300 million inhabitants in
2017, ECOWAS Member States are home to about one-third of the population of
sub-Saharan Africa.

ECOWAS has been created with a mandate of promoting economic integration in
all fields of activity of the constituting countries. The fifteen-member countries
making up ECOWAS are Benin, Burkina Faso, Cape Verde, Cote d’lvoire, The
Gambia, Ghana, Guinea, Guinea Bissau, Liberia, Mali, Niger, Nigeria, Sierra
Leone, Senegal and Togo. The ECOWAS treaty (also known as treaty of Lagos)
established the Community during its signature in Lagos (Nigeria) on May 28",
1975.

One of the most important steps of economic integration in the field of energy was
the creation, in 2006 of the Western African Power Pool (WAPP). The WAPP
promotes the integration of the national power systems of the fourteen inland
countries into a unified regional electricity market with the ultimate goal of
providing, in the medium and long-term, a regular and reliable energy at
competitive cost to the citizenry of the ECOWAS region

However, the region, which is characterized by a great diversity in terms of culture,
language, demography and resources, faces enormous challenges in providing
access to sustainable energy for its population. But the 15 ECOWAS Member
States are driven by a common desire to offer “affordable, reliable, sustainable
and modern energy for all”’, as per the three main goals of the Sustainable Energy
for All (SE4AIl) initiative, launched by the United Nations Secretary-General.

West-African countries have a great opportunity to reach their objectives thanks
to the vast untapped potential in renewable energy (including solar, wind,
bioenergy and hydro-power). The Energy Transformation will happen both on-grid
and off-grid. It involves the development of mini-grids with hybrid power
generation, centralized and decentralized renewable projects potentially coupled
with a more flexible demand side, enabled by storage and smart-metering
technologies.

Several initiatives like the African Renewable Energy Initiative and the ECOWAS
policy on Renewable Energy support this transformation. However, such a
revolution requires financing, leadership and international cooperation. In this
context the West African Power Pool is playing a significant role by supporting the
development of major energy projects in the region.
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The West African Power Pool promotes cooperation and supports the
development of regional projects. In 2012, the Authority of the ECOWAS Heads
of State and Government approved, through Supplementary Act A/SA.12/02/12,
a list of 59 Priority Projects for the subregion that emanated from the update of
the ECOWAS Revised Master Plan for the Generation and Transmission of
Electrical Energy prepared by Tractebel.

Considering the evolution of

the energy landscape,

the socio-economic context of West Africa over the last 5 years and

the difficulty in mobilizing public and concessional financing in the sub-region,
the development of the power system in West Africa deviated from what was
foreseen in 2011. A lot of challenges affect the utilities efficiency on several
aspects including financial, regulatory, technical and organizational points of
view.

Another key parameter which should affect the energy development roadmap of
WAPP region is the expected increase penetration of Renewable Energy Sources
(RES). Thanks to the significant decrease of costs and increased willingness for
the transition to sustainable energy, many WAPP countries have revised their
RES targets and launched RES projects.

Consequently, while some flagship generation and transmission projects were
developed in the region, some of them are still under development or were
strongly delayed while, in parallel new non-anticipated projects emerged.

In this context, the study presents four different main objectives:

Assessing the implementation status of the priority projects identified in
2011, understanding the main challenges and barriers to the development of
these projects and identifying the lessons learned that will be taken into
account when updating the Master Plan;

Identifying the main challenges and critical factors affecting the
performance of utilities in their activities as a public service and proposing a
new action plan and mitigation measures to address these constraints in a
long-term perspective;

Assessing the opportunities and constraints for the deployment of Renewable
Energy Sources in the sub-regional power system (potential, economics, grid
constraints...);

Presenting a clear, comprehensive and coherent view of the future
development of power generation and transmission facilities with a list of
priority projects for West Africa that takes into account the new drivers of
electricity generation and consumption, while integrating the current
development of the power system at national and regional level and while
providing recommendations for facilitating the implementation of the projects.

This will lead to an update of the ECOWAS Master Plan for Generation and
Transmission of Electrical Energy, a comprehensive study providing a rational
basis for decision making and implementation in the power sector.
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1.3.

Organisation of the report for the update of the
ECOWAS revised master plan for the
development of power generation and
transmission of electrical energy

The report is divided into five main volumes corresponding to the five main
deliverables of the study.

VOLUME 1: Executive Summary

Volume 1 is the synthesis of the Final Report of the update of the revised
ECOWAS Master Plan. It contains the main recommendations of the study
concerning the future development of the electricity generation and transmission
infrastructures as well as a list of priority projects and the implementation strategy
of these projects.

VOLUME 2: State of play of the current situation of the electricity system
and perspectives

Volume 2 consists of a synthesis of data collected and assumptions used in the
context of this project, and in particular for the update of the generation and
transmission master plan.

VOLUME 3: Challenges and Action Plans for electricity Companies

Volume 3 aims at presenting the main challenges and critical factors affecting the
performance and the sustainability of utilities members of WAPP and at
recommending a new action plan and mitigation measures to address these
critical factors from a transversal perspective...

VOLUME 4: Generation and Transmission Master Plan

Volume 4 is devoted to the results of the generation and transmission master plan:
It presents a robust and economically optimal development plan while taking into
account the current state of the energy sector in West Africa and opportunities for
developing renewable energy sources in the region while ensuring the technical
stability of the interconnected system

VOLUME 5: Priority Investment Program and Implementation Strategy

Volume 5 focuses first on carrying out a review of the implementation of the
ECOWAS 2012-2025 Master Plan and assessing the causes of the gaps between
what was initially planned and what was concretely achieved, allowing some
effects to be taken into consideration for the development of the 2017-2033
updated master plan. Then, a new list of priority investment projects is drawn up
on the basis of the generation-transmission master plan and a strategy is
recommended for the progressive implementation of these projects.

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14 20/374

Final version



1.4.

Objectives of Volume 2

The State of play of the current situation of the electricity system and perspectives
report is a very important deliverable. It consists of a collection of all the data and
assumptions that have been used for the next stages of the project, and in
particular for updating the generation and transmission master plan.

Based on the data collected and the review of the various studies available, this
report summarizes the first analyses of demand, supply and transmission
network. In particular, the document includes:

The list of data collected (Chapter 2);

A demand analysis including an analysis of current demand and a forecast by
2033 (Chapter 3);

An analysis of the current generation fleet and the list of projects decided as
well as a set of hypotheses for future projects (Chapter 4);

An analysis of electricity transmission infrastructure (Chapter 0);

The definition of planning and operational criteria (Chapter 6).

For each of these categories, the data are organized by country in order to
facilitate the validation step by the member states.

Note that, given its insular character, Cape Verde is not an active member of the
WAPP and is therefore not studied in detail in this study. The current state of the
power system is, however, summarized in this report for the sake of completeness
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2.

DATA COLLECTION

The data collection made it possible to meet the representatives of the actors of
the electric sectors (national companies, ministries, regulators, ...) of all the
member countries of the WAPP. Meetings were also held with the representatives
of the Organisation de Mise en Valeur du fleuve Senegal (OMVS), the
Organisation de Mise en Valeur du fleuve Gambie (OMVG) and TRANSCO-
CLSG. This phase aimed to:

To enable stakeholders in the countries concerned to present the current
situation of the energy sector in their country, including the difficulties
encountered in implementing projects and to convey their expectations
regarding regional projects.

To gather the necessary information for the modeling of the electrical systems:
statistics, economic data, studies of local master plans, characteristics of the
generation projects, inventory and diagnosis of the transmission network, static
and dynamic data of the components of the network, etc.

It is important to highlight the excellent collaboration and assistance provided by
the energy directorate of ECOWAS, the WAPP, the UEMOA, the utilities,
departments and agencies in the various countries visited. These exchanges and
the data collection process have also been greatly facilitated by the active and
effective participation of the WAPP.

The data collected are described in a non-exhaustive way below. The detailed list
of data collected is presented in Appendix A.

Data

Barriers/ Opportunities

Load Demand

Current
Generation
System

Future
development of
Generation

Existing
Transmission
Network

Historic profiles,

Evolution of the demand

Installed Capacity

Energy produced

Fuel Consumption and Cost of fuel
Hydrological conditions

Geographic Coordinates

Local Resources
National Generation Master Plans

Investment Plan per technology (RES,
Hydro, Thermal)

Characteristics of future generation

RES targets and planned projects

Characteristics of the transmission
network (PSS/E model, single-line
diagram)
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Brakes on the demand growth
Load Shedding/ Unmet demand
Technical and non-technical losses
Energy Efficiency measures

Strategy of rural electrification

Obsolescence and Outages
Fuel availability and Supply conditions
Water shortages

Dispatch rules

RES potential

National energy policies (e.g. for RES
development)

Planning and Operational Criteria
Barriers to the development of project

Legal framework for the development of
private investments

Environmental constraints

Rules for the operation of the network
Grid Code
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Data

Barriers/ Opportunities

Obsolescence and Outages

Future National Transmission Master Plans Financing and authorization issues
Transmission . .
Network Investment Plan Environmental constraints
Characteristic of future transmission
network
Expected barriers for the integration of
RES
Power Existing Infrastructure and Transfer Role of the interconnection (commercial
Exchanges Capacity exchanges/ back-up/ contractual
. import-export)
Import/Export Tariff
. . Contractual terms and deviations in the
Time Series of Exchanges day-to-day operation
Future expected development of Expected benefits from further
interconnection interconnecting the system
Delays occurred and issues faced in the
development phase
Legal and Electricity sector laws Reforms, either undertaken or planned
institutional
frameworks Investment codes Governance structure
BOT / PPP laws if any the role national power utilities shall be
) expected to play in the regional
Public procurement law electricity market
Fiscal code
Financial Tariff structure and adjustment system Tarification reforms

performance of
power utilities

Audited financial statements of electricity
sector utilities over a 5-year period

Tariff studies

National National development plans and
policies in the strategies

electricity . )

sector Policy notes regarding renewables, rural

electrification and demand side
management

IMF country reports

Commercial performance of electric
utility (in terms of non-technical losses,
billing rate and recovery rate)

Long and short-term liabilities of the
electricity sector utilities

Subsidies and policy regarding
subsidies

Final version

In most countries, a lot of data have been collected, allowing to establish a vision
of the current electricity sector (demand, generation, transmission network).
Nevertheless, the consultant had to deal with the lack or obsolescence of some
data. In this case, assumptions were made based on the consultant's knowledge
of the regional context and rules of international good practice.

The validation of the assumptions taken is therefore an important step for the
future acceptance of the results of the study.
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DEMAND ANALYSIS

The objective of this section is to achieve the forecasts of electricity demand as
well as peak load for each of the WAPP countries until 2033.

This analysis is carried out at the level of the injection in the distribution network,
that is to say that we will consider the demand for net electricity of the transport
losses, but gross of the distribution and commercial losses.

The demand for electricity here is to be understood in the broad sense, that is, it
represents the potential of electricity consumption of a country, including therefore
the isolated consumers, having their own generator, and likely to connect to the
power grid when the latter develops.

In that regard, a special attention will be addressed to the mining sites, whose
operations require an important electricity consumption.

Unserved energy is also included in the forecasts that are made in this report.

It should also be noted that the analysis developed here focuses on the electrical
energy consumed each year. The peak load will then be deducted from the
development of this energy consumption, involving a load factor.

There are a number of methodologies to produce electricity demand forecasts. In
the context of this study, we used two technigues, namely the global method and
the analytical method, the choice of which depends on the available history, but
also on the state of development of the power grid.

The first technique, called global, consists in the study of the historical correlation
between electricity consumption and other macroeconomic variables such as
GDP or population size. The demand forecast is then carried out assuming that
the correlation between these different variables will remain constant in the future.
This technique is used for the countries characterized by a controlled demand
evolution and for which historical data could be collected, namely Benin, Burkina
Faso, Céte d'lvoire, Ghana, Mali, Sénégal and Togo. In order to harmonize the
analysis, only one source is used for the past and future evolution of GDP and the
population, namely the International Monetary Fund (IMF). For electricity
consumption, on the other hand, we rely on the figures transmitted by each
country.

The second, so-called analytical technique, decomposes demand according to
the different sectors of activity (residential, services, industries and
administrations) and different geographical areas (urban and rural areas). The
demand forecast is then made for each of these segments and then reaggregated
at the national level.
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3.2.1.

Some factors used in the latter analytical method (such as the number of
households, the rate of electrification, ...) are taken from reports emanating from
institutions of the country. Other factors, such as the specific consumption of
households in urban or rural areas for instance, have been harmonized for all
countries. This particular method has been applied to the countries for which the
past evolution of the demand of electricity doesn’t reflect the future evolution (high
rate of load shedding for instance). This is the case for the Gambia, Guinea,
Guinea-Bissau, Liberia, Niger and Sierra Leone.

For Nigeria, we considered the demand forecast from the last master plan, since
too little information was available to be able to achieve a precise forecast.

These two methodologies are discussed in more details below.

Finally, regarding the electricity consumption of mining sites, the following
treatment has been applied:

The existing sites located close to existing transmission lines or decided future
lines will be included in the base case scenario of the demand forecast

The existing sites that are not close to existing transmission lines or decided
future lines will be included in the high scenario of the demand forecast, at
horizon 2020

The future mining sites that are still in project will be integrated in the high
scenario at horizon 2033

Finally, we should note that these forecasts have been discussed with each
country and that some adjustments have sometimes been made in order to best
stick with the reality (taking into account national estimates of GDP or population,
introduction of mining projects, justification for taking into account other
explanatory factors than GDP such as the population, ...).

Global method

The global method is based on the technique of multiple linear regression. The
latter consists in connecting the consumption of electricity (dependent variable)
with other macroeconomic indicators, such as GDP or population size
(independent or explanatory variables):

C; = ag +a,PIB, + a,POP,
where :

C; represents the electricity consumption of the country for year t
PIB, represents the country's GDP for the year T
POP, represents the country's population for the year T

This statistical model is calibrated on a history of electricity consumption data,
amount of GDP and population size. The purpose of this calibration is to
determine the parameters of the regression («,, a;, @,) That allow the model to
best match the data observed in the past. This step will be done using the least
squares method.
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Once the model is calibrated, it can then be used to be able to forecast electricity
consumption in the future. However, this requires the provision of forecasts on the
evolution of dependent variables such as GDP or population. As a reminder, we
will use the IMF's GDP and population forecasts here. It is important to note,
however, that this technique assumes that the relationship between the different
variables of interest will remain unchanged in the future.

But before you can calibrate this model, you must first of all choose which
explanatory variable(s) to include in the model. Should we use the GDP and the
population, or only one of these two variables? Which one, if any? To answer this
guestion, one possibility is to use the Akaike information criterion, which is to find
the best compromise between the information provided by a variable and the
additional complexity of the resulting model. The table below lists the optimum
variables for each country:

Countries Optimal Multicolinearity ? Final
Explanatory Explanatory
Variable(s) Variable(s)

Benin GDP & POP Yes GDP

Burkina Faso GDP & POP Yes GDP

Céte d’lvoire GDP & POP No GDP & POP

Ghana GDP No GDP

Should GDP No GDP

Senegal GDP No GDP

Togo GDP & POP Yes GDP

Table 1: Optimum variables for the global method

We have taken care here to verify that the use of the two variables GDP and
population did not introduce multicollinearity* in the model. If this is the case, the
final model involves only one of the two variables (also chosen according to the
Akaike criterion).

We see that in the end, only Céte d’lvoire will use a model that involves both GDP
and the population. For other countries, GDP will be chosen as the single
explanatory variable.

The summary of the technical values of the models will be detailed in the section
dedicated to each country below.

Note that a low and high scenario are also introduced, in order to give a sensitivity
analysis. The low scenario is achieved by taking into account 75% of GDP growth
rates and possibly of the expected population growth by the IMF. The high
scenario considers 125% of these same growth rates.

1 The phenomenon of multicollinearity materializes when the correlation between several explanatory variables is too
large, which results in a significant reduction in the accuracy of the estimators. The test of multicollinearity
is based on the Variance Inflation Factor (VIF), which must be less than 10 to conclude that there is no
multicollinearity.
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3.2.2.

Analytical method

For some countries, the current development of the electricity grid is such that it
is difficult to apply the global method.

Firstly, because the history is often very short, or almost non-existent, given the
recent nature of the development of electrical infrastructure, or simply the
cessation of operations in some cases (due to civil war for example).

Secondly, because it is difficult to make future predictions on the assumption of a
constant correlation between GDP, population and electricity consumption, given
the low development of the grid. Growth rates will effectively be more important
in the short term than in the longer term.

We have therefore developed an analytical technique for countries with these
characteristics, namely Gambia, Guinea, Guinea-Bissau, Liberia, Niger and
Sierra Leone.

This technique is based on a breakdown of electricity consumption between
residential use and use by companies, industries and other administrations.

For residential consumption, we introduced the following elements in the analysis:

The number of households: growing according to the growth forecast of the

IMF population;

The rate of electrification: defined as the ratio of the number of clients to the

number of households:

- The initial rate depends on the initial situation of each country

- The final rate (in 2033) is assumed to be 90% for urban areas and 65% for
rural areas

Specific consumption : defined as the annual consumption of a household, we
will make a distinction for urban and rural areas. In addition a growth of 1.5%
per year will be considered reflecting the increase in the consumption of each
household over time.

- Urban areas:

Consumption Specific: 1000 kWh/y
- Rural areas:

Consumption Specific: 500 kWh/y

Load factors: they will also be assumed constant throughout the projection
horizon;

- Residential consumers: 50%

Concerning professional, industrial and administration clients, the main
hypothesis in the analytical approach is to increase their consumption according
to the expected evolution of the IMF's GDP, while taking into account an elasticity
of 1.3. This means that if GDP rises by 1%, then electricity consumption for these
customers will increase by 1.3%.

A constant 70% load factor will be considered for these customers.
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3.3.1.

3.3.1.1.
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To perform a sensitivity analysis, we have also introduced low and high scenarios,
defined as follows:

Low scenario:
- Specific consumption:
Urban areas: 750 kWh/Year
Rural areas: 350 kWh /Year
Annual growth rate: 1%
- Electrification rate 2033:
Urban areas: 80%
Rural areas: 50%
- Elasticity of electricity demand with respect to GDP for professional,
industrial and business customers Administrations: 1
High scenario:
- Specific consumption:
Urban areas: 1 250 kwh/Year
Rural areas: 650 kwh/Year
Annual growth rate : 2%
- Electrification rate 2033:
Urban areas: 95%
Rural areas: 75%
- Elasticity of electricity demand with respect to GDP for professional,
industrial and business customers Administrations: 1.5

Benin

MACRO-ECONOMIC PARAMETERS

The GDP of Benin experienced an average growth of 4.3% in real terms over the
period 2000-2017, according to the IMF figures. This growth is still quite volatile,
due in particular to the large proportion of agriculture in GDP, the latter sector
being strongly dependent on weather conditions, as well as international markets
(concerning cotton especially in the case of Benin).

GDP per capita followed a lower growth rate of 1.3 per cent over the same period,
with the result that the poverty rate increased from 36.2 per cent in 2011 to 40.1
per cent in 2015.

The population of Benin is estimated at 11.4 million inhabitants at the end of the
year 2017. It grew at an average rate of 3% between 2000 and 2017, which partly
explains the modest performance of the per capita GDP mentioned above. In the
medium-term, the IMF expects a lower growth rate of 2.2%.
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3.3.1.2.

HISTORICAL DEMAND ANALYSIS
The demand for electricity in Benin is mainly provided by:

The CEB, which is the transport network manager, having its own means of
production, but which imports the majority of the electricity;

The SBEE, which is the manager of the distribution network, which has its own
production facilities.

The history of electricity consumption at the point of injection is included in the
table below. Itis therefore made up of the CEB's electricity sales to the SBEE and
SCB Lafarge to which the own production of the SBEE (called internal source) is
still to be added.

CEB sales to SBEE SBEE Internal Total [GWh]

+ SCB Lafarge Source [GWh]

[GWh]
2008 663 663
2009 868 868
2010 937 937
2011 1065 1065
2012 1125 1125
2013 1156 30 1186
2014 1170 91 1261
2015 1146 121 1267
2016 1101 180 1281

3.3.1.3.

Table 2: Historical demand for electricity in Benin

According to these figures, consumption growth in Benin has averaged 8.9% over
the last 9 years.

The peak load of the SBEE network was 257.3 MW in 2016 with an estimated
load factor of 57%.

Transport losses averaged 4.9% over the last 6 years.

The energy non served amounted to 22 GWh (or 0.8% of the total electricity
demand) in 2016 for the whole CEB network (covering Togo and Benin).

ELECTRICITY DEMAND FORECAST

Statistically, Akaike's information criterion indicates that GDP is the optimum
variable for explaining electricity consumption. The summary of the statistical
model used is included in the table below. In particular, the explanatory power of
the model is very good, given the R 2 of 0.6. The significance of GDP is also very
important (P-value less than 5%).
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Coefficients Standard t-stat P-value

deviation
constant - 75,10 360,30 - 0,21 0,84
PIB 0,32 0,10 3,07 0,02

R2 0.6

Table 3: Summary of the statistical model used for Benin

According to this model, the forecast of demand for electricity in 2033 is 3531
GWh for the baseline scenario (taking into the IMF GDP growth assumptions).
This forecast corresponds to an average consumption growth rate of 6.4%, which
is in line with the growth figures collected in the last data collection from the CEB
(6%).

It should be noted, however, that this forecast is below a 2014 forecast carried
out by the consultant IED, which provided 5829 GWh? consumed in 2033 (an
average annual growth of 7.25%).

The low and high scenarios, obtained by considering respectively 75% or 125%
of the expected growth rates of the IMF, foresee an energy consumption of
respectively 2737 GWh and 4535 GWh.

The peak load forecast was calculated by keeping the 2016 load factor constant,
or 57%, assuming the repartition between residential and industrial load will
remain constant in the future. According to our calculations, this peak load will
reach 704 MW in 2033 in the base scenario.

This value is also below the forecast made by IED, waiting for a peak load around
1282 MW in 2033.

2 In order to be able to compare the different forecasts, we had to integrate the sales and distribution losses to the
Consultant forecast, the latter being achieved at the level of final consumption (final sales to the consumer).
The commercial loss rate and distribution used is the one estimated in 2014, namely 21% (assumed
constant over the entire projection time).
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Benin - Electricity demand forecast (GWh)

7.000
5.824
6.000 ya
5000 4.535
=4.000
= 3.531
©3.000
2.737
2.000
1.000
-BBBBBBBBBBBBBB

o = = = = N N N @

(e5] o N ~ » (o] o N ~ » (o] o N ~
Historical demand forecast (base scenario)
forecast (high scenario) forecast (low scenario)

- - ~-IED
Figure 1: Electricity demand forecast for Benin
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Figure 2: Peak load forecast for Benin
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3.3.2.

3.3.2.1.

3.3.2.2.

3.3.2.3.

Burkina Faso

MACRO-ECONOMIC PARAMETERS

Until 2009, the population of Burkina Faso showed annual growth of around 3%.
Currently, the population of Burkina Faso is 18,9 million according to IMF figures,
and population growth revolves around 2.5%. The IMF expects that the growth
rate will stabilize around 2% in the coming years.

GDP in Burkina Faso (at constant prices) has grown on average by 5% per annum
over the last 10 years according to the International Monetary Fund. According to
the same source, the growth rate is expected to remain similar in the next five
years.

HISTORICAL DEMAND ANALYSIS

In 2016, the energy delivered to the distribution reached 1523 GWh, for an energy
billed 1317 GWh. This energy comes from 40% of imports and 60% of domestic
production.

Energy distributed to cru at an average rate of 9% between 2004 and 2016, with
peaks of growth exceeding 11% in 2009, 2010 and 2012.

ELECTRICITY DEMAND FORECAST

In order to be consistent with the approach adopted for each country, the forecast
of electricity demand will be realized at the level of net energy injected into the
network, i.e. net of transport losses, but gross loss of distribution and Business
losses.

The starting point of the forecast therefore corresponds to a net electricity injected
from 1639 GWh in 2017.

Statistically, Akaike's information criterion indicates that GDP is the optimal
variables for explaining electricity consumption. The summary of the statistical
model used is included in the table below. In particular, the explanatory power of
the model is very good, given the R 2 of 0.99. The significance of GDP is also very
important (P-value much less than 1%).

Coefficients Standard error t-stat P-value
Constant -539.79 42.42 -12.7 2.51E-08
GDP 0.44 0.01 37.3 8.75E-14
R2 0.99

L eeeed L

Table 4: Summary of the statistical model used for Burkina Faso

According to this model, the forecast of demand for electricity in 2033 is 5026
GWh for the baseline scenario (taking into the GDP growth assumptions and the
IMF population). This forecast corresponds to an average consumption growth
rate of 7.3%.
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This forecast is relatively aligned with the forecast achieved in 2015 during the
study "reliability and optimization of means of production”.

The peak load forecast was made considering that the load factor will stabilize at
0.55 in the coming years. The load peak will then reach 1043 MW in 2033.

The low and high scenarios, obtained by considering respectively 75% or 125%
of the expected growth rates of the IMF, foresee an energy consumption of
respectively 3872 GWh and 6458 GWh.

The high scenario, however, includes existing and future mining sites. According
to the information collected from the SONABEL, existing mining sites currently
represent a peak consumption of 110 MW, and sites in project 266 MW. Existing
sites are progressively integrated until 2020 while the sites in project are
introduced in the high scenario at horizon 2033.

Burkina Faso - Electricity demand forecast (GWh)
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Figure 3: Electricity demand forecast for Burkina Faso
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Burkina Faso - Peak load forecast (MW)
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Figure 4: Peak load forecast for Burkina Faso

Cote d’lvoire

MACRO-ECONOMIC PARAMETERS

Since 1997, the population of Céte d’lvoire has risen with an annual growth rate
of 2.6%. The International Monetary Fund expects that the growth of the
population will continue at the same pace in the years to come. The population of
Céote d'lvoire was almost 25 million inhabitants in 2017.

Gross domestic product (at constant prices) remained almost constant between
1997 and 2012. Since 2012, it grows at an average rate of 8% per annum. The
IMF expects that GDP growth will average 7% in the next 5 years.

At the national level, Céte d'lvoire has set the goal of becoming an emerging
country on the 2020 horizon. The 2016-2020 National Development Plan, which
is the roadmap for achieving this objective, predicts growth rates of 8.5% at
Horizon 2020.

HISTORICAL DEMAND ANALYSIS

By 2017, the energy delivered to the distribution reached 8716 GWh. The energy
delivered to the distribution has increased at an average rate of 6.2% per annum
since 2004, but in a very irregular manner. This irregularity is due to an irregular
growth in the country's economy (politico-economic shocks) and fluctuating
climatic conditions from one year to the next.
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Figure 5: Yearly Growth Rate of Demand in Cote d’'lvoire

The energy consumed in Cbte d'lvoire is generated locally. In addition, Céte
d’lvoire exports part of its production to Burkina Faso and Mali.

3.3.3.3. ELECTRICITY DEMAND FORECAST

In order to be consistent with the approach adopted for each country, the forecast
of electricity demand will be realized at the level of net energy injected into the
network, i.e. net of transport losses, but gross loss of distribution and business
losses.

The starting point for the forecast therefore corresponds to a net electricity
injection of 8715 GWh in 2017.

Statistically, Akaike's information criterion indicates that GDP and population are
the optimal variables for explaining electricity consumption. The summary of the
statistical model used is included in the table below. In particular, the explanatory
power of the model is very good, given the R2 of 0.98. The significance of both
GDP and population is also very important (P-value much less than 1%).

Coefficients Standard t Stat P-value
deviation
constant -3672724.84 229072.52 -16.03 1.22 e-15
CPopulation | 20371242 | 2794355 | 729 | 616608
R w024 4617 886 120E00
R 08

Table 5: Summary of the statistical model used for Céte d’lvoire

According to this model, the forecast of demand for electricity in 2033 is 25 458
GWh for the baseline scenario (taking into the IMF GDP growth assumptions).
This forecast corresponds to an average consumption growth rate of 6.9%.
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This forecast is relatively aligned with the forecast made in 2014 in the production
and transport Master plan.

The low and high scenarios, obtained by considering respectively 75% or 125%
of the expected growth rates of the IMF, foresee an energy consumption of
respectively 19 677 GWh and 31 767 GWh.

The forecast of the peak load was made considering that the load factor will
stabilize at 0.73 in the coming years, this value corresponding to the average of
the last 5 years. In this way, peak load is forecasted to reach 3981 MW in 2033.

Cote d'lvoire - Electricity demand forecast (GWh)
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Figure 6: Electricity demand forecast for Cote d'lvoire
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Cote d'lvoire - Peak load forecast (MW)
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Figure 7: Peak load forecast for Céte d’lvoire

3.3.4. Gambia

3.34.1. MACRO-ECONOMIC PARAMETERS

The GDP of the Republic of The Gambia has experienced a growth of 3.4% on
average, in real terms, between 2000 and 2017, according to the IMF. Regarding
the GDP per capita, the growth averaged less than 0.5% over the period ranging
from 2004 until 2014. This moderate performance is mainly attributable to
repeated weather-related shocks. Indeed, over the last 50 years, The Gambia
experienced 11 periods of drought, with 4 in just the last 12 years. The outbreak

of Ebola in 2014 has impacted also significantly the GDP recently.

The outlook regarding the development of the GDP on the medium-term for The
Gambia is expected around a 4% growth rate, according to the analysis of the

IMF.

The population of The Gambia, estimated to amount to 2,1 million in the end of
2017, experienced an important growth rate of 3.3% from 2000 to 2017, being
one of the fastest growing population in the region over that period. The IMF
foresees that the current pace of growth of the population will be maintained in

the coming years.

3.34.2. ANALYSIS OF THE HISTORICAL ELECTRICITY DEMAND

According to the Electricity roadmap document transmitted, the sales of electricity
grew from 175 GWh in 2012 to 240 GWh in 2016. The current peak demand is
approximatively of 70 MW but the requirements are estimated around 100 MW,

given the suppressed demand.
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3.3.4.3.

The electrification rate as of 2014 was of 47% according to SE4ALL Global
Tracking Framework. The NAWEC reported 155 000 clients in 2016.

The average transmission and distribution losses was reported as 23% and the
electricity bill collection rate as 88% according to 2016 figures.

LOAD DEMAND FORECAST

Given the limited information on the history of electricity demand, it was decided
to adopt an analytical approach in order to make the demand forecast. This
technique starts from the specific consumption of households and companies and
then reconstitute the aggregate demand at the national level, as explained in the
introduction.

To implement this methodology, we will use the following elements:

Evolution of the number of households: taken from the “2015 Population and
Housing Census” of Statistics Sierra Leone and to which the population growth
rates foreseen by the IMF will be applied;

Electrification rate: defined as the ratio between the number of customers and
the number of households :

- The Initial rate (2014) is of 47% (SE4ALL)
- The Final rate (in 2033) is assumed to be 90%

Specific consumption: defined as the annual consumption of a household, a
growth of 1.5% per annum will be considered

- Urban areas:

Specific consumption: 1000 kWh/y
- Rural areas:

Specific consumption: 500 kWh/y
Consumption of enterprises, industries and administrations: The starting point
for these consumers is deducted from the residential consumption and the
global sales figures; their consumption amounts to 111 GWh as of 2016 and it
evolves according to the GDP, with an elasticity of 1.3 considered.
Load factors: They will be assumed constant also throughout the projection
horizon in question;
- Residential consumers: 50%
- Business consumers: 70%

Network performance: transmission and distribution losses are assumed to
stay constant at their 2014 value of 23.4%

According to this approach, the prediction of the energy injected into the network
is of 1590 GWh by the year 2033, corresponding to an average growth rate of
6.9%.

To provide a sensitivity analysis, we will introduce a low scenario and a high
scenario, varying the different factors as presented in section 3.2.

According to these two scenarios, the energy injected into the network at Horizon
2033 will be 1299 GWh in the low scenario, and 1809 GWh in the high scenario.

Regarding peak load, our forecast indicate that it will reach 297 MW in 2033,
which corresponds to an average growth rate of 7.1%. This forecast is in line with
the one realized by Fichtner, which was forecasting circa 200 MW in 2025.
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The evolution of the peak load in the two scenarios defined above will be of 230
MW in 2033 in the low scenario and 344 MW in the high scenario.

As far as energy not served is concerned, it was estimated by 2017 at 211 GWh,
or 38% of the total demand. It is however forecasted to be completely absorbed
by 2023, following the effective implementation of the planned projects.
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Figure 8: Electricity demand forecast for The Gambia
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3.3.5.

3.35.1.

3.35.2.

3.35.3.

Ghana

MACRO-ECONOMIC PARAMETERS

Over the past 20 years, Ghana's GDP has experienced a stable growth of 5.4%
in real terms. This growth has even risen lately, with the discovery and exploitation
of several oil fields, notably the Jubilee, averaging 7% over the 2010-2017 period.
According to the IMF, the medium-term prospects are supported by a rising
hydrocarbon production with an expected growth of 6.1% average.

As of end of 2017, the population of Ghana was of 28.3 million, according to the
last figures from the IMF. With a current growth rate of 2.6%, the population is
expected to double in 29 years, threatening hence somewhat the expected
economic progress.

ANALYSIS OF THE HISTORICAL ELECTRICITY DEMAND

If we exclude the industrial client Volta Aluminium Company (VALCO), the
electricity consumption in Ghana increased from 6414 GWh in 2005 to 12 705
GWh in 2017, which represents an average growth rate of 6.1%. The volatility of
this growth rate was important though (7%), with some years experiencing even
a decrease in electricity consumptions.

VALCO, the biggest industrial customer in Ghana, accounted for 631 GWh as of
2016, or 5% of the total electricity consumption of the country.

GridCo, the Electricity Transmission Utility transmits the power to the electricity
distribution companies (ECG and NEDCo) and to other bulk customers, such as
mining and textile companies.

It imports electricity from Coéte d’'lvoire and exports to Burkina Faso (SONABEL),
Togo and Bénin (CEB) and Céte d’lvoire (CIE).

As far as peak load is concerned, it increased from 1274 MW in 2007 to 2087 MW
in 2016, corresponding to a growth rate of 5.7%. Over the same period, according
to our computation, the load factor evolved from 62% to 70%.

The transmission losses averaged 4.1% from 2007 until 2016. The distribution
losses are about 23% for ECG and NEDCo, the two distribution companies, but
they aim to reduce it to 13-14% for 2021-2022.

Finally, the unserved energy is about 10%.

LOAD DEMAND FORECAST

To be consistent with the rest of the study, the load demand forecast is done at
the level of the net energy injected in the distribution grid, i.e. net of transmission
losses but gross of distribution and commercial losses.

3 In particular, the year 2015 showed a decrease of circa -10 % of the electricity consumption, mainly caused by the

numerous load shedding that occurred that year, due to insufficient generation.
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Also, the regression has been performed without considering VALCO, given the
size and the volatility of the consumption of this client. The expected demand of
this particular client, transmitted by GRIDCo, will be added afterwards to the
forecast.

The starting point of the forecast corresponds therefore to a net injected electricity
of 12 705 GWh without VALCO and 13 336 GWh with VALCO.

Statistically speaking, the Akaike Information Criterion indicates that the GDP is
the optimal variable to derive the electricity consumption. The summary of the
statistical model used is shown in the table below. In particular, we observe that
the explanatory power of the model is very good, given the R2 of 0.93. The
significance of GDP is also very important (P-value well below 19%).

Coefficients Standard t Stat P-value
deviation
constant 1108,35 929,22 1193,0 2,67E-01
PIB 315,84 32,36 9759,0 1,02E-05
R2 0,93

Table 6: Summary of the statistical model used for Ghana

According to this model, the electricity demand forecast in 2033 is of 32 361 GWh
in the base case scenario (based on the growth hypothesis of the IMF). This
forecast corresponds to an average growth rate of the electricity consumption of
5.8%.

This figure is below the last forecast found in the “2017 Electricity Supply Plan for
Ghana” that is expecting 27 523 GWh in 2027 (corresponding to a growth rate of
7.5%). This last version is however aligned with the high scenario that we have
built (see below).

The low and high scenarios, obtained by considering respectively 75% or 125%
of the expected growth rates of the IMF, foresee an energy consumption of
respectively 27 372 GWh and 38 443 GWh in 2033.

The forecast regarding the peak load has been computed by keeping constant
the load factor as of 2016 (70%), considering that the share of consumption
between residential and industrial consumers. According to our computation, the
peak load will reach 4957 MW in 2033 in the base case scenario.

This forecast is again below the one developed in the “2017 Electricity Supply
Plan for Ghana” that is expecting 4567 MW in 2027 (corresponding to a growth
rate of 7.5%), aligned with our high scenario.
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GHANA - Electricity demand forecast (GWh)
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Figure 10: Electricity demand forecast for Ghana
GHANA - Peak load forecast (MW)
7.000
5.889
6.000
4.957
5.000 4.14
= 3.000
2.000
2.077
1.000

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034

load history

forecast (base scenario)

forecast (high scenario)

forecast (low scenario) ===-- Client

Figure 11: Peak load forecast for Ghana
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3.3.6.

3.3.6.1.

3.3.6.2.

Guinea

MACRO-ECONOMIC PARAMETERS

Guinea's GDP experienced an average growth rate of 3.9% between 2000 and
2017 according to the IMF. This growth has steadily accelerated over the last few
years to reach an average of 5% between 2010 and 2017, despite a contraction
in 2014 and 2015 due to the Ebola crisis, rising commaodity prices in international
markets, and political instability.

The IMF's projections are based on a growth rate of 5.9% in the medium term,
fuelled by a sharp increase in mining activity (especially in the operation of
bauxite, of which Guinea has a third of the world's reserves) and a rise in public
investment in infrastructure.

The population of Guinea is estimated at 13 million per capita at the end of 2017.
Its growth rate has accelerated over the last few years, from 2.3% between 2000
and 2017 to 2.6% between 2010 and 2017. The IMF expects a growth rate of
2.5% in the medium term.

HISTORICAL DEMAND ANALYSIS

There was little information about the history of electricity demand. According to
the report " Studies of the Electric interconnection line 225 kV Guinea-
Mali” realized by the consultant Intec in 2015, the amount of electrical energy
injected into the interconnected network oscillated around 600 GWh per year
between 2000 and 2014.

This stagnation is mainly due to the weak production of the EDG Park as well as
poor condition of the transmission network. The demand for electricity is actually
more important and the weak quality of services has pushed many customers to
install their own generators.

However, since 2015 and the commissioning of the Kaleta Dam (240 MW),
electricity production and consumption have increased significantly, as attested
in particular by the billed volumes rising from 582 GWh in 2014 to 758 GWh in
2015 and 1003 GWH in 2016, as can be read in EDG's annual report 2016.

As far as peak load is concerned, it reached 295 MW in 2016.

Given the injected energy of 1375 GWh in 2016, the performance of the network,
defined as the ratio between the invoiced energy and the energy injected into the
network, was then of 72.9% in 2016.

More recently (2018), a study on demand forecasting was carried out by Studi.
The latter identified 74 MW of existing mining sites localized close to decided
transmission lines (OMVG and OMVS). These will therefore be included in the
base case scenario of electricity demand forecast. Considering a load factor of
70%, the energy required to cover these mining needs is 454 GWh.

Taking into account these mining sites, the potential demand for electricity in 2016
is therefore estimated at 1829 GWh, which is the starting point for the current
study.
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3.3.6.3.

ELECTRICITY DEMAND FORECAST

Given the limited information on the history of electricity demand, it was decided
to adopt an analytical approach in order to make the demand forecast. This
technique starts from the specific consumption of households and enterprises and
then reconstitutes the aggregate demand at national level, as explained in the
introduction.

To implement this methodology, we will use the following elements:

Evolution of the number of households: taken from the "Statistical yearbook"
2015 of the National Statistical Institute of Guinea and to which the population
growth rates foreseen by the IMF will be applied;

Electrification rate: defined as the ratio of the number of clients to the number
of households, Different electrification rates between Conakry and the rest of
the country will be distinguished:

- Conakry:
The initial rate (in 2016) for Conakry is of 57% (calculated on the basis
of the information in the EDG Annual report)
The final rate (in 2033) is assumed to be 90%
- Rest of Country: hypotheses taken from the consultant Intec
The initial rate (in 2016) is assumed to be 25%
The final rate (in 2033) is assumed to be 65%;
Specific consumption: defined as the annual consumption of a household, a
growth of 1.5% per annum will be considered
- Conakry:
Specific consumption: 1000 kWh/y
- Rest of the country:
Specific consumption: 500 kWh/y
Consumption of enterprises, industries and administrations BT and MT: These
consumptions will be expected to grow along with Guinea's GDP to which an
elasticity of 1.3 will be applied
Load factors: They will be assumed constant also throughout the projection
horizon in question;
- LV Consumers: 50%
- MV Consumers: 60%

Network performance: assumed constant and equal to its 2016 value, i.e.
27.1%

For potential mine sites, more than 1000 MW (1078 MW) were identified in the
Studi study with planned start dates by 2020. These will be gradually integrated
into the high scenario, considering a complete connection to the network of these
sites on the horizon 2033.

According to this approach, the prediction of the energy injected into the network
is of 5294 GWh by the year 2033, i.e. an average growth rate of 7.5% without
mining consumption. This forecast is below the one achieved by the consultant
Studi, which foresees 8195 GWh in 2032.
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It should be noted that the starting point of Studi is more important, namely 2684
GWh in 2016, which is mainly due to the fact that Studi considers the potential
demand for an electrification rate of 100%, whereas we have considered the
demand corresponding to current and expected future electrification rates.

To provide a sensitivity analysis, we will introduce a low scenario and a high
scenario, varying the different factors as presented in section 3.2.

According to these two scenarios, the energy injected into the network at horizon
2033 will be 4314 GWh in the low scenario, and 12 568 GWh in the high scenario
(including the consumption of mines).

On the side of the peak load, our forecasts indicate that it will reach 1104 MW in
2033, an average growth rate of 7.5% as well, without mines. Again, this forecast
is under the forecast made by Studi, which provided for 1422 MW in 2032.

The evolution of the peak load according to the two scenarios defined above will
be 898 MW in 2033 in the low scenario and 2320 in the high scenario (including
1152 MW for mining sites).

Guinée - Electricity demand forecast (GWh)
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Figure 12: Electricity demand forecast for Guinea
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3.3.7.

3.3.7.1.

3.3.7.2.

Figure 13: Peak load forecast for Guinea

Guinea Bissau

MACRO-ECONOMIC PARAMETERS

The economic activity of Guinea Bissau has experienced an unstable growth over
the period 2000-2017, with an average growth rate of 2.8% in real terms. The
agriculture constitutes an important part of the GDP (about 40%), exposing the
country to weather and commodity price shocks. Political instability, including a
civil war in 1998-1999 and military coups in 2003 and 2012, have also contributed
to this moderate performance.

However, the economy rebounded since 2015 with an average growth over the
recent years of about 6%, helped by higher cashew prices and lower prices for
imported food and oil products. The IMF expects this trend to continue in the
medium term, with an average rate of the GDP of 5%.

The population of Guinea Bissau is estimated around 1.7 million inhabitants. It
grew at a pace of 2.1% and is likely to continue growing at the same rhythm in the
coming years, according to the IMF.

ANALYSIS OF THE HISTORICAL ELECTRICITY DEMAND

Few information was transmitted regarding electricity consumption figures in
Guinea-Bissau. The principal information is taken from the report « Etude du plan
directeur énergie et d'un plan de développement des infrastructures pour la
production et la distribution d’électricité » of 2012.
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3.3.7.3.

In this report, one can read that the low voltage (LV) sales reached 4139 MWh in
2010, representing 42% of the total sales, while the medium voltage (MV) sales
amounted to 5716 GWh the same year.

Historically, the peak power oscillates between 4 and 5.5 MW.
The electrification rate was around 11% for the whole country in 2011.

The transmission and distribution network losses are very important and were
estimated at 40% in 2018 according to the World Bank.

LOAD DEMAND FORECAST

Given the limited information on the history of electricity demand, it was decided
to adopt an analytical approach in order to make the demand forecast. This
technique starts from the specific consumption of households and companies and
then reconstitute the aggregate demand at the national level, as explained in the
introduction.

To implement this methodology, we will use the following elements:

Evolution of the number of households: estimated using the assumption of 8
people per household. This number of households then evolve according to
the population growth rate foreseen by the IMF;

Electrification rate: defined as the ratio between the number of customers and
the number of households:

- The Initial rate (2014) is of 10%

- The Final rate (in 2033) is assumed to be 90%

Specific consumption: defined as the annual consumption of a household, a
growth of 1.5% per annum will be considered

- Specific consumption: 1000 kWh/y

Consumption of enterprises, industries and administrations: the repartition of
2010 between residential and industrial consumption is kept constant here,
and those consumptions are expected to follow the growth rate of GDP with
an elasticity of 1.3;

Auto-producers: 22.5 MW estimated in 2011 (Master Plan 2012);

Load factors: They will be assumed constant also throughout the projection
horizon in question;

- Residential consumers: 55%

- Business consumers: 70%

Network performance: transmission and distribution losses evolve from 40%
in 2018 to 25% in 2033 (World Bank Group).

According to this approach, the prediction of the energy injected into the network
is of 1203 GWh by the year 2033, corresponding to an average growth rate of
6.8%. This prevision is relatively more optimistic than the one realized in 2012 in
the Master Plan and corresponds actually to the high scenario envisaged in this
plan, forecasting 728 GWh in 2025.

To provide a sensitivity analysis, we will introduce a low scenario and a high
scenario, by varying the different factors as presented in section 3.2.

According to these two scenarios, the energy injected into the network at horizon
2033 will be 818 GWh in the low scenario, and 1604 GWh in the high scenario.
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Regarding peak load, our forecast indicate that it will reach 215 MW in 2033,
which corresponds to an average growth rate of 7%.

The evolution of the peak load in the two scenarios defined above will be of 145
MW in 2033 in the low scenario and 290 MW in the high scenario.

As far as energy not served is concerned, it was estimated by 2011 at 35 GWh,
or 78% of the on-grid demand. It is however forecasted to be completely absorbed
by 2023, following the effective implementation of the planned projects.

Guinea Bissau - Electricity demand load forecast (GWh)
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Figure 14: Electricity demand forecast for Guinea Bissau
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Guinea Bissau - Peak load demand forecast (MW)
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Figure 15: Peak load forecast for Guinea Bissau
3.3.8. Liberia
3.3.8.1. MACRO-ECONOMIC PARAMETERS
At the economic level, Liberia's GDP grew sharply after the civil war, with an
average of 7% between 2004 and 2013 according to the IMF. The country's
growth then experienced a slowdown caused by the Ebola epidemic and an
increase in commodity prices in international markets (0.7% in 2014 and 0% in
2015). IMF forecasts of future GDP trends are quite favourable (5.1% average
growth in the year 2022).
The population of Liberia, estimated at 4.5 million as of 2017, has risen upward
since the end of the Civil War in 2003 with an average growth rate of 3.2 per cent
from 2004 to 2013, according to United Nations figures. However, this rate
declined in 2014-2015 due to the Ebola crisis. The IMF foresees an average future
growth rate of the population of 2.3%.
3.3.8.2. HISTORICAL DEMAND ANALYSIS

Before the Civil War erupted in 1987, about 35 000 customers were served by the
National Power Company (Liberia electricity Corporation, LEC), mainly around
Monrovia, the capital that consumed 98% of the electricity production. The
installed capacity was then of 182 MW to support a peak load of 63 MW.
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3.3.8.3. ELECTRICITY DEMAND FORECAST
Given the limited information on the history of electricity demand, it was decided
to adopt an analytical approach in order to make the demand forecast. This
technique starts from the specific consumption of households and enterprises and
then reconstitutes the aggregate demand at national level, as explained in the
introduction.
To implement this methodology, we will use the following elements:
Evolution of the number of households: taken from the report "Household
Income and Expenditure Survey 2014" published by the Liberia Institute of
Statistics & Geo-Information Services (LISGIS), and to which the population
growth rates foreseen by the IMF will be applied;
Electrification rate: defined as the ratio of the number of clients to the number
of households, Different electrification rates are to be distinguished for urban
(Monrovia) and rural areas:
- Urban area:
The initial rate (in 2014) is of 27.10% (LISGIS report)
The final rate (in 2033) is assumed to be 90%
- Rural area:
The initial rate (in 2016) is assumed to be 5.80% (LISGIS)
The final rate (in 2033) is assumed to be 65%;
Specific consumption: defined as the annual consumption of a household, a
growth of 1.5% per annum will be considered
- Urban area:
Specific consumption: 1000 kWh/y
- Rural area:
Specific consumption: 500 kWh/y
R @ [e—— G

The power grid and the means of production (including the Mt. Coffee
hydroelectric dam) were significantly damaged during the Civil War Until 2003 and
looting continued until 2005. The LEC was officially able to revive the electricity
network's activities in 2007 through the importation of generators financed with
the help of international partners. Today, the installed capacity is 141 MW, of
which 88 MW are attributable to the rehabilitation of the Mount Coffee
hydroelectric dam

According to World Bank figures, about 9% of the population was connected to
the network in 2014. Although small, this figure still has significant growth. Indeed,
the number of network connections has increased very significantly in recent
years, from 2200 in 2010 to 36 500 in 2015.

In spite of these recent advances, many potential customers, especially industrial
ones, prefer to continue to produce their electricity independently. At issue, the
very high rates of more than 0.50 €/kWh (one of the most expensive in the world),
as well as the lack of reliability of the network.

According to the master plan 2013, there are potentially 25 large industrial
consumers, representing 31 MW, who could connect to the network once the latter
is more reliable.
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Consumption of enterprises and industries: These consumptions will be
expected to follow the growth rate of GDP with an elasticity of 1.3;

Load factors: They will be assumed constant also throughout the projection
horizon in question;

- Residential consumers: 50%

- Industrial consumers: 70%

Network performance: assumed constant and equal to its 2016 value, i.e.
27.1%

For mining sites in project, we identified 80 MW of potential development at
horizon 2020 and 500 MW in total at the end of the projection period of 2033.

According to this approach, the prediction of the energy injected into the network
is 2098 GWh by the year 2033 in the base case scenario, an average growth rate
of 8,8%. This forecast is above the one achieved in the Master Plan 2013, which
forecasted the equivalent of 1704 GWh in 2033, a lower average growth rate of
7.7%.

To provide a sensitivity analysis, we will introduce a low scenario and a high
scenario, varying the different factors as defined in the methodology presented in
chapter 3.2.2.

According to these two scenarios, the energy injected into the network at horizon
2033 will be 1341 GWh in the low scenario, and 6755 GWh in the high scenario.

On the peak load, our forecasts indicate that it will reach 411 MW in 2033, an
average growth rate of 8.8% as well.

The evolution of the peak load according to the two scenarios defined above will
be 256 MW in 2033 in the low scenario and 1196 in the high scenario.

As far as energy not served is concerned, it was estimated by 2015 at 354 GWh,
or 78% of the total demand. It is however forecasted to be completely absorbed
by 2023, following the effective implementation of the planned projects.
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Liberia - Electricity demand load forecast (GWh)
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Figure 16: Electricity demand forecast for Liberia
Liberia - Peak load demand forecast (MW)
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Figure 17: Peak load forecast for Liberia
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3.3.9.

3.3.9.1.

3.3.9.2.

Mali

MACRO-ECONOMIC PARAMETERS

Mali's GDP growth has been quite volatile over the last few years, oscillating
between periods of recession and economic boom, and averaging 4.5% in real
terms between 2000 and 2017. GDP per capita, however, grew only by 1.4% on
average during the same period, being especially affected during the security and
political crisis that started in 2011.

As the political situation has since then stabilized, the IMF expects an average
GDP growth of 4.8% in the medium term (until 2022).

The significant growth of the Malian population is also a real challenge for the
country. It has indeed evolved by 3.2% on average between 2000 and 2017 and
today peaks at about 18.9 million inhabitants according to the IMF figures.
Prospects for medium-term growth are even higher (3.3%).

HISTORICAL DEMAND ANALYSIS
Mali's electrical system consists of:

An interconnected network (RI) serving 35 localities, including the capital
Bamako;

33 Isolated Centres (CI) for production and distribution, autonomous by
locality;

Two centres connected to the middle voltage network of the Céte d’lvoire

In 2016, the final consumption of electricity in Mali reached a total of 1448.9 GWh.
The RI accounted for 93.8% of this consumption, with 6.2% attributed to the CI.
In the same year, 73% of the electricity consumed was in and around Bamako.

This consumption experienced an average growth rate of 9.5% between 2000 and
2016 and exhibited relatively high volatility, with a standard deviation of growth of
4.8% over the same period.

The RI peak load evolved with a similar rate of 9% per year between 2000 and
2016. The load factor was on average 73.1% over the same period, with a
notorious decline during the crisis years (in 2012 and 2013).

Transport losses averaged 3.4% according to the available figures covering the
period 1999-2013.

Cumulation of undistributed energy in 2015 was 3.8 GWh compared to 7.8 GWh
in 2014 for the RI, which is 0.31% of the energy sold.

Also, there is currently the equivalent of about 200 MW consumed by mining sites
in western Mali. These will therefore be directly integrated into the current
potential consumption, accounting for 1277 GWh of annual energy, which will
have to be added to the current consumption of the IR and Cl.
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Expected of which RI of which CI Peak load RI Load factor

[GWh] [GWh] [GWh] [MW]
2010 946 827 119 182 76%
2011 1040 913 127 199 75%
2012 999 902 97 217 67%
2013 1059 1.006 53 246 65%
2014 1.214 1.137 77 248 72%
2015 1.327 1.233 94 274 71%
2016 1.489 1.380 109 299 73%

3.3.9.3.

Table 7: History of electricity demand in Mali

ELECTRICITY DEMAND FORECAST

In order to be consistent with the approach adopted for each country, the forecast
of electricity demand will be realized at the level of net energy injected into the
network, i.e. net of transport losses, but gross of distribution and business losses.
The isolated centres will also be taken into account and aggregated in the demand
forecast.

The starting point of the forecast therefore corresponds to a net electricity injected
of 3126 GWh (1849 GWh RI and Cl plus 1277 GWh for the mines) in 2016 (last
available data).

Statistically, Akaike's information criterion indicates that GDP is the optimum
variable for explaining electricity consumption. The summary of the statistical
model used is included in the table below. In particular, the explanatory power of
the model is very good, given the R2 of 0.99. The significance of GDP is also very
important (P-value much less than 19%).

Coefficients Standard error t-stat P-value
Constant -1199.33 66.22 -18.1 2.17E-08
GDP 0.65 0.02 37.9 3.57E-11
R2 0.99

Table 8: Summary of the statistical model used for Mali

According to this model, the forecast of demand for electricity in 2033 is 6722
GWh for the baseline scenario (taking into account the IMF GDP growth
assumptions). This forecast corresponds to an average consumption growth rate
of 6.6%.

This forecast is slightly below the last forecast of 2014 carried out by Artelia which
provided 7602 GWh consumed in 2033. This latest forecast is fairly close to our
high scenario (average growth of 8.2%).
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The low and high scenarios, obtained by considering respectively 75% or 125%
of the expected growth rates of the IMF, foresee an energy consumption of
respectively 5551 GWh and 8127 GWh.

The peak load forecast was calculated by keeping constant the load factor from
2016, assuming that the repartition between residential and industrial loads will
remain constant in the future. According to our calculations, this peak load will
reach 1118 MW in 2033 in the base case scenario. This value is again below the
forecast made by Artelia, expecting a peak load of 1326 MW at horizon 2033,
which is in line with the high scenario calculated here.

Mali - Forecast electricity demand (GWh)
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Figure 18: Electricity demand forecast for Mali
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Figure 19: Peak load forecast for Mali
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3.3.10.

3.3.10.1.

3.3.10.2.

3.3.10.3.
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Niger

MACRO-ECONOMIC PARAMETERS

Niger has the highest fertility rate in the world with 7.6 children per woman. The
population has risen at a fairly constant rate of 3.3% over the last 15 years and
reached 18.8 million in 2017. The IMF expects that this trend will continue, with a
slight decrease, the growth being expected to stabilize to 3.1% in the next 5 years.

Niger's GDP is evolving erratically exhibiting years of high growth followed by
periods of recession. Nevertheless, the general trend shows an increase in GDP
with an average rate of 5.3% over the last 15 years. The IMF expects increased
growth, of the order of 6.2% over the next few years.

HISTORICAL DEMAND ANALYSIS
The historical data is only available from the year 2008 onwards.

The demand for electricity throughout the Niger system (all regions combined)
showed an increase at an average rate of 9.8% over the period 2008-2014. The
energy delivered to the distribution networks reached 831 GWh in 2014.

In 2014, it is estimated that less than 10% of households are electrified. In the
River Zone (Niamey), the electrification rate is in the order of 50%, while in other
parts of the country the rate is very low, between 3% and 14%.

ELECTRICITY DEMAND FORECAST

Given the limited information on the history of electricity demand, as it begins in
2008, it was decided to adopt an analytical approach to the forecasting of demand.
This technique starts from the specific consumption of households and
enterprises and then reconstitute the aggregate demand at national level, as
explained in the introduction.

To implement this methodology, we will use the following elements:

Evolution of the number of households: 2014 data, taken from the master plan
generation-transmission, and to which the population growth rates foreseen by
the IMF will be applied,;
Electrification rate: defined for 2014 in the master plan, from the number of
clients and the number of households, different electrification rates between
Niamey (river area) and the rest of the country will be distinguished:
- Niamey:

The initial rate (in 2014) for Niamey is 51.3%

The final rate (in 2033) is assumed to be 90%

- Rest of the country: the average master plan scenario foresees an
electrification rate of around 30%

The initial rate (in 2014) is estimated at 4.9%

The final rate (in 2033) is assumed to be 30%;
Specific consumption: defined as the annual consumption of a household, a
growth of 1.5% per annum will be considered

- Niamey:
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§ Specific consumption: 1000 kWh/y
- Rest of the country:

§ Specific consumption: 500 kWh/y
Consumption of enterprises, industries and administrations BT and MT: These
consumptions will be expected to follow the growth rate of Niger's GDP with a
coefficient of elasticity of 1.3
Load factors: They will be assumed constant also throughout the projection
horizon in question;

- LV consumers: 55%
- MV consumers: 70%
Network performance: assumed constant and equal to its 2016 value, i.e. 91%

According to this approach, the prediction of the energy injected into the network
is 4 192 GWh by the year 2033, corresponding to an average growth rate of 9%.
This forecast is below the one presented in the master plan, which forecasted 5
000 GWh in 2030.

To provide a sensitivity analysis, we will introduce a low scenario and a high
scenario, varying the different factors as presented in section 3.2.

According to these two scenarios, the energy injected into the network at horizon
2033 will be 6245 GWh in the high scenario, and 2792 GWh in the low scenario.

Regarding the peak load, our forecast indicates that it will reach 1063 MW in 2033,
an average growth rate of 9% as well.

The evolution of the peak load according to the two scenarios defined above will
be 727 MW in 2033 in the low scenario and 1534 MW in the high scenario.

Niger - Electricity demand forecast (GWh)
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Figure 20: Electricity demand forecast for Niger
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Niger - Peak demand forecast (MW)
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3.3.11.

3.3.11.1.

3.3.11.2.

3.3.11.3.

Figure 21: Peak load forecast for Niger
Nigeria

MACRO-ECONOMIC PARAMETERS

The growth rate of the Nigerian population is estimated at 2.75% since 1992
according to the IMF figures. The actual population (2017) is estimated at
188 million.

Since 2001, the growth of the Nigerian GDP fluctuated between 5% and 10%,
with an average growth rate of 7.5% according to the IMF. The GDP went down
by 1.62% in 2016, and then saw a slight increase of 0.84% in 2017. The IMF
forecasts an increase of the GDP limited to 1.75% per year for the next 5 years.

HISTORICAL DEMAND ANALYSIS

According to the master plan of Nigeria (Fichtner, 2017), the total energy
consumed in Nigeria reached 42 400 GWh in 2015.

The peak demand value was 6648 MW in 2015.

ELECTRICITY DEMAND FORECAST

Given the very limited information on the history of electricity demand, it was
decided for this study to adopt the load demand forecast as planned in the master
plan (Fichtner, 2017).

According to this forecast, the energy demand will reach 200 TWh in 2033 in the
base scenario. This corresponds to an increase with an average rate of 9%.
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The peak demand forecast shows an increase at an average rate of 9.2%, it will
reach a value of 32.5 GW as of 2033.

Nigeria - Electricity demand forecast (GWh)
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Figure 22: Electricity demand forecast for Nigeria
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Figure 23: Peak load forecast for Nigeria
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3.3.12.

3.3.12.1.

3.3.12.2.

Senegal

MACRO-ECONOMIC PARAMETERS

Senegal experienced a period of relatively long macroeconomic stability, with an
average GDP growth rate of 4.4% between 2000 and 2017, according to the IMF.
Nevertheless, GDP per capita growth was quite low during the same period
(average 1.4%), which did not allow a sustainable reduction in poverty.

In 2014, the government set up the "Emerging Senegal Plan", which aims to bring
the country to the status of emerging country on the horizon 2035. To achieve
this, the country must be able to develop a GDP growth of 7% with a population
growth limited to 3%. Since the introduction of this Plan, GDP growth is indeed
more important (around 7%), and the IMF expects that this trend will continue in
the years to come.

By the end of 2017, the Senegalese population was 16.1 million according to the
IMF figures. It grew by an average of 2.9% between 2000 and 2017 and this
growth accelerated recently (3.1% from 2010 to 2017). According to the IMF, this
growth rate will stabilize to 3.1% in the future.

HISTORICAL DEMAND ANALYSIS

Electricity sales in Senegal experienced a growth rate of 5.70% between 1997 in
2016 and reached the level of 3149 GWh in 2017. This growth has further
accelerated over the last few years, with a rate of 6.80% between 2010 and 2018
(budgeted). Nevertheless, this growth has shown a fairly large volatility of 3.8%
over this recent period.

The Senegalese Interconnected Network (RI) accounts for more than 95% of
these sales, with the remainder being attributed to the Non-interconnected
network (Cl for isolated centres) powered by Boutoute and Tamba regional power
stations, as well as secondary centres.

The peak load of the Senegalese network increased from 319 MW in 2003 to 637
MW in 2017 (including 613 MW for the RI), at an average annual rate of 4.8%.
The RI load factor increased from 63% in 2003 to 69% in 2017. For the Boutoute
and Tamba networks, these load factors were 57.9% and 59.7% respectively in
2017.

The overall performance of the Senegalese electricity network has improved
significantly over the last few years, from 78.81% in 2014 to 80.64% in 2016.

A lot of progress has also been made on the demand for unserved energy. Indeed,
while it still represented a significant part of the demand (90 GWh in 2009, 166
GWh in 2010 and 267 GWh in 2011), it was able to be reduced to a much lower
level around 30-40 GWh as early as 2012. This improvement is due to the
decrease in the deficit due to lack of production, the strengthening of the
production park and the securing of the fuel supply.
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3.3.12.3.

ELECTRICITY DEMAND FORECAST

In order to be consistent with the approach adopted for each country, the forecast
of electricity demand will be realized at the level of net energy injected into the
network, i.e. net of transport losses, but gross of loss of distribution and business
losses.

The starting point for the forecast therefore corresponds to a net electricity
injection of 3827 GWh in 2017.

The isolated centres will also be taken into account and aggregated in the demand
forecast.

Statistically speaking, Akaike's information criterion indicates that GDP is the
optimum variable for explaining electricity consumption. The summary of the
statistical model used is included in the table below. In particular, the explanatory
power of the model is very good, given the R2 of 0.99. The significance of GDP is
also very important (P-value much less than 1%).

Coefficients Standard error t-stat P-value
Constant -698.46 97.39 -7172.0 7.24E-06
GDP 0.65 0.02 34570.0 3.51E-14
R2 0.99

TS 000090 G EEEEED 0 020 G 0 0 G

Table 9: Summary of the statistical model used for Senegal

According to this model, the forecast of demand for electricity in 2033 is 11 783
GWh for the baseline scenario (taking into account the IMF GDP growth
assumptions). This forecast corresponds to an average consumption growth rate
of 7.3%.

This forecast is relatively aligned with the 2016 forecast by SENELEC, which
provided 12 476 GWh consumed in 2033 (average growth of 7.7%).

The low and high scenarios, obtained by considering respectively 75% or 125%
of the expected growth rates of the IMF, foresee an energy consumption of
respectively 9046 GWh and 15 229 GWh.

The peak load forecast was calculated by keeping constant the load factor of 2017
constant, i.e. 68.9%, assuming that the repartition between residential and
industrial loads will remain constant in the future. According to our calculations,
this peak load will reach 1961 MW in 2033 in the base scenario. This value is also
close to the forecast made by SENELEC, expecting a peak of 2 065 MW in 2033.

Also, it must be said that the forecast made by SENELEC integrates mandatory
electrification targets. Therefore, given that the 2033 consumption of the latter
forecast is close to the one computed in the base case, we will consider the
SENELEC forecast here.
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Sénégal - Electricity demand forecast (GWh)
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Figure 24: Electricity demand forecast for Sénégal
Sénégal - Peak load forecast (MW)
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Figure 25: Peak load forecast for Sénégal
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3.3.13.

3.3.13.1.

3.3.13.2.

3.3.13.3.
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Sierra Leone

MACRO-ECONOMIC PARAMETERS

After the civil war that lasted from 1991 until 2002, the economic activity of Sierra
Leone was back on track with a strong GDP growth rate averaging 7.4% from
2000 until 2017, benefiting from improved policies and booming commodity prices
on the international markets. In 2014 though, the Ebola crisis heavily impacted
the economic growth with an estimated drop of 20% of the GDP in real terms. The
collapse of iron ore prices contributed as well to this heavy economic recession.

After the World Health Organization declared Sierra Leone officially Ebola-free on
March 2016, the medium-term expectations are positive, with the IMF expecting
around 6.5% economic growth in the years to come. However, given the low
international iron ore price, this recovery is expected to be led by non-iron ore and
agriculture sectors, following the authorities’ economic diversification effort and
post Ebola recovery plan.

The population of Sierra Leone is estimated at 6.6 million people at the end of
2017. It experienced a boom after the civil war, with growth rates reaching 5% per
year and stabilized afterwards to around 2% per year. The IMF foresees a growth
rate of 1.7% of the population on the medium-term horizon.

ANALYSIS OF THE HISTORICAL ELECTRICITY DEMAND

Few information was transmitted regarding the historical electricity demand in
Sierra Leone.

It was found in the 2014 annual report of the Bank of Sierra Leone that the total
electricity consumption was amounting to 132 GWh over the year 2014. According
to the same source, the energy produced that year was of circa 200 GWh,
meaning a network performance of 66%.

Given those figures, the peak load is estimated at 34 MW in 2014.

Also, according to the last figures available in the World Bank data base, the
electrification rate of the country was of 13% as of 2014, with 32% in the urban
areas and only 1% in the rural areas.

Finally, the equivalent of 232 MW of electricity consumption from existing mining
sites were identified close to decided transmission lines (CLSG and Free Town -
Bumbuna). Those will be hence included in the base case scenario.

LOAD DEMAND FORECAST

Given the limited information on the history of electricity demand, it was decided
to adopt an analytical approach in order to make the demand forecast. This
technique starts from the specific consumption of households and companies and
then reconstitute the aggregate demand at national level, as explained in the
introduction.

To implement this methodology, we will use the following elements:
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Evolution of the number of households: taken from the “2015 Population and
Housing Census” of Statistics Sierra Leone and to which the population growth
rates foreseen by the IMF will be applied;

Electrification rate: defined as the ratio between the number of customers and
the number of households, different electrification rates for urban and rural
areas will be distinguished:
- Urban areas:

The Initial rate (2014) is of 31% (World Bank)

The Final rate (in 2033) is assumed to be 90%
- Rural areas:

The Initial rate (in 2014) is of 1% (World Bank)

The Final rate (in 2033) is assumed to be 65%;

Specific consumption: defined as the annual consumption of a household, a
growth of 1.5% per annum will be considered

- Urban areas:

Specific consumption: 1000 kWh/y
- Rural areas:

Specific consumption: 500 kWh/y
Consumption of enterprises, industries and administrations: The starting point
for these consumers is the 109 GWh figure from 2014 (Bank of Sierra Leone)
and it evolves according to the GDP, with an elasticity of 1,3 considered.
Load factors: They will be assumed constant also throughout the projection
horizon in question;
- Residential consumers: 50%
- Business consumers: 70%
Network performance: distribution and commercial losses are assumed to be
equal to 30% as of 2014 and will converge towards 20% by 2033.

Regarding the mining sites in project, a recent study of 2016 financed by the World
Bank identifies around 373 MW of potential demand. Those will be integrated
gradually in the high scenario, until 2033.

According to this approach, the prediction of the energy injected into the network
is of 3692 GWh by the year 2033, corresponding to an average growth rate of
8.6%.

To provide a sensitivity analysis, we will introduce a low scenario and a high
scenario, varying the different factors as presented in section 3.2.

According to these two scenarios, the energy injected into the network at Horizon
2033 will be 2808 GWh in the low scenario, and 6963 GWh in the high scenario.

Regarding peak load, our forecast indicate that it will reach 696 MW in 2033,
which corresponds to an average growth rate of 8.6% as well.

The evolution of the peak load in the two scenarios defined above will be of 511
MW in 2033 in the low scenario and 1279 in the high scenario.

64/374

Final version



Sierra Leone - Electricity demand load forecast (GWh)
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Figure 26: Electricity demand forecast for Sierra Leone
Sierra Leone - Peak load demand forecast (MW)
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Figure 27: Peak load forecast for Sierra Leone
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3.3.14.

3.3.14.1.

3.3.14.2.

Togo

MACRO-ECONOMIC PARAMETERS
According to the IMF, the economic growth of GDP in Togo averaged 3.2%
between 2000 and 2017 in real terms. The latter has however accelerated and
stabilized at 5.2% on average since 2010, thanks in particular to productivity gains
in agriculture and investments in infrastructure (in particular the road network, the
port of Lomé and the international airport). The IMF anticipates that GDP will
continue to grow in this way, at a medium-term rate of 5.5%.
The recent good pace of the Togolese economy has contributed to the
improvement of human development indicators, even though poverty is still high,
especially in rural areas. The main challenge facing the country is to continue to
support this economic growth, while making it more inclusive.
At the end of 2017, the Togolese population is estimated at 7.7 million inhabitants.
The latter experienced an average growth rate of 2.9% between 2000 and 2017.
HISTORICAL DEMAND ANALYSIS
The electricity supply in Togo comes mainly from two sources:
The CEB, which is the transmission network operator of Benin, also providing
Togo with electricity;
The CEET, the Togolese distribution network operator, which has its own
production means ;
The Central Contour Global Togo S.A. (CGT);
The history of electricity consumption at the point of injection is included in the
table below. It is therefore made up of the CEB's electricity sales to the CEET, to
which the own production of the CEET and the CGT must still be added. We have
also taken into account the production provided by the WACEM industry.
CEB sales to CEET + CGT Net WACEM Total [GWh]
CEET [GWh] production[GWh] [GWh]
2008 756 756
2009 845 845
2010 852 852
2011 982 73 1055
2012 1041 186 1227
2013 1037 175 1212
2014 1104 81 4 1189
2015 923 343 9 1275
2016 686 668 13 1367

L eeeed L

Table 10: Historical electricity demand in Togo
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3.3.14.3.

According to these figures, the growth of consumption in Togo has been 5.52%
on average over the last 6 years.

To estimate the peak load on the Togolese network, we will take up the last known
load factor for the CEET network taken from the report "Elaboration of the master
plan for the development of electrical energy infrastructures of Togo" written by
SNC-Lavalin, i.e. 72% in 2012, which corresponds to an industrial type of load.

If this load factor is applied to the electrical energy consumed in 2016, it gives a
peak load of 217 MW, which will therefore be the starting point of the projection.

ELECTRICITY DEMAND FORECAST

Statistically speaking, Akaike's information criterion indicates that GDP is the
optimum variable for explaining electricity consumption. The summary of the
statistical model used is included in the table below. In particular, the explanatory
power of the model is relatively good, given the R2? of 0.87. Also, the GDP
coefficient is significant at the 1% threshold (P-value less than 1%).

Coefficients Standard error | t-stat P-value

Constant -374,71 219,35 -1,71 0,13
GDP 1,14 0,17 6,72 0,00

R? 0.87

Table 11: Summary of the statistical model used for Togo

According to this model, the forecast of the demand for electricity in 2033 is of
4070 GWh for the baseline scenario (taking into account the IMF GDP growth
assumption). This forecast corresponds to an average consumption growth rate
of 6.5% and is relatively aligned with the one made by IED in 2014.

The high and low scenarios (calculated as a reminder by applying an increase or
a 25% decrease in the growth rate expected by the IMF respectively) lead to a
forecast of the demand of respectively 5172 GWh and 3177 GWh in 2033.

These forecasts fall below a 2014 forecast by the IED consultant, which provided
4186 GWh consumed in 2033 (an average annual growth of 5.3%).

The peak load forecast was calculated by keeping the 2016 load factor constant,
or 72%, which assumes that the nature of the load will not change in the future.
According to our calculations, this peak load will reach 646 MW in 2033 in the
base case, 821 MW in the high scenario and 504 MW in the low scenario. The
base case scenario is once again in line with the forecast made by IED,
anticipating a peak of 664 MW in 2033.

TS 000090 G EEEEED 0 020 G 0 0 G
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Togo - Electricity demand forecast (GWh)
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Figure 28: Electricity demand forecast for Togo
Togo - Peak load forecast (MW)
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Figure 29: Peak load forecast for Togo
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3.3.15.

3.3.15.1.

3.3.15.2.

Cape Verde

MACRO-ECONOMIC PARAMETERS

According to the IMF, GDP growth in Cape Verde averaged 4.3% between 2000
and 2017, in real terms. The latter was affected by the global economic crisis and
suffered a decline in 2009, following a decade of strong growth, boosted by the
rise of tourism from 1999. The explosion of tourism has had a significant impact
in the hotel industry, and strongly boosted the real estate services and catering
sectors. The IMF anticipates a gradual return of GDP growth from 2017 and
considers an average rate of 4% over the medium term.

At the end of 2017, the population of Cape Verde is estimated at 540 000
inhabitants. The latter experienced a growth rate of 1.2% on average between
2000 and 2017, with strong annual variations

ANALYSIS OF HISTORICAL DEMAND

Electricity generation recorded a growth rate of 8.8% between 2002 and 2006. In
2008, electricity generation reached 275 GWh with losses estimated at 73 GWh
or 26.6% of total generation. Electricity generation grew in average of 6% between
2005 and 2009, as shown in the graph below.
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Figure 30: Evolution of Cape Verde's electricity generation in MWh

Subsequently, demand continued to grow. Annual consumption is currently
estimated at 727 kWh / inhabitant.

There is no interconnected network in Cape Verde. The load peaks recorded are
therefore indicated by island and are a function of the installed power. Although
island peak loads are below the capacity installed in the different islands, the
quality of the electricity service remains degraded. The average cut-off time was
1708 min in 2009 against 3055 in 2008.
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3.3.15.3.

PREDICTING DEMAND FOR ELECTRICITY

The baseline scenario of Cape Verde's demand forecast anticipates a doubling of
electricity demand by 2030 (source: SE4ALL), representing growth of around 6%
/ year.

EvoLugAo da PROCURA de ELETRICIDADE (kWh)- CENARIO de BASE
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Figure 31: Evolution of total electricity consumption in Cape Verde by 2030

Synthesis of load demand forecast

The ranking of the different countries according to the growth rates of the demand
for electricity is given hereunder for the base case scenario. We have also taken
up the rankings of these countries according to the growth rates of GDP and
population.

Nigeria has the highest rate of growth in electricity consumption but it should be
recalled that this forecast was taken directly from the last master plan (finalized in
2017). Note also that this forecast is based on the energy served. Given the
current level of load shedding in the country, it includes a gradual catch-up of
unserved energy.

For the rest, the countries with the highest real demand growth rates are those
who are characterized by a significant delay in the electrification rate. The
increase in demand served will be even greater as soon as unserved energy will
be reduced

For example, Liberia, Sierra Leone and Niger occupy the top ranking, with growth
of more than 8.5%. This is also due to the fact that these countries have the most
significant expected growth rates of GDP (15t and 2™ position for Sierra Leone
and Liberia, 5™ Paosition for Niger, see table below).

Next comes Guinea with an expected growth of 7.5%. Gambia and Guinee-Bissau
are somewhat lower in the ranking, given their lower expected growth of GDP.

The countries to which the global methodology has been applied exhibit lower
growth rates of electricity demand, except Burkina Faso and Senegal whose
electricity consumption is expected to grow above 7% and Cote d'lvoire (6.9%).

According to the data collected, Cape Verde is expected to register a load growth
of about 6% per year.
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Country

NIGERIA

Future average growth Method
electricity demand
9,2% -
"""""""""" 0% | Auayical
"""""""""" 8e% | Auayical
”””””””””” gs% | Amyical
"""""""""" 7% cobal
"""""""""" 75%  Auayieal
"""""""""" 7% | cbal
"""""""""" 6% | cobal
"""""""""" 6% | Auayical
"""""""""" 6% | Auayical
”””””””””” es% | cbal
"""""""""" 6s% | cobal
"""""""""" 64% | cobal
"""""""""" se% | cbal

Table 12: Ranking of the countries according to the future average growth rate of electricity demand in the base case

Country Future average Country Future average
growth of GDP growth of
population
SIERRA LEONE 7.4% GAMBIA 3.3%

 ueeRA s wal s
""""" ov  ese | SENEGAL 316
 seneeaL | 6a% | NGER s1%
"""" NGER | e | NGERA | 28%
"""" BENN | 626 | Toso | am
BURKINAFASO | oo | BURKINAFASO 26
10 sew COTEDNORE 26%
"""" GHANA | sa% | GHANA | 26%
 cunea s | cunea 5%
GUNEABISSAU | 5% | GUNEABISSAU 20%
 eavea as% | LeeRa | 2%
"""" MALL ame | BENN | 20%
""" NGERA | 17% | SERRALEONE & 17%

scenario

Table 13: Ranking of the countries according to the average growth rate of GDP and population up to 2022 (source : IMF)

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14

71/374

Final version



The table below summarizes the forecast of electricity demand in the base case
scenario for each country.

Desqlgggi(c(i‘,t\)//\/h) BENIN Bléiélcl)\lA D’(I:\S)C')I'IEE GAMBIA GHANA GUINEA (BBIUSIQEG
2018 1381 1753 9785 584 14527 2093 448
2019 1472 1901 10530 623 16987 2232 482
2020 1575 2059 11299 666 18601 2382 518
2021 1691 2228 12069 713 20254 2544 556
2022 1799 2393 12871 764 20998 2702 596
2023 1913 2569 13718 817 21783 2871 639
2024 2035 2756 14615 875 22610 3051 683
2025 2165 2953 15564 936 23481 3242 730
2026 2302 3163 16568 1001 24399 3446 779
2027 2448 3385 17630 1070 25366 3663 831
2028 2602 3620 18755 1144 26385 3894 885
2029 2767 3869 19946 1222 27459 4141 942
2030 2941 4134 21207 1306 28590 4403 1003
2031 3126 4414 22543 1395 29782 4681 1066
2032 3323 4711 23958 1490 31038 4978 1133
2033 3531 5026 25458 1590 32361 5294 1203
Average Growth 6,4% 7,3% 6,9% 6,9% 5,8% 7,5% 6,9%
gfnit;’;c(;t{GWh) LIBERIA MALI NIGER NIGERIA SENEGAL EIEECI)?'\IIQEA TOGO
2018 581 3414 1185 51250 4095 2062 1592
2019 640 3571 1287 55404 4357 2135 1698
2020 706 3735 1414 59896 4671 2208 1814
2021 77 3907 1543 64751 5057 2288 1937
2022 854 4087 1685 70000 5707 2374 2066
2023 936 4275 1837 76815 6735 2464 2203
2024 1023 4473 2002 84293 7694 2559 2347
2025 1115 4679 2179 92500 8192 2660 2500
2026 1214 4896 2371 101479 | 8691 2766 2661
2027 1318 5122 2577 111330 | 9193 2877 2831
2028 1429 5359 2799 122137 | 9711 2995 3010
2029 1547 5607 3038 133993 | 10293 3120 3200
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Electricity LIBERIA MALI NIGER NIGERIA SENEGAL SIERRA TOGO

Demand (GWh) LEONE

2030 1673 5867 3295 147000 | 10636 3251 3400
0m 1806 6139 3573 | 162888 11218 3390 3611
032 1948 6424 3871 180492 11720 3537 3835
03 2098 6722 | 4193 200000 12476 3692 4070
Average Growth | 9,0%  65% | 88% 02 | % 88%  65%

Table 14: Synthesis of the electricity demand forecast in the base case scenario

The table below summarizes the peak load forecast in the basic scenario for each country.

Peak Load BENIN BURKINA COTE GAMBIA GHANA GUINEA GUINEA
(MW) FASO D’'IVOIRE BISSAU
2018 276 318 1.420 106 2.225 421 78

"""" 2019 204 350 1647 114 2602 450 84
"""" 200 34 ses 1767 122 2849 482 91
"""" 2020 3w 47 18 131 3108 517 98
o B0 mo 2013 o 3217 st 105
s 2 s15 2105 150 a3 ser 13
C 0m w6 62 2085 61 saee 625 121
" @ 613 243 w3 3597 666 129
0% 9 656 2501 185 3738 710 138
o w8 03 2751 08 ssss 756 148
o s19 I 2038 22 s0s2 805 158
" T 52 803 3119 21 4206 858 168
om0 87 88 3316 u3 4380 914 179
o om 623 a6 s %0 ase2 913 191
Com 663 o8 srar o8 a755 1037 203
Com 04 1043 sogt 207 4057 1104 215
 Average 64% 8% 1% 0% s6%  75% 7%
Growth

Peak Load LIBERIA MALI NIGER NIGERIA | SENEGAL | SIERRA TOGO
(MW) LEONE
2018 111 568 304 8.250 656 362 253

o9 123 | 504 | 329 | 8964 721 378 270
0 137 | 621 | 361 9740 773 393 288
G DS R G 44—
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Peak Load LIBERIA MALI NIGER NIGERIA SENEGAL SIERRA TOGO

(Mw) LEONE
2021 151 650 394 10.584 837 410 307
2 166 | | 660 | 430 11500 944 428 328
a3 182 | 711 | 468 12565 1115 = 446 350
04 200 | 744 | 510 13729 1273 466 373
" 218 | 778 | 554 15000 1356 = 487 397
" 238 | 814 | 603 16444 1438 = 508 = 422
R 258 852 | 655 | 18.027 1521 | 531 = 449
2028 280 | | 891 | 711 | 19.762 1607 555 = 478
I 303 | 933 | 771 21665 1703 = 581 508
T 328 | 976 | 836 23750 1760 607 540
o om 354 | 1021 = 906 26368 1857 635 573
o m 382 | 1069 = 982 | 20.274 1940 665 609
 am 411 | 1118 1063 32500 = 2065 696 646
%/%rv:vatghe 9,2% 6,4% 9,1% 9,5% 7,7% 9,1% 6,5%

Table 15: Synthesis of the peak load forecast in the base case scenario
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SUPPLY ANALYSIS

The supply analysis will be achieved in two steps:

First of all the list of existing and planned power plants will be established based
on the data collected in the countries. On this basis the gap between the expected
future power consumption and the installed capacity will be estimated.

Then, additional candidate options of power generation (thermal, hydro and RES
sources) will be described that will be proposed to the optimisation. A dedicated
attention will be paid to the availability of natural resources in the region (natural
gas, solar irradiation, wind speed,...). The regional projects are classified in the
country where they are geographically located.

This chapter has as an objective to provide an overview of the situation of all of
the 14 WAPP countries by detailing the characteristics of current and future
generation plants.

For each member state, a list of generation units is provided, making the
distinction between the existing plants and the future ones (decided or
candidate) :

Existing Units : generating units commissioned before March 2018.
Decided Units : generating units under construction or for which a fixed
commissioning data has been acted (studies closed and financing secured).
Candidate Units : generating units for which studies are not yet completed or
for which financing is not guaranteed yet.

Data related to existing plants in the different countries present both the installed
capacity and the available capacity:

Installed Capacity: nominal power of the units as foreseen by the constructor
Available Capacity: available capacity when considering the state and the
conditions of operation of the plant. This includes the consideration of the
obsolescence of the plants as well as the derating due to the non-optimal
conditions of operation (different from 1ISO conditions for gas turbines for
example).

The abbreviation used for the different types of plants in the graphs and tables of
this section are explained here after.

Abbreviation Unit Type
cC Combined Cycle
GT Gas Turbine
ST Steam Turbine
HYD Hydroelectric Plant
ROR Run of River
G DS R G 44—
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Abbreviation Unit Type

DAM With Reservoir

DI Diesel Unit

WT Wind Farm

PV Photovoltaic Plant

CSP Concentrated Solar Plant
BIO Biomass Plant

Table 16 : Abbreviations of unit types

The abbreviations for the types of fuel used by current and future units are
summarized in the following table :

Abbreviation Unit Type

(D)DO* (Distillate) diesel oil

GO* Gas Oil

HFO Heavy fuel oil

HVO* Hydrotreated vegetable oil
JET Jet Al

LCO Light Crude Oil

LFO* Light fuel oil

NG Natural gas

COAL Coal

Table 17 : Abbreviations of types of fuel considered

In order to simplify the modelling and given the similarity of their thermodynamic
properties, the fuels indicated by an asterisk will be considered as DDO in the
section devoted to fuel costs.

All the listed generation units are given in tables in APPENDIX B and C along with
the considered techno-economic characteristics.

The missing data for existing units were firstly supplemented by values identical
to those of similar units in the same country (with comparable size and
commissioning date).

These assumptions are indicated by italic characters in the tables. When such
assumptions were not possible, the following standard values were assumed:
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Unit Type ccC GT ST DI DI HYD PV WT
(HFO) (DDO)

Net heat rate 8.8 12.7 10.8 9.5 10.4 / / /
[GI/MW h]

Lifetime [years] 25 25 35 30 30 50 25 25
Forced outage 8% 8% 8% 10% 10% 5% 0.5% 1%
rate [%)]

Planned 613 613 613 960 960 570 80 350
unavailability

[h/year]

Variable O&M 2 25 3.1 10 10 2 / 9.5

costs [$/MWh]

Fixed O&M 35 7 70 17 8 100 20 17
costs [$\kW/y]

Hydro capacity / / / / / 49.2% / /
factor
Yearly firm / / / / / 76% * / /
energy for yearly
hydro energy

average

L eeeed L

Table 18 Standard values considered for existing units

These standard values were based on the data available in the various countries
and on the consultant’s experience on similar projects. They are indicated by “VS”
in the tables. However, the obsolescence of the plants will be taken into account
through a derating factor applied to the oldest plants.

Regarding future units, for which only the type of technology and the installed
capacity are generally known, other standard values were used. Those are state
of the art values for new units. They are explained in detail in section 4.3.

The discount rate proposed as a basis for this study is 10%. The exchange rates
considered are:

1€ =1.23 US$
1€=655.957 FCFA

All the generation units listed are listed in the tables below, each with the relevant
techno-economic characteristics.
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4.1.1.

41.1.1.

Benin

DIAGNOSIS OF THE CURRENT SITUATION

In Benin, most of the effective capacity is connected to the distribution network
(144MW out of 290 MW available in the country). The only power plant owned by
the CEB is the 24 MW gas turbine of Maria-Gleta. This capacity is almost
exclusively composed of thermal origin and mainly supplied with DDO. In
particular, given the structural gas deficit in the WAGP pipeline, gas turbines from
the CAl plant of Maria Gleta (70 MW) are operated with Jet Al, a very costly fuel
for base or semi-base operation.

The resulting energy mix is shown in the figure below. The details of the
generation units are presented in Appendix B.

29%

m HFO

m DDO

m NG

4.1.1.2.

Figure 32: Installed Capacity of Benin (2018) by fuel

It is important to note that the electrical demand of Benin is supplied not only with
the power plants of the CEB and the SBEE, but also and above all by Energy
purchases at TCN, VRA, and CONTOUR GLOBAL.

GENERATION EXPANSION PLAN

Given the fragility of the Beninese electrical system and the country's dependence
to electricity imports on the one hand and natural gas import on the other, the
country wants to review its energy strategy:

Diversification of fossil resources used for supplying the thermal power plants
(LNG or coal);

Development of hydroelectric potential if it is economically justified;
Development of renewable projects, mainly in the northern part of the country;
Importation from other neighbouring countries (e.g. Niger);

In this master plan, these different options will be investigated.
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4.1.1.2.1. Decided units

With the securing of gas supply from Nigeria, the development of gas-fired power
plants at Maria Gleta should be confirmed. Thus, the extension of the CAl project
of 50 MW is decided and will be put into service in 2020. This project will not be
challenged as part of this study.

Technologie Nom de la centrale Capacité Installée Date de mise en
(combustible) (localisation) [MW] service

GT (NG) Maria Gleta 50 2020

CC (NG) BWSC 120 2020
BIOMASSE PNUD 4 2020

PV INNOVENT DJOUGOU 1.5 2020

PV AFD 25 2020

PV MCA 45 2020

Table 19: Decided Generation Projects: Benin

4.1.1.2.2. Candidate Units

In addition to the project mentioned above, the following projects are envisaged
for the country. For these projects, it is considered that the date of commissioning,
the technology and the installed capacity can be optimized as part of the
ECOWAS Master plan update.

It should be noted that, given the uncertainty associated with the gas supply of
the Maria Gleta site and the importance of proposing a robust master plan, Maria
Gleta's Combined cycle project will be questioned, particularly as to its size and
the origin of the fuel used.

Technologie Nom de la centrale Capacité Installée Date de mise en
(combustible) (localisation) [MW] service
CC (NG) Maria Gleta 2*120 -
CC (NG) Maria Gleta (WAPP) 450
CC (NG) Centrale thermique145 145
MW IPP
CC (NG) Genesis 20
HYD Béterou 23.2 -
BIOMASSE Projet 10
BIOMASSE Negoce international 11
GNL ALECHE 4*300
PV SOBES 5
PV GREENHEART 10

POWER AFRICA

PV Centrale PV IPP 100
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Technologie
(combustible)

Nom de la centrale
(localisation)

Capacité Installée
[Mw]

Date de mise en
service

HYDRO

HYDRO

HYD

HYD

HYD

HYD

BETEROU
BETHEL
Vossa
Oloughé
Dogo Bis

Dyodyonga

18.2

42.4

60.2

30

128

26

4.1.2.

4.1.2.1.

L eeeed L

Table 20: Candidate Generation Projects: Benin

It is worth adding to this list the many PV solar projects in the north of the country
that are currently under study for installed capacities ranging from 2 to 35 MW
(Natitingou, Djougou, Parakou, Bohicon, Onigbolo, Bembéréké, Sakété,
Natitingou-Kandi, Kandi,...)

Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).

Burkina Faso

DIAGNOSIS OF THE CURRENT SITUATION

The power system of Burkina Faso is mainly made of fuel-fired thermal power
plants. A part of the thermal park arrives at the end of life, so the plants of Fada,
Dedougou, Gaoua and Ouaga These plants will be decommissioned before 2020.
The country's hydroelectric power stations account for 9% of the installed
capacity.

In 2017, Burkina Faso also commissioned two solar power plants (Zagtouli and
Ziga), with a total installed capacity of 34.1 MW.

The following figure illustrates the distribution of the installed capacity of Burkina
Faso by technology. The details of the generation units are presented in Appendix
B.
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= DDO
m Hydro

PV

Figure 33: Installed Capacity of Burkina Faso (2018) per fuel

4.1.2.2. GENERATION EXPANSION PLAN

The development plan of Burkina Faso foresees the replacement of the plants
that arrive at the end of their lifetime by new plants fired with HFO.

It is also planned to strengthen the country's hydropower capacity with the
development of new dams.

Finally, Burkina Faso will continue to develop solar power plants in the country.

4.1.2.2.1. Decided units

As part of this study, the following plants are considered to be decided and will
not be questioned:

Technology (fuel) Name of the plant Installed Capacity Date of
(location) Mw] commissioning

HFO Fada 7.5 2018

WO Kossodo 50 2000
WO Ouaga-sud 00 2001
Vo Kya 0 2000
Vo zZina 266 2000
Vo FootPE1 6824 2000
Vo Zagtouli2 7 2000
HYDRO Samendeni 276 2019

Table 21: Decided Generation Projects: Burkina Faso
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4.1.2.2.2. Candidate Units
In addition to the projects mentioned above, the following projects are envisaged
for the country. For these projects, it is considered that the date of commissioning,
the technology and the installed capacity can be optimized as part of the
ECOWAS master plan update.
Technology (fuel) Name of the plant Installed Capacity Date of
(location) [MW] commissioning
HYDRO (DAM) Bagré 14
HYDRO (DAM) Bontioli 5.1
HYDRO (DAM) Gongourou 5
HYDRO (DAM) Folonzo 10.8
HYDRO (DAM) Ouéssa 21
PV Koudougou 20
PV AFD 40+10
PV WAPP 150
PV Foot PIE 2 100
Table22: Candidate Generation Projects: Burkina Faso
Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).
4.1.3. Cote d’lvoire
4.1.3.1. DIAGNOSIS OF THE CURRENT SITUATION

L eeeed L

Asi illustrated in the Figure 34 Below, the generation system of Céte d'lvoire mainly
consists of hydraulic and thermal power plants.

The hydraulic power plants account for 40% of the total installed power with an
installed capacity of 879 MW, including Soubré (275 MW), which was
commissioned in 2017.

The thermal park, located almost exclusively around Abidjan, consists of gas
turbines (Vridi, Ciprel) and combined cycles (Azito, Ciprel). The installed thermal
power is 1320 MW. AGGREKO is a 210 MW leasing plant whose contract ends
in 2020. The total installed capacity in Céte d’lvoire in 2017 was hence of 2199
MW.

The details of the generation units are presented in Appendix B.
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= Hydro

Figure 34: Installed capacity of Céte d'ivoire (2018) by fuel

4.1.3.2. GENERATION EXPANSION PLAN

Céte d’lvoire plans to continue the development of the gas sector with the
introduction of new combined cycles, but also to diversify the country's energy
mix.

Development of country's solar potential, mainly in the northern part of the
country;

Development of coal-fired power plant projects;
Development of the biomass chain.

New hydropower projects are also planned.

4.1.3.2.1. Decided units

As part of this study, the following plants are considered to be decided and will
not be questioned:

Technology (fuel) | Name of the plant (location) Installed Capacity | Date of
[MW] commissioning
CC-GT (NG) Azito IV- TAG 161 2020
ccGT(NG) Ao -TAV o oo
CCGT(NG)  CiprelV-lerTrancheTAG 255 200
CCGT(NG)  CiprelV-2emeTranche TAV 135 20
WYORO  Grbopopol 2 o2
WYORO  singobo w2
P KomogoSoar(RECA) 0 19
P PooPowerCANADAN
SOLAR) 50 2020
T DS R — G 44—
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Technology (fuel)

Name of the plant (location)

Installed Capacity
[Mw]

Date of
commissioning

PV

BIOMASS

COAL

COAL

HYDRO

HYDRO

Centrale solaire BOUNDIALI
(KFW)

BIOKALA

Centrale a charbon (S-Energies)
Centrale a charbon (S-Energies)
Louga |

Louga Il

30

46

350

350

120

126

2020

2023

2026

2029

2024

2026

4.1.3.2.2.

Candidate Units

Table 23: Decided Generation Projects: Cote d’lvoire

In addition to the projects mentioned above, the following projects are envisaged
for the country. For these projects, it is considered that the date of commissioning,
the technology and the installed capacity can be optimized as part of the
ECOWAS master plan update.

Technology (fuel)

Name of the plant (location)

Installed Capacity
[Mw]

Date of
commissioning

CC-GT (NG)
CC-GT (NG)
CC-GT (NG)
HYDRO
HYDRO
HYDRO

PV

PV

Songon - lere tranche TAG
Songon - 2éme tranche TAG
Songon - 3éme tranche TAV
Boutoubre

Tiboto

Tayaboui

Centrale solaire FERKE

Centrale solaire DAOUKRO
(SERES)

123

123

123

150

113

80

25

30

Table 24: Candidate Generation Projects: Cote d’lvoire

It is worth adding to this list the many PV solar projects in the north of the country
that are currently under study for installed capacities ranging from 25 to 75 MW.

Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).
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4.1.4. Gambia

41.4.1. DIAGNOSTIC OF THE CURRENT SITUATION

The Gambia’s installed generation capacity is currently 99 MW, which is entirely
heavy fuel oil (HFO) thermal power plants (see details in Appendix B). A lack of
resources for maintenance has led to a deterioration in available capacity in the
Greater Banjul Agra (GBA) to about 45 MW available today. 100% of this capacity
is running with HFO as shown in the picture here below.

m HFO

Figure 35: Installed Capacity of the Gambia (2018) per fuel

4.1.4.2. GENERATION EXPANSION PLAN

New generation capacity in the pipeline is expected to relieve the shortages in the
country at medium term. In addition a roadmap has been developed to support
the development of the electricity sector at long-term.

4.1.4.2.1. Decided units

As part of this study, the following plants are considered as decided and will not
be questioned :

Technology (fuel) Name of the power Installed Capacity Commissioning

plant (localisation) [MW] Date
DI (HFO) Kotu 11 2018
biFO) Bikamal | 64 o8
B Bikamall | e a0
DiHFO) Bikamall | 0 02
E Wordbank | 0 e
Y Bikama | o 220

Table 25: Decided Generation Projects: the Gambia
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4.1.4.2.2.

4.1.5.

4.1.5.1.

Candidate Units

In addition to the projects mentioned above, the following strategy is planned for
the country.

Development of new HFO-based thermal units in the Greater Banjul Area

Development of solar PV plants, including a 200 MW plant with storage to be
financed by the World Bank ;

Import of hydroelectricity from regional projects (Kaleta, Souapiti,
Sambangalou,..), as well as potentially thermal energy from coal or gas plants.

For these projects, the commissioning date, technology and installed capacity will
be optimized as part of the update of the ECOWAS Master Plan.

Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).

Ghana

DIAGNOSIS OF THE CURRENT SITUATION

Ghana is facing a shift in his energy mix. Historically dominated by hydro power,
the electricity generation is now mainly based on thermal capacity as the hydro
potential of the country is almost fully exploited.

The crisis of 2012-2015, caused by the rupture of the Nigerian gas supply through
the WAGP, severely impacted the Ghanaian electricity sector and delayed the
implementation of certain projects. The energy crisis has been solved through the
use of IPPs and a government-supported contingency plan. These IPPs have
signed take-or-pay type of energy purchase agreements (PPA) for the most part.
Consequently, the installed capacity has risen from almost 3000 MW in 2015 to
4400 MW in 2018. The detailed list of generation units is provided in Appendix B.

The following figure illustrates the current energy mix of Ghana. The share of
hydro is decreasing compared to the past and represents currently about one third
of the installed capacity in the country.
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DDO
NG
Hydro

PV

4.15.2.

4.15.2.1.

Figure 36: Installed Capacity of Ghana (2018) per fuel

GENERATION EXPANSION PLAN

The current reserve in the Ghanaian system is higher than 100%, and new
projects are committed to increase the capacity of an additional 1000MW over the
period 2018-2019. Consequently, in addition to these committed projects, no new
plant is foreseen at short and mid-term.

Decided units

As part of this study, the following plants are considered as decided and will not

be questioned

Technology (fuel) Name of the power Installed Capacity Commissioning

plant (localisation) [MW] Date
CcC CENPOWER 360 2018
< avanol 20 o0
< eec o 209
ccsn e 2o a0
o ROTAN 0 022
< EARLY POWER | w18
< EARLY POWER ss o0
R KALEOVRA | 0 o010
Y MIENERGY | 0 s
Y BUIPHASET | so 00
Y BOTHERM 0 e
wno assooll | o 202
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Technology (fuel) Name of the power Installed Capacity Commissioning
plant (localisation) [MW] Date

GT TROJAN 3 50 2018

Table 26: Decided Generation Projects : Ghana

4.15.2.2. Candidate Units
In addition to the projects mentioned above, the following projects are planned for
the country. For these projects, it is considered that the date of commissioning,
the technology and the installed capacity can be optimized as part of the
ECOWAS master plan update.
Technology (fuel) Name of the power Installed Capacity Commissioning
plant (localisation) [MW] Date
HYDRO Juale 87 -
HYDRO Pwalugu 48 -
HYDRO Hemang 93 -
HYDRO Kulpawn 36 -
HYDRO Daboya 43 -
HYDRO Noumbiel (shared with 60
BF)
PV BUI PHASE 2 200
PV BONGO SOLAR 40
cc MARINOS 100
COAL ATUABO 700
WIND ADA 150
CENIT ENERGY &
cc VRA 110
Table 27: Candidate Generation Projects : Ghana
Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).
4.1.6. Guinea
4.16.1. DIAGNOSIS OF THE CURRENT SITUATION

The Guinean system (managed by EDG) is articulated around 2 networks:

Conakry interconnected Network which groups the main hydroelectric plants
of the country as well as the entire thermal generation of EDG. This system
brings together the vast majority of electricity consumption.
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The Tinkisso network in the interior of the country, connecting the thermal
power plants of Tinkisso, Faranah and the locality of Dinguiraye. Given its size
(< 2MW of Installed Capacity) in relation to the demand of the interconnected
system, this isolated system is not treated in detail in this study.

In the interconnected network, the installed capacity reaches about 550 MW of
which 365 MW of hydroelectric origin. The Kaleta hydroelectric power plant alone
represents 240 MW. It is expected that 30% of Kaléta's generation will be
dedicated to OMVG member countries (Senegal 20%, Guinea-Bissau 4% and
Gambia 6%) as soon as the OMVG Loop will be commissioned. The details of the
generation units are presented in Appendix B.

The following figure illustrates the current energy mix of Guinea (including the
total capacity of Kaléta). Two-thirds of the generation is of hydroelectric origin
while the last third comes from thermal power plants.

m HFO

m DDO

= Hydro

4.1.6.2.

4.1.6.2.1.

Figure 37: Installed Capacity of Guinea (2018) by fuel

GENERATION EXPANSION PLAN

Given the country's hydroelectric potential, the national strategy is focused on the
optimal exploitation of these resources. In addition some solar projects were
identified.

Decided units

As part of this study, the following plants are considered to be decided and will
not be questioned:

Technology (fuel) Name of the plant Installed Capacity Date of
(location) [MW] commissioning

HYDRO Souapiti 450 2020

HYDRO Amaria 300 2023
Koghedou /

HYDRO Frankonedou 102 2023
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Technology (fuel)

Name of the plant
(location)

Installed Capacity
[Mw]

Date of
commissioning

HYDRO Keno 7 2023
HYDRO Touba 5 2022
PV Touba 5 2022
PV Khoummaguély 40 2019
PV Sougéta 30 2019

4.1.6.2.2.

4.1.7.

41.7.1.

L eeeed L

Table 28: Decided Generation Projects: Guinea

Candidate Units

In addition to the projects mentioned above, the development of other
hydroelectric projects is envisaged for the country. For these projects, it is
considered that the date of commissioning, the technology and the installed
capacity can be optimized as part of the ECOWAS master plan update.

These projects are described in Appendix C.

It is also worth mentioning the PV solar project of Pecos, for an installed capacity
of 12 MW and another PV solar project in Morisakano for an installed capacity of
100 MW (combined with the hydro project).

Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).

Guinea Bissau

DIAGNOSIS OF THE CURRENT SITUATION

Guinea-Bissau is facing a chronic deficit of installed capacity. On the EAGB
network, electrical generation comes exclusively from rental groups (15MW),
while many consumers develop their own generation facilities in Bissau and
elsewhere in the country. The details of the generation units are presented in
Appendix B.

The capacity installed on the EAGB network is how exclusively of thermal origin
(diesel), as illustrated below.
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Figure 38: Installed Capacity of the Guinea Bissau (2018) by fuel

4.1.7.2. GENERATION EXPANSION PLAN

The country, supported by donors, has established a short-term strategy to
improve the situation of the electricity sector and improve energy security. This
strategy will significantly increase the country's installed capacity on the 20-year
horizon. Nevertheless, given the very low recovery rate (linked to the billing issue)
and significant financial costs (related to non-concessional loans), the financial
situation in the sector will remain precarious. Moreover, the subsidy granted by
the Ministry of Finance (8% of the cost of fuels) will increase in absolute terms
with the installation of additional installed capacity in the country.

Therefore, the country envisages a diversification of the medium and long-term
energy mix.

4.1.7.2.1. Decided units

As part of this study, the following plants are considered to be decided and will
not be questioned:

Technology (fuel) Name of the plant Installed Capacity Date of
(location) [MW] commissioning
DI (HFO) Bor 15 2019
ooy BADEA 2 a0
R oa0 0 w02

Table 29: Decided Generation Projects: Guinea Bissau

4.1.7.2.2. Candidate Units

In addition to the projects mentioned above, the following projects are envisaged
for the country. Diesel will be gradually abandoned and replaced by solar power
plants, hydro and HFO.
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4.1.8.

4.1.8.1.

Thermal Power plant firing HFO 55 MW
PV Solar Power Plants: 59 MW

It should be added to these projects the regional hydroelectric power plants for
which a part of the producible is dedicated to Guinea Bissau (Souapiti,
Sambangalou,..). These projects are described in section 4.2.2. The importation
of thermal energy (HFO and NG) from Senegal is also envisaged.

For these projects, it is considered that the date of commissioning, the technology
and the installed capacity can be optimized as part of the ECOWAS master plan
update.

Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).

Liberia

DIAGNOSIS OF THE CURRENT SITUATION

Liberia is facing a chronic deficit of installed capacity, coupled with a very high
cost of electricity, creating a high rate of self-consumption in the country. The
country's installed capacity is only of thermal origin (DDO) and is limited to 22.6
MW (see Appendix B and figure below).

= DDO

4.1.8.2.

Figure 39: Installed Capacity of Liberia (2018) by fuel

GENERATION EXPANSION PLAN

The country's priority, in the short term, is to recover the pre-war situation in the
country.
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4.1.8.2.1.

Decided units

Several investments to reduce costs and increase installed capacity are currently
planned: 48 MW of thermal generation (HFO) at Bushrod and the rehabilitation of
Mount Coffee Hydro — both located in Monrovia. These plants are considered to
be decided and will not be questioned:

Technology (fuel) Name of the plant Installed Capacity Date of
(location) [MW] commissioning

DI (HFO) Bushrod 48 (38+10) 2017 (already
commissioned)

HYDRO Mount Coffee (rehabilitation) 88 MW 2018 (already
commissioned)

4.1.8.2.2.

4.1.9.

4.1.9.1.

TS 000090 G EEEEED 0 020 G 0 0 G

Table 30: Decided Generation Projects: Liberia

Candidate Units

The country's generation projects are aimed at the development of the estimated
2300 MW hydroelectric potential (see Appendix C). It should be noted, however,
that hydroelectric potential is subject to strong intra-annual variations with a
significant reduction in generation during the dry season requiring a combination
with other sources of generation.

For these projects, it is considered that the date of commissioning, the technology
and the installed capacity can be optimized as part of the ECOWAS master plan
update.

Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).

Mali

DIAGNOSIS OF THE CURRENT SITUATION

Malian power system is composed of an interconnected network and a large
number of isolated centres. The interconnected network which is directly
concerned by this study has the peculiarity of being divided into two pockets, for
questions of stability of the transmission network. Thus, the Kalabankoro-
Sirakoro 150kV line in the city of Bamako is open, with part of the network
connected to Céte d’lvoire and the other part connected to the Manantali network.

The thermal capacity available in the interconnected network reaches 240 MW of
which 83 MW are rental groups. This capacity is fed for half by heavy fuel oil and
half by diesel. The details of the generation units are presented in Appendix B.

The country's hydroelectric potential is developed at a national level (Selingual
and Sotuba projects) at a level of 53 MW.

In addition, the hydroelectric power plants of Manantali and Félou are located in
Malian territory but these plants are managed by the OMVS and the producible is
shared between the various member countries of this Organization (share of Mali:
respectively 104 and 27 MW for Manantali and Félou).
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The following figure illustrates the current energy mix of Mali (including the
participation of Manantali and Félou). Installed capacity is distributed between
hydropower and thermal capacity

® HFO

= Gasoil

® Hydro

4.1.9.2.

4.19.2.1.

Figure 40: Installed Capacity of Mali (2018) per fuel

GENERATION EXPANSION PLAN

In order to reduce its dependence to fossil fuels and considering the country's
hydroelectric and solar potential, Mali envisages the development of these two
streams.

Development of hydroelectric projects;
Development of PV power plant projects.

In addition, the development of thermal projects, in particular in order to
replace the rental plants remains topical

Decided units

As part of this study, the following plants are considered to be decided and will
not be questioned:

Technology (fuel) Name of the plant Installed Capacity Date of
(location) [MW] commissioning

PV Kita 50 2020

HFO Bamako (Serakolo) 100 (8 units between 2021

11 and 15 MW)

DI (HFO) Albatross (Kayes) 92 2018

Table 31: Decided Generation Projects: Mali

In addition, the Gouina hydropower plant is under construction within the
framework of the OMVS and the energy will be allocated between Mali (34%),
Senegal (33%) and Mauritania).
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4.1.9.2.2.

Candidate Units

In addition to the projects mentioned above, the following ones are envisaged for
the country. For these projects, it is considered that the date of commissioning,
the technology and the installed capacity can be optimized as part of the
ECOWAS master plan update.

Technology (fuel)

Name of the plant

Installed Capacity

Date of

(location) [MW] commissioning
HYDRO Markala 10 -
HYDRO Sotuba 2 5.7 -
HYDRO Kenie 42 -
HYDRO Kourouba 4
HYDRO Baoulé 3 et 4 24
HYDRO Bagoué 2 19
HFO Bamako (Serakolo) 100
HFO Bamako (Sanakroba) 100
PV Kati 65
PV Fana 50
PV Tenkele 40
PV Bia 40
PV Kurikolo 50
PV Segou 33
PV Sikasso 50 -
PV Koutiala 25 -
PV Medium 40 -
PV WAPP Regional Project | 150 -

95/374

Table 32: Candidate Generation Projects: Mali

In addition to these projects are the hydroelectric power stations of the OMVS, for
which part of the generation should be dedicated to Mali. These projects are
described in section 4.3.1.1.

Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).
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4.1.10. Niger

4.1.10.1. DIAGNOSIS OF THE CURRENT SITUATION
Niger is divided into 5 zones:

The River Zone (Niamey) is powered by the groups of Niamey, Goudel and
most recently by the Gorou Banda plant of 80 MW (commissioning in 2017).

The NCE zone, fuelled by the diesel groups of Maradi, Tahoua, Mabaza and
Zinder

The Northern zone, supplied by the Sonichar coal plant (37.6 MW) and the
Agadez groups.

The Eastern zone powered by the diesel groups of Diffa.

And the border area of Gaya, also powered by diesel groups.

The following figure illustrates the distribution of Niger's installed capacity by fuel.
The details of the generation units are presented in Appendix B.

= DDO

m COAL

Figure 41: Installed Capacity of Niger (2018) per fuel

4.1.10.2. GENERATION EXPANSION PLAN

The development of the generation fleet, as currently planned, is mainly made up
of coal-fired power plant projects.

Rehabilitation of the Sonichar plant in the north
New Salkadamna plant, 200 MW for phase 1, expandable to 600 MW in the
future.
Three hydroelectric power projects were also defined, the sites of Donald,
Kandadji and Dyondyong.

Finally Niger also plans to develop solar power plants, a first 20MW is expected
on the site of Gorou Banda.
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4.1.10.2.1. Decided units

As part of this study, the following plants are considered to be decided and will

not be questioned:

Technology (fuel) Name of the plant Installed Capacity Date of
(location) [MW] commissioning

COAL Sonichar (réhab.) 68.8 2018
R GoouBanda | 0 w0
Y GoouBanda | 0 w0
o Kendadi | o m
””””””””””””””””””””””””””” Buwey ey
PV + diesel Agadez Diesel 2020
Y Mabaza | 7 e
con Sakadamna | 00 2022

4.1.10.2.2. Candidate Units

Table33: Decided Generation Projects: Niger

In addition to the projects mentioned above, the following projects are envisaged
for the country. For these projects, it is considered that the date of commissioning,
the technology and the installed capacity can be optimized as part of the
ECOWAS master plan update.

Technology (fuel) Name of the plant Installed Capacity Date of
(location) IMW] commissioning

COAL Salkadamna ph.2 400
coa Sonichar | s
Vo lossa 0
Vo NCE (Maradi) S
HybridePVCC Zinder | o
Vo Dosso | 0
Vo Niamey | o
P Agadez 0
HYDRO (DAM) Gambou | os -
HYDRO (DAM) | Dyondyong | % -
HYDRO (DAM) | Kendadi | B0 -
v GoouBanda | 0 -
B NeE | 0 -
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Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).

4.1.11. Nigeria

4.1.11.1. DIAGNOSIS OF THE CURRENT SITUATION

In Nigeria, the generating capacity is mostly made of thermal units using gas, and
of several hydro power plants. It is the WAPP country with the highest installed
capacity.

1967 MW of hydro units
6748 MW of OCGT

1848 MW of steam turbines
1936 MW of CCGT

Unfortunately, a large part of the generation park is not available. Several units
are not available due to various kinds of problem.

The available capacity is thus considered as follows :

1216 MW of hydro units
4215 MW of OCGT

1408 MW of steam turbines
1731 MW of CCGT

The following figure illustrates the distribution of Nigeria's installed capacity by
fuel. The details of the generation units are presented in Appendix B.

m NG

m Hydro

Figure 42: Installed Capacity of Nigeria (2018) per fuel
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4.1.11.2.

41.11.2.1.

GENERATION EXPANSION PLAN

A lot of new projects are foreseen in the Nigerian generation expansion. Most of
those are open-cycle and combined-cycle gas turbines. In the long run, projects
for several coal units are also planned.

Decided units

As part of this study, the following plants are considered to be decided and will
not be questioned. Those are the units under construction according to the master
plan 2017.

Technology (fuel) Name of the plant Installed Capacity Date of
(location) [MW] commissioning

GT - NG GBARAIN/UBIE | 113 2017

GT - NG EGBEMA | - NIPP 339 2018-2019

GT - NG OMOKU - NIPP 226 2018-2019

GT - NG KADUNA IPP 215 2019

ST ALAOJI 2+ NIPP 285 2025

HYDRO GURARA 30 2017

HYDRO KASHIMBILLA 40

4.1.11.2.2.

4.1.12.

4.1.12.1.

L eeeed L

Table 35: Decided Generation Projects: Nigeria

Candidate Units

In addition to the projects mentioned above, other projects are envisaged for the
country. For these projects, it is considered that the date of commissioning, the
technology and the installed capacity can be optimized as part of the ECOWAS
master plan update.

The complete list of projects is displayed in Appendix C.

Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).

Senegal

DIAGNOSIS OF THE CURRENT SITUATION

Senegal currently does not have a single electricity transmission system. The
interconnected network feeds the Dakar region as well as thecenter, north and
east regions. The Regional centres in Ziguinchor and Tambacounda form
independent networks that are not connected to the interconnected network.
Finally, secondary centres feed local communities in the country.
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Interconnected Network

On the interconnected network, generation is mainly thermal. It is dominated by a
few independent producers and by the Bel-Air and Cap-des-biche plants.

The thermal capacity available in the interconnected network reaches 491 MW.
The whole capacity is Powered by heavy fuel oil. The details of the generation
units are presented in Appendix B.

In addition, for several years the country has been developing solar photovoltaic
projects all over the country. The total capacity connected to the interconnected
network reaches 143 MW in 2018 (CICAD 2 MWc, Solaire Bokhol 20 MWc,
Malicounda 22 MWc, Santhiou Mékhé 29,5 MWc, Ten Mérina Mékhé 29,5 MWc,
Kahone 20 MWc, Sakal 20 MWc.).

Finally, to the capacity installed in the territory of Senegal, it is necessary to add
the Manantali plant in Mali. According to the OMVS agreements, Senegal has
33% of the plant's producible. The plant is 200 MW, so 66 MW are available for
Senegal. Similarly, 12 MW of the 60 MW of the Félou plant return to Senegal.

Networks Secondary

Two secondary centres have a significant installed capacity. This is Boutoute
(28.8 MW of installed thermal capacity of which 10 MW are rental units) and
Tambacounda (8.8 MW of installed thermal capacity of which 6 MW are rental
units). In these centres, the primary fuel is diesel. Currently, these centres operate
in islanded but will be connected to the interconnected network with the
commissioning of the OMVG loop.

Assessment of installed Capacity

The following figure illustrates the current energy mix of Senegal (including the
participation of Manantali and Félou). The country is heavily dependent on fossil
fuels, and in particular heavy fuel oil, but this dependence tends to decrease due
to the development of solar projects.

m HFO
DDO
m Hydro

PV

Figure 43: Installed Capacity of Senegal (2018) per fuel
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4.1.12.2.

4.1.12.2.1.

GENERATION EXPANSION PLAN

In order to reduce its dependence on heavy fuel oil, Senegal is considering
diversifying the country's energy mix.

Development of the country's solar potential in the continuity of what has been
put in place in recent years;
Development of coal-fired power plant projects;
Exploitation of recently discovered offshore gas reserves at the coast of
Senegal and Mauritania;

Participation in the development of hydroelectric projects with regional scope
(projects OMVG and OMVS)

Decided units

As part of this study, the following plants are considered to be decided and will

not be questioned:

Technology (fuel)

Name of the plant

Installed Capacity

Date of

(location) [MW] commissioning
PV Diass 25 2019
PV Touba (scaling solar) 25 2019
PV Kaloack (scaling solar) 35 2019
COAL Sendou 115 2018
Diesel Malicounda 120 2020
HYDRO Sambangalou 128 2021
WIND Project 50 2019
WIND Project 50 2020
WIND Project 50 2021

4.1.12.2.2.

L eeeed L

101/374

Table 36: Decided Generation Projects: Senegal

In addition, the Gouina hydropower plant is being constructed in the OMVS
framework and Senegal will benefit from a portion of its producible starting in

2020.

The beginning of the construction of Sambangalou is planned for the 4™" quarter

of 2018.

Candidate Units

In addition to the projects mentioned above, the following projects are envisaged
for the country. For these projects, it is considered that the date of commissioning,
the technology and the installed capacity can be optimized as part of the
ECOWAS master plan update.
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Technology (fuel)

Name of the plant
(location)

Installed Capacity
[Mw]

Date of
commissioning

PV World Bank project 100
PV (scaling solar) 40
COAL Mboro 90
CC (NG) Kayar (Konoune) 115

4.1.13.

4.1.13.1.

Table 37: Candidate Generation Projects: Senegal

In addition to these projects are the hydroelectric power stations of OMVS and
OMVG, part of which should be returned to Senegal. These projects are described
in section 4.3.1.1.

Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).

Sierra Leone

DIAGNOSIS OF THE CURRENT SITUATION

The data on the electricity sector are difficult to obtain in Sierra Leone, despite the
consultant's visit in the country. According to public information collected, the
country has a little less than 150 MW of installed capacity available across the
country for about 150 000 connected customers.

The Sierra Leone system is divided in several networks.

The Bumbuna hydroelectric power station feeds the city of Freetown and the
surrounding western region as well as the town of Makeni in the Port Loko
district. In the wet season, the Bumbuna hydroelectric plant generates
approximately. 30-40 MW and during the dry season 10-18 MW, leading to
frequent power cuts in the months of February to April. A 37 MW thermal power
plant is also connected to this system

The towns of Bo and Kenema, in the southeast of the country, are powered by
a local 33kV network supplied with the Dodo hydroelectric power station
(6MW) and, since 2017, with the hydroelectric power plants of Bankasoka,
Charlotte and Makali, covering together a installed capacity of 5 MW.

The following figure illustrates the current energy mix of Sierra Leone (networks
of Bubmuna and Bo-Kenema on the basis of the identified public data). Installed
capacity is distributed between hydropower and thermal capacity
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DDO

Hydro

4.1.13.2.

4.1.13.2.1.

Figure 44: Installed Capacity of Sierra Leone (2018) by fuel

GENERATION EXPANSION PLAN

Little information was sent to the consultant about the projects being developed
in the country. However, the sector roadmap is very ambitious as it aims to
develop 900MW of thermal power, 650MW of large hydropower, 130 MW of small
hydropower and 120 MW of other renewable energy. Such capacity will not only
focus on the supply of residential and commercial demand but also on the
exploitation of the country's mining resources. It should be noted, however, that
mining demand is excluded from the scope of this study.

Decided units

As part of this study, the following plants are considered to be decided and will

not be questioned:

Technology (fuel)

Name of the plant
(location)

Installed Capacity
[MW]

Date of
commissioning

Bumbuna Il

Newton Solar

4.1.13.2.2.

Candidate Units

Table 38: Decided Generation Projects: Sierra Leone

The country's generation projects are aimed at the development of the country's
hydroelectric potential estimated at 2000 MW (see Appendix C).
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Technology (fuel) Name of the plant Installed Capacity Date of

(location) [MW] commissioning
Diesel Port loko 2
Diesel Kambia 2
Diesel Lunsar 2
PV Heron Energy 5
Diesel Makeni 6
Diesel Kabala 2
Diesel Magbururka 2
Diesel Kailahun 2
Diesel Kenema 6
HFO Bo 6
Solar Bo 5
Diesel Pujehun 2
Diesel Moyamba 2
Diesel BontHe 1
HFO CEC Africa Phase 2 39
HFO CEC AfricaPhase 3 39

4.1.14.

4.1.14.1.

Table 39: Candidate Generation Projects: Sierra Leone

Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).

Togo

DIAGNOSIS OF THE CURRENT SITUATION

In Togo, approximately 30% of the installed capacity comes from the Nangbeto
hydroelectric dam. In addition, the independent producer Contour Global covers
an installed capacity of 90MW (gas turbines fuelled by the West Africa gas
pipeline). The rest of the generation comes from diesel groups or small gas
turbines belonging to the CEET or the CEB.

The resulting energy mix is shown in the figure below. The details of the
generation units are presented in Appendix B.
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m DDO
m NG

= Hydro

Figure 45: Installed Capacity of Togo (2018) by fuel

It is important to note that the electrical demand of Togo is fuelled not only by the
power plants of the CEB, CEET and CONTOUR GLOBAL but also and above all
by Energy purchases in TCN and VRA.

4.1.14.2. GENERATION EXPANSION PLAN
In addition to the development of new thermal projects in the Lomé region, Togo
has carried out an analysis of the country's untapped hydroelectric potential. All
of these projects will be proposed for optimization.
4.1.14.2.1. Decided units
With the securing of gas supply from Nigeria, the development of gas-fired power
plants in the Lomé periphery should be confirmed. Thus, the 50 MW gas turbine
is decided and will be put into service by 2020. This project will not be challenged
as part of this study.
Technology (fuel) Name of the plant Installed Capacity Date of
(location) [MW] commissioning
GT (NG) Lomé 60 2020
HYD Sarakawa 24.2 2023
Table 40: Decided Generation Projects: Togo
4.1.14.2.2. Candidate Units

In addition to the projects mentioned above, the following projects are envisaged
for the country. For these projects, it is considered that the date of commissioning,
the technology and the installed capacity can be optimized as part of the
ECOWAS master plan update.
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It should be noted that, given the uncertainty associated with the gas supply of
the Lomé site and the importance of proposing a robust master plan, the Contour
Global extension will be questioned, in particular as to its size and the origin of
the Fuel used.

Technology (fuel) Name of the plant Installed Capacity Date of
(location) [MW] commissioning

HYD Adjarala 147

HYD Tététou 60

HYD Titira 23.8

HYD Kpessi 15.9

HYD Wawa 8.4

HYD Baghan 5.8

HYD Kolo-Kopé 17.1

HYD Seregbene 3.6

PV Dapaong 30

PV Blitta 20

COAL TBD 450

4.1.15.

4.1.15.1.

L eeeed L

Table 41: Candidate Generation projects: Togo

Finally, standard thermal and renewable generation projects will be proposed for
optimization to complement the decided and envisaged projects and to meet the
country's demand (see section 4.3).

Cape Verde

DIAGNOSIS OF THE CURRENT SITUATION

In 2008, the total installed capacity was estimated at 91.4 MW and distributed as
follows: 89.1 MW from fossil thermal resources and 2.1 MW from wind energy.
The largest thermal power plant with a capacity of 38.5 MW is located in Praia,
followed by S. Vicente (18.3 MW) and Sal (9 MW).

The installed capacity then increased considerably to reach 156.2 MW in 2012
and as of December 31, 2016, ELECTRA held a set of 13 thermal power plants
of variable size for an installed capacity of 160 MW (125 MW available), 1 wind
farm and 2 solar parks to which must be added the installed capacity of 4 power
plants managed by independent producers (3 wind projects and 1 solar project).

In terms of producible, 80% of the energy produced is thermal, while 17.5% comes
from wind energy and 1.5% from solar energy.
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4.1.15.2.

4.2.
4.2.1.

4.2.1.1.

GENERATION EXPANSION PLAN

Given the country's insular situation and the lack of fossil resources in the country,
the cost of thermal energy is particularly high in the country. Therefore, the country
is considering the large-scale development of renewable energies. Thus, the
government aims to achieve a 100% renewable energy mix thanks to advanced
technologies and innovative business practices.

This energy mix will be mainly based on solar and wind energy, potentially
supported by storage options to offset the variability of renewable resources.

Potential of natural resources

Fossil Resources

AVAILABILITY OF FOSSIL RESOURCES

Natural Gas

Historically, Natural Gas has represented a large share of the energy mix on the
Nigeria, Benin, Togo, Ghana and Céte d’lvoire axis.

In addition to Nigeria, which has a huge gas potential, Ghana and Céte d’lvoire
are also Natural Gas producing countries. Thus, according to the most recent
estimates, Ghana and Coéte d'lvoire each have gas fields with a potential of
respectively 270 and 176 mmscfd in 2018. The following table shows the
aggregate cumulative supply of gas fields certified in each of these 2 countries for
the next 12 years.

2018 2019 2020 2021 2022 2023 2024 2025 2030

Cote d'lvoire 176 172 165 153 142 140 135 134 130

Ghana 270 310 300 310 310 300 290 280 230

Table 42: Proven Reserves of Natural Gas (Ghana + Cote d'lvoire)

In the coastal countries, the exploitation of National Gas fields and the import of
Nigerian Natural Gas through the WAGP gas pipeline have allowed the
development of several gas-fired power plants.

Nevertheless, the region is currently facing a deficit of Natural Gas which, in some
cases, induces the use of liquid fuels or load shedding. In Nigeria, the leading
Natural Gas exporting country in the sub-region, gas supply is frequently
interrupted by the sabotage of transmission infrastructure (gas pipelines).

The recent discovery of an important offshore gas field at coastal borders of
Senegal and Mauritania (Grand Tortue-Ahmeyim - estimated reserves of 450
billion cubic meters) nevertheless changes the paradigm. The map below shows
proven reserves in the subregions (in trillion cubic meters).
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Figure 46: Natural Gas proven reserve in the sub-region (trillions cubic meters)

Liquid Fuel

Nigeria, Ghana, Céte d’lvoire are fuel oil producers. However, due to prohibitive
cost of the resource, the use of liquid fuels in coastal countries is only considered
in case of unavailability of gas resources (temporary measure).

In other countries of the subregion, however, dependence to liquid fuels is much
more important, especially in the absence of any accessible alternative. For these
countries, exposure to the international oil price market and price volatility
exacerbate the deficit of the electricity sector.

Coal

In order to diversify the energy mix, to reduce the dependence to liquid fuel and
to decrease fuel cost, the coal will be considered for the electricity generation
within the framework of this master plan. This option is already envisaged by
several countries of the sub-region including Niger, Senegal and Céte d’lvoire.

Some of these projects are aimed at developing Salkadamma coal reserves
(Niger), estimated at 69 million tonnes, including the construction of an open-cast
mine.

However, it is important to note that coal-fired plants have an important
environmental impact, given the level of greenhouse gas emissions (CO2, NOx
and SO3) that is significantly higher than other technologies (gas and diesel). The
table below summarizes the typical CO, emissions for different technologies (coal,
natural gas and diesel). Note that coal plants emit 4-5 times more nitrogen oxide
than other technologies and substantial amounts of sulphur dioxide.

Technology CO2 Emissions [kg/MMBTU]

Coal 95.35

NawalGas ssor
Desel ns

Table 43: CO2 Emissions per type of fuel (source: IEA)
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4.2.1.2.

The development of coal-fired power plant projects therefore requires
consideration of environmental aspects through the development of specific
mitigation measures. In addition, international financial institutions are
increasingly reluctant to finance these projects and international pressure is
growing for the closure of coal-fired power plants.

EXISTING INFRASTRUCTURES
Pipeline WAGP

The figure below presents the WAGP pipeline allowing for transporting Nigerian
gas to markets in Benin, Togo and Ghana.

West African Gas Pipelii =
S, ety gas to commercially viable markets in Benin,

Obijective: Transport Nigenan produced natural
Ghana & Togo

Gas transmission system extending
from the ELPS to landfalls in Benin,
Togo. and Ghana

VS| pacify: T ———
Byaten: 2agact Existing Escravos-fo-l agos Pipeline
Initial 170 MMscfd System (ELPS) Capacity. 800 mm SCFD

5 owned and operated by Nigerian National WAPCo Ownership Structure
il 474 MMoc/i Petroleum Corporation (NNPC). Chevron

36.9%

24.9%
NIGERIA

Onshore Pipeline

56km x 30" 17.9%

16.3%

Escravos-Lagos
Pipeline System (ELPS)
Takoradi
R+M Stn.

pOEK

2.0%

sorona: 2.0%
St Togatnion e Ens

Figure 47: WAGP Pipeline (source: WAGPA)

Ghana is the main beneficiary of the Nigerian Natural Gas since it consumes more
than 90% of the gas delivered, while Benin and Togo share 8% equally. Note,
however, that the pipeline, commissioned in 2009, does not allow for the
exchange of volumes contracted, as shown in the figure below. Since the start of
trade in 2011, less than 50% of contracted volumes have actually been delivered.
This difference is due to many factors including the unavailability of gas resources
upstream of the pipeline, the default of payment of certain consumers and major
offshore incidents.

60 000 000

50 000 000

40 000 000
30 000 000 m Contracted Volumes
m Delivered Volumes
20 000 000
10 000 000
0 I

2011 2012 2013 2014 2015

Figure 48: Exchanges volumes of Natural Gas (source: WAGPA)

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14 109/374

Final version



Development of LNG infrastructures

Given the limited or non-existent reserves of most countries in the sub-region and
the unreliability of the WAGP pipeline, many countries are considering the
development of Liquefied Natural Gas projects. There are generally two broad
categories of regasification stations including:

Onshore regasification stations;
Floating and Storage Regasification Unit (FSRU): Receipt of Gas deliveries,
Storage and Transformation of LNG and transmission on the network through

a pipeline (offshore stations).

In the sub-region, FSRU technology is favoured for matters of cost and

manufacturing time.

The following map illustrates some projects planned in the subregion.

*Indicative map only - not to scale

{31) Dakar
; Senegal

= West Africa Gas Pipeline
Proposed Gasol LNG FSRU

): Proposed Quantum Power FSRU
. Proposed Endeavor Energy, General Electric and Finagestion FSRU
3 Proposed Endeavor Energy and Starenergie2073 FSRU

) Proposed Senelec. Mitsui and Nebras Power FSRU

Benin
Nigeria
Togo
Ivory Coast Ghana

Accra
Abidjan. () o

Interfax/Company information
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42.1.3.

FOSSIL FUEL PRICES

Fuel Prices

This section aims at providing price projections for all fossil fuels used by the
power sector in West Africa or considered for investment project. Theses fuels
are natural gas (NG), heavy fuel oil (HFO), distillate diesel oil (DDO), light crude
oil (LCO) and coal. For each fuel type, the same fuel price is assumed for all
countries within the sub-region (excluding transportation cost which differs for
landlocked countries compared to coastal countries). The reasoning is that
international or regional fuel prices should be used as all the countries have
access to the same fuel markets. Moreover, even in case the fuel is available
locally, international or regional prices should be considered as these fuels could
be sold on these regional or international markets. Considering these fuels at
costs instead of at price, would promote this fuel to be used for power generation
compared to imported fuels and would therefore neglect the welfare impact of the
indigenous fuels. In other words, the opportunity costs of these natural resources
would be neglected. The only exception considered here is the local future
extraction of coal in Niger and the Northern part of Nigeria which is not foreseen
to be exported outside the area of production and therefore have no possible link
with the international market and cannot represent an opportunity cost.

The different types of fuels available for power generation depend on the location:
Liquid fuels are assumed to be available for all countries integrating higher
transport cost for hinterland countries Mali, Burkina and Niger reflecting the
expensive transfer by tanker truck from coastal refineries and harbours. Natural
gas is assumed to be available for coastal countries from Senegal to Nigeria.
Three types of gas have to be distinguished: locally produced gas in Cote d'lvoire,
Ghana, Nigeria and possibly Senegal; Nigerian gas, supplied through the West
African Gas Pipeline WAGP in Benin, Ghana, and Togo, and possibly to Cote
d’lvoire) ; and imported liquefied natural gas (LNG) in all coastal countries. As
explained here above, locally produced coal is available in Niger and Nigeria.
Imported coal is assumed to be available to all coastal countries.

The assumptions regarding the fuel prices and their evolution during the study
period are provided in Figure 50. Note that the natural gas and coal prices are
significantly lower than the liquid fuels prices. For 2017, liquid fuels are in average
more than 50% more expensive than natural gas and imported coal is about 40%
cheaper per GJ than natural gas. Liquid fuels imported by tanker trucks to the
hinterland countries are 23% more expensive in average than at the coast.
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FUEL PRICE PROJECTION 2017-2033
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Figure 50 : Fuel costs over the planning horizon in West Africa

The fuel price evolution over the planning horizon results from the October 2017
World Bank estimations*. The long-term evolutions of the fuel prices follow directly
from their estimates by World Bank. These trends on the international market are
provided for representative products for the period 2014-2030 in Commodity
Markets Outlook and are depicted at Figure 51. The forecasted evolution is
presented considering constant US dollars. The trends were extrapolated to cover
the studied horizon up to 2033.
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Figure 51: Commodity price forecasts (source: World Bank)

4 Commodity Markets Outlook, World Bank Group, October 2017.
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The 2017 prices in West Africa for the different fuel types is based on international
market prices and back calculated taking into account transport cost to reflect
price levels in West Africa. From these prices “at the coast”, tanker truck transport
costs to the inland countries is added in order to obtain the “hinterland” prices for
the liquid fuels. The costs related to fuel transportation across sea or land are
detailed in next section.

The NG price is based on the limited LNG export from Nigeria to the US in 2017
which was adjusted with maritime transport costs. The price level was validated
with the prices encountered in Europe, the closest reference market. The long-
term trend follows the forecast by WB.

The Coal price in West Africa is obtained as the average of 2017 coal spot prices
in Colombia and South Africa, the closest reference coal exporters, adjusted to
take into account the transport costs from Puerto Bolivar terminal or from Richards
Bay coal terminal. The long-term trend follows the forecast by WB. As explained
above, a domestic price is considered for the local coal in Niger and Nigeria as
no export is possible for these resources. The considered price reflects local
production costs provided by Nigelec for representative mines. Same long-term
trend is applied.

For the liquid fuels, average 2017 spot prices at New York stock Exchange,
reference market for petroleum products and important importer of West African
oil were considered and corrected for freight rate differential to reflect intra West
African transport from Nigeria. Ratios between the different liquid fuels prices
considered here, DDO, HFO and LCO are based corresponding ratios in WAPP
MP 2011 and ensuing IRENA analysis. The long-term trend follows the forecasted
trend for world average crude oil price presented at Figure 51.

Transportation costs

The fuels prices in West Africa are presented for two particular conditions,
“delivered to the coast” and “delivered to the hinterland”. “Delivered to the coast”
corresponds to the fuel delivery for all coastal countries from Senegal to Nigeria
“delivered to the hinterland” corresponds to the delivery for Mali, Burkina Faso
and Niger. For each case, average fuel prices are presented net of tax and except
subsidies.

Fuels prices at the borders of an exporting country are given by analysis above-
mentioned. It is thus necessary to add the cost of maritime transport to get the
price of fuel “delivered to the coast” and the road transport cost to get the price of
fuel “delivered to the hinterland”

The transport costs are estimated on basis of the consultant’s experience, recent
projects in the region and on IEA publications:

Maritime transport costs of liquid fuels per 30 000 tons tanker are estimated at
5.9 USD/kton/mile

Maritime transport costs of coal between South Africa or Colombia and West
Africa are estimated at 30 USD/ton

The road transport costs of liquid fuel by tanker are estimated at
0.11USD/ton/km

Concerning the transport cost of natural gas, three different prices are to be
considered according to the source (excluding any contractual arrangement
like lease and operate contract)
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- WAGP: 2 USD/MMBTU;
- Local gas: about 0.1 USD/MMBTU;

- LNG: Liguefaction: 0.9 USD/MMBTU; transport: 0.9 USD/MMBTU,;
Gasification & Storage: 0.2 USD/MMBTU.

Taking into account these transport costs and the relations from the correlation
study, it is possible to estimate average costs of various fuel “delivered to the
coast” and “delivered to the hinterland” (net of tax and subsidies). The values for
some years of the study period are presented at the Table 44 Fuel Price
Projections [USD/GJ].

[USD/GJ] 2017 2025 2033
Natural Gas (domestic) 5.1 5.6 6.0
Natural Gas (WAGP) 6.9 7.5 8.1
Natural Gas (LNG) 6.9 7.5 8.1
HFO (coast) 9.0 9.4 9.2
HFO (hinterland) 11.5 12.0 11.8
DDO (coast) 13.3 14.0 13.6
DDO (hinterland) 15.6 16.4 16.0
LCO (coast) 10.3 10.8 10.5
LCO (hinterland) 12.8 13.4 13.1
Coal (coast) 4.3 3.0 2.8
Coal (domestic) 2.8 1.6 1.5

4.2.2.

Table 44 Fuel Price Projections [USD/GJ]

Hydroelectric resources

West Africa has 28 transboundary river basins. The most important are Niger
(shared between 11 countries if the non-active part of the basin is taken into
account), Senegal (4 countries), Volta (6 countries), Lake Chad and Comoe (4
countries). With the exception of Cape Verde, each ECOWAS country shares at
least one watercourse with one of its neighbours. Fourteen cross-border basins
are listed in Guinea, where a large number of rivers originate. There are eight in
Céte d'ivoire, seven in Liberia, five in Nigeria and Sierra Leone. In total, cross-
border basins cover 71% of the total area of the region (source: OECD).

One of the objectives of this master plan and of the national master plans of most
West African countries is the development of untapped hydro-electric resources.

Many hydro-electric projects have been identified in previous studies and are
listed as part of this study. Each project has its own characteristics (cost, ,...) and
it is not possible to present standard costs for hydroelectric works. The list of
projects identified is presented in Appendix C, compiling the information collected
on these projects.
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4.2.3. Renewable Resources

4.2.3.1. RES INTEGRATION OBJECTIVES

In order to offer " Affordable, reliable, durable and modern energy for all ” thanks
to the vast untapped potential of renewable energies (solar, wind and water), the
ECOWAS Renewable energy policy has set the following objectives for renewable
energies connected to the network:

1. Increase the share of renewable energy penetration in the electricity mix
including large hydropower to 35% by 2020 and 48% in the horizon 2030;

2. Increase the share of renewable energy penetration while excluding large
hydropower to 10% by 2020 and 19% by 2030. This will contribute to the
development of an installed capacity of 2424 MW of renewable energy from
wind, solar, bioenergy and small hydropower at the 2020 horizon and 7606
MW by 2030.

These objectives are translated in the various national policies as follows:

Country 2020 2030
Benin 20% 44%
Burkina Faso 23% 50%
Cote d’lvoire 0%* 16%*
The Gambia 35% 48%
Ghana 10%* 20%*
Guinea 25%* 30%*
Guinea-Bissau 30% 50%
Liberia 25% 30%
Should 0%* 30%*
Niger 40% 57%
Nigeria 20% 30%
Senegal 20%* 30%*
Sierra Leone 30% 50%
Togo 15% 30%

Table 45: Objectives for integrating renewable energies into the interconnected network (Source: Irena)

* Excluding large hydropower

It should be noted that these goals come mostly from national energy policies.
They were collected by Irena during seminars on generation planning in
2015/2016. For countries for which no objective has been transmitted, the figures
come from the SE4ALL reports.
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4.2.3.2.

As part of this update, the rate of integration of renewable energies will be
determined by the economic study and will take technical constraints into account.
Penetrations could be higher than the objectives of ECOWAS and the breakdown
by country would depend on the potential of each.

AVAILABILITY OF RESOURCES

Solar Resources

In recent years solar projects have multiplied in the different countries of West
Africa. Initially devolved to individual solutions (solar kits), solar energy is now
becoming widespread as a large-scale source of generation connected to
interconnected transmission networks, despite the difficulties inherent to these
technologies such as the management of the intermittent nature of the resource
and the important ground grip of the PV panels.

Indeed, given the energy deficit of the subregion and the presence of landlocked
areas without oil or water resources, solar energy is a valuable resource and,
moreover, more and more economically affordable. In addition, in recent years, in
the different countries, the procedures have improved and standardized and the
deadlines have automatically been shortened for the implementation of PV
projects.

But the main strength of this resource is its potential, immense across the
continent and particularly in West Africa. In fact, the Northern areas of the
subregion benefit from a solar irradiation exceeding 2000 kWh/m?2.

SOLAR RESOURCE MAP R—

GLOBAL HORIZONTAL IRRADIATION e i —

SUB-SAHARAN AFRICA I —
JU'N Frrrr spss-—Frsssorsi=ssssssrssssE=aa,

10°N , e AR L

00

Long term average of GHI, period 1994-2015
Daily totals: 4.2 4.6 5.0 5.4 5.8 6.2 6.6 7.0
— I <Whyn

Yearly totals: 1534 1680 1826 1972 2118 2264 2410 2556

Figure 52: GHI West Africa 1994-2015 (© 2017 The World Bank, Solar resource data: Solargis)
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The PV potential in this region varies between 1300kWh/kWp in the south of the
zone and 1800 kWh/kWp in the north.

For CSP Technologies, normal direct irradiation (DNI in kWh/m?/y) is an essential
criterion for defining the potential of sites. In a standard way, the development of
CSP plants is concentrated in areas with a DNI greater than 2000kWh/mz2/year
(ideally at 2200kWh/mz/y).
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Figure 53: DNI on the site of the CSP projects put into service between 2009 and 2016 (Source: Irena)

In West Africa, only the northernmost areas meet this criterion, thereby limiting
the actual potential of the subregion, especially since these areas are poorly
populated and the infrastructure is virtually non-existent.
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Figure 54: DNI West Africa 1994-2015 (© 2017 The World Bank, Solar resource data: Solargis)

Details of GHI and DNI by country (© 2017 the World Bank, Solar Resource Data:
Solargis) is presented in appendix D.

Aeolian Resources

Although wind resources are overall significantly lower than solar resources in
West Africa, some areas benefit from strong winds that would allow the
deployment of wind energy.

In order to identify these areas, the Consultant used the VORTEX INTERFACE
wind mapping software internationally recognized by the wind energy sector. This
software allows to model the winds in different parts of the world in order to
conduct orientation studies.

The model was used for each of the 14 WAPP countries to identify regions of
each country with wind potential. The maps shown in Appendix E take up each of
these areas. The table below represents the average producible for the best sites
in each country.
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Countries Average wind speed | Producible

[m/s] [MWh/MW/an]

Benin 6.5 3006

BukinaFaso |65 | s00
coedwore | as | ses
‘camba s | w8
‘Ghara & se8
cunea s w0
GuneaBissau | s | 7
lbeia  Toolwrr |
Showd 72| w1
Nger s | w05t
‘Ngeia 78 | o3
Senegal s | w8
‘Semaleone | Toolw*r |
T s8] a5t

Table 46 : Wind potential by country (best identified sites)
* This level of generation is generally too low to motivate an investment in a standard technology

* * Wind development compromised: low wind speeds (between 3 and 3.5 m/s) and presence of dense forests or
significant reliefs

Biomass resources

In accordance with the EC 2009 RES directive on the promotion of the use of
renewable energy sources, biomass is defined as « The biodegradable fraction of
products, wastes and residues from organic farming (animal and plant
substances), forestry and assimilated industries, fishing, crops and municipal and
industrial wastes ».

The use of bio-fuel instead of traditional fossil fuels has two advantages:

The CO: Fossil is replaced by CO2 Green, giving the possibility of obtaining
neutral units from the point of view of CO; Issued;

It also helps to reduce the dependence on fossil fuels.
The main sources of biomass are:

Agricultural crops and residues;
Wastewater;

Industrial residues;

Livestock residues;

Municipal solid waste.
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Three types of biomass can be distinguished:

Solid biomass (waste, wood biomass and solid residues in general);
Liquid biomass (vegetable oils, bioethanol and biodiesel);
Gaseous biomass (synthesis gas and biogas).

The main criterion for selecting biomass as a source of energy is the "Sustainable
Development". This means that biomass should be considered an ethical source
of energy without interference with agricultural and food production. As mentioned
above only residues can be used as a source of energy.

Wood residues, agricultural industry residues and energy crops are, for the most
part, reliable sources of "durable" biomass that can be used for heating and
generating electricity. Prior to any commitment to the use of biomass as a source
of energy, in-depth studies on aspects of sustainability must be carried out.

In West Africa, the main agricultural resources are as follows:
—

Figure 55: Agricultural Resources (Source: World Bank)

Synthesis

In the Report “Planning and prospects for Renewable Energy”, IRENA has
synthesized the renewable potential of all 14 West African countries. This
potential is summarized in the table below.

Country Mini CSP Solar PV Biomass Wind Wind

Hydro 209%* 309%*

MW TWh TWh MW MW MW

Burkina Faso 140 18.1 77.4 2 250 4742 29

coednhore | 22 22 108 | 150 | 41 | o
Gamba T 52 a74 | w75 197 5
hana | 1| 25 | 764 | 113 | eo1 o
T DS R — G 44—
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Country Mini CSP Solar PV Biomass Wind Wind

Hydro 20%* 30%*

MW TWh TWh MW MW MW
Guinea 332 4.7 52.0 656 2.4 0
Guinea-Bissau 2 9.0 14.9 71 142 0
Liberia 1 000 0.0 6.67 459 0 0
Mali 67 36.2 79.1 1031 2195 0

Niger 50 88.3 157 1115 16 698 5015

Nigeria 3500 100 325 10 000 14 689 363

Senegal 104 15.4 75.2 475 6 226 1243
Sierra Leone 85 2 15 166 0 0
Togo/Benin 336 0 51.6 957 551 0

TOTAL 5871 281 1038 19 867 46 624 6 664

Table 47: Renewable potential of the 14 member countries of the Wapp in terms of energy mix (Source: Irena)

* Load factor of 20% and 30% respectively

In relation to biomass potential, it should be noted that IRENA distinguishes two
price categories for this resource: In countries characterized by sufficient
agricultural activity to potentially produce biomass, this resource is considered to
be affordable. It will therefore be taken into account in the present study. On the
contrary, in landlocked countries characterized by low agricultural activity (Mali,
Burkina Faso and Niger in particular), the cost of the resource is prohibitive and
will not be considered here.

In addition, both for mini-hydro and biomass, the potential is very often dispersed
in the territory and destined to the satisfaction of local demand, in a decentralised
way. The development of biomass and small hydro potential at the utility scale is
therefore excluded and the only projects that will be considered will have a local
scope (limited size and potential).

The economic cost of electricity production generally has two main components:
the Investment expenses (CAPEX) and the Operating expenses (OPEX). If
thermal power plants based on Internal Combustion Engines result in low CAPEX
and high OPEX (fuel cost), the inverse is true for solar power plants. An
optimization of the mix of the different means of generation and storage to be
installed must therefore take into account these two components.

The purpose of this chapter is to present, for the different technologies, current
and future costs of investment and operations taking into account the costs of the
plants, the possible cost and availability of fuels and the resources available. In
order to be able to establish a plan for the development of generation which is
optimal from the economic point of view.
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4.3.1. Characteristics and costs of reference thermal power plants

43.1.1. THERMAL TECHNOLOGIES AVAILABLE

The different technologies available for the implementation of a thermal power
plant with an installed capacity of max. 150-200 MW per generator are as follows:

Solid Fuel Boilers ;

Liquid or gaseous fuel boilers ;

Gas turbines (open cycle or combined cycle) ;
Internal Combustion Engines.

On the basis of tables presented in Appendix G and comparing the different fossil
fuel technologies available, we observe the following elements:

The number of MW sold in 2016 in the world by technology is comparable for
gas engines and turbines 35 GW vs. 46GW and substantially lower for steam
turbines (12.5GW) ;

- For technology Turbine, 85% of the power comes from turbines of more
than 100 MW operating primarily on Natural Gas. Fifty (50) gas turbines
fuelled mainly by natural gas were purchased in Africa in 2016 for a total
capacity of about 2 500 MW.

- For technology Internal Combustion Engine, 75% of the power comes
from the sale of engines of less than 2 MW running on light fuel (diesel).
However, twenty-five (25) engines with a power range of 7.5 MW to 20 MW
were purchased in Africa (Central, east and West and South Africa) in 2016
for an approximate total power of 350 MW. A large majority of internal
combustion engines with a power greater than 7.5 MW sold in 2016 in Africa
(Central, East and West and South Africa) use HFO as a fuel,

- A very small number of steam turbines were sold in 2016 in Africa. The
same observation appears if we take the 2015 database

A comparison of the different technologies is presented in the Table
48:Comparison table of the different fossil fuel technologies available for
installations of 45 to 450 MW of electrical production:

Open Cycle (GT | Combined Internal Solid Fuel Liquid Fuel
-Heavy Duty Or | Cycle (GT + combustion Boiler Boiler
Aeroderivative) | HRDG + ST) engine

Planning between 18 months 24 months 22 to 26 36 months 36 months
NTP and COD months

Yield net 30 to 42% 50 to 52% 40 to 43% 36 to 38% 36 to 38%
CAPEX ++ + +

Fuel cost - -- 0 ++0) 0
Availability/Reliability | + + ++ + +

Easy to maintain + - + + +
Relocation + +/- ++

) Only valid for the establishment of the plant along inland waterways

Table 48:Comparison table of the different fossil fuel technologies available for installations of 45 to 450 MW of electrical
production
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122/374

Final version



43.1.2. FUEL CONSIDERED
Fuel availability
In this study, we considered the use of the following fuels:
Natural Gas
Heavy Fuel Oil (HFO)
Light fuel Oil-Diesel (DDO)
The compositions of the fuel impacts performance, frequency of maintenance and
emissions of the plants so that it must be taken into account when choosing the
origin of the fuels. Appendix G presents a typical composition for all fuels.
R @ [e—— G

Comments:

The combined cycles of power between 300 and 450 MW in the 2-2-1
configuration (2 gas turbines, 2 recovery boilers and one steam turbine) are
considered in this study. This 2-2-1 configuration is imposed by the maximum
size of the largest generator to be considered. For this power range, the
turbines considered are class E (GE 9 E, GE TG11N2, Siemens SGT 5 - 2000
E or Ansaldo ae 94.2).

Gas turbines in open cycle (without recovery boiler/steam water cycle) are to
be considered. Two types of technologies usually distinguish them. Heavy
Duty technology and aeroderivative technology. Although with higher yields,
aéroderivative technology has not been retained in this study given the higher
capex and O&M for this technology.

Fluidized-bed or Pulverized-Carbon solid-fuel boilers have operating costs per
MWh that are usually less important than other technologies considered (low
fuel cost). This is only valid if one considers a significant number of hours of
operation per year and if the transport of fuel does not strike its cost.

Liquid or gaseous fuel boilers, in addition to presenting the disadvantages of
solid fuel boiler technology (capex, relocation, construction time) has fuel costs
comparable to fuel costs Internal combustion engines for lower yields. For
these reasons, this technology will not be retained as an alternative to internal
combustion engines.

In the case of this study, Combined Cycles, Internal Combustion Engines, solid
fuel boilers and to a lesser extent open-cycle gas turbines are to be considered
for power between 45 and 450 Mw and for DDO, HFO and Natural Gas fuels. The
technical reason for limiting power per generator is related to the maximum power
that the network can withstand, following the compensation required for the loss
of the largest connected generator. In the first approach, this value is set at 10%
of the value of the interconnected network.
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4.3.1.3.
4.3.1.3.1.

FEATURES AND COSTS OF NEW TECHNOLOGIES

Internal Combustion Engine Technology

1

2)

Technology Description

A large majority of ECOWAS countries use diesel-fuelled diesel groups
(DDO) or heavy fuel oil (HFO). These groups have powers varying from less
than 1 MW to about 20 MW.

The benefits of internal combustion Engines are their relatively low
investments costs, the speed of construction and the ease of storage and
supply of fuels (HFO/DDO). Their big disadvantages are the high costs of
fuel (HFO/DDO), their relatively high specific consumption and costly
maintenance.

When optimizing the generation development plan, a series of Internal
Combustion Engines will be considered as an investment option. This series
is proposed so as to cover a wide range in terms of size as well as
technology.

Investment data

The table below presents the investment data of the technologies
Combustion engines:

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14 124/374

Final version



Engines

1 2 3
DF (gas + heavy fuel
oil) SG (GAZ) SG (GAZ)
Wartsila 18V50 DF Wartsila 18V50 SG Wartsila 20V34 SG
Characteristics of the plant Unit OPENCYCLE Opencycle Opencycle
Fuel HFO The The The
Total Nominal Gross Power
Output MW 16, 64 16, 64 18, 38 9,31
Total Nominal Net Power Output MW 16, 01 16, 15 17, 99 9, 15
Net Electrical Efficiency % 39, 58 42, 84 44, 60 43, 39
Contractor’s (EPC) Price MUSD 16, 31 16, 2 7,4
Contractor’s Price/kW et USD/KW ner 1019 903 809
Expected lifetime of the plant Years 20 20 20
Expected # of running hours # 6000 6000 6000
Fixed O&M cost USD/kW/an 18,5
Variable O&M Cost (fuel
excluded) USD/MWh 6.5 (Lubricating oil tax included)
Fuel HFO Gas HFO Gas
LHV net heat rate KJ/kwh 9 095 8 404 8072 8 296
Emission level C0: kg/MWh 715 476 457 470
mg/Nm 3 @
Emission level NOx (without SCR)  15% O2 2 000 400 400 400
Planned unavailability
(maintenance) % 7% 7% 7%
Unplanned unavailability (forced
outage) % 10% 10% 10%

Budget offers (Benin Maria GLETA-open cycle, Temp. = 26 °c, RH = 80%)

Source Thermoflow version 26

Table 49: Performance, Costs Investments totals and O&M costs of internal combustion engines

For comparison, some examples of published investment costs for fuel-fired
power plants in different African countries are listed below. These values confirm
the order of magnitude considered. They also illustrate that costs do not depend
solely on unit sizes. The choice of the site impacts for example also the costs in
a meaningful way.
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Countries Config. Total Year Investment in Source

investment €/kW
Announced
Madagascar(M 4 x10 MW 40ME€ 2006 1000 €2006/kw http://fr.allafrica.com/stories/2006091
androseza) 10840.html
Senegal 2 x17 MW 41M$ 2016 1168 €2016/kw http://www.ContourGlobal.com/Asset
/Cap-des-biches
Senegal 9x7,5MW 67, 5m € 2008 1000 €2008/kw http://www.industcards.com/IC-
Gambia-Senegal.html
Liberia 10 x 1 MW 11M$ 2010 864 €2010/kw http://www.industcards.com/IC-
Africa-Northwest. htm
Kenya 10 x 8 MW 80ME€ 2012 1000 €2012/kw http://www.industcards.com/IC-
Kenya-Tanzania.htm
Angola 3x2,5MW 15,9 M $ 2012 1715 €2012/kw http://www.industcards.com/IC-
Africa-Southern.htm
Angola 4 x2,5MW 19, 7M$ 2012 1474 €2012/kw http://www.industcards.com/IC-
Africa-Southern.htm
Uganda 7 x7,8 MW 66 M € 2008 1209 €2008/kw http://www.industcards.com/IC-

Rwanda-Uganda.htm

Table 50: Costs Investments totals of internal combustion engines installed in different African countries

4.3.1.3.2. Gas turbine technology in open cycle or combined cycle

1) Technology DESCRIPTION

Several ECOWAS countries currently have gas turbines (TG) in open cycle
(OC) and/or in Combined Cycle (CC) running either Natural Gas (Cote
d’lvoire, Ghana, Nigeria) or liquid fuel (Togo, Ghana, Cbéte d'ivoire,
Senegal...). The majority of these GT in OC and CC are bifuels for burning
either gas or liquid fuels. Different manufacturers are represented on the
mainland (GE, Siemens, Alstom...) and different sizes of gas turbines Open
Cycles are installed from 7.9 MW to 150 MW. Similarly, different Combined
Cycles are installed with powers varying from 50 MW (Senegal) to 450 MW
(Nigeria).

When optimizing the generation development plan a series of GT In OC and
CC so-called standards will be considered as an investment option. This
series of GT in OC or CC is proposed so as to cover a wide range as well in
terms of size as of technology.

The proposed sizes for combined cycles (CC) are 60 MW, 300 MW and 450
MW. These sizes correspond to the orders of quantities of the standards used
in some ECOWAS countries such as Senegal (50MW), Ghana (90MW and
300 MW) and Nigeria or Cote d'ivoire (450 MW). No size greater than 450
MW was proposed for systemic considerations. Indeed, a 450 MW CC has a
sizing incident of 225 MW (1 GT and % ST) which is therefore due to the size
of the West African networks.

The sizes proposed for GT correspond to the GT of the combined cycles
proposed: 45 MW, 100 MW and 150 MW.
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2)

In terms of technology, the selection of GT in OC and CC was made in a
manner that facilitates maintenance and minimizes investment costs rather
than maximizing performance. It would be possible to reach one or two
additional points of return but at a very high cost.

For CC, two cooling methods are proposed, cooling by cooler and direct
water intake. The direct water intake allows to increase the overall yield by
one to two points.

The Consultant used the Thermoflow software® Version 26 to estimate the
expected thermodynamic performance of the various power plant
configurations as well as the cost of investments of different configurations.

The details of the simulations are given in Appendix F but the main
assumptions can be summarised below:

Ambient temperature of 33 °c

All GT in OC and CC are bifuels

All CC's have a by-pass to allow the GT to turn in case of ST unavailability
Planned and fortuitous unavailability were adapted to local conditions

The fuels modelled in the water flow are on the one hand natural gas and on
the other hand the distillate #2. This distillate is used to represent the
performance of the diesel or LCO burning plant.

Investment data
The table Below presents Technology investment data for gas turbines in
open cycle and com

bined cycle.

GEEEN 2000000 TS 492 GO 80 2SS
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Thermoflow® 26 - # Cases — Combined Cycle Gas Turbine

2

CCGT (300MW)

CCGT (300MW)

CCGT (450MW)

CCGT (450MW)

CCGT (60MW)

CCGT (60MW)

Plant Characteristics Unit 2GT+1ST 2GT+1ST 2GT+1ST 2GT+1ST 1GT+1ST 1GT+1ST
Cooling method ) Air Cooled Condenser Open Cooling Air Cooled Condenser Open Cooling Air Cooled Condenser Open Cooling
Siemens SGT 5 - 2000E Siemens SGT 5-2000E : :
GT manufacturer + model ) GE 9E.03 GE 9E.03 (41MAC) (41MAC) Siemens SGT-800 Siemens SGT-800
Natural Natural Distillate # Natural Distillate # Natural Distillate # Natural Distillate # Natural Distillate
Gas Distillate # 2 Gas 2 Gas 2 Gas 2 Gas 2 Gas #2

Gross GT Power @

Reference Site Condition MW 117 113 117 113 153 149 153 149 42 41 42 41

Number of Steam Turbine # 1 1 1 1 1 1 1 1 1 1 1 1

Gross ST power @

Reference Site Condition MW 118 115 134 128 146 143 166 158 17 16 19 19

Total Nominal Gross

Power Output MW 351 345 367 354 452 440 472 456 59 57 62 60

Total Nominal Net Power

Output MW 344 337 360 347 443 430 464 448 58 56 61 59

Net Electrical Efficiency % 49,65 49,00 51,98 50,88 49,76 49,17 52,17 51,14 49,20 48,71 51,79 51,33

Contractor’s (EPC) Price MUSD 343 312 415 371 88 86

Contractor’s Price/KW net USD/KW net 996 866 937 799 1516 1484

Expected lifetime of the

plant years 25 25 25 25 25 25

Expected # of running

hours # 6000 6000 6000 6000 6000 6000
T — [ Eaaaaaeeee—— ) [ I s
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Thermoflow® 26 - # Cases — Combined Cycle Gas Turbine

1 2 3 4 5 6
CCGT (300MW) CCGT (300MW) CCGT (450MW) CCGT (450MW) CCGT (60MW) CCGT (60MW)
Plant Characteristics Unit 2GT+1ST 2GT+1ST 2GT+1ST 2GT+1ST 1GT+1ST 1GT+1ST
Fixed O&M cost USD/KW net/year 6,65 6,20 6,21 5,79 39,83 37,14
Variable O&M Cost (fuel
excluded) USD/MWh 3,765 3,510 3,519 3,281 6,98 6,51
Natural Natural Distillate # Natural Distillate # Natural Distillate # Natural Distillate # Natural Distillate
Fuel Gas Distillate # 2 Gas 2 Gas 2 Gas 2 Gas 2 Gas #2
LHV net heat rate kJ/KWh 7 251 7 348 6 926 7075 7 234 7 322 6 901 7 039 7 316 7 391 6 952 7014
Emission level CO. kg/MWh 407 543 388 527 404 546 386 525 414 553 393 525
Emission level NOx mg/Nm3® @ 15%
(without SCR) Oz <30 <152 <30 <152 <50 <152 <50 <152 <50 <152 <50 <152
Planned unavailability
(maintenance) % 8,20% 8,20% 8,20% 8,20% 8,20% 8,20%
Unplanned unavailability
(forced outage) % 4,40% 4,40% 4,40% 4,40% 4,40% 4,40%
Alternative GT
Manufacturer + model - GE GT11N2 GE GT 11 N2 Ansaldo AE 94.2 Ansaldo AE 94.2 GE 6B.03 GE 6B.03

Source Thermoflow version 26 - CAPEX Best Estimate based on Thermoflow Version 26 & Tractebel database (Mauritania SPEG, Ciprel in Cote d’Ilvoire, WAPP Maria Gleta, Benin)
Ciprel 340MW Cobte d’lvoire

Offres O&M Mauritanie SPEG SGT-800 (2-2-1)

Extrapolation

Source : VGB POWERTECH, Technical-Scientific Report, Availability of Power Plants 2007 - 2016, Combined cycle units, operation time 2 4000 h/a

Table 51: Performance, total investment costs and O&M costs of Combined Cycle power plants
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Thermoflow ® 26-# cas — open-cycle gas turbine

7 8 9
Plant Characteristics Unit OCGT (45 MW) OCGT (100 MW) OCGT (150 MW)
Cooling method - na. n-a na
GT manufacturer + model } GE 6B. 03 GE 9e. 03 SGT Siemens 5-2000e (41MAC)
Residual heavy Residual heavy

Natural gas Hfo — Residual Natural gas fuel oil Natural gas fuel oil
Gross GT Power @ Reference Site Condition MW 39 38 117 113 154 149
Number of Steam Turbine # n.a n.a n.a n.a n.a n.a
Gross ST power @ Reference Site Condition MW n.a n.a n.a n.a n.a n.a
Total Nominal Gross Power Output MW 39 38 117 113 154 149
Total Nominal Net Power Output MW 38 37 116 112 152 147
Net Electrical Efficiency % 31, 83 31, 30 33, 43 32, 89 34, 18 33, 65
Contractor’s (EPC) Price MUSD 34 68 83
Contractor’s Price/kW net USD/KW net 890 606 567
Expected lifetime of the plant years 25 25 25
Expected # of running hours # 2000 2000 2000
Fixed O&M cost USD/KW net/year 17,40 16,26 15,20
Variable O&M Cost (fuel excluded) USD/MWh 4,68 4,38 4,09
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Thermoflow ® 26-# cas — open-cycle gas turbine

7 8 9
Plant Characteristics Unit OCGT (45 MW) OCGT (100 MW) OCGT (150 MW)
Fuel Natural Gas HFO - Residual Natural Gas HFO - Residual Natural Gas HFO - Residual
LHV net heat rate kJ/kWh 11 310 11 503 10 768 10 945 10 532 10 698
Emission level C0: kg/MWh 641 865 603 830 592 816
Emission level NOx (without SCR) mg/Nm3 @ 15% O <50 <152 <50 <152 <50 <152
Planned unavailability (maintenance) % 7,50% 7,50% 7,50%
Unplanned unavailability (forced outage) % 2,30% 2,30% 2, 30%
Alternative GT Manufacturer + model - GE GT 11 N2 Ansaldo AE 94.2

Source Thermoflow version 26

Reference Power Plant GDF_SUEZ - 2000 hours - 35% fixed O&M cost, 65% variable O&M cost

Extrapolation

Source : VGB POWERTECH, Technical-Scientific Report, Availability of Power Plants 2007 - 2016, Gas turbine units, 2000 h/a < operation time < 4000 h/a

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14

Table 52: Performance, total investment costs and O&M costs of OCGT power plant
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4.3.1.3.3.

Coal

1) Technology DESCRIPTION

No major coal-fired power plant is currently operating in West Africa. There
are however projects under development (Cote d’'lvoire 2 x 350 MW for
example).

When optimizing the generation development plan, a series of so-called
standard coal-fired power plants will be considered as an investment option.
These coal-fired power plants are proposed to cover a suitable range in terms
of size and technology.

The proposed sizes for coal-fired power plants are 125 MW and 250 MW.
The 125 MW unit corresponds more or less to the size of the large GT present
on the mainland. The 250 MW range has a lower cost to the installed kw and
a higher yield. No size greater than 250 MW was proposed for systemic
considerations. Indeed, a 250 MW unit creates a 250 MW sizing incident for
the interconnected system. For this reason, no 400 MW unit is proposed as
an investment option.

“Circulating fluidized bed” (CFLs) and "pulverized coal" (PC) technologies are
proposed.

CFL technology can be explained in two stages. In a fluidized bed, the
charcoal is burned in a mixed self-suspension of gas and solid materials
(limestone) in which the air penetrates from the bottom. In a circulating
fluidized bed, the solid materials captured including unconsumed coal are
reinjected directly into the combustion chamber. The internal circulation of
CFLs allows a longer stay of coal and limestone in the combustion chamber,
allowing for better combustion and better capture of sulphides.

The pulverized coal technology will first use coal mills that will dry, grind and
spray (< 80 pm) coal. This pulverized charcoal is directly injected with the
primary air into the burners at different levels of the boiler.

In terms of technology, the selection of units was made in order to facilitate
maintenance and minimize investment costs rather than maximizing
performance. It would be possible to reach one or two additional points of
return but at a very high cost.

The Consultant used the Thermoflow software to estimate the investments
and operating costs of the various configurations. This software simulates the
thermodynamic cycle of the plant on the basis of the selected plant
components. It tells of the expected net efficiency and therefore of the
specific consumption.

The details of the simulations are given in Appendix F But the main
assumptions can be summarised below:

Ambient temperature of 33 °c
Planned and fortuitous unavailability were adapted to local conditions

133/374

Final version



2) Investment data
The table Below presents the investment data of coal technologies.

Thermoflow Cases

10 11
Coal (125 MW) Coal (250 MW)

Characteristic of the plant Unit Type : CFB Type: PC

Air Cooled Air Cooled Open
Cooling method Condenser Open Cooling Condenser Cooling
Number of Steam Turbine # 1 1 1 1
Total Nominal Gross Power
Output @ RSC MW 125 125 250 250
Total Nominal Net Power Output
@ RSC MW 114 115 231 233
Net Electrical Efficiency (LHV) % 33,65 37,00 35,52 38,44
Contractor's (EPC) Price MUSD
Contractor’'s Price/kW net USD/KW et
Expected lifetime of the plant years 35 35
Expected # of running hours # 8000 8000
Fixed O&M cost USD/kW/year 31,7
Variable O&M Cost (fuel
excluded) USD/MWh 5.3

Coal South Coal South
Coal South Africa-  Africa - Coal South Africa - Africa -
Fuel Kleinkopje Kleinkopje Kleinkopje Kleinkopje
LHV net heat rate kJ/KWh 10 699 9 730 10 136 9 364
Emission level C0O2 kg/MWh 1025 932 971 897
mg/Nm3 @

Emission level NOx (with SCR) 15% Oz as per required (< 200) as per required (< 200)
Planned availability
(maintenance) % 10,50% 10,20%
Unplanned availability (forced
outage) % 10,80% 9,80%

Source Thermoflow version 26

Source : VGB POWERTECH, Technical-Scientific Report, Availability of Power Plants 2007 - 2016, Fossil-fired units, 100
MW < nominal capacity < 200 MW

Source : VGB POWERTECH, Technical-Scientific Report, Availability of Power Plants 2007 - 2016, Fossil-fired units, 200
MW < nominal capacity < 600 MW

Table 53 Performance, total investment costs and O&M costs of coal power plants
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4.3.2.

43.2.1.

43.2.1.1.

43.2.1.2.

3) Availability of coal
Some countries such as Ghana or Senegal are considering a future coal
supply in their energy mix.

No limitation applies to the quantities of coal available for the African market,
the main limitation is the non-existence of delivery and storage
infrastructures. So there is a certain cost of entry to allow a coal supply.

Plant characteristics and costs of reference for RES

PV SOLAR POWER PLANTS

These latest months, many Solar PV plants have been put into service in the sub-
region. Senegal inaugurated two Mékhé and Mérina Dakhar while, at the same
time, Burkina Faso inaugurated its first PV plant in Zagtouli. Of a power of 30 MW
each, these projects are currently among The biggest in Sub-Saharan Africa.

Brief Presentation of technology

Photovoltaic (PV) is a power generation system by converting solar radiation
directly into electricity through the use of semiconductors. The method uses solar
panels composed of many cells containing a photovoltaic material.

Photovoltaic installations must be placed in a sunny environment. The installation
must be placed in such a way that the panel is not shaded by its environment.
Finally, to exploit the irradiation optimally, the installation must be oriented as far
as possible in front of the sun (with monitoring systems or an optimised
inclination). For easier mounting of the installation, it is recommended to install it
on a flat surface with a low slope (< 5%).

Investment data

Although Africa currently houses a relatively small number of large-scale solar
photovoltaic projects, costs have declined over time. The cost range was between
3400 and 6900 USD/KW in 2012. The costs of installing utility scale solar
photovoltaic projects in Africa have then declined by 61% between 2012 and 2015
to reach a global average of 1800 USD/KW in 2015.

The connected and planned PV projects connected to the transmission network
between 2014 and 2018 in Africa range from about 1200 to 4900 USD/kW and
the project announcements in 2016-2017 that target the commissioning dates in
2018 are aimed at a competitive total installation price range of 1200 to 1900
USD/KW. As a result, an installed cost of 1500 USD/KW is assumed in the
summary table here below.
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Figure 56: Investment costs for PV projects for commissioning between 2011 and 2018 (Source: IRENA)

Conventional investment data for a photovoltaic facility in West Africa are
presented at the Table 54: Solar PV production unit — investment data. The costs
considered in this table are 2018 costs.

Characteristics of the plants Units Solar PV

Nominal power (local conditions) MW 10

Average Energy availabe  owh 0
paymentschedsle % Yo
Civestmentcost  wmusp T
Cvestmentcostkw  usohw o0
lfetme am s
FxeOMcost  USDKWam 0
VaigbleosMcost  usomwh -
Cefiency  w o
Planned unavalabilty (Maintenance)  Coud oso%
Umplamned unavailabiity  coud os0%

Table 54: Solar PV production unit — investment data
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4.3.2.1.3.

Future cost development

With the rapid improvement in the competitiveness of photovoltaic solar energy,
the very rapid growth potential of solar photovoltaic in Africa is real.

Indeed, the potential for cost reduction remains important, and with rapid growth
in the deployment of Solar PV projects in the subregion, the cost of installing
photovoltaic systems at utility scale could fall from about 1500 USD/KW In 2018
to 800 USD/KW in 2025, a 57% reduction in 10 years (IRENA, 2016b).
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Figure 57: Expected future development of investment costs for PV projects (Source: IRENA)

SOLAR POWER PLANTS CSP

The potential for CSP development in Western Africa is quite limited given the
average DNI in the sub-region. Nevertheless, it cannot be completely excluded
and therefore the next paragraphs are intended to present this technology.

Brief Presentation of technology

A solar thermal or concentrated solar power plant (CSP) is essentially a
conventional power plant using solar energy as a primary source of heat (with a
back-up fossil fuel) in the boiler to convert water to steam to power a conventional
steam turbine (Rankine cycle).

In order to reach the necessary temperature level in the power supply, a
concentration of the solar rays is necessary. In the absence of sunshine, power
generation can be maintained using a conventional fossil fuel.

However, the exclusive use of solar energy without any fuel input is also possible
with units of cylindrical-parabolic solar mirrors.
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With the increase in fuel prices, the installation of thermal energy storage systems
is an attractive substitute for back-up fossil fuels. The cylindrical-parabolic or solar
farm collection system consists of long rows of identical concentration modules
placed in parallel. These modules are typically composed of trough-shaped glass
mirrors following the sun from east to west by rotating on an axis and whose
collector concentrates the solar radiation directly on an absorbing pipe located
along its focal line. A heat transfer fluid, typically oil is distributed through the pipes
at temperatures up to 400 °c. The hot oil converts the water into steam to power
a steam turbine.
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Figure 58: Operating diagram of a concentrated solar power plant with thermal storage

Investment data

The total installation costs for CSP plants that include thermal energy storage tend
to be higher than those that do not include it, but storage also allows for higher
capacity factors.

For example, for cylindrical-parabolic systems (technology with the largest share
of projects installed so far), the total costs of the installed installation can range
from 2550 USD to 11 265 USD/KW for systems without storage. However, by
adding four to eight hours of storage, this range can be between 6050 USD and
13 150 USD/KW (Source: Renewable cost database for the period 1984-2016
IRENA).
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Figure 59: Evolution of the cost of CSP technologies (Source: IRENA)

Given the most recent costs and technologies, for the summary table below, an
installation cost of 7000 USD/KW and a storage time of 4 hours are assumed.
Other storage times up to 8h will nevertheless also be considered as generation
options if relevant.

Using ANDASOLS as a typical unit (50 MW with 7.5 h of storage in Spain), we
obtain the following data for a DNI of 2400 kWh/m2/A and a latitude of 20 ° north.

Characteristics of the plants Units Solar Thermal (CSP)

Nominal power (local conditions) MW 50
erage Energy availae  own w
Temsofpayment e 1%vol

30% YO
nvestmentcost woso wo
vestmentcostkw usokw  so0
Cetme an s
FixeOperating and maintenance cost  USDAKWin
Variable Operating and Maintenance cost usomwh o040
efcency w T
Planned unavallabiity (Maintenance) cowd o
Unplanned unavaiapiity cowd -
Feawes
T DS R — G 44—
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Characteristics of the plants Units Solar Thermal (CSP)

-Storage h 4
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Table 55: Solar production unit CSP — investment data

The table above also takes into account the evolution of the capacity factor over
time. This evolution of the capacity factor is only partly explained by the choice of
sites with greater irradiation, while the remainder of the increase is induced by
changes to new technologies and greater storage capacities.

0.7 Capacity MWe
1
. Weighted average capacity factor 100
06 200
300
E 377
0.5 s
= e Type
G + Linear Fresnel
2 04 ® : - @ Parabolic trough
5]
2 ® ® ® ’ ® Solar tower
8
03 ’ Storage (hours)
: —— ° ‘ @ No storage
- o $ e ¢ 0-4
: s ® ] - ¢ ® 48
0.2
® 8+
01 *
2009 2010 20mn 2012 2013 2014 2015 2016

Source: IRENA Renewable Cost Database.

4.3.2.2.3.

Figure 60: Evolution of the CSP Technology capacity factor (source: IRENA)

Future cost development

The total average cost of electricity generation (LCOE) of CSP plants remained
relatively stable between 2009 and 2012. A downward trend in LCOE began in
2012. Indeed, in 2013 and 2014, the LCOE estimates averaged about one-fifth
lower than the 2009-2012 period. However, higher levels of direct normal
irradiation (DNI) were probably the main factor causing lower costs during this
period. Thus, learning effects and technological improvements have not yet been
the main driver of cost reduction, leaving significant cost-reduction potentials, as
has already been pointed out (IRENA, 2016).

Recent announcements and analysis of planned projects seem to predict a sharp
downward trend from 2017 onwards. Indeed, recently, very low bids for CSP
projects have been announced. Although these tenders must be taken with
caution as they concern commissioning in the vicinity of 2022 and because they
are positioned in a competitive environment (and therefore can deviate
significantly from the LCOE), they announce however a downward trend for this
technology.
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Figure 61: Evolution of the LCOE of CSP Technologies (Source: IRENA)

WIND ENERGY

Brief Presentation of technology

As part of this study, wind technologies allowing the development of industrial-
scale projects are taken into account (several dozen MW site). In any case, the
cut-in speed of a large-scale wind turbine (> 2 MW) is about 3 m/s. Below this
speed, it does not produce (on the contrary it consumes).

Small wind turbines allow to operate at significantly lower wind speeds but these
technologies are financially less attractive and are generally sized for rural
electrification.

Investment data

Over the past 30 years, wind technologies have experienced a sharp decrease in
average installation costs, from 3000 USD/KW in 1989 to around 1600 USD/kW
today. However, there is a wide variety of installation costs, depending on the size
of the sites and the technologies used.
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Figure 62: Investment costs for projects Wind For commissioning between 1983 and 2015 (Source: IRENA)

Given these figures, the current cost trend is shown in the table below. The
installation prices include not only the price of the machine, but also the civil and
electrical works.

Characteristics of the plants Units by wind
Nominal power (local conditions) MW 100MMW (28*3.6 MW)
Average Energy available  owh 00
Temsofpayment @ 7Yl
30% YO
nvesmmemtcost wosp T
nvestmentcostkw usohw 20
tetme an s
FixeOperating and maintenancecost  USDAwian TR
Variable Operating and Maintenance cost vsomwn o7
Planned unavailabilty (Maintenance) cowd %
Unplamned unavallabiy Cowd 4%

Table 56: Wind turbines-investment data
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4.3.2.3.3.

Future cost development

In the future, the price will be pushed down by technological advances at the level
of towers, blades and generators. The less windy sites will benefit from the
evolution to larger rotors and towers to achieve higher capacity factors.
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Figure 63: Expected future development of investment costs for projects Wind (Source: IRENA)

Africa will benefit from a market increase which will also reduce costs. According
to IRENA, the installation cost is projected to decrease by about 1.27% annually
by 2025 (excluding inflation). This reduction could even be higher than the
average for Africa. Therefore, the following forecasts are considered to be
relatively conservative.

BIOMASS RESOURCES

In order to provide a general overview of the impact of a biomass plant, the
characteristic parameters of the following three plant sizes are presented Below:
Medium Unit-40 MW and Small units-5 & 20 MW.

The investment data is based on pure biomass combustion technologies. In
addition to this technology, there are several other methods of biomass
combustion. These technologies are exposed briefly to provide a general
overview of the different energy production possibilities offered by this fuel.

Combustion of Pure Biomass

Different combustion technologies where the biomass is directly introduced in the
boiler are available depending of the biomass particle size.

Three main biomass firing technologies:

Pulverized fuel boilers (PF): applicable for large scale power plants up to 200
MWe

Circulating Fluidizing Bed boilers (CFB): applicable for a plant’s installed power
range of 20-200 MWe
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Grate Furnace (GF): applicable for small scale power plants up to 20 MWe.

These technologies can be used for co-combustion processes too.

In order to assure a complete combustion of the biomass and to limit the presence
of unburned particles in the ashes, in case of PF boilers, the milling of the wood
biomass is necessary. Hammer mills are used to get a particle size of 100%
smaller than 1.5 mm and of 80% smaller than 1 mm. These particle sizes are
suitable for pulverized fuel boilers.

CFB boilers are more flexible than the pulverized fuel boilers. CFB boilers
suspend solid fuels on upward-blowing jets of air during the combustion process.
The result is a turbulent mixing of gas and solids. The tumbling action, much like
a bubbling fluid, provides more effective chemical reactions and heat transfer.

CFB boilers are characterized by higher efficiencies and availability, combined
with low emission values.

Co-combustion with Direct Injection

Co-combustion consists of burning a mixture of fossil fuel and biomass. In most
cases co- firing identifies the combustion of wood biomass with coal. The
advantages of this technology are that the coal consumption cost and the SOx,
NOx, particulates, and other emissions of pollutants are reduced. Direct co-firing
consists of feeding the boiler directly with the biomass-coal mixture after a pre-
treatment process (cleaning, drying, milling...).

Indirect firing and gasification

In the indirect firing the biomass passes through a gasification process before
being burned. The obtained syngas can be burned in a furnace or it can be used
to fuel modified gas engines. The syngas is obtained via a partial oxidation of the
biomass. The main advantages of this process are the feedstock flexibility (even
low quality biomass as waste can be gasified). The produced gas has a LHV of
around 4 MJ/Nm&. It can be used as an alternative fuel in existing power plants.

Parallel Combustion

A new biomass fired unit that produces steam can be coupled to existing fossil
fuelled facilities.

Combined heat and power generation (CHP)

CHP consists of the simultaneous production of heat and electricity.

In conventional solid biomass fuelled electricity generation units around 37% of
the energy potential contained in the fuel is converted on average into electricity,
whilst the rest is lost as waste heat. Even the most advanced technologies do not
convert more than 55% of fuel into useful energy. CHP plants produce both
electricity and heat and therefore can achieve an efficiency of up to 90%, giving
energy savings between 15-40% when compared with the separate production of
electricity from conventional power stations and of heat from boilers. It is the most
efficient way to use fuel.

The heat produced by cogeneration can be delivered through various mediums,
including hot water (e.g., for space heating and hot water systems), steam or hot
air (e.g., for industrial uses).
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Tri-generation

In warmer climates the need for heating is limited to a few winter months. There
is, however, significant need for among other in “cooling houses” during the whole
year. Tri-generation is the simultaneous production of electrical power, heat and
cooling. Biomass can be used as fuel. Heat produced in CHP plants is, in this
case, used to produce cooling via absorption cycles.
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Characteristics of plants

Biomass Plant
(20MWe)

Biomass Plant (40MWe)

Biomass Plant (5SMWe)

Manufacturer + Model

- Consommation de biomasse

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14

Grate Furnace

Wood shavings /
agricultural waste

190000
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Characteristics of plants ‘ Units Biomass Plant Biomass Plant (40MWe) Biomass Plant (5SMWe)

(20MWe)
- Prix du combustible sans transport USD/GJ <2 <2 <2
- Prix du combustible avec transport (500km) USD/GJ 2a35 2a35 2 as35

Table 57 : Biomass Plant — Investment data

Note 1 : orders of magnitude of CAPEX investments strongly dependent on technologies and equipment sources. Estimated prices with technologies and equipment produced in
Asia
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4.3.2.5.

4.3.3.

NUCLEAR ENERGY

The option of developing nuclear power plants has not been considered as a
credible alternative for power supply in the West Africa region for the following
reasons

The region's important energy resources in hydropower, gas and renewables
are largely sufficient to meet the needs of the region by providing a sufficiently
diversified and affordable energy mix;

The discounted electricity cost (LCOE) of nuclear power plants is over $ 105 /
MWh, which is 40% more expensive than the gas option (combined cycle) and
almost double of solar option in the medium term;

The unit size of the nuclear power plants (more than 1000MW per unit) would
lead to severe operating constraints for low-meshed electrical systems such
as those in West Africa and additional costs in terms of strengthening the
electrical system.

The development of nuclear power can only be envisaged in the long term,
beyond the horizon of the study, because it requires the establishment of
specific expertise, competent supervisory authorities, the achievement of more
advanced and longer feasibility and impact studies than those required for
other types of production.

Synthesis of supply analysis - Levelized Cost Of Energy

The choice for generation technologies is partly driven from their underlying costs.
These costs typically cover investment costs, operation and maintenance costs
(fixed and variable), and fuel costs. A suitable metric to compare these costs
amongst generation technologies is the Levelized Costs Of Energy (LCOE).This
metric is used to assess the competitiveness of generation technologies and
expresses all cost components in USD per MWh. Moreover, it takes into account
the lifetime and utilization rate of the technologies. Note however that while an
LCOE assessment provides a valuable first insight, a complete assessment
requires a more detailed economic model as it will be developed in the generation
master plan.

Based on the technology assumptions as discussed above in this section, the
LCOE values for the different future technology options are listed in Figure 64.
Distinction is made between the LCOE values in 2017 (left bars) and 2030 (right
bars). Note that the values are based on a 10% discount rate and an 80%
utilization rate (baseload) for thermal units. LCOE values are shown under the
baseline fuel costs projections.

The figure shows that the big hydroelectric plants are among the plants having
the lowest LCOE. Note however that the picture presents an average value for a
big dam but that each project should be considered individually as they all have
different investment costs and producible.
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Regarding thermal plants, it is interesting to note that, with the current fuel prices
considered, combined cycles firing Natural Gas are characterized by a LCOE
slightly lower than the coal plants but the trend is inverted in 2030 due to the
expected decrease of coal price. However, it is important to mention that the
LCOE do not take into account the cost of CO2 emissions nor the technical
constraints inherent in steam turbine technology (limited flexibility) which are two
obstacles to the future development of coal. All other thermal units show
significantly higher levelized costs.

Towards 2030 the LCOE values are expected to change driven by the changing
fuel cost and the decreasing CAPEX costs for renewable energy sources. The
solar PV LCOE is expected to drop significantly towards 2030. This brings solar
PV down in the merit order below every thermal power plant. Note however that
LCOE for solar plants are very dependant on local irradiation conditions.
Therefore the selection of the site will need to be done carefully.
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Figure 64: Levelized costs of energy for different generation technologies and fuels assuming baseload operation for
thermal units.

While the above figure assumed that the thermal units could be operated as
baseload units (80% utilization rate), the technology LCOE-values will change in
case the units are operated as mid-peak or peaking plants. This is illustrated in
Figure 65, assuming a 35% utilization rate. The figure shows that the change in
utilization rate largely changes the LCOE order as gas turbines how becomes
cheaper than steam power plants. This is due to the capital intensity of the latter
plants compared to turbines. Note that the LCOEs of renewable technologies are
omitted from this figure as comparison with part-loaded thermal units is not
enriching.
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Figure 65: Levelized costs of energy for different generation technologies and fuels assuming mid-peak operation for

4.4.

thermal units.

Identification of storage options

Considering the expected development of renewable energies in West Africa and
the constraints related to this development (flexibility requirements, operational
limits), the development of storage capacity in the sub-region cannot be excluded
from the scope of this study.

Given the specificities of the subregion, hydroelectric storage has great potential
and complementarity between solar and hydro resources is essential for the
development of affordable, reliable, sustainable and modern energy for all. In
addition, thermal storage opportunities coupled with concentrated solar power
plants can not be ruled out. Finally, and given the current technological advances,
storage by industrial batteries appears as a feasible and potentially competitive
solution for the installation of large-scale storage in the networks, especially for
countries without major hydroelectric resources.

Nevertheless, in view of the objectives of the study and the time horizon
considered, we will focus on the role that batteries can play to offset the
intermittency of renewable energy sources in general, and solar photovoltaic
plants in particular , de facto excluding the development of storage solutions for
operational constraints.

Different battery models are present on the market and their investment costs
(2014 data) are shown in Figure 66. EOS Aurora batteries are currently emerging
as the most competitive solution. Indeed the EOS Aurora differs from other
batteries by the use of air as an essential element of its cathode. Thanks to this
and to the use of zinc as the first component of its anode, the design of batteries
that are both inexpensive and environmentally friendly is possible, while
maintaining an overall efficiency (over a charge-discharge cycle) of 75%.
Nevertheless, there is still very little feedback on the actual performance of this
type of battery and basing the development of an optimal action plan on these
assumptions for storage could be risky.
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The development of the optimal action plan will therefore be based on the cost
and performance characteristics of the second most economical type of battery,
which have also benefited from a sharp reduction in costs in recent years: Li-ion
batteries, technology benefiting from sufficient feedback. According to BNEF,
these batteries currently have an installation cost of less than 300 $/ kwh.

It should be noted that this does not bind the optimal action plan to a particular
commercial technology, but that it can be based on a realistic set of assumptions.
In practice, calls for tenders for the development of installations will allow the
selection of the most competitive batteries for a given capacity and possibly to
accelerate the storage implementation if the anticipated rapid technological
evolution is materialized in fact.
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Figure 66: Investment costs for different technologies of batteries®
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Figure 67: Evolution of LI-ion technologies investment costs between 2010 and 2016 (source : BNEF)

5 Source: Behnam Zakeri, Sanna Syri. “Electrical Energy Storage Systems: A comparative life cycle cost Analysis.” In:
Elsevier Journal (2014) , EOS ENERGY STORAGE?® , BNEF and Lazard
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The different characteristics of the Tesla PowerPack (example of Ll-ion battery)
are summarized in Table 58.

Characteristics Tesla PowerPack
Installed Capacity 1MW
Energy 4 MWh
Output Voltage 380-480 Vca, triphased
Energy for one cycle 8280 kWh/cycle
Global efficiency of the battery >90% a 25°C
Lifetime 5000 cycles or abut 15 years
Operating Temperature -20 to 50°C
Fixed O&M costs 0.05% of the investment cost

Table 58: Characteristics of the Tesla PowerPack (Source: TESLA)

Given that the expected main justification for storage is to compensate for the
variability of renewable resources (mainly solar), it is considered that the storage
units could be connected with the photovoltaic solar panels on the same DC circuit
and connected to the grid with the help of inverters of nominal power equal to the
peak demand of the system and not the sum of this peak demand and the storage
capacity. On the other hand, low-cost rectifiers will be needed to ensure, where
necessary, storage from existing thermal units, the capacity of which must be the
minimum of thermal capacity and storage.

The cost assumptions used for storage in the development of the optimal
development plan are therefore as follows:

TS 000090 G EEEEED 0 020 G 0 0 G
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Investment cost: the investment cost used for the LI-ion battery is $ 273 / kWh
- 179,000 FCFA / kWh. A devrease in investment costs will be considered
based on the assumptions presented by IRENA in its report Electricity Storage
cost and market up to 2030 (2017). In this report, a decrease in the total
installation cost between 54% and 61% by 2030 is estimated (57.5%
considered here). It should be noted that these values assume that the
batteries will use the inverters already installed for the use of solar power
plants. A sensitivity study will evaluate the impact of the chosen decay model.
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Figure 68: decay model of investment costs of TESLA batteries $/kwh
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5.1.

5.1.1.

From Substation To Substation

TRANSMISSION ANALYSIS

Current situation of the infrastructure per
country

This section presents the existing network for the different countries, including
transmission lines, transformers and the shunt reactive power compensation
devices (capacitive and inductive). The collected data were synthesized in tables
per country. Symbol N/A (not available) replaces the missing data. These values
should be validated and N/A values should be filled by the concerned countries.

In this section, the sign convention which is used for reactive power compensation
devices is the following: Reactors are represented by a negative value while
capacitors are represented by a positive value. In addition, the type of
compensation device is presented, in terms of fixed shunt (fixed), switchable
shunt (switch) or Static Var Compensator (SVC). If present, series compensation
is highlighted as well.

In the following tables, it is also specified if transformers are equipped with on-
load tap changer (OLTC).

Benin

The current electrical network of Benin is shown on the following tables (lines,
transformers, shunt reactive compensation).

Only transmission lines with operating voltage equal or higher than 90 kV are
considered. The system has 13 transmission lines (10 single circuits and 3 double
circuits), 11 transformers and 1 shunt reactive compensation devices®.

Voltage | Length Rated R X B/2

power
(k) ®km) | mva) | @pu) | Gep.u) | Cepu)

Maria Gleta 2_161 Avakpa_161 161 N/A 128 1.940 6.240 1.350

Sakete_161
Sakete_161
Bohicon_161

Djougou_161

Cotonou_161 161 N/A 178 2.750 8.450 1.980
Cotonou_161 161 N/A 178 2.750 8.450 1.980
Onigbolo_161 161 N/A 178 4.290 13.220 2.830

Parakou_161 161 N/A 178 6.670 20.310 9.600

Maria Gleta 2_161 Cotonou_161 161 N/A 128 0.560 1.710 0.810

Parakou_161

Djougou_161

Bembereke_ 161 161 N/A 178 4.900 15.100 3.500

Natitingou_161 161 N/A 178 4.200 12.800 3.000

Onigbolo_161 Sakete_161 161 N/A 178 2.310 7.090 1.660

6 This one capacitor in Benin is modelled as two capacitors (1 step of 7.2 MVAr and 25 steps of 0.4 MVAr)
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From Substation To Substation Ell(ci};age (Lkerg)gth Eg\t/\?gr R X B2
(MvA) | (%pu) | (%p.u) | (%p.u)
Maria Gleta2_161 Cotonou_161 161 N/A 128 0.560 1.710 0.810
Tanzoun_161 Sakete_161 161 28 178 1.740 4.537 0.109
Tanzoun_161 Sakete_161 161 28 178 1.740 4.537 0.109
Maria Gleta1_161 Maria Gleta2_161 161 5 128 0.300 0.822 0.215
Maria Gleta1_161 Maria Gleta 2_161 161 5 128 0.300 0.822 0.215

Table 59: Existing transmission lines (Nominal voltage higher than or equal to 90 kV) - Benin

Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA] (RSE].IL_JIC%“”Q

Cotonou_161 Akpakpa_15 37.5 No
Ccotonouter | PotoNovo 15 |10 N0
Ccoonowter | Gbegamey Aggreko_15 | 75 N
Ccotonouter | Vedoko1s |10 |
MariaGiktaz 161 | Aggieko MariaGleta 158 | 1000 |No
MariaGleta2 161 | MariaGletaTAG CEB_15.8 | 00 N
MariaGiktaz 161 | reTAGEID 158 1000 |No
Nattngou 161 | Natiingou SBEE Diesel 15 | 200 N
CPaakoutst | parakouThermal 15| N I
Csaketeter |- saetes0 | 2000 N
sakete s | saee 0 | 000 N0

Table 60: Existing 2W transformers — Benin

Substation [Name_Voltage] Capacity / step (Mvar) Number of steps Type (Fixed-Switch-SVC)

Parakou_161 -7.2 1 Switch

Table 61: Existing reactive power compensation - Benin

51.2. Burkina Faso

The current electrical network of Burkina Faso is shown on the following tables
(lines, transformers, shunt reactive compensation).

Only transmission lines with operating voltage equal or higher than 90 kV are
considered. The system has 12 transmission lines (11 single circuits and 1 double
circuits), 64 transformers and 22 shunt reactive compensation devices.
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From Substation To Substation ngage I(_I(emn;;]th Eg\t/?gr R X B2
MvA) | (pu) | (%pu) | (%p.u)

Pa_225 Kodeni_225 225 N/A 327 1.701 10.509 9.458

Pa2s | zagouizes | 225 | NA | 327 2588 | 15005 | 14466
‘Bage 12 | zao1 |12 |NA |10 | 3030 | 743 | o766
Kompienga 132 | zano.132  |13%2 | NA | 110 | 13258 | %2541 | 3365
zao 1% | PateDOie1s2 | 132 | NA | 110 | 13545 | 33242 | 2447
owagal0 | oOuagaze0 |0 WA |75 o022 |o7s | 136
Ouagal90 | ouagaloo |  |NA |75 0210 | o0Ses | 1081
Ouagal 90 | Kossodo |  |NA |75 | o7el | 2173 |oos1
Zagoui 90 | Ouagaz0  |%0 WA |72 | 2667 | 7802 | o180
Zagoui 90 | Ouagaz 0 |%0 WA |72 | 2667 | 7802 | 0180
Pas0  |womeo s |wA |72 | 264 | 7735 | o1
Komsiga 90 | PateDOIe 90 | |25 |65 | 4567 | 12522 | 0280
Komsiga %0 | zagouiso %0 |12 |es | 2162 |50 | 013

Table 62: Existing transmission lines (Nominal voltage higher than or equal to 90 kV) — Burkina Faso

Substation Side 1 Substation Side 2 Rated Power Regulating

[Name_Voltage] [Name_Voltage] [MVA] (OLTC)

Bagre_132 Bagre G1_6.6 10.0 No
Baget | BageGles | 0o | N
Bao13s | Bobo115 | wo | Yo
Bbo13s | Bobo11s | wo | v
Bobo21s | BOBONGLSS |« 6o | N
Bao21s | BoBONG2 55 |« 6o | N o
e Bobo215 | 0o | v
Bao23s | Bobo215 |- wo | Yo
Baoz3s | poBONGISS |« 6o | N
e BOBONGASS |« 6o | N
Bao23s | BOBONGS 55 |« 6o | N
‘Bosonce1 | Bobo233 | : w0 | N
‘BosoNGT | Bobo238 | s0 | N o
‘BosoNGEl | Bobo238 | s0 | N
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Substation Side 1 Substation Side 2 Rated Power Regulating

[Name_Voltage] [Name_Voltage] [MVA] (OLTC)

BOBO I G9_11 Bobo 2_33 25.0 No
Kodeni s | Kodeniss | wo | N o
Koteniz2s | Koden 3 | 0o | N
Kompenga 122 | FataExtenson 66 | - wo | N o
Kompenga 12 | KompiengaG1 66 | : 0o | N
Kompenga 122 | KompengaG1 66 | - wo | N
KomsigaGLil | Komsigass | : s0 | N
komsigac211 | Komsiga3s | : w0 | N
KomsigaGz 11 | komsiga3s | : s0 | N
komsigacair | Komsiga3s | : w0 | N
KomsigaGs 11 | Komsigass | : s0 | N
KomsigaGe 11 | Komsigass | : s0 | N
komsigacT1 | Komsiga 33 | : w0 | N
Komsiga®o | komsiga3s | wo | N
komsiga®0 | Komsiga 33 |« wo | N
Kessotoo711 | Kossodo 33 |- wo | N
KessotoGB11 | Kossodo 33 |- wo | N o
Kossodos3 | Kossodo_15s |- s0 | N
Kessoto33 | Kossodo 15 |- so | N o
Kossodos3 | KossodoGL 1l | so | N
Kessodo 33 | KossodoG211 |- wo | N
Kessoto338 | KossodoG3.11 |- wo | N
Kossodos3 | KossodoG4 1l | : 2o | N
Kessoto338 | KossodoG5. 11 |- o | N o
Kossodos3 | KossodoGe_11 | : w0 | N
Kessodo 90 | Kossodo 38 | wo | N
Kessoto0 | Kossodo 15 |« wo | N
Nofiacios | Bobo233 | w N
owgaiis | Ouagaicies |« w0 N
owagatss | ougarczes | w N
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Substation Side 1 Substation Side 2 Rated Power Regulating

[Name_Voltage] [Name_Voltage] [MVA] (OLTC)

Ouagal_33 Ouagal_15 15.0 No
owgars | Ouegaits | so | N o
owgateo | ouagalis . 0o | N
owgazce1s | Ouagazciss |« 66 | N o
owagazoe1s | ouagazc25s | 66 | N
owgazce1s | Ouagazc3ss |« 66 | N
owgazce1s | Ouagazcass |- wo | N
owagazos1s | Ouagazcsss |- 0o | N
owgazss | Ouegazos s |- so | N
owagazss | Ouagazce1s |- s0 | N
owagazeo | Ouagazce1s | wo | Yo
pazs | Paso wo | N
CPatepoie 1z | PateDOIC 33 | : wo | N
PateDOie 12 | PateDOe 33 |- wo | N
CPatepoie 1z | PateDOIC 90 | - wo | N
‘wonaso | woass . wo | N
zegouizs | Zegouiso | 0o | N o
Czagouiz2s | Zegouieo | 00 | N

Table 63: Existing 2W transformers - Burkina Faso

Substation Side 1 | Substation Side 2 = Substation Side 3 | Rated Rated Rated Regulating
[Name_Voltage] [Name_Voltage] [Name_Voltage] Power Side = Power Side | Power Side | (OLTC)

1 [MVA] 2 [MVA] 3 [MVA]
Zagtouli_90 Zagtouli_33 Zagtouli 1_34.5 20.0 15.0 5.0 N/A
Zagtouli_90 Zagtouli_33 Zagtouli 2_34.5 20.0 15.0 5.0 N/A

Table 64: Existing 3W transformers - Burkina Faso
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Substation [Name_Voltage] Capacity / step (Mvar) Number of steps Type (Fixed-Switch-SVC)
Kodeni RE_225 -28.0 1 Fixed
Kotemizs | 0| ] swien
Koveniz2s | s e swich
Kotemiz | so | > swien
Kompienga 132 | s ] swien
Kossodo1s | e ] swich
Kessodo1s | 00 | ] swien
Kessodots | v > swien
owgatis | T ] swien
owagatis | 2 s swich
owagatis | 0 ] swich
owgateo | wa | ] swien
owgazce1s | T s swien
owgazce1s | 0 ] swien
Cowagazos1s | s > swich
ouagazo0033 | e ] swich
pazs | w00 ] Na
CPateDoie 13 | s ] swich
PatepOiess | so | > swien
PatepOiess | T ] swien
Patepoie 33 | a5 | ] swich
zagoui 2| 50 | > swien

Table 65: Existing reactive power compensation - Burkina Faso

5.1.3. Cobte d'lvoire

The current electrical network of Céte d’'lvoire is shown on the following tables
(lines, transformers, shunt reactive compensation).

Only transmission lines with operating voltage equal or higher than 90 kV are
considered. The system has 77 transmission lines (74 single circuits and 3 double
circuits), 197 transformers and 39 shunt reactive compensation devices.
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From Substation To Substation V(zll(ts)ge L((e;rg;h E:\:vegr : X o2
(MVA) (% p.u.) (% p.u.) (% p.u.)
Kossou_225 Bouake_225 225.000 109.9 327.4 1.276 8.770 7.850
Azito 2_225 Yopougon 2 _225 225.000 16.0 327.4 0.185 1.270 1.144
Akoupé_225 Abobo 2_225 225.000 20.8 327.4 0.380 1.720 1.530
Taabo 1_225 Akoupé_225 225.000 150.0 327.4 1.740 11.970 10.720
Bingerville_225 Riviera_225 225.000 21.0 327.4 0.244 1.676 1.502
;e;kz‘?s‘édougou Sikasso RE_225 225.000 237.0 327.4 2.752 18.912 16.950
ATJobo 1225 Azito 2_225 225.000 16.7 327.4 0.193 1.332 1.194
Abobo 1_225 Azito 2_225 225.000 16.7 327.4 0.193 1.332 1.194
Abobo 1_225 Djibi 2_225 225.000 8.7 3274 0.101 0.695 0.623
Abobo 1_225 Yopougon 2_225 225.000 12.0 327.4 0.139 0.957 0.858
Azito 1_225 Vridi 2_225 225.000 12.2 327.4 0.141 0.973 0.872
Buyo 1_225 Soubre 2_225 225.000 82.2 327.4 0.955 6.560 5.870
Taabo 1_225 Soubre 2_225 225.000 195.8 327.4 2.276 15.641 13.990
Buyo 2_225 Man_225 225.000 193.2 3274 2.244 15.418 13.810
Riviera_225 Djibi 2_225 225.000 6.3 327.4 0.073 0.502 0.450
Kossou_225 Taabo 2_225 225.000 124.0 2455 2.295 10.287 9.130
Bouake 225 Ee;kziss‘édo”go“ 225.000 233.8 327.4 2.716 18.658 16.720
Ee;kz‘?s‘édougou Kodeni RE_225 225.000 221.9 327.4 2.576 17.699 15.860
M_an_225 Laboa_225 225.000 152.0 327.4 1.765 12.130 10.860
Taabo 1_225 Abobo 2_225 225.000 170.8 246.0 3.161 14.170 12.564
Soubre 2_225 Taabo 2_225 225.000 195.8 327.4 2.276 15.641 13.990
Soubre 1_225 San Pedro 1_225 225.000 117.0 327.0 1.359 9.337 8.369
Yopougon 2_225 | Taabo1_225 225.000 162.0 327.0 1.882 12.928 11.588
Vridi 2_225 Riviera_225 225.000 18.3 327.0 0.213 1.460 1.309
Bingerville_225 Prestea_225 225.000 189.0 327.0 2.195 15.083 13.520
San Pedro_33 Faye_33 33.000 38.2 24.9 50.512 147.328 0.059
Yopougon 2 -1_90 | Yopougon 1-1_90 90.000 7.8 109.0 0.481 1.156 2.261
Laboa_90 Seguela_90 90.000 82.0 74.8 14.578 42.518 0.941
Laboa_90 Odienne_90 90.000 122.2 74.8 21.724 63.362 1.402
Tongon_90 Korhogo_90 90.000 56.2 74.8 10.000 29.167 0.644
Taabo_90 Hire_90 90.000 22.0 74.8 3.911 11.407 0.252
Korhogo_90 Ferkéssédougou_90 90.000 48.3 717 10.197 25.044 0.554
Gagnoa_90 Divo_90 90.000 81.2 74.8 14.400 42.000 0.929
Hire_90 Divo_90 90.000 41.9 74.8 7.450 21.730 0.480
Dimbokro_90 Taabo_90 90.000 72.2 74.8 12.836 37.437 0.828
Yamoussoukro_90 | Dimbokro_90 90.000 67.4 72.0 11.982 34.948 0.773
Danane_90 Man_90 90.000 76.8 74.8 13.653 39.822 0.881
Daloa_90 Buyo_90 90.000 112.1 74.8 19.927 58.120 1.286
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From Substation To Substation V(zll(ts)ge L((e;rg;h E:\:vegr : X o2
(MVA) (% p.u.) (% p.u.) (% p.u.)

Boundia_90 Korhogo_90 90.000 103.5 74.8 18.406 53.684 1.188
Odienne_90 Boundia_90 90.000 123.1 74.8 21.884 63.829 1.412
Bouake 2_90 Serebou_90 90.000 131.1 74.8 23.303 67.767 1.504
Bouake 2_90 Marabadiassa_90 90.000 81.4 74.8 14.471 42.207 0.934
Bouake 2_90 Bouake 1_90 90.000 26.4 74.8 4.701 13.713 0.303
Ayame 1_90 Ayame 2_90 90.000 4.0 71.7 0.844 2.074 0.046
Bongo_90 Ayame 1_90 90.000 65.7 71.7 13.870 34.067 0.754
Dimbokro_90 Attakro_90 90.000 103.9 74.8 18.471 53.874 1.192
Koumassi_90 Anoumabo 2_90 90.000 2.8 109.0 0.173 0.415 0.812
Abobo 1_90 Yopougon 2_90 90.000 16.6 75.0 2.951 8.607 0.190
Abobo 1_90 Yopougon 1-1_90 90.000 13.2 717 2.787 6.844 0.151
Bia Nord 1_90 Plateau_90 90.000 2.8 109.0 0.173 0.415 0.812
Bia Sud 2_90 Anoumabo 2_90 90.000 6.3 109.0 0.389 0.933 1.826
Daloa_90 Kossou 1_90 90.000 110.6 74.8 19.662 57.350 1.269
Gagnoa_90 Kossou 1_90 90.000 120.9 72.0 25.523 62.688 1.387
Riviera 1_90 Bia Nord 2_90 90.000 10.4 71.7 2.195 5.392 0.119
Vridi 2_90 Treichville 1_90 90.000 6.5 98.2 0.752 3.370 0.077
Treichville 1_90 Vridi 2_90 90.000 6.5 98.2 0.752 3.370 0.077
Vridi 1_90 Sir_90 90.000 3.0 71.7 0.633 1.556 0.034
Vridi 2_90 Yopougon 1-2_90 90.000 15.7 717 3.314 8.141 0.180
Abobo 2_90 Bia Nord 2_90 90.000 4.9 71.7 1.034 2.540 0.056
Abobo 2_90 Bia Nord 2_90 90.000 4.9 71.7 1.034 2.540 0.056
Abobo 2_90 Adjame_90 90.000 4.7 74.8 0.836 2.437 0.054
Abobo 2_90 Bongo_90 90.000 58.1 71.7 12.266 30.126 0.666
Riviera 2_90 Bia Sud 1_90 90.000 11.2 75.0 2.322 5.704 0.126
Zuenoula_90 Kossou 2_90 90.000 92.7 74.8 16.480 48.067 1.060
Bouake 1_90 Kossou 2_90 90.000 115.3 71.7 24.343 59.790 1.323
Kossou 2_90 Yamoussoukro_90 90.000 53.3 72.0 9.474 27.630 0.611
Grand Bassam_90 | Riviera 2_90 90.000 28.6 717 6.038 14.830 0.328
Agnibilekrou_90 Abengourou_90 90.000 53.0 74.8 9.422 27.481 0.608
Abengourou_90 Attakro_90 90.000 40.1 74.8 7.111 20.740 0.459
Grand Bassam_90 | Abrobakro_90 90.000 25.0 717 5.278 12.963 0.287
Abrobakro_90 Ayame 2_90 90.000 59.0 71.7 12.402 30.463 0.674
Adjame_90 Plateau_90 90.000 3.7 109.0 0.228 0.548 1.073
Hire_90 Agbaou_90 90.000 14.6 74.8 2.595 7.570 0.167
Plateau_90 Treichville 2_90 90.000 3.8 109.0 0.235 0.563 1.102
Treichville 2_90 Plateau_90 90.000 3.8 109.0 0.235 0.563 1.102
Bia Sud 1_90 Vridi 2_90 90.000 7.8 72.0 1.386 4.044 0.089
Vridi 1_90 Bia Sud 2_90 90.000 8.0 72.0 1.422 4.148 0.092
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From Substation | To Substation V(zll(ts)ge szrg;h E:Jve:r : X B2
(MVA) (% p.u.) (% p.u.) (%p.u
Dabou_90 Abobo 1_90 90.000 57.7 74.8 10.260 29.926 0.662
Yopougon 90 | Agboville 90 | 90000 | 517 | 748 | 9191 | 26807 | 0592
Tasbo 90 | Agbovile 90 | 90000 | 1182 | 750 | 21013 | 61289 | 1353
Koumassi_90 Riviera 1_90 90.000 8.0 75.0 1.422 4.148 0.092
Yopougon 2_90 Yopougon 2 -1_90 90.000 5.2 109.0 0.321 0.770 1.508
Yopougon 2_90 Yopougon 2 -2_90 90.000 5.2 109.0 0.321 0.770 1.508

Table 66: Existing transmission lines (Nominal voltage higher than or equal to 90 kV) — Céte d'lvoire

Substation Side 1 [Name_Voltage] Substation Side 2 [Name_Voltage] m\t/id] Power :‘gel?#clza)ting
Abengourou_90 Abengourou_33 10 Yes
Cmwobo1225 apobo20  w | Yes
Abobo122s mpobo20  |w | Yes
Cmwobo1225 apobo20 | Yes
Abobo122s mbobo20  |w | ves
w20 mpobo1s s | Yes
Cmpobozo0 mpobo1s s | Yo
Cmpobozo0 mpobo1s s, | Yo
w20 mpobo1s  lsm | Yes
CAbobakio 90 Abrobako_s3  |aa | No
Cngeaouso agaou1t s | Yes
Agovile o agovile 33 2| Yes
Agoovile o agovile 15 o | Yo
Cnggekol821vid 15 ageko1cl 04 u2s | No
Aggeko3lvid s aggeko3Clo4 |5 | No
Cnggekostvig il aggeko4cioa || No o
Cnggekosivig 1l agekosCl04 7| No o
AggekoCiieo Aggreko 1822 Vrdi 15 |ss | Yes
nggeocizoo aggekos2vid s e | Yes
Cnggekoci2s aggekod2vii 11 | No o
Cnggekoci2s aggekos2vii 11 | No o
Agublekou 90 agbiekou3s o | Yo
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Substation Side 1 [Name_Voltage] Substation Side 2 [Name_Voltage] m\t/% Power %ﬁ.}’gﬂng
Akoupé_225 Akoupé_33 60 Yes
Cmkowe 225 mowess e | Yes
mowpe 22 N ves
Coumabo190 anoumabo 15 s | Yo
Cnoumabo190 anoumabo1s  |so | ves
e atako 33 e | Yes
wameiso mametciss | No o
myameiso wamerc2ss |1 | No
wame2s0 wamess | Yes
myame200 wame2c155 |1 | No
wame2o0 mame2G255 1| No o
Cmator2s ago1s s | Yes
o125 ago1s s | Yes
Cmgorzs aio1s s | Yes
o125 adtoTagi1ss |0 | No
Cmator2s adtoTag2 158 o | No o
Cmgtor2s adoTAV.ISS o | No
BaNod10 | BaNeais | | Yes
BaNod1s0  |BaNeais 3 | Yo
BaNod10 | BaNeais | | ves
‘Baswieo  |saswas s | Yes
‘Baswis  |Baswis s | Yes
‘Baswdieo | Baswis  |s | ves
‘Baswis  |Baswis s | Yo
‘Bowgo0  |Bogoss |1 | ves
‘Baake1s0  |Bowkess |1 | Yes
‘Boake190  |Boske1ss s | Yes
Bouake190 | Bouake11s | | Yes
‘Bocke290  |Bouwske21s s | Yes
Bouake2.90 | Bouake21s | | No
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Substation Side 1 [Name_Voltage] Substation Side 2 [Name_Voltage] m\t/% Power %ﬁ.}’gﬂng
Bouake 225 Bouake 2_90 70 Yes
‘Bandia®o  |eowdass  |a | Yes
Bondaco | Bowdaiis | | ves
‘Bwo12s  |eoso  w | Yo
o225 |Bwociios s | No
‘Bwo22s  |ewoczis e | No o
oo  |ewoss | Yes
babuso | paouss  |a | ves
‘baaso  |paeass 1w | Yes
baoaso  |péeass  |ao | ves
‘baas0  |pdass | Yes
bamanes0  |Dpaamess o | Yes
Dimboko.90 | Dimbokess |2 | Yes
Dimboko9 |pmbokoss |1 | No
Dimboko%0 | Dimbokos |1 | No
bwe  |owss  a | No o
bwe  |owss 1w | Yo
ojiizs  |ojizas s Yes
obit2s  |owi2ss s Yo
ojiies  |ojizas s ves
oibiz2s  |ogiess s | Yes
Faess  |Faeciss |1 | No o
Feléssedougoul 225 | Fekéssédougous0 e | ves
Ferkessédougou 90 | Ferkéssedougou 33 |3 | No
Feléssedougou 90 | Fekéssedougou 33 s | No
Ferkéssédougou 90 | Ferkéssédougou1s |20 | Yes
Ferkessédougou 90 | Ferkessedougou s |20 | Yes
CGagnoaso cagnoass s | Yes
Ccagnoaso Gagnoa1s o | Yes
CGagnoaso cagnoats s | Yes
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Substation Side 1 [Name_Voltage] Substation Side 2 [Name_Voltage] m\t/% Power %ﬁ.}’gﬂng
Grand Bassam_90 Grand Bassam_15 20 Yes
‘Heso  |wess . | Yes
Kohogo 90 | Komegosz |15 | No
Komogo.90  |Kemogots |2 | No
Kohogo 90 |Komego1s |2 | No
Kessou190  |kessawss | Yes
Kessou190  |kessawss | Yes
Kossu2.90  |Kessweiir  |m= | No
Kessou22s  |keswcz w2 | No
Kossou22s  |Kesswezir w2 | No
Kessou225  |kesswze0 e | Yes
laba22s  |twoas  w | Yes
laboaso  |taeas |1 | Yes
‘Men2s  |vams o Yes
Manso | Memss  |a ves
Meneo  |mass | Yes
‘Meneo M o Yo
Maabadiassa 90 | Maabadissa3s |10 | Yes
odemeso odemess |1 | Yo
e odeme1s |75 | ves
Plteasso  |Placawss  |sm | No
Pltearso  |Paeass s | No o
Rviem2.00 | Rwea1s  |s | ves
‘Rwiea290 | Rwem1s s | Yo
Rwiem2.00 | Rwea1s s | ves
‘Rwiea2s  |Rwemieo |10 | Yes
‘Rwia2s | Rvemiso w0 | Yes
Csanpedro1 s smpedo o0 |w | Yes
Sanpedoo0 sapeoss |2 | Yes
Csampedo0 smpedots o | Yes
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Substation Side 1 [Name_Voltage] Substation Side 2 [Name_Voltage] m\t/% Power %ﬁ.}’gﬂng
San Pedro_90 San Pedro_15 40 Yes
Seguelao Sequelass |75 | Yes
O Seue1s |1 | ves
Seebouso seebou3s 2o | Yo
Csobre12s sabes o | ves
Sawrer2s swe oo | w Yes
Sawbre2225 swbeciios w0 | No o
o222 sabecz10s 120 | No
Sabrez25 swbecs 05 |10 | No
Sobreca 66 sabess 7| No
Sabreso saubess s | Yes
Taboi2s Teabo0  |m | Yes
Tambo1225 Tabo oo  |w | Yes
Teboz2 Teaboc113s  es | No
Tamboz225 Taboc2138  |ss | No
Tabo222s Teboc3izs es | No o
Taboo0 Teaboss o | Yo
Tongom0 Tongnr o | Yes
Tongneo Tongon1t o | Yo
Techile10 Techle1s  |so | ves
Tecwile1e0 Tecwiless s | Yes
Tecilerso Techile1s s | Yes
vaiis it e | No
vadiizs vigizoo  m Yo
vaiis vigzeo o | ves
vidiios vigzeo  w | Yes
vidiizs vidiTags 1 e | No o
viiis CpelTagii | No
viiieo vigizas s | Yes
viiieo viilss o | Yes
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Substation Side 1 [Name_Voltage] Substation Side 2 [Name_Voltage] m\t/id] Power :‘gel?#clza)ting
Vridi 1_90 Vridi 1_15 40 Yes
vidiz2s cpelTavis s | No
vidz22s CpelTagot | No
vigizeo CpelTags 1t e | No
vidze CpelTagsil 1| No
viizeo CpelTage 1t e | No o
vigizeo e | No o
vamoussoukio 80 | Yamoussouko 33 |24 | ves
Vamoussouko 90 Yamoussouko 15 |40 | Yes
vamoussouko 80 | Yamoussouko1s o | ves
vopougon12.90 Yopougn1s e | Yes
vopougon12.90 Yopowgn11s s | Yes
vopougn12.00 Yoougon1.1s  |so | Yes
Yoowgon12.90 Yopougn115 s | Yes
vopougn12.80 Yoougon11s s | ves
vopougon2 225 Yopougn2190 w0 | Yes
vopougon2 225 Yopougn2190 w0 | Yo
vopougn2-4.%0 Yoougon2.15  |so | Yes
vopougom2-1.80 Yopougn2.15 s | Yo
vopougn2-4.80 Yoougon2.1s |so | ves
Zvemowaso Zwenouass || Yes
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Substation [Name_Voltage]

Capacity / step (Mvar)

Number of steps

Type (Fixed-Switch-SVC)

Abengourou_33
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Substation [Name_Voltage] Capacity / step (Mvar) Number of steps Type (Fixed-Switch-SVC)

Riviera_15 2.4 3 Switch
CRwiea1s | 04 s swien
Csobrez2 | 2 | > swich
Tongon1t | 04 s swien
Tongon 11| 04 s swien
fongon11 | 26 | s swich
Techile1s | 2 s swien
Techile1s | 04 s swien
Techile1s | 04 s swien
vopougon1_1s | 2 | s swich
vopougon1.1s | 20 | s swich
vopougon115 | 04 s swien
vopougon13s | 04 s swien
vopougon2.15 | 04 s swien
vopougon2.15 | 2 | s swich

Table 68: Existing reactive power compensation - Céte d’lvoire

51.4. Gambia

The current electrical network of the Gambia is not represented in the model as it
does not feature high voltage transmission infrastructures interconnected with the
neighbouring countries.

The national projects planned for the upcoming years are presented in Appendix
J.

5.1.5. Ghana

The current electrical network of Ghana is shown on the following tables (lines,
transformers, shunt reactive compensation).

Only transmission lines with operating voltage equal or higher than 90 kV are
considered. The system has 100 transmission lines (91 single circuits and 9
double circuits), 170 transformers and 43 shunt reactive compensation devices.
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From Substation To Substation E/kcz};age I(_kenq?th Eg\t/fgr R X B2
(MvA) | (%pu) | (%p.u) | (%p.u)
Pokuase_330 Aboadze_330 330 185 1000 0.9 5.67 435
Pokuase 330 | votasso | s |0 1000 002 |ows | 113
Prestea 225 | Eubo22s | 25 | 743 w7 oss s 535
Vota 161 | KpongGS 161 | 161 | 131 | 273|114 | 843 | 104
Buitel |- Suanite1 | 161 | 1376 |4 | 424 | 1868 | 8577
Vota 161 | Achimota 161|161 | 257 | 213|072 |38 | oe7s
Akosombo_161 | Voka 161 | 161 676 | 213 | 212 | 1020 | 2568
Akosombo_161 | Voka 161 | 161 676 | 213|212 | 1020 | 2568
Mosombo_161 | votatel | 61 676|213 | 212 | 1029 | 2563
Mosombo_161 | Nkawkaw 161 | 161 | 1217 | 364 | 324 | 1361 | 616
Amwomaso 161 | Nkawkaw 161 | 161 | 934 | 170 | 415 | 1877 | 3373
Amwomaso_161 | kumasii6l | 1 |1 |48 |oos |04 o109
Mosombo_161 | Talo161 | w1 o2 |10 272 |ema | 2205
Mosombo_161 | Talo161 | o1 612 |ses | 157 | ee4 | a00
Mosombo 161 | OldKpong 161 | 161 | 161 | 213|051 | 245 |01
Mkosombo 161 | OldKpong 161 | 161 | 161 | 213 |05t | 245 |01
Akosombo_161 | KpongGS_161 | 161 | 246 | 213 | 077 |38 | 0915
Mkosombo_161 | Asiekpe 161 | 161|547 |18 | sea | sse | 103
Mkosombo 161 | AfaoGhana 161 | 161 | 701 | 128 | 8837 | 20254 | 4413
Vota et |- Tematel | 161 |32 |4 | ooes |07 o1
Vota 161 |- Tematet | 61 a2 |34 | ooss | o0as7 | o2
Vota 161 | Odkpong 161 | 161 | 515|213 | 1e2 | 784 | 1052
Vota 161 | Odkpong 161 | 161 | 515 | 213 |16 | 784 | 1052
Achimota 161 | Malam 161 | o |15 |10 | osss | 1em | oss2
Malam 161 | Wimeba 161 | 161 | 420 | 483 | 0203 | 183 | 04z
Achimota 161 | Malam 161 | o |15 |10 | osss | 1em | oss2
Wineba 161 | Aboadze 161 | o1 132|150 | 4216 | 1620 | asr
‘Cape Coast 161 | Aboadze 161 | 6 |ss |10 | 235 | ooe | 2132
Cape Coast 161 | Malam 161 | 161|169 |48 | oss | 5133 | 1188
Takoradi 161 | Takwa 161 | 161 514|150 | 228 |82 185
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From Substation To Substation E/kcz};age I(_kenq?th Eg\t/fgr R X B2
(MvA) | (%pu) | (%p.u) | (%p.u)
Takoradi_161 Aboadze_161 161 15 170 0.67 2.39 0.54
Takoradi 161 | . Aboadze 161 | 1 15 |10 |oe7 |23  os4
Takoditel | Esiama 161 | w61 | 7054 |1 | a7a |1 | 2522
NewTarkwa 161 | Prestea 161 | 61 |00 |10 | osa sz o7
Tawatel | NewTarkwa 161 | 161 |83 | 150 | 037  |120 | 0305
Prestea 161 | Obuasi 161 | o1 122 | | 207 | 1252|5676
Prestea 161 | Bogoso_161 | 161 |13 | s | oa | 1462 0663
Tawatel | Aboadze 161 | 161|738 | s | 1763 | 7420 3364
Tahwatel | Prestea 161 | 161|202 |34 o437 | 1842 |03
Dunkwa 161 | NewObuasi 161 | 161 | 249 | 170 |11 |ae7 | oses
Dunkwa 161 | Bogoso_161 | 61 e |10 204 1081 | 2875
Obuasit61 | NewObuasi 161 | 161 |71 |10 | o0s  |113 | o02%
umasite1 | Konogo_161 | o1 |sis |10 220 |82 | 1sss
umasi 61 | Tower262.161 |11 |10 |4 o027 | 112 | 0505
umasi 161 | Techiman 161 | 161 | 115 |4 | 204 | 1284 | 5815
Nkawkaw 161 | Tao1s1 | 61 |s95 |10 | 265 | oa7 | 214
Nkawkaw_ 161 | Konogo_161 | 61 515|170 |23 |46 191
Tao et | Aowatia 161 | 61 |se4 |10 243 |&m | 1e7
Aatia 161 | NewObuasi 161 | 161 | 110 |24 |36 | 1673 | 413
Tamaletel | Bogatanga 161 | 161 | 1581 | 244 | 515 | 2399 | 5945
Tamale 161 | Yend 161 | w100 |1 | ss | 1mse1 | ae1
Bogoso. 161 | Agempn 161|161 |51 |12 265 |79 1795
Diacem 161 | AaoGhana 161 | 161 | WA |18 |01 o021 oo
Techman 161 | Sumyanite1 | 161|541 |24 |18 |83 | 206
Sunyani_ter | Anafo161 | 161 |40 |4 | o0ss |sos 1788
Obuasi 161 |- Tower261 161 | 161|431 |10 | 1e2 | esr | 185
Tower261161 | Anafotel | o1 104 |10 | 1es | 1ss | 267
Tower262.161 | Anafotel | o1 104 |ses | 184|183 | 267
umasite1 | NewObuasi 161 | 161 |60 | 364 | 1505 | 6721 | 3046
Bogatanga_161 | Zebla 161 | 161 |45 |2a4 | 1792|345 2088
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From Substation To Substation E/kcz};age I(_kenq?th Eg\t/fgr R X B2
(MvA) | (%pu) | (%p.u) | (%p.u)

Zebila_161 Bawku_161 161 35 182 2.919 8.7 2.025
Buitel |- sawa16l | 161 |18 |4 | o424 | 185 08z
Buter | Techiman 161 | 161 |18 |4 | o423 | 185 | 087
Buiter | Cnampo_t61 | 161 |8 |34 |18 |76 | s4s
intampo_161 | Bupetel | 161 |85 |4 | 2226 | s a2
Bupe 1ot | Tamale 161 | 161 |8 |34 | 2508 | 10041 | 4058
Kintampo_161 | Techiman 161 | 161 |65 | 364 | 1749 | 7.368 | 334
Votater | AccaEs 161 |11 |75 | 213 |o4r |23 o055
AcraBst 161 | Acimotatsl | 161 | 182 | 213 | 03¢ |16 | 0405
Vota 161 | AccraBst 161 161 |75 | 213|047 |23 oS
AcraBst 161 | Acimotatsl | 161 | 182 | 213 | 03¢ |16 | 0405
Achmota 161 | Votaie1 | 1 |75 |23 |os  |sa oot
suwan 161 | Mim e | 61 |60 |34 | aee1 | ost | 184
Nkawkaw 161 | NewAberm 161 | 161 |50 | 170 | 1907 | 6834 | 1560
Essamatel | Efasu16l | o |52 |1 | 1a7 | se0s | 2631
psawinso 161 | Ayanfuri 161 | o1 a4 |2 | 255 |56 | 1218
yanfui a6 | Dunkwa 161 | 161 346 |12 |25 |56 128
Bolgatanga_ 161 | Tumu 161 | o1 |13 |12 | 7ae7 | 217 | 503
Tumaaer | waier | o |10 |1 | 7es w7 |55
Water |- sawa1el | 1 o5 |12 |47 |06 317
Juabeso_ 161 | asawinso 161|161 |70 |18 | 3418 | 1010 | 2317
Juabeso_ 161 | Mim e | 61 |80 |ses | aes | ost |4
psogi 161 | kpone 161 | 61 | NA e | ooss | o047 | o215
Kpone 161 |, asogi 161 | 61 | NA e | ooss | o047 | o215
Votater |- Smeteri 161 | 161 |25 | 213 | 0127 |oeas 015
Vota 161 | smeteri 161 | 61 |25 |213 o127 | oea | o1ss
Vota 161 | smeteri 161 | 61 |25 |213 o127 | oea | o1ss
Vota 161 | smeteri 161 | 61 |25 |213 o127 | oea | o1ss
Vota 161 | smeteri 161 | 61 |25 |213 o127 | oea | o1ss
Votatet |- Smeteri 161 | 161 |25 | 213 | 0127 |oeas | 015
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From Substation To Substation E/kcz};age I(_kenq?th Eg\t/fgr R X B2
(MvA) | (%pu) | (%p.u) | (%p.u)

Smelteri_161 Smelteri 2_161 161 05 213 0.032 0.164 0.04
Smelteri 161 | Smetei3 161 | 161 |05 | 213|003 | ois4 | o004
Smelteri 161 | Smeteri4 161 | 161 |05 |23 |00 | o4 | o004
Smelteri 161 | Smeteris 161 | 161 |05 |23 |00 | o164 | o004
Smelteri 161 | Smeteri6_161 | 161 |05 | 213|003 | ois4 | o004
Smelteri 161 | Smeteri1 161 | 161 |05 |23 |00 | o164 | o004
Smelteri_161 gif’aﬁon_ml 161 5 364 0.133 0.558 0.253
AflaoGhana 161 | Diacem 161 | w1 |17 w0  |o1  |oz: | oos
PP on_ 161 Smelter 161 161 5 364 0.133 0.558 0.253
Akosombo_161 | vota_161 | w1 |67 |23 | 212 | 1020 | 2863
Vota161 | kpone_161 | 61 |11 |64 |oos  |o7a | o3
Prestea 161 | Bogoso_161 | 61 |131 |34 |o3er | 1462 | o663
Eubo 161 | Efasu 161 | w1 |79 |28 | 2022 | ss 3%
Kpone_161 | vota 161 | 61 | 131 |6 | o006 o074 | o4
Obotan 161 | Asawinso_161 | w1 |30 |12 | 156|465 | 1055
Smelteri 161 | . Asatsl | 61 |as |8 |ooss |04 o1
Smelteri 161 | . Asatsl | 61 |as |48 |ooss |04 o1
Smelteri 161 | Kapower 1161 | 161 |10 364 |02z | 112 | os05
Smelteri 161 | | Kapower2 161 | 161 |10 |34 027|112 | osos

Table 69 Existing transmission lines (Nominal voltage higher than or equal to 90 kV) — Ghana
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)
Aboadze PST_161 Aboadze _330 200.0 No
AboadzePST 161 | avoagze 30 | 000 N
AboadzePST 161 |, Aboadze 161 | w0 N
mboadze 161 | TaPCo1 138|150 N
Aboadze 161 |- TAPCo2.138 |10 N0
Cmboadze 161 | TaeCo3 138|150 N
mboadze 161 | ncorss w50 N
Aboadze 161 |- nco213s  |wso N0
mboadze 161 | aboadze 345 |13 |ve
Aboadze 161 |- nco1ss  |wso  no
Cmboadze 161 | AvER 138 | w0 N0
nccmEsier | AccraEst1sas | 60 | ves
AccaEstiel | AccaEstz s | 660 e
T accraBst1zas | 60 lves
AccraEstiel | AccaEstz s | 660 e
Cnchmotater | achimota1 34s | 60 N0
Cnchmotater | achimotaz 345 | 60 N0
CAchmotater . achimoa3 sas | 60 N
Cnchmotater | achimotad 345 | 60 N0
CAchmotater | achimotas 345 | 60 N
achimotater | Achimoialsas | 60 N
mvafoter | anaor | 50 N0
S anaforan | 50 N
Cmkosombo 161 || Aosombo1 144 | 000 N0
Aosombo_161 |, Akosombo2_ 144 | 2000 N
Akosombo 161 | Mosombos 144 | 000 N
Cmkosombo_161 |, Aosombos 144 | 000 N0
Aosombo_161 |, Akosombos 144 | 2000 N
Cmkosombo_161 || Aosombos 144 | 000 N0
CAkosombo_161 |, Akosombo_115 | B0 e
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)
Akosombo _161 Akosombo_11.5 33.0 Yes
Msatet | asaciizs | 000 N
Mcatet | asAG2 138 | 2000 N
msater | asacs s | 000 N0
mcatet | asAGs 138 | 2000 N
msater | asa1ss | 000 N0
CAgempniet | Agempm 345 | B0 ves
CAmomaso_ter |, Amwomaso1 345 | 660 e
Camwomaso 161 | amwomaso2 345 | 60 lves
CAsawimso_tel |, asawnsol 345 | B0 e
Cnsawinso_te1 | asawinso2_345 | B0 |ves
Cnsiekpetst | asickpePST 161 | 000 N0
Asogizao | SwonAsogi2G3.138 | 1450 Mo
asogizao | swonAsogi2G2 138 | 1450 N0
Asogizao | SwonAsogi2G1 138 |50 N0
msogizer | swonAsogi 15138 | 0 N0
msogizer | swonAsogi 11138 | 0 N0
CAsogiter | SwonAsogi12.138 | 00 N
msogizer | swonAsogi 13 138 | 0 N0
Asogiter | SwnonAsogi 14138 | 00 N
Cnsogiter | SwonAsogi 16138 | 0 N
nyantuwiter | watuwiz s | %0 N
Bogosot61 | Bogoso_345 | B0 e
Bogosotet | Bogoso_345 | B0 ves
Bogatanga 16t | Bogatanga 330 | 2000 N
Bogatenga 225 | Bogaianga 330 | 000 N
Bogatanga 225 || Navongo 345 | N I
euites | Bt |00  |mno
muzias | Bt |00 N
euizes | Butt |00  |mno
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)
Buipe_161 Buipe_34.5 33.0 Yes
capecoast 61 | Capecomst 345 | B e
centizs |- Temater  |mso N0
Diacem et | AaoGhana 345 | %0  |ves
bwkwater | bunkwa s4s | 50 e
Ewbo2s | Ewo et | 000 N0
Essamatet | Essama3es | B0 ves
Hoe | Hots | B0 e
ubesoter | Juabesosas | S I P
Kapower1te1 | Kapowership| 4138 | 1500  |No
Kapower1161 | Kapowershpl 2138|1500 N0
Kapower1161 | Kapowershp! 3138|1500 N0
Kapower1 61 | Kapowership| 4138 | 1500  |No
Kapower2 161 | Kapowershipll-L138 | 1500 N
Kapowerz161 | Kapowershipll 2138 | 1500  |No
Kntampo 161 | Cnampo_345 | B0 ves
Kntampo 161 | Cnampo_345 | B0 ves
konogotet | KonogoA 345 | B0 e
Konogo_t61 | konogoB_345 | B0 ves
kpanduso | kpandusas |00 |ves
kpevess | cpevesas | 0 lve
kponges e | cowgiiss | s0 N0
kpongos_e1 | kpong2.138 | 50 N
kponges e | R 50 N0
kpongos_ie1 | kpong4 138 | 50 N
kpongos. 61 | kponeTPPL138 |00 N
kponges e | kponeTPP2 138|100 N0
Ckumesiter | kumasiAls4s | 660 e
Ckemasiier | cmesiisas | 60 | ves
Ckumesiter | cmasiz 345 | 660 e
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)
Kumasi_161 Kumasi A2_34.5 66.0 Yes

Malam 161 | Valam1s4s | 60 ves
Malamet | Malam134s | 660 e
Malam 161 | valam2 345 | 60 | ves
Malamet | Malam2 345 | 660 e
Mmae | vimaas | B N
Newaberm 161 | NewAberm 11 | 50 N0
NewAberim_iel | NewAberm 11 | 0 N
NewObuasi 161 | NewObuasi 345 | B e
NewOwasi 1 | NewObuasi 345 | B0 e
NewObuasiiel | NewObuasi 345 | B0 |ves
NewTemater | NewTarewa 115 | %0 N
NewTemaier | NewTakwa 115 | %0 N
Nkawkaw sl | Nkawkaw 345 | B e
Neawkaw 161 | Nkawkaw 345 | B0 e
Covotamter | Obotan 345 | B0 ves
Cobuesizer | Obuasizs |10 |ve
Cobuasiter | Obuasisas |10 |ves
Cobuesizer | Obuasizs |10 |ve
olKpong 161 |, aewasas | 660 e
odkpong 11 | Mienyasas | 60 ves
sawater | sawl 345 |13 |ve
Csawater |- Ssawasss |1 |ves
Smeteiiter | vaco1 138 | &0 N0
Smeteriz1e1 | vacos_1zs | g0 N
Smeteriz et | vacos 18 | B0 N
Smeteiater | vacos 138 | &0 N0
Smeeris 161 | vacos1zs | g0 N
Smeteis 161 | vacos 138 | &0 N0
CSmeteiter |- smeter 345 | 660 e
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)
Smelteri_161 Smelteri_34.5 66.0 Yes
Sogakope s | Sogakope 345|150 |ves
Taoter |- To111s |13 |ves
Tefoter | Tao2 345 | B0 ves
Takowditer |- Taoadil 345 | I
Takoaditer | Takoadiz 345 | 60 | ves
Takoaditer | Takoadiisas | B N
Tamaeter |- TamaleA s | 60 N
tamaleter Tamales 345 | 60 N
Tatwater |- TakwaB_ads | B0 e
Tawater | TawaA s | B0 |ves
Techiman 16t | Techiman 345 | B0 ves
Techmants |- Techiman 345 | B0 e
temate | NewTemalsss | 60 lves
temaist | NewTema1sss | 660 e
tematet | NewTemais4s | B0 ves
tematet | NewTema2 345 | 00  |ves
temaist | NewTema1sss | 660 e
tematet | NewTema1s4s | 60 | ves
TTIPP Generation_ 161 | Enclve1 345 | %0 e
TTIPP Generation 161 | Enclave2 345 | 50 lves
TTIPP Generation 161 | | Enciaves sas | %0 |ves
TTIPP Generation_ 161 | Enclved 345 | 00 e
e | Tmuzes | B0 ves
tmeae |- Tmosas | B0 e
VetapsTiet | voaso | 000 N
votapsT 161 | vz | 000 N0
votaer | votapsT 161 | w0 N
‘Water | wases B0 ves
‘waier | wasas B0 e
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Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA] %E#clgting

Winneba_161 Winneba B_34.5 33.0 Yes
Wimeba 161 | WimebaA 345 | B e
Yendiae | Yendisas | B0 e
Yenditer | Yendizes | B0 ves
zevlater |- Zebiasas | I
zeiater | zevia as | B N

Substation Side 3
[Name_Voltage]

Table 70: Existing 2W transformers — Ghana

Rated
Power Side
1 [MVA]

Rated
Power Side
2 [MVA]

Rated
Power Side
3 [MVA]

Regulating

Substation Side 1 | Substation Side 2
[Name_Voltage] [Name_Voltage]
Akwatia_161 Akwatia 2_34.5
Aovatia 161 | Akwatia1 345
nsiekpe 161 | Asickpe 69
Asickpe_161 | Asickpe 69
Bolgatanga 161 | Bolgatanga 1 345
Bolgatanga 161 | Bolgatanga2_345
NewCape |1 New Cape Coast
Coast_161 C1 345
NewCape || New Cape Coast
Coast_161 C1 345
Prestea 161 | PresteaA 55
Prestea 161 | PresteaB 55
Prestea225 | Prestea 161
Prestea225 | Prestea 161
Sumyan_161 | Sunyani1 345
Sunyani 161 | Sumani2 345

Akwatia 3_11.5

New Cape Coast
A 115

New Cape Coast
C2_115

Table 71: Existing 3W transformers — Ghana
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Substation [Name_Voltage]

Capacity / step (Mvar)

Number of steps

Type (Fixed-Switch-SVC)

AccraEst 1 _34.5
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Substation [Name_Voltage] Capacity / step (Mvar) Number of steps Type (Fixed-Switch-SVC)

Obotan_34.5 10.8 1 Switch
Cobuasizs | ws | ] swien
Csuwamter | sa | ] swich
CSunyaniter | sa | ] swien
Takoradi1sas | ws | ] swien
Takomdizsas | 08 ] swich
Takoradio 345 | ws | ] swien
Tamale s | wo | S se
Techiman e | ws | ] swien
wimebaA 345 | 08 ] swich
WimebaB 345 | 08 ] swich

Table 72: Existing reactive power compensation - Ghana

5.1.6. Guinea

The current electrical network of Guinea is shown on the following tables (lines,
transformers, shunt reactive compensation).

Only transmission lines with operating voltage equal or higher than 60 kV are
considered. The system has 16 transmission lines (10 single circuits and 6 double
circuits), 53 transformers and 6 shunt reactive compensation devices.

Rated R X B/2
From Substation To Substation E{R};age (Lkemn)gth power

(MVA) (%pu) | (%pu) | (%pu)

Kaleta_225 Maneah_225 225 114.5 260 2.57 9.27 17.33

Kaleta_225 Maneah_225 225 114.5 260 2.57 9.27 17.33

Grandes i

Chutes,_110 Kindia_110 110 30.4 76 3.668 10.552 0.502

" Grandes

Kindia_110 Chutes. 110 110 30.4 76 3.668 10.552 0.502

Linsan_110 Kindia_110 110 64.6 76 7.795 22.423 1.067

Linsan_110 Kindia_110 110 64.6 76 7.795 22.423 1.067

Grandes -

Chutes_110 Garafiri_110 110 143.0 76 17.255 49.636 2.361
Grandes

Matoto_110 Chutes_ 110 110 68.5 76 10.566 21.785 1.088

Grandes

Chutes_110 Matoto_110 110 68.5 76 8.265 23.777 1.131

G DS R G 44—
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From Substation To Substation ngage I(_I(emn?th Eg\tn?gr R X B2
(MVA) (%pu) | (%pu) | (%pu)

grrmi?gs_sno Donkeah_110 110 13.0 59 2.084 4.298 0.215

lnsan_110 | Gaafiiilo |10 | 480 |76 | 5792 | 16661 | 0783
lmsan 110 | Gaafiiito | 110 | 480 |76 |s7e2 | 6661 | 0793
lmsan 110 | Mamouii0 | 110 |43 |76 |siss | 14926 | o710
Maneah 110 | Mawto1t0 |10 | 250 | 128 | 1s60 | 8260 | 0413
Matoto_110 | Maneah_110 | 110 | 250 | 128 | 1560 | 8260 | 0413
Maneah_110 SL?JTgse_Sllo 110 425 59 6.817 14.050 0.702

doum 110 | Mawoto110 | 110 | 149 | 107 | oo | 4e25 | 0246
Matoto_110 | Keloum_110 |10 | 149 | 107 | 032 | 425 | o246
Vessoulou 60 | GrandesChutes 60 | 60 | 368 |32 | 19830 | 40890 | 0200
Maoto60 | Sonfonio_60 |60 | 103 |32  |ssso | 11440 | 0057
CSonfonio_60 | Yessouou 60 | 60 | 1851 |32 | es0 | 20860 | o001
660 | Maotos0 |60 | 447 |32 | 2400 | 4s0 | 0025
Kipe60 | Hamdallye 50 |60 | 435 |32 | 2340 | 480 | o004
Mamdalaye 60 | Kaoum_60 |60 | 603 |32  |amo | 720 | om7

Table 73: Existing transmission lines (Nominal voltage higher than or equal to 60 kV) — Guinea

Final version

pmmse [pmmse [ oo
Baneah G1_3.2 Baneah_15 2.8 No

BaneanG2.32 | Bameanss 28 | N o
BaneshGL32 | Baneanis 28 | oo
ganeahG232 | Baneanis |28 | N o
DonkeaGl 63 | Donkeah1io  lss | N o
DonkeaG2.63 | Domkehi0  |ss | oo
Donkeah_110 Donkea_15 15.0 :551(11&01_25% |
CGaafiiite | camfiicises  |as | oo
CGarafiiit0 | caaiczses  las | N o
CGaafiiito | caamicases  |as | N o
GEnergeG1 15 | Kaum20 o | N o
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Substation Side 1

Substation Side 2

Rated Power

Regulating (OLTC)

[Name_Voltage] [Name_Voltage] [MVA]
G-Energie G2_11.5 Kaloum_20 35.0 No
Grandes Chutes G133 | GrandesChutes 60 |63 | N
Grandes Chutes G2.33 | GrandesChutes 60 |63 | N o
Grandes Chutes G355 | GrandesChutes 60 |10 | N o
Grandes Chutes G4 55 | GrandesChutes 60 | 110 | N o
Grandes Chutes_60 Grandes Chutes_110 35.0 :5;{3;225% )
Hamdallaye_20 Hamdallaye_60 25.0 Yes
(60+8x1.25%/20KV)
Kaeta 225 | Kaewoiios  |e0 | N o
Kata 225 | Kkaewo2zi0s |0 | N o
Kaeta 225 | Kdewos.ios  |e0 | N o
Kaleta_225 Kaleta_30 20.0 Yes
— = (225+8x1.25%/30kV)
Kaleta_225 Kaleta_30 20.0 Yes
— = (225+8x1.25%/30kV)
Kdoum1G11i | Kdmo20  sa0 | N
Kdoum26111 | Kkdaum20 a0 | N o
Kdoum3GL63 | Kkdwm20 1.0 | N o
Kaoum3G2.63 | Kdaum20 |10 | N o
Kdoum3G363 | Kkdwm20 |10 | N o
Kdoum3G463 | Km0 .0 | N
Kdoum5G6111 | Kkdaum20 |10 | N o
Kdoumsc211 | Kkdwm20 |10 | N o
Kaoum5G311 | Kkdaum20 |10 | N o
Kindia_110 Kindia_15 15.0 res 0 150)
Kinkon3o | kmkn63 |24 | N o
Kinkon3o | kmkns3 |24 | N o
Kpeoiu | kpe2o a0 | N o
Kpec21i | kpe2o a0 | N o
Kipé_20 Kipé_60 25.0 Yes (80
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Substation Side 1 Substation Side 2 Rated Power :
[Name_Voltage] [Name_Voltage] [MVA] Regulating (OLTC)
- - Yes (60
Kipé_20 Kipé_60 25.0 KV+10x1.25%)
Yes (110
Mamou_110 Mamou_30 15.0 KV+10x1.25%/30kV)
Maneah_110 Maneah_20 75.0 No
Maneah_110 Maneah_20 75.0 No
Maneah_110 Maneah_20 75.0 No
Yes
Maneah_225 Maneah_110 150.0 (225+8x1.25%/110/2
0 kV)
Yes
Maneah_225 Maneah_110 150.0 (225+8x1.25%/110/2
0 kV)
Yes
Maneah_225 Maneah_110 150.0 (225+8x1.25%/110/2
0 kV)
Matoto_110 Matoto_20 63.0 Yes
— — : (110£8x1.25%/20 kV)
Matoto_110 Matoto_20 63.0 Yes
— — : (110£8x1.25%/20 kV)
Matoto_110 Matoto_20 63.0 Yes
— — : (110£8x1.25%/20 kV)
Matoto_60 Matoto_110 35.0 Yes
— — : (110£8x1.25%/60 kV)
Kaloum_20 Kaloum_110 63.0 Yes
— — : (110£8x1.25%/60 kV)
Tombo_20 Kaloum_110 63.0 Yes
— — : (110£8x1.25%/60 kV)
Yes (60+16%-
Tombo_20 Kaloum_60 50.0 20%KV)

Substation [Name_Voltage]

Table 74: Existing 2W transformers — Guinea

Number of steps

Type (Fixed-Switch-SVC)

Hamdallaye_20

Kaloum_20

Kaloum_20

Switch

Switch

Switch
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5.1.7. Guinea Bissau

The current electrical network of Guinea Bissau is not represented in the model
as it does not feature high voltage transmission infrastructures interconnected
with the neighbouring countries.

The national projects planned for the upcoming years are presented in Appendix
J.

5.1.8. Liberia

The current electrical network of Liberia is not represented in the model as it does
not feature high voltage transmission infrastructures interconnected with the
neighbouring countries. The following step up transformers will be modelled to
connect the generating units of Liberia once this one will be interconnected to
neighbouring countries.

Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA] ?C(;E.ll_’gtmg
Monrovia_66 Monrovia_33 20.0 No
Monrovia_66 Monrovia_33 20.0 No
Monrovia_66 Monrovia_33 20.0 No
Monrovia_66 Mont Coffee G1_10.5 20.6 No
Monrovia_66 Mont Coffee G2_10.5 20.6 No
Monrovia_66 Mont Coffee G3_10.5 20.6 No
Monrovia_66 Mont Coffee G4_10.5 20.6 No

Table 76: Existing 2W transformers - Liberia

The national projects planned for the upcoming years are presented in Appendix
J.

5.1.9. Mali

The current electrical network of Mali is shown on the following tables (lines,
transformers, shunt reactive compensation).

Only transmission lines with operating voltage equal or higher than 90 kV are
considered. The system has 12 transmission lines (12 single circuits and no
double circuits), 25 transformers and 22 shunt reactive compensation devices.

Final version
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From Substation To Substation ElkciJ/I;age I(_ker:11)gth Eg\tn?gr R X B2
(MVA) (%p.u) | (%pu) | (%p.u)

Kayes_225 Manantali_225 225 184 283 1.850 11.920 17.120
Menantali 225 | Kita225 | 25 |19 | 250 | 1990 | 12040 | 18260
Kta2s |1 Kodidlal 225 | 225 | 1817 | 250 | 1100 | 6660 | 10100
Skasso.225 | Kouila 225 | 225 | 133 |37 | 150 | 10890 | 9870
Kouiala 225 | Segou225 | 25 |16 |sr | 1me | 11070 | 10850
Fana1s0 | Segou1s0 | 150|100 |10 780 | 21010 | 330
Kalabankoro_150 | Siakoro 150 | 150 |17 | 100 | 1220 | 3200 | 0520
Kodidlai_150 | Lafaiso | 150 |65 |10 050 | 1ss0 | 02a0
Kodialli 150 | Kabankoro 150 | 150 |5 |100 | 030 | 0s70 | 0150
Srakoro.150 | Seingue 150 | 150 | 115|100 | 8600 | 20450 | 3640
Srakoro.150 | Baingue 150 | 150 |12 |10 | 0%0 | 2130 | o030
Srakoro.150 | Fana1so | 150 |12 |10 | 8600 | 21650 | 3400

Table 77: Existing transmission lines (Nominal voltage higher than or equal to 90 kV) — Mali

Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA] %E#gting

AGGREKO Balingue_11 Balingue_30 40.0 No
AGGREKOKai11 | kaiizs | 0o N
CBaingueBIDG115 | Baingue150 | 00 N
BaingueBIDG115 | Baingue 150 | 50 N0
BdingueBIDG1 1S | Baingue 0 |10 N
BaingueBIDG11s | Baingue s |10  |mno
BaingueBIDG115 | Baingue 0 |10 N
CBaingueBIDG11s | Baingue s |10 |
DarsaemTAC1l | l1so | 00 N
Fewoti | Keyes 225 | 50 N
Feuczu | Kayes.225 | %0 N
Fdousst | Kayes 225 | %0 N
oPSDasaam 11 | lfaiso |10 |mn
Kotiamli2zs | Kodialai 150 | w0 N
Kotiamli2zs | Kodialai 150 | w0 N
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Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA] %S#cl:a;ting
Manantali G1_11 Manantali_225 47.0 No
Menamaicz 11 | Vanantal 225 | a0
Menan@icsii | Manatai 225 | w0 N
Menamaica1n | Manantai 225 | a0 N
Menant@ics i | Manantal 225 | I P
Segouz2s | seguso | N I
Seingiec1s7 | seingue1s0 | 50 N0
CSeskouaa1l | Kouigla 225 |15  |mn
SEsskesso11 | Skasso 225 |25 |n
sowbaici2 | Baingue 3 |45 |mno
Table 78: Existing 2W transformers — Mali
Substation [Name_Voltage] Capacity / step (Mvar) Number of steps Type (Fixed-Switch-SVC)
Balingue_150 9.0 1 Switch
Baingue_1s0 | o | ] swien
Baingie s | so | ] swien
Fana1so | 00 | ] swien
Faaiso | so | ] swich
CFaaiso | so | ] swich
Kayes 25 | 50 ] A
Kayes 25 | 200 s A
Kotiamlizzs | 50 ] A
Kodialai22s | 100 | ] N
Kol 225 | s0 | ] N
lafaso | 0 ] swien
a0 | so | ] swich
lafaso | wo | ] swien
Menamali 225 | 50 ] A
Segouso | so ] swien
Seingue_1s0 | s ] swien
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Substation [Name_Voltage]

Capacity / step (Mvar)

Number of steps

Type (Fixed-Switch-SVC)

Sikasso RE_225

5.1.10.

Niger

Table 79 Existing reactive power compensation - Mali

The current electrical network of Niger is shown on the following tables (lines,
transformers, shunt reactive compensation).

Only transmission lines with operating voltage equal or higher than 90 kV are
considered. The system has 7 transmission lines (7 single circuits and no double
circuits), 14 transformers and 17 shunt reactive compensation devices.

Rated R X B/2
From Substation To Substation \{(oltage Lkength power
V) km) | (mva) | G6p.u) | ®6pu) | G6p.u)
Maradi_132 Gazaou_132 132 N/A 82 9.850 21.310 1.980
Gazaou_132 Zinder_132 132 N/A 82 14.300 30.900 2.880
Dosso_132 Niamey 2CS_132 132 132 108 13.409 31.364 3.369
Dosso/Birnin
Dosso_132 Kebbi 132 132 78 108 7.920 18.533 1.991
Malbaza_132 Maradi_132 132 199 110 12.940 45.190 5.090
’ Gorou Banda-

Niamey 2_132 Niamey 132 132 10 99 0.797 2.303 0.250
Soraz_132 Zinder_132 132 N/A 110 3.560 12.730 1.370

Table 80: Existing transmission lines (Nominal voltage higher than or equal to 90 kV) — Niger

Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA] %Lg.ll_]gting
Dosso_132 Dosso_20 20.0 No
Gorou BandaNiamey 132 | Goowanda1l | 00 N
GorouBandaNamey 132 | Goowbanda 1t | 00 N
Mabaza 1z | Mabaza20 |00 N
Meadi22 | Madizo |00 N
Memdiiz | Maadiz0 |10  |mn
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Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA] %S#cl:a;ting

Niamey 2_132 Niamey 2D-2_20 40.0 No
Nemey2132 | Namey2p220 | 0o N
Nemey2i1:2 | couelczo | s N
Nemeyziz | Gowec220 | s N
Nemey2i1:2 . Aggreko1A20 | 00 N
Nemeyzi: | aggekota20 | 00 N
Nemey2cs 12 | Namey2co 20 | 00 N
Zmderz |- Znder20 | 200 N

Table 81: Existing 2W transformers — Niger

Substation [Name_Voltage] Capacity / step (Mvar) Number of steps Type (Fixed-Switch-SVC)

Dosso_20 4.0 1 Switch
bosso20 | g0 | ] swich
bosso20 | g0 | ] swich
Mabamz0 | 00 | ] swien
Mabamz0 | w0 ] swien
Mabamz0 | 00 | ] swien
Mamdizo | w0 ] swich
Mamdizo | w ] swich
Mg | w0 ] swien
Nemey2cp20 | w0 s swien
Nemey2cp20 | g0 ] swien
Namey2co20 | g0 | ] swich
Namey2cs1zz | 0 | B se
Nemey20220 | so | > swien
Zmder20 | 20 | ] swich
Znder 20 | w0 ] swien
Znder 20 | w0 ] swien
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5.1.11.

Nigeria

The current electrical network of Nigeria is shown on the following tables (lines,

transformers, shunt reactive compensation).

Only transmission lines with operating voltage equal or higher than 90 kV are
considered. The system has 208 transmission lines (139 single circuits and 69
double circuits), 460 transformers and 78 reactive compensation devices.

From Substation To Substation E{R};age (Llfr?]?th ?g\t/\?gr gzs;.ss.e;nce EZ&:)C_E;]CG ?L?gceptance
(MVA) (% p.u.)

ADIABOR 3 ODUKPANI 3_330 330 N/A 77 0.064 0.541 3.385
ADIABOR 3 ODUKPANI 3_330 330 N/A 77 0.064 0.541 3.385
AFAM IV 3 ALAQOJI 3_330 330 N/A e 0.090 0.760 4.747
AFAM IV 3 ALAQOJI 3_330 330 N/A 77 0.089 0.760 4.747
AJA 3 EGBIN 3_330 330 N/A 777 0.050 0.426 2.658
AJA 3 EGBIN 3_330 330 N/A 777 0.050 0.426 2.658
AJA 3 LEKKI 3_330 330 N/A 77 0.650 0.547 3.418
AJA 3 LEKKI 3_330 330 N/A e 0.650 0.547 3.418
AJAOKUTA 3 BENIN 3_330 330 N/A 77 0.698 5.927 37.025
AJAOKUTA 3 BENIN 3_330 330 N/A 77 0.698 5.927 37.025
AJAOKUTA 3 GEREGU_330 330 N/A 777 0.005 0.046 0.285
AJAOKUTA 3 GEREGU_330 330 N/A 777 0.005 0.046 0.285
AJAOKUTA 3 LOKOJA_3_330 330 N/A e 0.170 1.441 9.000
AKANGBA 3 IKEJA'W 3_330 330 N/A e 0.061 0.517 3.227
AKANGBA 3 IKEJA'W 3_330 330 N/A e 0.061 0.517 3.227
AKURE 3 IHOVBOR_3_330 330 N/A 77 0.501 4.255 26.600
ALADJA 3 DELTA IV 3_330 330 N/A e 0.115 0.973 6.076
ALADJA 3 SAPELE 3_330 330 N/A e 0.226 1.915 11.962
ALAQJI 3 IKOTEKPENE 3_330 330 N/A e 0.358 3.040 19.000
ALAQJI 3 IKOTEKPENE 3_330 330 N/A 77 0.358 3.040 19.000
AYEDE 3 OSOGBO 3_330 330 N/A 777 0.412 3.495 21.836
BENIN 3 DELTA IV 3_330 330 N/A e 0.147 1.246 7.785
BENIN 3 SAPELE 3_330 330 N/A e 0.179 1.520 9.493
BENIN 3 SAPELE 3_330 330 N/A 77 0.179 1.520 9.493
BENIN 3 SAPELE 3_330 330 N/A e 0.179 1.520 9.493

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14

190/374

Final version



Half

From Substation To Substation XR};age I(_kemn?th (p'\(j\v}/:)r g/eospi.ssince E,Z%?Léyce ?(;)sg.i?)tance
BENIN 3 IHOVBOR_3_330 330 N/A 77 0.090 0.763 4.766
BENNS | ONmSHA3 33 | 30 | NA |77 o4t 4164 | 26013
BENNS | ONTSHAZ3m0 | s N |77 ot | a1es | 2so13
BKEBBI3 | KANJIGS330 |30 | waA |77 | 110 o4z |sessi
EcBN3 | KelAwzsl | s |NA |77 |ooss | osar | sas
EGBINS | OKEARO 3330 | 330 | wa |77 | ooes | ose7 | aais
EGBIN3 | OKEARO_3.3% |30 | NA | 777 |ooes | ose7 | a8
EcBNs | eEwn3so | s |nA |77 |oms | eo | arers
GANMO3 | JEBBATS3.330 | 330 | WA | 777 | 0304 | 334 | 0886
‘cowees | josaso | s na |77 oss | sooa | sater
‘cowees | volasso | s N |77 oss | 7205 | ass
GOMBE3 | DAMATURU3 330 |30 | NA | 777 |os73s | 4863 | 30360
| GWAGWALADA 3 | LOKOJA 3330 | s na |77 oes | sar a2
KEJAW3 | OLORUNSOGO3 330 | 330 | NA | 777 | 0276 | 2340 | 14620
KEJAWS | OKEARO 3330 |30 | waA |77 | ooes | ose7 | aais
KEJAWS | OKEARO 3330 | 330 | wa |77 | ooes | ose7 | aais
KEIAWS | 0socBo3 33 | 30 |nA |77 |oses | 7se0 | ardes
KEJAWS | OMOTOSH03.380 | 330 | wa | 777 | o028 | 243 | 15189
KOTEKPENES | ODUKPANI3 330 | 330 | N | 777 | o251 | 218 | 13300
KOTEKPENES | ODUKPANIZ 3% | 380 | NA | 777 | o251 | 2128 | 13300
JEBBATSS | JEBBAGS3330 | 330 | WA |77 oo o028 | 1519
JEBBATS3 | JEBBAGS3330 | 330 | WA |77 oo o028 | 1s10
JEBBATS3 | KANNITS3330 | 330 | wA |77 0200 2462 | 15380
JEBBATS3 | KANNTS3330 |30 |wA |77 0200 2462 | 15380
jEseATSs | w0 | s |NA |77 |oas |ams | 23160
JEBBATS3 | ZUNGERU B | s na |77 oas | a7s 2310
3053 | MAKURDIZ a0 | 330 | WA |77 | osee | eos | 43700
3053 | MAKURDIZ a0 | 330 | wa |77 | osee | eoe | 43700
KADUNAS | KaNO3330 | 30 nA o0 | osa | eser | 4ae2
kapUNAS | Josas | s |NA |77 o2 | sesr | arate
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From Substation To Substation XR};age I(_kemn?th Eg\t/fgr g/eospi.ssince E,Z%?Léyce sHL?gceptance
(MVA) (% p.u.)

KADUNA 3 JOS 3_330 330 N/A 77 0.702 5.957 37.216

kapUNAS | Josas | s |nA |77 o2 | sesr | arate
KANIGS3 | KANJTS333 |33 | wa |77 | ooos | oos | o028
KANIGS3 | KANJITS3330 |30 | wa |77 | ooos | oos | o028
kamiB | kansiesssmo |0 |10 | 777 |ooos |00 | o026
KATAWPES | SHRORO33% | 330 | waA |77 | o7e1 | eex | 413
CKATAMPES | GWAGWALADA 3.3% | 330 | NA | 777 | o258 | 2188 | 13671
LEKKI3 | ALAGBON3 330 |30 | NA | 77 |osso | ose7 | a8
lEkkis | ALAGBON3.30 | 330 | wa |77 o0 | ose7 | sais
CMAKURDIZ | UGWUANI3 30 | 330 | wa |77 | osaT | asse | sS04
CMAKURDIZ | UGWUANI3 30 | 330 | WA | 777 | osaT | asse | 8504
NHAVENS | ONmTSHA3 330 | 30 | NA |77 |03a | 2e8 | 18228
CNHAVENS | UGWUANI3 30 |30 | wa |77 | oois o1 |oeso
CNHAVENS | UGWUANI3 30 |30 | wa |77 | oows o1 |oeso
OLORUNSOGO3 | AYEDE3 330 | s na |77 o2s | 1me | 1s2
‘omoTosHO3 | BENN3 30 | s na |77 o | 1so | oess
ONTSHAS | okPwizz | s |NA |77 oz | 1e4 | 11392
onTSHAZ | okPAI3 3 | s N |77 o2s | 1me | 1s2
ONTSHAZ | AsBA3S0 | s na |77 ooss | ose |48
ONTSHAS | ALAONIZSB0 | 330 | NA | 700 o4 | 4104 | 26208
‘osocBo3 | cawosao | s na |77 o | 140 o
0s0GBO3 | AKURE3 330 | s na |77 o a0l 10000
0s0GBO3 | JEBBATS3.330 |30 |wa |77 | ose2 | 472 |29810
0s0GBO3 | JEBBATS3.3%0 |30 | wa |77 | ose2 | 472 | 29810
0S0GBO3 | HOVBOR 3330 |30 | NA | 77 |osos | 4286 | 26772
050GBO3 | HOVBOR 3330 | 330 | WA |77 | osos |42 | 26772
SHRORO3 | GWAGWALADA 3330 | 330 | WA | 777 | os2s |4 | or72
SHRORO3 | KADUNA3Z30 | 30 nA w0 03w | 2018 | 18228
SHRORO3 | KADUNA3Z30 | 30 nA w0 03w | 2018 | 18228
UGWUANS | IKOTEKPENE3.380 | 380 | NA | 777 |osi2 | 436 | 27150
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From Substation To Substation ngage I(_kemn?th Eg\t/fgr g/eosri.ssince E,Z%?Léyce sHL?gceptance
(MVA) (% p.u.)

UGWUAJI 3 IKOTEKPENE 3_330 330 N/A 77 0.512 4.346 27.150

ZUNGERU | SHIRORO3 330 | s |nA |77 |oas |ams | 23160
ZUNGERU | SHRORO3 3% | 330 | waA |77 o437 378 | 23160
COTHMILEL | NSUKkaL1m | w2 | wA 16 2612 |sae o
ADOEKITIL | AKURE1132 | 12 |NA | 126 | 3318 10574 | 1196
ADOEKTIT | AKURELI® | 2 | WA |16 3318|1057 | 116
AEAMI | Aodiiz | 2 | NA | 126 | 3267 10349 | 11
AFAM1 | PHCTMANLIZ2 | 132 | NA 126 | 2668 | 8504 | 0962
AFAML | RVERS.PPIZ2 | 132 | WA | 126 | 1334 422 | o1
nceARA1 o112 | w2 | wA |16 11 | aees o7
nceARA1 o112 | w2 | wA 126 11 | aees o7
AMOADA1 | owmoku1ism | 12 |wA 126 | 1ose | ss7s oz
AHOADAT | omokuii2 | w2 | wA 16 1ose | aam o3
AHOADAT | OwERRIL1Z | w2 | wA 16 5188 | 16423 | 1ss9
AHOADAT | OwERRIL1Z | w2 | wA |16 518 | 16423 | 1ss9
AJOKUTAT | OKENEL 132 | 12 | wA |16 |42 | 13400 | 158
CAKANGBA1 | MRE11: | 12 |NA | 126 o212 o675 oore
AKANGBA1 | mRE11® | 2 | wA 126 o212 |oes oo
CAKANGBA1 | AMUWOODOFIN132 | 132 | NA | 126 | 0706 | 2250 | 0255
CAKANGBA1 | APAPARD1 I3 | 132 | NA | 126 |oas | 1012 | ois
AKANGBA1 | WORAL1Z | 12 | wA |16 osse | 187 o212
AKANGBA1 | WORAL1Z | 2 | wA |16 oss | 187 o212
AKANGBA1 | isoloiim | w2 | wA |16 o318 | 1oz | oms
AKANGBA1 | isoloiim | w2 | wA |16 o038 | 1oz | oms
AKOKA1 | ALAGBON113 | 132 | nA 126 |osar | 2700 | 0306
aokal | worA1im | 2 WA 16 osss | 1s0 0204
AKOKAL | OWOROSOKI113 | 132 | WA |16 | o034 1o |oms
AKOKAL | OWOROSOKI113 | 132 | WA |16 | o0s4 1o | oms
CAKWANGA1 | KeFFILiz | 12 | wA |16 | 4377|1304 | 1579
ALAGBONT | woRAli1zm | 12 WA 126 o022 | os0 0102
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From Substation To Substation ngage I(_kemn?th Eg\t/fgr g/eosri.ssince E,Z%?Léyce sHL?gceptance
(MVA) (% p.u.)

ALAOJI 1 ABA 1_132 132 N/A 126 0.706 2.250 0.255

Aod1 Atz | 12 |NA | 126|076 2250 | 0255
AoNl UmuaHALi | 12 WA |16 | 4ese | 148s | 1eso
AoNT UmuaWALi | 12 | NA |16 | 4ese | 148s | 1eso
o1 | owemmiiim | 12 | NA | 126 | 4206 | 13ae7 | 1528
AsoNlowermiiim | w2 | wA 16 426 | 13467 | 153
ALAUsAl | oeealiz | 12 |NA | 126 | o o4s0 o051
ALAUsAl | osealiz | 12 |NA | 126 | o o4s0 | oost
AUMosHo1 | oceAlim | w2 | wA 16 oem | 2137 o2
AUMosHo1 | oceAlim | w2 | wA 126 oem | 2137 o2
AMUKPED | oGHARAL 132 | w2 | wA 16 sase | 1o | 127
AMUWOODOFIN | APAPARD1 132 | 132 | NA | 126 |o141 | o4s0 | oost
AMUWOODOFN | o011 | w2 | wA 126 oes | 2002 o227
AMUwoODOFN | o011 | w2 | wA 16 oes | 2002 o027
01 kamuzizm | 2 | wA 16 ome | 2250 o025
AsABAT | AcBOR11® | 12 | wA |16 |42 | 13400 | 158
AsABA1 | AcBOR11m | 132 | NA | 126|428 13400 | 1528
CASHAKAL | ASHAKARNDAB 13 | 132 | WA | 126 | 0706 | 2250 | 0255
CASHAKARNDAB | POTISKUM1132 | 132 | WA | 126 | 7483 | 23848 | 2608
Awkal | oJRVER1132 | 132 | NA |16 |24 | 758 | ose
CAYEDE1 | BADANNORTH 132 | 132 | WA | 126 | o424 | 1350 | o158
AvEDE1 | JERcHOL1 | 2 WA 126 0w | o0 | oost
AzaRE1 | puTsEli | 2 | wA 16 s0s | oe7a | 1os
BENNT  RRUAL12 | 12 | wA 16 620 | 1007 2200
BENNT | AMUKPE1 132 | 12 |NwA 126 | ose 270 0306
mpAL mwNAim | 12 WA 16 63 | 202e8 |22
BU1 | Daveoalim | 2 | wA | 1oo24 | siess | sels
‘ekesei1 | sokoTo1im | 2 | wA 16 o1 | 20047 3300
CALABARL | ADIABOR1 I3 | w2 | wA 16 s0s | oe7a | 1oss
CCALABAR1 | ADIABOR1 132 | 12 |NA | 126 | 30s | oera | 1004
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From Substation To Substation ngage I(_kemn?th Eg\t/fgr g/eosri.ssince E,Z%?Léyce sHL?gceptance
(MVA) (% p.u.)

CENTRAL AREA GARKI NODE 1_132 132 N/A 154 0.124 0.241 4.029

CCENTRALAREA | GARKINODE1 132 | 132 | NA | 154 | o124 | o020 | 4020
DAKATAT | WALALAMBE 1132 | 132 | WA | 126 | oses | 1sw0 | 0204
DAKATAT | HADEJA11%2 | 12 WA | 26200 | 40000 | 3500
DAMBOAL | MADUGURIL132 | 132 | NA |70 |so2 | 1se73 | 187
oELTAL | eewwiim | w2 | wA 16 7S | 2402|2724
DELTAT | EFFURUN11 132 | nA e |42m | 8ss | ose7
DELTAT | EFFURUN11 132 | NA e |42m | 8ss | ose7
DELTAL | AMUKPE112 | w2 | wA | 16 63 | 202e8 |22
‘bosso | waveviie | 12 | wA |16 s | a0sr | saw
outsEr wubLiim | w2 | wA |16 3sse |14 | 128
eE1 | ososBo11m | 12 | NwA | ss0 | 1ose | ss7sose2
eoE1 | ososso1im | w2 | wA | ss0 | lose | aams o3
EcBN1 | KomoDU12 | w2 | wA |16 1412|450 oS0
EcBN1 | KomoDUs | 12 | wA |16 1412 |44 oS0
et woiie | w2 | wA | 126 | s2e7 | 1088 | 1im
ekeT1 o1 | 12 | NA | 126 | 3267 10349 | 1am
eAwWO1 | WoRN11 | w2 | wA 16 o3 | 115 o1
GOMBE1 | ASHAKARNDAB 13 | 132 | WA | 126 | 535 | 17008 | 193
comeEl | BaucHi1is2 | 12 |NA | 126 | 10806 | %2847 376
coee1  |muiie | 12 | wA | 126 10023 | siear | ses
GoMBE1 | TJUNCTIONI 132 | 132 |wa |70 | 7101 1062 |00
ousau1 | FUNTUALI® | 12 | wA |0 13068 | 26073 | 2649
BADANNORTH | woii | 2 | wA |16 12 |a4cs0 | odss
FE1 | neswaiim | 12 |NwA | 126 | 1377 4ser oo
el owpoeiim | 2 | wA 16 40 | 13051 | 147
KEMAWL | AcBARAL1R2 | w2 | wA 16 222|728 | os6
KEMAWD | AcBARAL1R2 | w2 | wA |16 2262|728 | os6
KEJAWL | AUMOSHO11%2 | 132 |waA |16 | o247 o787 | oos
KEAWD | AUMOSHO1 132 | 132 | NA 126 | o247 | o787 | oos
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From Substation To Substation ngage I(_kemn?th Eg\t/fgr g/eosri.ssince E,Z%?Léyce sHL?gceptance
(MVA) (% p.u.)

IKEJAW 1 EJIGBO 1_132 132 N/A 126 0.940 2.997 0.339

KEsAWD | ExcBoii | 132 |NA | 126 | osw0 2007 0
KEZAWD | ILUPEU11s2 | 132 | WA | 126 | 1412 4500 | 0509
KEZAWD | ILUPEIU11s2 | 132 | WA | 126 | 1412 4500 | 0509
KEsAw1 | oTaii | 12 |NA | 126 | ose 270 0306
kemwi | omtaii | 2 | wA 16 ose | 270 o036
KEJAW1 | OWOROSOKI1132 | 132 | NA | 126 | a4se | 11024 | 1247
KEJAW1 | OWOROSOKI113%2 | 132 | NA | 126 | a4se | 11024 | 1247
KEMWL | AvoBol1m | w2 | wA 16 ome | 2250 o025
KEmwi | Avoeoliw | 2 | wA 126 ome | 2250 o025
KORODU | SHAGAWU11% | 132 | wa |16 | 253 | sor7 | oo
LEswAl | LEswATEEL13 132 | nA 16 | 1412 | 4Se2  | 0510
CLUPEIUT | MARVLANDL 12 | 132 | WA | 126 o402 |12 | o1
CLUPEIUT | MARVLANDL 12 | 132 | WA | 126 o402 |12 | o5
RRUAT | UkPLLAL1m | 2 | wA |16 s0s | oe7a | 1os
mRer | Exeeorim | 2 | WA 16 osss | 1s0 | o204
mRe1 | excsoii | 132 |NA | 126 | oses | 1800 | 0204
mor o worie | w2 | wA |16 12 |4cs0 | o4ss
mor o worie | w2 | wA |16 12 |4cs0 | o4ss
tur At | 12 |NA | 126 | 6029 10213 | 2174
mu1 apmeoriim | 12 | WA |16 333 | 1065 | 1208
wor  sevniim | 2 | wA 16 5012 | 1ser3 | 1s7
jos1 | BawcHiiz | 12 WA 16 8330 | 26547 | 3008
jos1 wakemiii | w2 WA |16 3510 | 112e0 1213
jos1 | wakemiiiz | 12 |NwA | 126|350 1269 127
051 KAFANGHAN1 1% | 132 |wA | 126 | 543 | 17323 | 1960
3051 | KAFANGHAN1 1% | 132 |wA | 126 | 543 | 17323 | 160
KADUNA1 | KADUNATOWN 132 | 132 | WA | 126 | 1412 | 4500 | 0509
KADUNA1 | KADUNATOWN 132 | 132 | WA | 126 | 1412 | 4500 | 0509
kaDUNA1 | zaRA11zm2 | 12 WA |0 |73 | 16 | 1493
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From Substation To Substation ngage I(_kemn?th Eg\t/fgr g/eosri.ssince E,Z%?Léyce sHL?gceptance
(MVA) (% p.u.)

KAIN NEWBUSSA_132 132 11.4 85 1.354 2.702 0.275

KANKAL | kaTsNAL1Z2 | 12 |NA | 126 |48 1S3 17T
ko1 kankaLim | w2 | wA |16 7977 |22 | 2876
kano1 | pakatAliz | 2 | wA | 150 |s20 o030
kano1 | pakataliz | 2 |wA |70 1510 3200 0300
KaNO1 | DANAGUNDIZ12 | 132 |wA |0 | 1000 | 100 | 0200
kano1 | AzaRElim | 132 |NA | 126 | 1493 | 47600 | 5386
kano1 | outseiis | 12 |NA | 126 | 7ese a0 | 2702
ko1 KkaTsNALim | 2 | wA 126 1028 | se22 | sew
KaNO1 | TAMBURAWA1 12 | 132 |wA |0 | 287 | 47al | o1
ko1 wubLiie | w2 | wA |16 | 3s:0 | 1i2e 1213
kaRUD | keFRiIam | 12 | NA | 126 | 2804 o224 | 1048
KaTAWPE1 | kuBwA 13 | w2 | wA | 126 o4 |15 o
KaTAWPE1 | APo112 | w2 wA 16 1ose | sams o3
KaTAWPE1 | APo112 | w2 | wA 126 1ose | aams o3
KATAWPE1 | GARKINODE11%2 | 132 | wA | 126 | o424 | 1350 | o158
KATAMPE1 | GARKINODE113 | 132 | NA | 126 | o424 | 130 | o018
KATAWPE1 | NATSTADUM 132 | 132 |wA | S0 | oses | 1swo | 203
KATAWPE1 | NATSTADUM 132 | 132 | WA | S0 | oses | 1swo | 203
KATSINA1 | DAURALIZ2 | 12 |NA | 126 | ses 179 | 208
KaTSNAL | DAURALI1Z2 | 12 | wA | 16 see | 17008 | 208
KONTAGORA1 | TEGNA1132 | 2 | wA |16 63 | 202e8 |22
KONTAGORA1 | vEWA1132 | w2 | wA |16 6212 | 19708 | 2200
KWANARDANGO | ZARA1 1% | 12 WA e 10074 | 20100 | 2088
CMADUGURIT | DAMATURU1 132 | 132 | NA | 126 | ss0 | 4ese1 | 78%
MAKURDIT | AUADE112 | w2 | wA |16 | 175 | se2e | oesr
wmNaLsuemiiz | 2 | wA 16 s | 22273 250
wmnaL suemiie | 2 | wA 16 s | 22273 250
NEwsussA | Kamim 1z | w2 |14 |85 134|272 o2
NHAVENT | oTHMIEL 132 | 12 |NA 126|076 2250 | 0255
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From Substation To Substation ngage I(_kemn?th Eg\t/fgr g/eosri.ssince E,Z%?Léyce sHL?gceptance
(MVA) (% p.u.)

NHAVEN 1 NKALAGU 1_132 132 N/A 126 2.753 8.774 0.993

NHAVENT | NKALAGU11%2 | 132 | NA 126 | 2753|8774 | 0988
NHAVENT | ONRVER1I®2 | 132 |wa |16 | aus e | 112
NHAVENT | OTURKPO1 132 | 132 | WA |16 | 101 | 3519 |sem
NKALAGU1 | ABAKALKI1 132 | 132 | NA 126 |ass0 | 12205 | 1381
OFFA1 | OMUARANII® | 132 |waA |16 | 835 10693 | 1210
oceAl | omari | 12 |NA | 126 | 3127 oses | 1128
okapA1 | HoveOR11m | 12 |NA | 126 | 24m1 787 osor
okabA1 | HovBOR11m | w2 | wA |16 24 | 7874 | osam
okenEl | ukpALim | 2 | wA 16 2330 | 7424 om0
‘owo11 | owpo2iim | 2 | wA 126 410 | 13161 | 14s9
onTsHA1 | Awka1im | 12 |NA | 126|218 6740 o763
onTsHAl  eomii | 2 | wA 126 136 | 4165 o4z
osocBo1 | AKUREL® | 12 WA |16 esss | 2008 | 2365
‘osoceo1 | woii | 12 | wA |16 | see7 |17 | 208
‘osoceo1 | ofFAl1 | w2 | wA |16 376 | 1em | 13w
0S0GBO1 | IESWATEEL132 | 132 | nA 126 | 1023 | 3260 | 0360
OTURKPO1 | AUADE11 | w2 | wA 126 277 | ss9 | ogs
‘owo1 | ososso1im | 12 | wA | 16 seer |17 | 2057
CPANKSHINI | MAKERIT1Z2 | 12 |NA | 126|633 2028 | 2201
CPANKSHINT | MAKERI1 12 | 2 WA |16 63 | 202e8 |22
PAPALANTO1 | OTTAL13 | w2 | wA 16 218 |eme o3
CPAPALANTO1 | OLDABEOKUTA 132 | 132 | WA | 126 | 3883 | 12374 | 1400
PHCTMANI | PHCTTOWNIL 13 | 132 | WA | 126 o212 | oers | oot
PHCTMANI | PHCTTOWN21132 | 132 | NA 126 | o212 | oers | oot
CPHCTMANI | RVERS.PP1%2 | 132 | WA | 126 | 133 422 | ol
CSAVANNAHI | TJUNCTIONT 132 | 132 |wa |70 | e231 | 1seas | 1210
SHAGAMU1 | WEBUODE11% | 132 | WA | 126 | 2894 9224 | 1088
SHAGAMUT | AYEDE11 | 12 | NA |16 edsa | 2068 | 2302
SMRORO1 | TEGNA112 | 132 | NA | 126 | ass | e | 1ess
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From Substation To Substation XR};age I(_kemn?th Eg\t/fgr gzspi.ssince E,Z%?Léyce sHL?gceptance
(MVA) (% p.u.)

SHIRORO 1 MINNA 1_132 132 N/A 126 4.800 15.298 1.731
SMRORO1 | MNNALIZ | 132 |NA | 126|480 15208 | 1731
SokoTo1 | TMAFARA113 | 132 |wa | 126 | sse 28122 | a1
CTAMBURAWA1 | KWANARDANGO 132 | 132 | WA |0 | 4752 o4 |oees
TMAFARA1 | cusaUlizm | 132 |NA | 126 | 6000 | 19128 | 2164
vaNDEVI | AUMDE11 | w2 | wA 126 277 | ss0 | ogs
VENAGOAL | AMOADA11Z | 2 | NA | 126 | 3267 10349 | 11
VENAGOAL | GBARANUBIE1® | 132 | NA | 126|033 | 115 | o127
YoLAl | TJUNCTIoNI 132 | 132 |wa |70 | 83190 | 4a7e8 |41
voar  |oamcoiim | 12 WA 16 | 11a01 | sl 090
zaRAT FUNTUALI® | 12 WA | 83 | 16502 | 1ess

Table 83: Existing transmission lines (Nominal voltage higher than or equal to 90 kV) — Nigeria

Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA] %S.?gting
AJA 132 AJA 46 No
a2 o ® N
a2 o ® N
akenoeA11Z2 | aANGBAZ o N
akenoBAL1Z2 | AANGBAZ o N
akaNGBAL1Z | AANGBAZZ | o | N
akenoBAL1Z2 | AANGBAZS o N
akenoBAL1Z2 | AANGBAZ o N
EceNii | aeseErRc202 ¢ as N
EceNii | aEsBERG203 ¢ as N
EeBN12 | AESBERGZ204 | as | N
EceNii | aEsBERG20S ¢ as N
EceNii | aEsBERG206 ¢ as N
EeBN12 | AESBERG207 | as | N
EceNii | aEseERG208 - as N
EceNii | aEsBERG209 ¢ as N

WAPP-MP/4ANT/0601305/001/04 - Ed. 2019/01/14

199/374

Final version



Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)
EGBIN 1_132 AES BERG210 315 No
eeeniiz | AEsBERG2LL as | N
PAPALANTOL 132 | PAPALANTO 33 % 0 No
PaPALANTO L1322 | PAPALANTO S |- s N o
PAPALANTOL 132 | PAPALANTO 33 - 5| No o
AcBARALIZ | AGBARAZZ . 0 N
AcBARALIZ | AGBARAZZ . 0 N
AcBARALIZZ | AGBARAZE | 0 No
aokAL1Z2 | AOKATS s s | N
AkoKALi12 | AOKATE s s No
AAcBONLIZ | AAGBONZ e o N
AAcBONLIZ | AAGBONZ e o N
AAGBONL 1 | ALAGEONZ |« o No o
AscBONL1Z | AAGBONZE e o | N
AavsALizz | AAUSAZES | 0 No o
AAUsALIZ | AAUSAZE . 0 N
AAUSALIZ | AAUSAZE . 0 N o
AuMosHO L 132 | AMOSHO S | 0 No
AmMOsHO 1132 | aMOSHOE3 . 0 N o
AuMosHO L 132 | AMOSHO S | 0 No
mReii | mREx® | P N
mRE1iz | mRESTE | s N
MRz | TREZ s s No
AMUWO ODOFIN_132 | AMUWO ODOFIN | - s N o
AMUWO ODOFIN_132 | AMUWO ODOFIN | - s No
AMUWO ODOFIN_132 | AMUWO ODOFIN | - P N
apAPARDLIZZ | APAPARDI s 0 N
APAPARDL1Z2 | APAPARD3S s 0 No o
_Ej] |(_3 B_ o_ 1__1_32_ ___________ I_EJTG_B; ;3 ______________ 4 ; __________ N ; ______
EJIGBO 1__1_32_ ___________ encsoss |« s | N
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)

EJIGBO 1_132 EJIGBO 33 48 No

woratiz | worazz 0 N
worAliz | sorRAZ: s 0 No
worAL1z | sorazs | 0 N o
worAliz | sorRAZ: s 0 No o
oroDU_1322 | KorODU3Z | o N
oroDU_1322 | KorODU3Z | o N
koroDU_132 | KorRODUZ3 ¢ o No
weeewiiz | weews s 0 N
wueewiiz | weELL 20 No
woeewiize | weew | 0 N
woeewiize | weew | 0 N
isoo1iz | soo e s No o
soo1iz | sooss s T N
isoo1iz | soo: e s No o
isooriz | soo1n | s N
o011 com . s N o
o112 oo | s No
o1 com . s N o
o112 oo | s No
etz | EkimTRL o N
ekaiiz | ek TR | o N
MARVLANDL 132 | MARYLAND3Z - 0 No
wARYLANDL 132 | MARYLANDZE | 0 N o
MARVLANDL 132 | MARYLAND3Z | - 0 No
oceArizz | oceazs ® N
oeeatiz | oceAzs . ® N
oeeAL12 | oseAzs | P No o
oeeAliz | oceAzs . s N
oeeAL12 | oseAlr | 20 No
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)
OTTA 1_132 OTTA 33 48 No

omALe | orraz: | ® | N
omati | ortaszs | P No
oAtz | ortal . ® N o
oworosokiL iz | oworosokiz |« o No o
oworosoki iz | oworosOKI 3 ¢ o N
avoso1iz | avoso3s e o N
avosoL1z | avoBO33 |« o No
smeawuiiz | smacAWU3E | 0 | N
swacAMUL 1z | swacaMU3: s 0 No
sweawuiiz | SHAGAMU_CEME | - s N
sweawuiiz | SHAGAMU_CEME | - s N
swacAMUL 1z | PARAS GTL oo | No o
smeawuiiz | PARAS.GT2 |- wo | N
OLDABEOKUTA 132 | ABEOKUTAOLD | : 0 No o
olDABEOKUTA12 | ABEOKUTAOLD | % 0 N
olDABEOKUTA12 | ABEOKUTAOLD ¢ 0 N o
okEAROL1z2 | OKEAROE |« o No
oKEAROL1Z | OKEAROZZ ¢ o N o
EBUODEL12 | UEBUODEE % 0 No
esuopELiz | sesuopE®m ¢ 0 | N
o112 | ez | o N
eeemnzao | EsBNSTL 200 No
eeemazo | EseNsT2 |- wso N o
eeemnzao | EsBNSTE o | No
ecenaao | EeeNsTa |- o | N
eeemazo | EeeNsTs |- wso N
eeemwzao | EsBNSTS o | No o
OLORUNSOGO3 330 | OLORUNSOGTL | % w0 N
OLORUNSOGO3 330 | OLORUNSOGT2 | : 0 No
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)
OLORUNSOGO3_330 OLORUNSO GT3 380 No

OLORUNSOGO3 330 | OLoRWNSOGTA |- w0 | N
OLORUNSOGO3 330 | OLORUNSOGTS | : 0 No
OLORUNSOGO3 330 | OLORUNSOGTS | % w0 N o
OLORUNSOGO3 330 | OLORUNSOGT7 | : B0 No o
OLORUNSOGO3 330 | OLORUNSOGTE | % w0 N
OLORUNSOGO3 330 | OLORNPPGTL % ® N
OLORUNSOGO3 330 | OLORNPPGTLZ | : 0 No
OLoRUNSOGO3 330 | OLORNPPGTZL |- B | N
OLORUNSOGO3 330 | OLORNPPGTZ2 | : 0 No
OLORUNSOGO3 330 | OLORNIPPSTL % w0 N
OLORUNSOGO3 330 | OLORNIPPSTZ % w0 N
avebEii | aveDEZS | s No o
avepEli | avecEss n | N
avepEli | aveDEZS | s No o
ososso1iz | ososso: ¢ o N
ososso1iz | ososso: ¢ o N o
osoceo1 1z | osossoa | s No
eamoriz | sawmo3 e o N o
eawoiizz | saMo: |« o No
aooEKTILIZZ | soECTIE . 0 | N
apOEKTILIZ | aoOEKTIZE 0 N
AKWREL12 | AURESS | 0 No
AkREL1Z2 | AUREZ . 0 N o
AKWREL12 | AKURESS |« o No
aoREL1Z2 | AUREZE s 0 | N
akREL1Z2 | AUREZ . 0 N
|BADANNORTH.132 | BADANNORTH ¢ o No o
IBADANNORTH 132 | BADANNORTH | ¢ o N
|BADANNORTH.132 | MCFERSON3Z | - 0 No
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)

IFE 1_132 IFE 33 30 No
weii | Fe 0 N
woii2 | woss 0 No
wesmaiiz | tesmazs | 0 N o
EsiaLiz | Lesmazs s 0 No o
wormiiz | LorRNZ | s N
wormiiz | LorRNZ | s N
iseviNii | sevNm s 0 No
isevinii | sevna s 0 N
SERco1iz | JSRCHOZZ s s No
eRcHo L1z | ERCHOZ s s N
oAz | oAz s 0 N
omusRaNL iz | OMUARANZZ | : 0 No o
omuaRaN1 iz | omuARANZE 0 N
owporiiz | onooizz s 0 No o
owoiiiz | onpo13s s 0 N
omotostoz o | omotosoeTL % B N o
omotosHoz 30 | omotosoG2 | : 0 No
omotostoz o | omotosoGTs s B N o
omotosHoz 30 | omotosoGTa | : 0 No
omoTosHozzo | omotosoets |- ® N
omotostoz o | omotosocts s w0 N
omotosHoz 30 | omotosoGTr | x 0 No
omotostoz o | omotosocts s B N o
omotosHoz 3z | oMOTNPPGTL | : 0 No
omoTosHozzo | omotNRRGT2 | ® N
essAriz | sEssAz s 0 N
swRORO L1z | swRorO3: s 0 No o
KaTAWPEL 132 | kaTAMPESS | o N
KaTAWPE 1132 | KATAWPESZ ¢ o No
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)

BKEBBI 1_132 BKEBBI 33 35 No

ekessiiizz | Bkeseizs s N
ekeseilizz | Bkessizs s s No
kowatzz | wewazzs | o N o
koewAizz | koBwass ¢ o No o
AKWANGA L1 | AWANGAZ . 0 N
AKWANGAL12 | AWANGAZ . 0 N
w0112 | o3 | s No
w0112 | A T N
01122 | a0z | s No
01132 | a0z e o N
01132 | a0z e o N
BoALZ2 | BoAss s 0 No o
BoAL1 | oAz s 0 N
CENTRALAREA_132 | CENTRALAREA |« o No o
CENTRALAREAIZ2 | CENTRALAREA ¢ o N
CENTRALAREAIZ2 | CENTRALAREA ¢ o N o
kaRUL1Z2 | kaRUZ s s No
kaRUL1Z2 | wRUZ | s N o
KerFi1izz | keFFIZE s 0 No
KONTAGORAL1z2 | KONTAGORAZZ  : 0 N
KONTAGORAL132 | KONTAGORAZZ | ¢ o N
TeemALizz | TeGINAZE s 0 No
wNNALE2 | wnnAZ: | o N o
mnNalizz | MINNAZS e s No
Az | MnNAZs T N
sokoto1izz | sokoto®m s 2 N
sokotoii | sokoto3 s 7 No o
sokoto11z2 | sokoto®m s 2 N
suemii | suesms: s s No
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)
SULEJA 1_132 SULEJA 33 38 No

swemiie | suemn | s | N
TvARARALIZ2 | MAFARASS s 0 No
NATSTADIM_132 | NATSTADIUMS | o N o
NATSTADIUM_132 | NATSTADIUMZ ¢ o No o
GWAGWALADA 1132 | GWAGWALAZS ¢ o N
GWAGWALADA 1132 | GWAGWALAZS ¢ o N
GWAGWALADA L 132 | GWAGWALAZZ |« o No
Kanoitsiiz | kannz | 0 | N
KamTsLiz | kangizs 0 No
essacsaaw | sEssAe1 ¢ so5 N
essacsaaw | sEssAzez ¢ so5 N
eseAcsaszo | jsEsBAzGz | so5 | No o
eemacsazo | seeAzed ¢ so5 |1 N
EseAcsaso | sEsBAzes | so5 | No o
essacsaaw | sEssAzes ¢ so5 N
KawiGsaso | kansies | 8 N o
kamiesasm | kaniice 20 No
Kamwiesaso | kaNd1678 | 20 N o
kamncsasm | KaND1Ge-10 20 No
Kanicsazo | kanzien | 8| N
KawiGsaso | kaNs612 | wa N
sWRORO3 30 | sHROR4G1 | : s | No
swrorO3 3k | sHROR4G2 o N o
sWRORO3 30 | SHROR411G63 | : s | No
swRoro3am | SHROR41G4 |- o | N
moKUTALIZ2 | aROKUTAZS s N
AMOKUTAL 132 | mROKUTAZS | s No o
bEtTALIZ2 | pELTAZE | s N
bELTALIZ2 | DELTAZS s s No
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)

DELTA 1_132 DELTA2 GT3-5 720 No

oeTALIZz | DELTAZGTeS 20 N
bELTALIZ2 | DELTIGTOAL 20 No
bEtTALIZ2 | DELTIGTIZ4 | 20 N o
Benniiz | BENNZ ¢ o No o
eenniiz | BENNZE | o N
Benniiz | BENNZE | o N
Benniie | BENNZ ¢ o No
RRUAL12 | RRUAZE s N
RRUAL1Z2 | RRUAZS s s No
RRUALIZ2 | RRUAZE | o N
okenEliz | okeNEz® s s N
okeneriz | okenE3Z |: s No o
weiLAzz | weiLAz s N
UkPILLAL 12 | wPLLAZE ¢ o No o
okmoAizz | okmoAzs e o N
EFRURWINLIZ2 | EFFURUNGE | o N o
EFFURUNLIZ2 | EFFURINSE ¢ o No
EFRURWINLIZ2 | EFFURUNGE | o N o
AMUKPEL 12 | AUKPESS | s No
avukPELIZ2 | avukPES T N
HoveorR 30 | HovBOR1 | o N
Hoveor1 iz | HovBorRzs ¢ s No
Hoveoriiz | Hoveor3s | o N o
lokosaiiz | lokosazs ¢ o No
ocMARALIZ | ooHARAZ: | T N
oeHarAL 1z | ocHARAZ: ¢ o N
bELTANZ SO | DELTALGTL 20 No o
bELTAWES | pELTALGT2 | 20 N
bELTANZ S0 | DELTAGT1S 20 No
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)
DELTA IV 3_330 DELTA GT16 720 No

oELTANVEE0 | pELTAGTI? | 20 | N
bELTANZ S0 | DELTAGTIE 20 No
bELTAWES | pELTAGTIS | 20 N o
bELTANZ S0 | DELTAGT20 20 No o
sapeLEazo | saPELEGTI2 wo N
sapeLEaz0 | SAPELEGTR4 wo N
sapeLEs a0 | sapeLESTL | wo | No
sapeEza | saELESTZ |- w | N
sapeLEs a0 | sapELESTS | o | No
sapeLEaz0 | saPELESTE wo N
sapeLEaz0 | saPELESTS wo N
sereEcUa0 | GEREGUGTIL | 8 | No o
Gereeua | GEREGUGTIZ | s |4 N
serEcUa0 | GEREGUGTIS | 8 | No o
erecuz0 | GERNPPGTZL ¢ 58 N
erecu0 | GERNPPGTZZ ¢ s N o
sereEGU30 | GERNIPPGT2Z | 8 | No
HoveorR 30 | HOVBOR GTBL |- wo N o
Hoveors 3w | HOvBOR GTB2 | - o | No
Hoveor 33w | HoveOR GTBZ |- wo | N
HoveorR 30 | HOVBOR GTBA |- wo N
kano1izz | kanoss s 0 No
ko1 | kwoss | 0 N o
kano1izz | kanosz s 0 No
o1z | kanoas | 0 | N
kaoUNAL 122 | kounazs | o N
kaoUNAL1Z2 | KADUNAZZ ¢ o No o
kaoUNAL 122 | kounazs | o N
kaoUNAL1Z2 | KADUNAZZ ¢ o No
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)
KADUNA TOWN_132 KADUNA TOWN 45 No

KaDUNATOWN.132 | KADUNATOWN |- s | N
kaDUNATOWN12 | KADUNATOWN | - s No
KaDUNATOWN 132 | KADUNATOWN | s N o
KaDUNATOWN132 | KADUNATOWN | - 5| No o
kankatiz | kKA | 0 N
kankatiz | kKA | 0 N
bakATALIZZ | DAKATAZZ ¢ s No
oakaTALIZZ | pAKATAZE | o | N
bakATALIZZ | DAKATAZZ ¢ s No
DANAGUNDILIZ2 | DANAGUNDIZZ | o N
DANAGUNDILIZ2 | DANAGUNDIZZ | o N
AzaREL1Z2 | azaREZ s 0 No o
azaRELIZ | aaREm 0 | N
outseriz | putsezs s 0 No o
outseLize | putseas |- 0 N
usaviiz | cusauss s 0 N o
susaULizz | susaU3z |: 0 No
katsna1iz2 | kaTSINAZE | 0 N o
KatsNAL 12 | kaTsiNAZE s 0 No
KatsinaLizz | kaTsNAZE | 0 | N
katsna1izz | kaTSINAZE | o N
TAMBURAWA 1132 | TAMBURAWA S < 0 No
TAVBURAWAL 132 | TAVBURAWAZZ ¢ 0 N o
KWANARDANGO_132 | KWANARDANGO | - 0 No
ALz | aRAm | 0 | N
ZaRALIZ | ZaRAZ 0 N
FonTUAL1Z2 | FNTUASS s 0 No o
FoNTUALIZZ | FNTUALL | s N
FunToAL1 | FNTUALL ¢ s No
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)

DAURA 1_132 DAURA 33 60 No

baRALIZZ | pAURAZE o N
WALALAMBE 1132 | WALALAMBE 33 | - 0 No
WALALAMBE 1132 | WALALAMBES3 - 0 N o
wooLii | wooLas s 0 No o
haoEIALIZZ | waDEIAZE |- w0 N
haoEIALIZZ | waDEIAZE |- w0 N
comeerizz | comeess |« o No
omeeri | comeess | 0 N
sosiie | josss | o No
sosii2 | joss e o N
yoariz | voazs s 0 N
voariz | voss s 0 No o
BaucHiLizz | BauCHizs 0 N
BauCHILiZz | BAUCHIZE ¢ o No o
Buiiz muss | s N
Buiizz suss | s N o
PANKSHNL 132 | PANKSHINGZ s 0 No
PANKSHINL 12 | PANKSHINGZ | 0 N o
PoTSKUM 1132 | pOTISKUM3 % 0 No
poTskmiizz | poTISKUM3Z < 0 N
savannAH1iz2 | SAVANNAHE s N
TOUNCTIONL 132 | MAYOBELWA3Z | : s No
bawsoA1 1z | paMBOAZS | 0 N o
aneo1i | T 0 No
aneo1izz | muneos 0 N
MADUGURI L1322 | wabucas | 0 N
MADUGURI L1322 | MADUG3Z s 0 No o
MADUGURI L1322 | wabucas | 0 N
MADUGURIL132 | MADUG3Z ¢ o No

WAPP-MP/4ANT/0601305/001/04 - Ed. 2019/01/14

210/374

Final version



Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)

MAKERI 1_132 MAKERI 33 60 No

wakeriLiz | wAKERIZE o N
KaFANCHAN1 132 | KAFANCHANSS ¢ o No
KARANCHAN 112 | KAFANCHANZE | o N o
onTsHAL1 | onTisHAZ: | a No o
ontsHALizz | oNTisHAZE . a N
ontsHALizz | oNTiSHAZE . a N
onTsAL1 | onTisHAZ: | a No
onTsmALizz | onTstAzs a N
onTsHAL12 | onTisHALL | 5| No
ontsHALizz | oNTisHALL s N
NHAVENT 12 | NHAVENSS | s N
NHAVENL 132 | NHAVENZZ s s No o
NHAVENL1Z2 | NHAVENSE s N
NHAVENL 132 | NHAVENZZ s s No o
wakRDI L1322 | MAKURDIZZ | o N
wakURDI L1322 | MAKURDIZZ | o N o
AawkaLiz | vk s 0 No
awkAL1 | e 0 N o
NKALAGULIZ2 | NKALAGUSZ s 0 No
NALGUL1Z | NKALAGUSE s 0 N
NsUkka1izz | NSUKKASINEW | o N
NSUKKAL 12 | NSUKKA BSNEW ¢ o No
odRvERLIZ | QIRVERSS s 0 N o
oNRVERL1ZZ | oNRVERZE | 5| No
uRVERLZ | oiRvERI 0 N
odRvERLIZ | AGUAWKAZS . 0 N
oNRVERL1Z | AGUAWKASZ |« o No o
odRvERLIZ | AGUAWKAZS e o N
ABAKALKIL1Z2 | ABAKALIIZS | s No
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)

ABAKALIKI 1_132 ABAKALIKI 33 45 No

otRkPOL12 | oTURKPOZE % N
oTRKPOL132 | OTWRKPOZZ | % No
oTwRKPOL 132 | oTuRKPO3E 2 % N o
vanpevii | vanpeva: | P No o
yanoeviize | vaNDEVE s N
yanoeviizz | vaNDEVE s N
AsmeAL1Z2 | asaBAZET | s No
asmeAL1z | asaeAZIT T N
AcBOR11z2 | AGBORZST | s No
AGBORL1Z | AGBORZET ¢ o N
semii | scema e o N
okpAIz O | okPAIGTIL |« o0 No o
okemzz:o | okeaGTIZ o0 N
okpAzz0 | okPAISTIE |« o0 No o
NSUKkass6s | NSUKKASS | s N
NSUKkass6s | NSUKKAZS | s N o
AFAMLIZ2 | AFAMz | s No
aeAML12 | aEAMIL e o4 N o
cALABARL 1z | cALABARZE |« o No
canBaR11zz | caABARZ o N
caBARLIZ2 | cALBARZ ¢ o N
ekerie | eerss e ss No
eeriie | eeras | s N o
ekerie | Bomets 26 No
eeriie | someT2 26 N
ekeriie | somets | % N
L2 | mus e o No o
i s 0 N
PHCTMANL 132 | PHCTMANZE ¢ o No
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)

PHCT MAIN1_132 PHCT MAIN 33 60 No

PHCTMANLIZZ | PHCTMANZS |« o N
PHCTTOWNLL 12 | PHCTTOWNLE % s No
PHcTTOWNLLIZZ | pHCTTOWNIZ |- s N o
PHCTTOWNLL 12 | PHCTTOWNLE % s No o
PHcTTOWN2L132 | pHCTTOWNSS | o N
PHcTTOWN2L 132 | pHCTTOWNSS | o N
woii | woss e o No
wori | woss 0 N
woiim woss e o No
RvERsPPIZ2 | RVERS.GTL |« 0 N
RvERsPPIZ2 | RVERS.GT2 | 0 N
venasoaiiz | vEnacoAss | 0 No o
YewmsgGoariz | venaGoAZs . 0 N
AvomDAL 12 | aHomDAZ s 0 No o
avoADALIZZ | AHOADAZE s 0 N
omokuiiz | omokulGTL ¢ o N o
omokuiizz | omokuLGT2 |« o No
omokuiiz | omokuzGTL ¢ o N o
omokuiizz | omokuzGT2 |« o No
GBARANUBEIZ | cABARN GTEL |- wo | N
GBARANUBE 32 | GABARIN.GTEZ wo N
A1z | N s No
AL | mAz s a N o
A1z | ABAZ: s s No
seALz | senz | N
AL | msALL s N
el | nsAss | s No o
unuAHAL12 | omuAHAZE | 0 N
umuAmAL 2 | UMuAHASE s 0 No
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Final version

Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA] %ﬁﬁgting
OWERRI 1_132 OWERRI 33 53 No
owemmi112 | owemmizs ¢ s | N
owermizizz | owermizs |« s | N
AAMVEIO | AFAMAGTISIS wo | N
AAMNVEE0 | AFAMVGTIO s | N
aAMVEIO | AAWGT20 o N
aAMVEEO | aAMVIGTIL o N
AAMVEE0 | AAMVIGTLZ s | N
I aaMvieTIS | W | N
AAMNVEE0 | AFAMVISTIO s | N
Anonzso | anoses w | N
Anonzso | anoses w | N
Asonzao | aoses wo N
obukeaniz | oDUKPANIGTL ¢ o0 | N
obukPaNIzZ0 | oDUKPANIGT2 |« o0 | N
obukeANizz0 | obukPANIGTS ¢ o0 N
obukpANiz s | ooukPANIGTs | o0 N
obukeanizZ0 | ODUKPANIGTS | o0 | N
PHcTTOWNIZ 33 | ELEElENWO 3 | o N
PHCTTOWNIZ S | ELEELENWO3E |« o | N
PHcTTOWNIS S | ELEELENWO I ¢ o | N
ZuneeruLa | neERUL | 06 N
ZUNGERU2 320 | ZNGERDZ 06 | N
Zuneerus a0 | neERUS | 06 N

Table 84: Existing 2W transformers — Nigeria
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. . ’ ) . ; Rated Rated Rated :
[Name \otagel | {Name oagel | (Namo.volage] - | FowerSide | Power Side | Pawer Side | (B!
AJA 132 AJATRL_33 AJA 11 60 40 20 No
ora11% | womraas | JoRALL11 |30 | »s | 75 | No
oeeA112 | oeeA3zzas | oGABA11211 |45 | w | TR No
mAz30 | mmizaz | MATRI33.33 | 150 | o | wo | No
amzao | Amia | AATR23333 | 150 | w0 | 00 | No o
mAz30 | mmiza | AATRA33.33 | 150 | o | wo | No
AKANGBA 3_330 AKANGBA 1_132 R Alzs |9 90 100 No
AKANGBA 3_330 AKANGBA 1_132 o Alzs |9 90 100 No
AKANGBA 3_330 AKANGBA 1_132 B Alzs |9 90 100 No
AKANGBA 3_330 AKANGBA 1_132 S GB Alzs |9 90 100 No
AKANGBA 3 330 AKANGBA 1 132 2&4@33_33 150 150 100 No
AKANGBA 3 330 AKANGBA 1 132 2&;‘363_33 150 150 100 No
‘EecBN3 330 | EceNi132 | BTR13333 | 150 | w0 | 00 | No o
‘Ecen3awo | EceNiiz | BTR2333 | 150 | o | 0 | No
KEAW3 30 | weawiiz | KWTIA3333 | 150 | s | s | No
KEIAW3 30 | KeAwiizm | KwTB3333 | 150 | so | s | N
KEAW3 30 | KkeAwii | KwT2A3333 | 150 | o | s | No
KEAW3 30 | weawiiz | KwTB3333 | 150 | w0 | s | No o
KEIAW3 30 | keAw1i | KEJAWTIA 3 | 150 | o | wo | No
ekkiza ek | lEKKI33 T133 | 300 |- w0 | 00 | No
lekki3zaw | ekkiiiz | lekki33 1233 | 300 | 00 | 0o |1 N
ALAGBON 3_330 ALAGBON 1_132 4};@?3!330“ 300 300 100 No
ALAGBON 3_330 ALAGBON 1_132 %'i';\fgo'\‘ 300 300 100 No
OKE_ARO_ 3 330 OKE_ARO 1 132 ?ff_—?gRo 300 225 75 No
OKE_ARO_ 3 330 OKE_ARO_1 132 ?gf_—:gRo 300 300 75 No
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. . . . ) - Rated Rated Rated :
Substation Side 1 Substation Side 2 Substation Side 3 : : : Regulating
Power Side Power Side Power Side

[Name_Voltage] [Name_Voltage] [Name_Voltage] 1 [MVA] 2 [MVA] 3 [MVA] (OLTC)
AYEDE 3_330 AYEDE 1_132 AYEDETRS 150 150 100 No
AYEDE 3_330 AYEDE 1_132 AYEDE TR 150 150 75 No
AYEDE 3_330 AYEDE 1_132 AYEDETRL 150 150 75 No
0SOGBO 3_330 0SOGBO 1_132 OSOGBO 4T1_33 | 150 150 100 No
0SOGBO 3_330 0SOGBO 1_132 0SOGBO 4T7_18 | 90 90 100 No
0SOGBO 3_330 0SOGBO 1_132 OSOGBO 4T6_33 | 150 150 100 No
GANMO 3_330 GANMO 1_132 GANMO TR1 33 | 150 150 100 No
GANMO 3_330 GANMO 1_132 GANMO TR2.33 | 150 100 100 No
AKURE 3_330 AKURE 1_132 ARORETRL 150 150 100 No
AKURE 3_330 AKURE 1_132 ARORE TR2 150 150 100 No
KATAMPE 3_330 KATAMPE 1_132 KAJEMPE 150 150 100 No
KATAMPE 3_330 KATAMPE 1_132 Ko E 150 150 100 No
KATAMPE 3_330 KATAMPE 1_132 KATEMPE 150 150 100 No
BKEBBI 3_330 BKEBBI 1_132 BKB5_13.8 90 90 90 No
BKEBBI 3_330 BKEBBI 1_132 BKB6_13.8 90 90 90 No
BKEBBI 3_330 BKEBBI 1_132 BKB1_33 150 150 100 No
JEBBA T.S.3 330 KAINJI TS 1_132 KAINJI TR1_33 150 50 50 No
JEBBA T.S.3 330 JEBBA 1 132 JEBBATRL 13.8 | 80 80 100 No
SHIRORO 3_330 SHIRORO 1_132 SHIRORO TR1 33 | 150 150 100 No
SHIRORO 3_330 SHIRORO 1_132 SHIRORO TR2_33 | 150 150 100 No
GWAGWALADA 3330 | GWAGWALADA 1 132 | SWASIWALA 150 150 100 No
GWAGWALADA 3330 | GWAGWALADA 1 132 | SWASIWALA 150 150 100 No
AJAOKUTA 3_330 AJAOKUTA 1_132 RIROKITA 162 162 100 No
AJAOKUTA 3_330 AJAOKUTA 1_132 AIROKITA 162 162 80 No
AJAOKUTA 3_330 AJAOKUTA 1_132 RIROKITA 162 162 100 No
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. . ’ ) . ; Rated Rated Rated :
[Name \otagel | {Name oagel | (Namo.volage] - | FowerSide | Power Side | Pawer Side | (B!
BENIN 3_330 BENIN 1_132 BENIN TR1_33 150 150 100 No
BENINZ 330 | BENNL 12 | BENNTR3 33 | 150 |- w0 | s | No
DELTANV3 330 | DELTAL132 | DELTANTRS 33 | 150 | o | wo | No
loKoJA3 330 | Lokosaliz | LOKOJATRLE3 | 150 | o | wo | No
KADUNA3 330 | KADUNAL 132 | KADUNATIA 33 |90 | 0 00 | No o
KADUNA 3 330 KADUNA 1_132 $2AE_U1';‘_AS 60 60 100 No
KADUNA3 330 | KADUNAL 132 | KADUNAT3A 33 | 150 |- w0 | 00 | No
KADUNA3.330 | KADUNAL132 | KADUNAT4A 33 | 150 | o | wo | No
KADUNA3.330 | KADUNA1132 | KADUNATSA 33 | 150 | o | wo | No
kan03 330 | Kkano1iz | KANOTIA 33 | 150 |- w0 | 00 | No o
kaN033 | kanoiiz | kaNoT2A 33 |10 | so | s |1 N
kan03 330 | Kkano1iz | KANOTIA 33 | 150 |- w0 | 00 | No
kaN03330 | Kkanoiiz | KANOTIA 33 | 150 | o | wo | No
GOMBE1 132 | GOMBETR333.33 | GOMBET3 i1 | 100 | wo | wo | No
GomBE3 330 | Gomeei12 | GOMBETaA 33 | 150 |- w0 | 00 | No o
GomeE3 330 | comeeii | coMeETeA 33 |10 | so | 0o |1 N
jos3swo  sosiiz | josTaA33 150 | w0 | 00 | No o
vowzao | voaii | voaTizzas 10 | o | wo | No
voazao | voaii | voAT23333 | 150 |- w0 | 00 | No
MADUGURI3.330 | MADUGURI 1132 | MAIDUGT2A 33 | 150 | o | wo | No
MADUGURI3.330 | MADUGURI 1132 | MAIDUGTIA 33 | 150 |- s | s | No
JAUNGO3 330 | JALNGO1132 | JAUNGOTRL 33 | 150 | 0| s | No
AUNGO3.330 | JAUNGO 1132 | JAUNGOTR2.33 | 150 | so | 0 |1 N
DAMATURU 3_330 DAMATURU 1_132 ?f&g URU 150 150 100 No
DAMATURU 3_330 DAMATURU 1_132 IszAsl\iéeT, URU 150 150 100 No
NHAVEN3 330 | NHAVENL 132 | NHAVENT3 33 | 150 |- 0| 00 | N
NHAVEN3.330 | NHAVEN1 132 | NHAVENT4 33 | 150 | o | s | No
ONTSHA3 330 | ONTSHAL 132 | ONTSHAT2A 33 | 150 | o | wo | No
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. . ’ ) . : Rated Rated Rated :
Substation Side 1 Substation Side 2 Substation Side 3 : : : Regulating
Power Side | Power Side | Power Side
[Name_Voltage] [Name_Voltage] [Name_Voltage] 1 [MVA] 2 [MVA] 3 [MVA] (OLTC)
ONITSHA
ONITSHA 3_330 ONITSHA 1_132 T6A_13.8 90 90 30 No
ONITSHA
ONITSHA 3_330 ONITSHA 1_132 T1A 13.8 90 90 100 No
ONITSHA 3_330 ONITSHA 1_132 ONITSHA T3A_33 | 150 150 100 No
ONITSHA
ONITSHA 3_330 ONITSHA 1_132 T5A_13.8 150 150 30 No
MAKURDI 3_330 MAKURDI 1_132 MAKURDI T1 3_33 | 150 150 100 No
UGWUAJI 3_330 UGWUAJI 1_132 UGWUAJI T3_33 150 150 100 No
UGWUAJI 3_330 UGWUAJI 1_132 UGWUAJI T4_33 150 150 100 No
ASABA 3_330 ASABA 1_132 ASABA T1_33 150 150 75 No
ASABA 3_330 ASABA 1_132 ASABA T2_33 150 150 75 No
ABA 1 132 ABA TR1 33_33 ABA TR1_11 45 100 100 No
AFAM IV 3_330 AFAM 1_132 AFAM T1A_33 162 162 100 No
AFAM IV 3_330 AFAM 1_132 AFAM T1A_33 162 162 100 No
AFAM IV 3_330 AFAM 1_132 AFAM T1A_33 162 162 100 No
ALAQJI 3_330 ALAQJI 1_132 ALAOJI T1A_33 150 150 100 No
ALAQJI 3_330 ALAQJI 1_132 ALAOJI T2A_33 150 150 100 No
ALAQJI 3_330 ALAOJI 1_132 ALAOJI T3A_33 150 150 100 No
ADIABOR
ADIABOR 3_330 ADIABOR 1_132 T133 33 150 150 100 No
ADIABOR
ADIABOR 3_330 ADIABOR 1_132 T233 33 150 150 100 No
KAINJIB_330 KAIN132_132 KAIN33_33 N/A N/A N/A No

Table 85: Existing 3W transformers — Nigeria
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Substation
[Name_Voltage]

Capacity / step (Mvar)

Number of steps

Type (Fixed-Switch-
SVC)

AGBARA_33
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Substation
[Name_Voltage]

Capacity / step (Mvar)

Number of steps

Type (Fixed-Switch-
SVC)

KANO 3_330
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Substation
[Name_Voltage]

Capacity / step (Mvar)

Number of steps

Type (Fixed-Switch-
SVC)

ISOLO_33 12 2 Fixed
oeeAss |2 2 Fred
oA 2 Foed
vawoevss o 1| Fred
AkoRESS 01| Foed
oakatAss | 1| Fred
wavos o 1 Fred
DANAGUNDISZ 20 1| Foed
Y P P Fred
AwKAL1Z 0 1| Foed
Gusautim s s Fed
owaowaA3z s 2| Fed
woeewss o 1| Foed
wabvs s |10 1| Fred
waove s o 1| Foed
wabweuRiz12 | 1| Fred
T P S P Fred
onmverR3s o 1| Foed
Table 86: Existing reactive power compensation - Nigeria
5.1.12. Senegal

The current electrical network of Senegal is shown on the following tables (lines,

transformers, shunt reactive compensation).

Only transmission lines with operating voltage equal or higher than 90 kV are
considered. The system has 47 transmission lines (46 single circuits and 1 double

circuits), 56 transformers and 20 shunt reactive compensation devices.
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g[:i)rgtation To Substation X(%;age (leerg)gth ?g\t/\?gr : X o2
(MVA) %pu) | (%pu) | (%p.u.)
Dagana_225 Matam_225 225.000 267.0 283.3 2.690 17.300 24.840
Dagana_225 Sakal_225 225.000 114.0 283.3 1.150 7.390 10.605
Tobene_225 Touba_225 225.000 105.0 312.0 1.535 4.086 15.883
Kaolack_225 Touba_225 225.000 72.0 311.8 1.022 2.720 10.589
Sakal_225 Tobene_225 225.000 1245 226.7 1.250 8.070 11.585
Tobene_225 Kounoune_225 225.000 53.0 245.0 0.990 3.970 7.110
Kounoune_225 Diamniadio_225 225.000 8.0 348.0 0.358 1.280 2.683
Diamniadio_225 | Sendou_225 225.000 2.0 348.0 0.089 0.320 0.671
Sendou_225 Diass_225 225.000 15.0 312.0 0.137 0.948 1.610
Diass_225 Mbour_225 225.000 28.5 312.0 0.287 1.312 2.513
Bakel_225 Matam_225 225.000 150.0 283.3 1.550 9.950 13.955
Bakel_225 Kayes_225 225.000 106.0 283.3 1.090 6.870 9.865
Dagana_225 Rosso_225 225.000 0.0 214.3 0.660 3.070 2.590
Thiona_90 Tobene_90 90.000 31.4 71.0 6.070 16.410 0.558
Belair_90 Hann_90 90.000 45 98.0 0.503 1.800 0.097
Belair_90 Hann_90 90.000 45 98.0 0.503 1.800 0.097
Belair_90 Hann_90 90.000 5.0 86.0 0.710 2.265 0.100
Hann_90 Mbao_90 90.000 10.9 85.7 1.560 5.137 0.472
gi‘;‘eeg%% Kounoune_90 90.000 6.5 86.0 0.990 3.035 0.124
gi‘;‘eeg%% Sococim_90 90.000 10.5 82.0 0.983 3.050 0.125
Kounoune_90 Sococim_90 90.000 4.7 85.7 0.716 2.196 0.090
Sococim_90 OLAM_90 90.000 8.0 82.0 1.510 4.685 0.192
Meckhe_90 Tobene_90 90.000 35.8 106.3 1.452 5.200 0.558
SOMETA_90 OLAM_90 90.000 3.0 82.0 0.556 1.757 0.072
Belair_90 Universite_90 90.000 3.5 156.0 0.130 0.735 1.042
Universite_90 Aeroport_90 90.000 10.4 156.0 0.385 2.180 3.095
Patte D'Oie_90 ggﬂig@% 90.000 15.0 82.0 2.170 7.131 0.292
Patte D'Oie_90 | Hann_90 90.000 0.8 81.8 0.144 0.375 0.015
Taiba_90 Tobene_90 90.000 13.0 106.3 1.452 5.200 0.558
Thiona_90 SOMETA_90 90.000 175 82.0 3.304 10.249 0.420
Mbao_90 ggﬂig@% 90.000 5.8 86.0 1.028 3.378 0.154
Hann_90 Patte D'Oie_90 | 90.000 0.8 81.8 0.144 0.375 0.015
gi‘;‘eeg%% Patte D'Oie_90 90.000 15.0 82.0 2.170 7.131 0.292
Kounoune_90 | Hann_90 90.000 19.0 98.0 2.382 10.420 0.455
Patte D'Oie_90 | Aeroport_90 90.000 8.0 156.0 0.296 1.679 2.381

Table 87: Existing transmission lines (Nominal voltage higher than or equal to 90 kV) — Senegal
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Substation Side 1 [Name_Voltage]

Substation Side 2 [Name_Voltage]

Rated Power [MVA]

Regulating

(OLTC)

Bakel_30 Bakel_225 20 No
Bears | peroo | S
Bear1s | e o N
Bewris | Bear o0 | o N
Bear1s | o © N
"""""""""" CapdesBiches - IPP Contour | |

Cape Des Biches_90 Global G1_11 67 No
"""""""""" CapdesBiches - IPP Contour | |

Cape Des Biches_90 Global G2_11 45 No
CapeDesBiches 90 | CapDesBihesGen | s N
CapeDesBiches 90 | CapDesBihesGen | s N
CCapeDesBiches 90 |- CapDesBichesGen | 2
CapdesBichescacz 115 | CapeDesBiches 90 | %5 N
CapdesBiches C4G4. 115 | CapeDesBiches 90 | o n
CapeDesBiches 30 | CapeDesBiches 90 | s |ve
CapeDesBiches 30 | CapeDesBiches 90 | s |ve
baganazes | baganazo | 0 N
thomaso | pangte | 2
biss22s | pss 30 | o N
Dass2s | bss 30 | o N
a1z | a0 | o0 e
a2 | Hamoo | o  |ve
a3z | Hamoo | o  |ve
Keolack 3| Kahone G104 | e
Keoack3s Kahone G2 04 | e
Keoleck 3| Kahone G304 | s
Keolack3s | Kahone G4 04 | e N
Keolack/Kahone 16,15 | Keokck 225 | o N
Kaolack/Kahone 26_15 | Keoack 225 | o N
Keolack /Kahone 3615 | Keock 225 | S
Kaolack 225 | Keoack 33 | o  n
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Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA] %S#cl:a;ting
Kaolack_ 225 Kaolack 33 40 No
Kamone oo | Kounowe 225 | s
Kowowne 0 | Kounowe 225 | s N
Kowowne 15 | Kounone o0 | s N
Kowowne_ts | T S
Maamao | vatam 225 | 0 N
Matam 225 | vaamoo | 0 N
Wbow22s | Mow s | o N
Meow 25 | woow s | o  n
Meckheso | Meckne13o | s N
Meckneso | Veckhe230 | s N
saazo | saa s | o N
CSendouzs |- Sendou1t |10 N
Sendouzs | sendoutt |10 |n
tabaso |- T e Y
Tobeneso | Tobene 225 | s N
Tobene oo | Tobene 225 | s N
Toenect |- Tobene 225 | © N
Tobenec2 | Tobene 225 | © N
Towazs |- Twbazo | o N
Tobazs Tobaso | o  n

Table 88: Existing 2W transformers — Senegal

Substation [Name_Voltage] Capacity / step (Mvar) Number of steps Type (Fixed-Switch-SVC)
Matam_225 -20 1 Switch
Matam 225 | P T swich
Csakl22s | 20 | L swien
Dagana 225 | 20 | L swien
Keolack 225 | P L swien
Tobazs | P L swien
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Substation [Name_Voltage]

Capacity / step (Mvar)

Number of steps

Type (Fixed-Switch-SVC)

Dagana_225

Switch

Manantali - Kayes Series
compensation

Matam — Bakel Series
compensation

Matam — Dagana Series
compensation

Dagana — Matam Series
compensation

Dagana — Sakal Series
compensation

5.1.13.

Sierra Leone

Table 89: Existing reactive compensation - Senegal

The current electrical network of Sierra Leone is shown on the following tables
(lines, transformers, shunt reactive compensation).

Only transmission lines with operating voltage equal or higher than 90 kV are
considered. The system has 1 double circuit transmission lines, 2 transformers
and 1 shunt reactive compensation devices.

Rated R X B/2
From Substation To Substation \{(oltage Lkength power
kv) km) | (mva) | @epu) | Gepu) | %pu)
Bumbuna_161 Freetown_161 161 N/A 244 6.743 31.119 7.650
Bumbuna_161 Freetown_161 161 N/A 244 6.743 31.119 7.650

Table 90: Existing transmission lines (Nominal voltage higher than or equal to 90 kV) — Sierra Leone

Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA] (RSE#IC&;MQ
Bumbuna_161 Bumbuna G1_13.8 31.3 No
Bumbuna_161 Bumbuna G2_13.8 31.3 No

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14
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Substation [Name_Voltage]

Capacity / step (Mvar) Number of steps

Type (Fixed-Switch-SVC)

Freetown_161

5.0 15

Switch

Table 92: Existing reactive compensation - Sierra Leone

The national projects planned for the upcoming years are presented in Appendix

J.

5.1.14. Togo

The current electrical network of Togo is shown on the following tables (lines,
transformers, shunt reactive compensation).

Only transmission lines with operating voltage equal or higher than 90 kV are
considered. The system has 10 transmission lines (7 single circuits and 3 double
circuits), 10 transformers and 2 shunt reactive compensation devices.

From Substation To Substation XR};age (Lkerg)gth Eg\t/\?gr R X B2
(MVA) (%pu) | (%pu) | (%p.u)

Davié_161 Lomé (Aflac) 1_161 | 161 39 132 2.343 6.411 1.675
Davié_161 Lomé (Aflac) 1_161 | 161 39 132 2.343 6.411 1.675
Momé Hagou_161 Davié_161 161 49 132 2.943 8.055 2.104
Momé Hagou_161 Davié_161 161 49 132 2.943 8.055 2.104
Sokodé_161 Kara_161 161 76 178 4.023 12.006 2.758
Sokodé_161 Atakpamé_161 161 194 178 10.268 30.648 7.040
Lomé (Aflao) 1_161 Lomé (Port)_161 161 0 178 0.800 2.790 0.545
Lomé (Aflao) 1_161 Lomé (Port)_161 161 0 178 0.800 2.790 0.545
Nangbéto_161 Atakpamé_161 161 0 178 1.940 6.240 1.350
Nangbéto_161 Momé Hagou_161 161 116 178 7.209 18.796 1.879

Table 93: Existing transmission lines (Nominal voltage higher than or equal to 90 kV) — Togo

Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA] ?C(;E.ll_’gtmg
Kara_161 Kara_15 25.0 No
Lomé (Aflao) 1_161 Contour Global Gen_15 63.0 No
Lomé (Aflao) 1_161 Contour Global Gen_15 63.0 No
Lomé (Aflao) 1_161 Contour Global Gen_15 20.0 No
Lomé (Aflao) 1_161 Lomé Port TAG CEB_15 25.0 No
Lomé (Port)_161 Lome CEET_15 15.0 No
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Substation Side 1 [Name_Voltage] | Substation Side 2 [Name_Voltage] | Rated Power [MVA]

Regulating

(OLTC)
Maria Gleta1_161 Maria Gleta TAG APR_15 57.0 No
Nangbéto 1_10.3 Nangbéto_161 355 No
Nangbéto 2_10.3 Nangbéto_161 35.5 No
Sokodé_161 Sokode Diesel_15 5.0 No
Table 94: Existing 2W transformers — Togo

Substation [Name_Voltage] Capacity / step (Mvar) Number of steps Type (Fixed-Switch-SVC)
Kara_161 -1.0 18 Switch
Sokodé_161 -5.0 1 Switch

Table 95: Existing reactive compensation — Togo

5.1.15. Cape Verde

5.2.1.

There is no interconnected network in the country. Given the island nature of Cape
Verde, the transmission and distribution networks are decentralized. Thus, in
each island transmission and distribution networks are developed according to
the sources of generation. Nevertheless, access to electricity remains difficult in
the Capeverdien territory due to the fragmentation of the electricity grid.

The project of development of transmission and distribution power systems in 6
islands will contribute to the improvement of the technical, commercial and
financial performances of the national electricity company (ELECTRA). The
project concerns 492 000 inhabitants (or 94% of the total population) of Cape
Verde living in six of its islands. It will help increase the overall access rate to
electricity from 88% in 2010 to 98% by 2018.

Existing

The table below summarizes the list of interconnection lines which are considered
as existing in the 2017 model. Currently, 14 high voltage lines connect the
different countries of the WAPP region together in order to allow the sharing of
electricity between them. The current blocks which are operated synchronously
(mainly three separate ones) as of today are presented in section 5.4.

Since the previous master plan realized in 2011, one line has been put in service:
Ferkéssédougou — Sikasso 225kV (connecting Céte d’lvoire and Mali).

TS 000090 G EEEEED 0 020 G 0 0 G
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Country HV Interconnection Voltage Rated Power Length
Level [kV] [MVA] [km]
Benin - Nigeria Sakete - Ikeja West 330 777.0 75
Niger - Nigeria Dosso - Birnin Kebbi 132 107.7 132
Niger - Nigeria Gazaoua - Katsina 132 82.3 72
Ghana - Togo Akosombo - Aflao - Lomé 161 128.0 128
Ghana - Togo Akosombo - Asiekpe - Lomé 161 128.0 128
Cote d’lvoire - Mali Ferkéssédougou - Sikasso 225 327.4 237
Cote d’lvoire - Burkina Faso Ferkéssédougou - Bobo 225 327.4 222
Senegal - Mali Matam - Kayes 225 283.3 256
Cote d’lvoire - Ghana Riviera - Prestea 225 327.0 210
Togo-Benin Nangbéto-Bohicon 161 178 80.3
Togo-Benin Mom e Hagou-Avakpa 161 128 54
Togo-Benin Kara-Djougou 161 178 58
Togo-Benin Mome-Hagou- Maria Gleta 161 128 92
Senegal - Mauritania Dagana - Rosso 225 214.3 37

Table 96: Existing interconnections (2017)

The parameters considered for each existing interconnection are presented in

Appendix H
5.2.2. Committed Projects

Table 97 lists the interconnection projects that are decided for the upcoming
years. The following table lists the interconnections which are planned, yet not
decided. For each line, the voltage level, the length, the commissioning year and
the size of the planned interconnection is given. These values should be validated
and N/A values should be filled by the concerned countries.

Country HV Interconnection Voltage Rated Commissioning Year | Length Comment

Level [kV] | Power [km]
[MVA]

CI-LI-SL- | CLSG 225 250 2020 1303 (See CLSG Table)

GU

GH-BU Bolgatanga-Ouagadougou | 225 327 2018 198

GH-TO Volta-Davié (Lomé) 330 776 2019 340

TO-BN Davié-Sakete 330 977 2019

BU-NR-NI- | Dorsale Nord 330 760 2022 832

BN
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Country HV Interconnection Voltage Rated Commissioning Year | Length Comment
Level [kV] | Power [km]
[MVA]

SE-GA- OMVG 225 250 2020 1677 (See OMVG
GB-GU Table)
MA-SE Kayes-Tambacounda 225 327 2019 288
SE-MAU Noukchott-Tobene 225 250 2020 425 Double circuit
MA-MAU Kayes-Kiffa 225 250 2021 437
TO-BN Porga-Dapaong 161 178 2022 82
TO-GH Dapaong — Bawku 161 178 2022 65
GU-MA N'Zérékoré — Fomi — 225 250 2022 1074

Bamako (Kodialani)

Table 97: Decided interconnections (After 2017)
Country HV Interconnection Voltage Rated Commissioning Year | Length Comment
Level [kV] | Power [km]
[MVA]

CI-GU Boundiali-Fomi 225 250 >2025 380
CI-MA Boundiali-Tengrela- 225 330

Bougouni
LI-Cl Buchanan-San Pedro 225 250 - 400
BN-NI Second circuit Sakete- 330 77 - 75

Onigbolo
GU-MA Linsan-Manantali 225 250 >2020 410 Single/Double

circuit?

GH-BU- Bolgatanga-Bobo-Sikasso | 225 250 >2021 555 Double circuit
MA
BU-TB Kompenga-Porga 161 >2025 -
GH-TB-NI | Yendi-Bembereke-Kainji 330 >2025 -

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14
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Country

The 225kV line from Boundiali to Fomi is under study and will not be in service
before 2025. The 225kV line from Ouagadougou to Bolgatanga is being put in
service in the summer of 2018.The 330kV line between Ghana, Togo, Benin and
Nigeria is currently under construction. The construction work on the Ghanaian
and Nigerian side have been completed and the line will be commissioned in
2019. The 225kV interconnection of Mali-Burkina Faso and Ghana is planned for
after 2021 and feasibility studies are currently ongoing. The Dorsale Nord 330kV
connecting Burkina Faso to Niger, Benin and Nigeria is under study and will not
come in service before 2020. The commissioning of the line Linsan-Manantali is
linked to the Koukoutamba commissioning and is planned for after 2020. Similarly,
the Kayes-Tambacounda 225kV line is planned in 2019 with the commissioning
of Gouina which is currently under construction. The connection of N'Zérékoré to
Fomi and Bamako is under study and is planned for 2022. On the Togo-Benin
side, the commissioning of the 161kV line between Porga and Dapaong is
planned for 2022. Also, the line between Dapaong and Bawku which is currently
exploited under 34.5 kV will be exploited in 161kV. The line is already designed
to be exploited in this voltage level.

The two planned projects of CLSG (2020) and OMVG (2020) which are composed
of multiple different substations and lines are detailed in Table 99 and Table 100.
From the expected commissioning dates of the different projects, it can be
expected that the fourteen (14) WAPP countries will be interconnected by 2022.

Voltage Level | Length

Name Commissioning Year

[kV] [km]
Guinea Linsan - Kamakwie 225 144 2020
Guinea-Sierra Leone Kamakwie - Yiben 225 55 2020
Sierra Leone Yiben - Bumbuna 225 75 2020
Sierra Leone Bumbuna - Bikongor 225 146 2020
Sierra Leone Bikongore - Kenema 225 97 2020
Sierra Leone-Liberia Kenema - Mano 225 116 2020
Liberia Mano - Monrovia 225 107 2020
Liberia Monrovia - Buchanan 225 116 2020
Liberia Buchanan - Yekepa 225 230 2020
Liberia-Cote d'lvoire Yekepa - Man 225 152 2020
Liberia-Guinea Yekepa - N'Zérékore 225 49 2020
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Voltage Level | Length

Country Name [kV] [km] Commissioning Year | Comment
Senegal Kaolack - Koungheul 225 135 2020
Senegal Koungheul - Tambacounda 225 135 2020
Tambacounda — Kedougou 261.56
Senegal (Sambangalou) 225 2020
Senegal-Guinea Kedougou (Sambangalou) - | 555 45 2020
Guinea Mali - Labé 225 82.29 2020
Guinea Labé - Linsan 225 137.78 2020
’ . . Connection of
Guinea Linsan - Boké 225 110.12 2020 Kaleta
Guinea-Guinea . B
Bissau Boké - Saltinho 225 98.45 2020
Guinea Bissau Saltinho - Bambadinca 225 56.35 2020
Guinea Bissau Bambadinca - Mansoa 225 52.9 2020
Guinea Bissau Mansoa - Bissau 225 35.66 2020
Guinea Bissau- Mansoa - Tanaff 225 73.47 2020
Senegal
Senegal-Gambia Tanaff - Soma 225 95.9 2020
Senegal-Gambia Soma - Kaolack 225 119.24 2020
Gambia Soma - Brikama 225 153.8 2020
Table 100: Planned projects of OMVG
5.3. National Projects

This section presents the transmission projects which are planned on a national
level and which do not connect two or more countries.

For each project, the respective commissioning year as well as the sizing of the
element is given (Power [MVA] or line type, Length [km]). These values should be
completed or validated by the concerned countries. These national projects are
presented in Appendix J.

5.4. Synthesis of the inventory of transmission
assets

The WAPP’s current situation is one in which different synchronous blocks exists.
Within these different blocks, power transfers are realized between countries
through the high voltage interconnections. Currently, as of January 2018, these

different blocks are:
T 0 G G $#4eGE-.
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Block A: Burkina Faso, Ghana, C6te d’lvoire, part of Mali (up to Bamako) and
part of Togo/Benin.

Block B: Senegal, Mauritania and part of Mali (up to Bamako)

Block C: Nigeria, Niger and part of Togo/Benin

The other countries of the WAPP are not connected to each other through the

High Voltage (HV) grid and operate in an isolated way. These countries are
Guinea, Guinea Bissau, The Gambia, Liberia and Sierra Leone.

The current exchanges that are considered for the modeling of the current peak
situation are depicted in the figures hereafter.

Figure 69 depicts the exchanges between the different countries of block A. In
this synchronous block, Céte d’'lvoire and Ghana are both countries with a surplus
of installed capacity compared to its neighbours. For economic reasons, Burkina
Faso usually imports only 50 MW from Céte d’Ivoire, but it will increase to 70 MW
as of 2018 with an objective of 90 MW over the short term. Burkina Faso is
currently only connected to Céte d'lvoire through the 225 kV line from
Ferkéssédougou to Bobo. Higher levels of imports are foreseen for the future as
the 225 kV line between Ouagadougou and Bolgatanga (Ghana) is put in service
in 2018.

Mali is split between two different synchronous blocks. When exchanges from
Céte d'lvoire (Ferkéssédougou to Sikasso) are greater than 40 MW, the splitting
is done in Bamako at the Kalabankoro substation. When Mali is importing less
than 40 MW from C6te d'lvoire, the grid is split by opening the 150 kV Fana-Segou
line at Fana.

In the peak situation, it is supposed than Mali imports around 70 MW from Cobte
d’lvoire. The countries of Togo and Benin will import around 50 MW from Ghana
(through the 161 kV interconnection lines between Akosombo and Lomé) while
200 MW will be imported from Nigeria. These two countries also lie in two different
synchronous blocks and it is supposed that the splitting is currently performed at
the Mome-Hagou substation. It is to be noted that throughout the year, this
separation point between the two networks changes according to the demand and
the available imports from Ghana and Nigeria.
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Figure 69: Current assumed exchanges at the peak in block A

The exchanges assumed between the countries of Senegal, Mauritania and Mali
are shown in Figure 70. In this situation, it is assumed that the hydropower plant
of Felou and Manantali will export respectively 18 MW and 30 MW to Mauritania
and 18 MW (Felou) and 60 MW (Manantali) to Senegal. No other exchanges are
assumed in this situation.

Figure 71 shows the exchanges assumed currently at the peak between the
countries of Nigeria, Niger and Togo-Benin. 200 MW are exported from Nigeria to
the part of Togo-Benin which is synchronous with this block through the 330 kV
line between Ikeja West and Sakete. Niger's imports are assumed to be of a total
of around 40 MW with part of this power being delivered to Niamey and another
part to Gazaou through the 132 kV grid.

Final version

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14 233/374
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Figure 70: Current assumed exchanges at the peak in block B

NIGERIA
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Figure 71: Current assumed exchanges at the peak in block C
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As of today, blocks A and C, connecting Ghana through Togo and Benin and to
Nigeria are not synchronized due to frequency problems. More specifically, the
frequency control in Nigeria is problematic and the operating limits are not
satisfied. The challenge observed is that due to the size of Nigeria compared to
the neighbouring countries, frequency deviations in Nigeria have a significant
impact on the frequency of the system and operational limits were no longer
satisfied. A specific study has been realized recently on this specific concern and
on the synchronization of all WAPP countries together. Additionally, it is to be
noted that Nigeria is working on the regulators of their machines providing
reserves in order to improve their frequency control.

Similarly, Mali, which is connected to Coéte d’lvoire and to Senegal does not
operate in a synchronous way with both countries. This way of operation is due to
the observation that when Mali is connected to both synchronous blocks
simultaneously and importing around 50 MW from Coéte d’lvoire, low voltages
occur (especially around Koutiala), causing the protection systems of many
equipment to trip. Furthermore, the 150kV grid of Bamako is currently not
designed for being at the centre of the two synchronous blocks and limits the
synchronization of Senegal-Mali and Coéte d’lvoire together.

Renewable integration in Senegal has proven to cause some operational
problems in maintaining the frequency and voltage criteria. Frequency deviations
are seen due to the lack of reserves in the system and the increasing penetration
of wind and solar production in Senegal and Mauritania. The main reasons for
these challenges are twofold:

The reactive power capabilities of the Senegalese grid are limited

The low reserve level and the absence of automatic frequency and voltage
control means in the Senegalese grid.

A challenge foreseen in the region due to the high penetration of renewables
which is planned will be linked to the forecast of renewable production and the
capabilities of the region to satisfy the intermittence and unpredictability of these
sources. Concrete measures and planification needs will be necessary to cope
with the variation of renewable production and make sure that classical generation
means (hydro, thermal,...) are available when needed. This aspect has proven to
be of high importance to satisfy the evening peak when renewable production is
decreasing, and demand is increasing. Furthermore, a specific attention will be
dedicated to the specificities of the renewable technology to be implemented and
the voltage control possibilities of these technologies in order to satisfy the
operational limits at all times.

Due to the lack of generation capacities in many countries of the WAPP, reserve
requirements are not strongly followed and operational problems as well as load
shedding and possible system collapses are seen throughout the year. This
current challenge in the operation of the high voltage network is accentuated with
the fact that the transmission network currently does not satisfy the N-1 criteria.
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Throughout the WAPP, it is observed that many countries encounter voltage
problems on their grid. This observation is especially true in the north of the
coastal countries (Ghana, Céte d’lvoire, Togo, Benin,...). In these countries, most
of the generation and big load centres are located along the coast and few
generators exist inland to control the voltage profiles. In those zones which lack
voltage control capabilities, Static Var Compensators (SVCs) have been
necessary in order to satisfy operational limits.

As of today, many countries still experience load shedding needs due to
insufficient generation capacities. This load shedding needs are mostly necessary
at the peak demand time which is observed in the evening. In order to avoid
discrepancies in the economic growth and wellness between the population, this
load shedding is realized in a rotating manner between different substations.
Additionally, load shedding is sometimes performed to resolve operational
problems such as the lack of reserves, frequency and voltage deviations, etc.

Furthermore, it was noted by different countries that a particular challenge for the
upcoming years is to make sure that the development of the distribution grid
follows that of the generation and transmission plans. In fact, the distribution grids
of many west African countries are relatively old and need to be maintained. The
development and maintenance of these distribution grid are of importance in order
to allow for the increase in demand as well as to reduce the high losses on the
distribution network. These high losses on the distribution grid are of the order of
around 20% and have a significant impact on the delivery of the electricity demand
to the population (adequacy). This adequacy problem shows the need of
reinforcing the production capabilities in the region.

This section has as objective of listing the unitary prices of the different equipment
that will be used in the development of this master plan. This list was established
based on the experience of the Consultant in various development studies and in
particular in Africa. The costs mentioned in Table 101 are exempt from all taxes
and customs duties: they include the cost of studies, infrastructures, civil
engineering and assembly.

Element Voltage Capacity Investment cost [KUSD]
Level [kV] [MVA]

Transformer 400/225 350 5043 kUsD
Transformer 400/225 200 3813 kUsSD
Single circuit line 400 kv 1400 431 kUSD/km
Double circuit line 400 kV 2 x 1400 615 kUSD/km
AIS Bay 400 kv 2614 kUSD

GIS Bay 400 kv 4356 kUSD

AIS Coupling 400 kv 2768 kUSD

GIS Coupling 400 kv 6085 kUSD

o @ jemm— G
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Element Voltage Capacity Investment cost [kUSD]
Level [kV] [MVA]

Construction site opening 400 kv 4428 kUSD
Tensormer | s s00 5252 kusD
Tenstormer | s 200 s21 kusD
Trnsormer |- ot 400 wse kusp
Tenstormer | soner 250 208 kUSD
Tenstormer | sonz2 a0 sass  KUSD
Trnsormer |- sos 150 2460 | kUsD
Trnsormer | so13 90 1845 kUsD
sngecrcutine | ok w0 357 | KUSDkm
boublecicutine | s30kv  2x1000 | 507 | kUSDHkm
* Addition of second circuit o existing tower | 330KV | 100 150 | kusDkm
wsBy ok 2001 kUsD
‘eisey ok T
msCowping ok 214 KsD
‘Giscoping ok w68 kusD
Constuctionste opening | ok as  Kwsp
Tenstormer | osaer  s0 a0 KsD
Trnsormer | osnet 200 w20 | kusD
Tenstormer | 2590 70 1523 kusp
Tenstormer | 2590 0o w7 kusD
Tenstormer | 2590 120 194 ksD
sngeccutine | ok s 234 | kusDAm
Doublecieutine | 2skv  2xs2r 885 kUsDkm
 Addition of second crcuit on existing tower | 225kv | 827 | 101 kusDikm
wsey wsk | mor kusp
‘eisBay wsk | 15 kusD
msCowping 2skv | 1es  ksp
‘escoping 2skv 1047 kwsp
Constructionste opening | sk 90 | kD
Tensormer | tevee e 1599 kusD
sngecicutine | kv ses 200 | kUSDKm

T DS R — G 44—
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Element Voltage Capacity Investment cost [kUSD]
Level [kV] [MVA]
Double circuit line 161 kv 2 x364 296 kUSD/km
* Addition of second circult on existing tower | 161kv | 364 | & | KusDkm
sngecicutine | ek w2 205 | kUsDkm
Dowblecicutine | e1kv  2x182 202 | kUSDKm
* Addition of second circuit on existing tower | 161KV | w2 86 | kUSDkm
wsBy T 23 Ksp
‘GisBay kv 153 kusD
mscowing | e ®s kusD
‘Gscoping kv 158 kusp
Constuctionsteopening | T 075 kusD
Trnsormer | oy a0 g1 kusD
sngecicutine | v 07 197 kUsDkm
Doublecieutine | 12k 2x107 279 kUSDHkm
* Addition of second circuit o existing tower | 132KV | o7 & | KusDkm
wsey ey g1 kusD
‘eisey v s kwso
msCowping v 23 Ksp
‘Giscoping kv 123 kusD
Constuctionsteopening | oy 2588 kUSD
sngecicutine | ok 75 187 kusDkm
Doublecicutine | ok 2x75 267 | KUSDkm
* Addition of second circuit on existing tower | 0kv | 75| 80 | kusDKkm
wsBy ow 738 KsD
‘eisey ow 13  kwsp
‘mscowing o g0 | kusD
‘Giscoping ok | 1m  ksp
Constuctionste opening | ow 214 KsD
s . 13 ws
Ccapactor - 15 wsp
CReactance | 1 wso

Table 101: Unitary cost of equipment proposed for the development of the master plan
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6.1.1.
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It is to be noted that the list of prices defined above is No-exhaustive and contains
the most common equipment that will be used in the study. Other voltage levels
and element sizes may be used in order to be consistent with the existing
elements of the high voltage grid. The unitary price of these elements will be
defined based on the same source and will be consistent with the reference prices
given in Table 101.

DEFINITION OF PLANNING AND
OPERATING CRITERIA

Review of existing security standards

In order to plan for security of supply, there is no single standard that is universally
used. The types of criteria that have historically been used by utilities for capacity
planning are:

Specified percentage reserve margin
Loss of largest unit

Derated capacity margin

Loss of Load Expectation (LOLE)
Expected Energy Not Served (EENS)

These criteria can be classified in two different categories: Deterministic and
Probabilistic Criteria.

Deterministic criteria include reserve margin percentage and loss of largest unit.
These criteria can be easily calculated but they suffer from a major limitation
because they do not take stochastic distribution of unforeseen events into account
and hence, the potential issues linked to uncertainty that could affect the reliability
of the system. The unpredictable nature of Power Systems risks is better captured
with Probabilistic Criteria such as Loss of Load Expectation. Its evaluation
however requires specialized and time-consuming methods to be computed.

1) Reserve Margin

The reserve margin is the difference between total installed capacity and the
annual peak load and it is often expressed in percentage of peak load. This
calculation can be easily performed for a long study period as load forecasts
are generally made available for a long period. The need of additional
generating resources is then computed by comparing the installed capacity
required to reach the Reserve Margin Target and the installed capacity
already contracted for the same time-period. Such a criterion is based on a
Reserve Margin target is too simple and does not consider the peculiarities
of the power systems (unavailability, intermittency of RES, uncertainties).

If required this process can be refined to consider seasonal characteristics of
the system (different peak load, different availability of generation plants
and/or hydraulicity).
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2)

3)

4)

Loss of Largest Unit

The Loss of Largest Unit criterion is also a deterministic measure that is easy
to evaluate and interpret. It corresponds to a reserve capacity (expressed in
MW) equivalent to the size of the biggest unit of the system. This criterion is
therefore very close to the criterion Reserve Margin (above). However, unlike
the reserve margin criteria, the Loss of Largest Unit recognizes the potential
reliability issue if the largest resource fails or is otherwise unavailable to serve
load. On the other hand, in most cases, the use of this criterion without any
other indices will result in insufficient capacity available to meet load when
one or more units are unexpectedly tripped while other generation is out for
scheduled maintenance.

Derated Capacity Margin

Derated capacity margins represent the average excess of available supply
at peak load demand. The available supply takes into account the statistical
unavailabilities of power plants due to maintenance or outages. Unlike the
reserve margin criterion this criterion tends to take into account some
probabilities of unavailability. However it does not consider the intermittency
of renewable energy sources and therefore cannot be considered as a
measure of reliability in a system including such sources.

Loss of Load Expectation

The Loss of Load Expectation (LOLE) is a probabilistic criterion that indicates
the expected number of hours in a year during which power demand exceeds
the available generation capacity, resulting in the inability to supply the totality
of the load without mitigation measures’. The Loss of Load Probability is
equivalent to the Loss of Load Expectation but it is characterized in
percentage [%] of the time instead of hours per year.

Loss of Load Expectation criterion leads to a perceivable and foreseeable
risk of shortages independently of structural changes in the system
(introduction of big thermal or hydro units, or integration of Renewable
Energy Sources). It allows taking into account the different sources of
uncertainty identified: Load demand profile and generating profile with their
own characteristics (outages and relative sizes of plants). Depending on the
characteristics of the system annual LOLE observed values can be volatile
from year to year and are a No-linear parameter.

The use of this criterion for generation expansion planning is used to be
applied in a large number of countries around the world, notably in Europe
but also in the Middle-East, in North-America and in Africa.

Depending on the utilities, this criterion can be defined while considering or
not that there are generating capacities outside the national power system
that could provide support through transmission interconnections. In such a
case, the utility would depend on neighbouring countries. If the criterion is
defined in islanded mode (without considering generating capacity in
neighbouring countries) the imports can be seen as a mitigation measure to
deal with a lack of power available locally.

7 Mitigation Measures may include for example import from neighbouring countries, Demand Side Management
measures by the mean of interruptible loads..
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6.1.2.

6.1.2.1.

5) Expected Energy Not Served
While LOLE is an excellent criterion for evaluating the reliability of a system,
it provides an incomplete picture. It does not give any indication related to the
number and the magnitude of shortages even if these two characteristics of
shortage are important in order to develop and evaluate corrective measures.

Expected Energy Not Served (EENS) is the expected amount of energy that
would be curtailed due to the lack of available generating capacity in absence
of mitigation measure. This reliability criterion is also a probabilistic one but
it is seldom used around the world. Consequently there is a lack of
meaningful references for defining acceptable levels of EENS.

Definition of the optimal security standard

LOSS OF LOAD EXPECTATION CRITERIA

The use of a LOLE security standard is used in several countries of Western Africa
and itis in line with international practices and it is recommended to maintain such
a probabilistic approach, especially with the foreseen increase of RES in the
energy mix.

However, the question remains related to the level of Loss of Load that can be
accepted in the Western African system. The choice of a LOLE criterion should
be economically justified. Indeed, a too stringent criterion will result in an
excessive amount of reserve capacity to be built and maintained. On the other
hand relaxing the criterion too much will incure outage related costs for final
consumers during the shortages. The equilibrium is found when the LOLE level
balances the Cost of Unserved Energy (CUE) and the Cost of Reserve capacity
Margin (CRM).

The values of CUE computed all around the world showed huge disparities in
function of the characteristics of the consumption and the importance of electricity
in the economy. The Cost of Unserved Energy is in a range between 0 and 60
USD/kWh. The higher the CUE is the more stringent the LOLE should be for a
given Cost of Reserve capacity Margin. However, estimates of CUE are not
directly transferable from one economy to another because of structural
differences in economic and social activities.

This section aims at presenting the criteria applied in different countries in West
Africa and elsewhere in the world. These criteria were proposed by national
planning teams or by consultants based on the characteristics of the country and
the international practice

It is worth mentioning that the criterion used depends not only from economic
situation of the country but also the mode of operating their system. As such,
some countries do consider a planning criterion in islanded mode while other
countries do apply their criterion in the interconnected situation. In the second
case, the criteria tend to be more stringent as there are less options to deal with
potential lack of capacity (no mutual support can be considered as a mitigation
measures).

The following table summarizes the criteria used in the Master Plan studies in the
Western African countries. Globally the consultants have opted for LOLE in the
range 24h/y to 150h/y.
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Country Criterion

Benin LOLE (variable scenarios)

Burkina Faso LOLE 150h/y (2011) -> 50h/y (2030)
Cote d'lvoire LOLE 24h/y (100h/y in dry year)
Ghana LOLE 100h/y

Guinea Bissau Reserve Margin

Niger LOLE 100h/y

Senegal LOLE 72hly

Togo LOLE 72hly

Table 102: LOLE criteria applied in Western African countries

Elsewhere in the world, the following criteria are applied by planning teams:

Country Criterion
us LOLE 2.5hly
Europe LOLE 3-5hly
Korea LOLE 12hly
GCCIA LOLE 5hly
South Africa LOLE 22hly

6.1.2.2.

L eeeed L

Table 103: LOLE criteria applied worldwide

As a consequence the panel of values identified does suggest that a 24
hours/year of LOLE in Western Africa is realistic at 2033 horizon, while
considering an interconnected system where mutual support is possible to
compensate for lack of generation in a given country.

OPTIONS FOR AN EVOLVING CRITERION

Considering the current situation of Western Africa, the consultant recommends
an evolving criterion for Western Africa.

At short-term, due to the fact that the system is poorly interconnected and that a
lot of countries are characterized by large volume of unserved energy, the 24h/y
LOLE criterion is difficultly applicable. Indeed, such a situation would lead to a
massive need of investment at very short-term which shall not be possible to
undertake at short-notice. Therefore a LOLE criterion of 100h/y should be
considered for the five first years of the study period.

After this period and considering the willingness of the countries to evolve to
emergence, a more stringent criterion should be applied as discussed in the
previous section.

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14 242/374

Final version



Moreover as per the methodology, the consultant will propose a risk assessment
in the frame of generation planning. We would like to recommend applying
different (less stringent) criteria while computing exceptional situations (dry years,
gas shortage,..). Indeed do not consider any reserve to cope with these situations
would potentially lead to disaster in case such an event occurs (no capacity
available to supply the demand) but considering a very stringent criterion for an
exceptional situation will lead to a strong overinvestment in the system.

The following table summarizes the criteria proposed for the update of the
generation master plan:

2018-2023 2024-2033
Normal Situation 100h/an 24h/an
Exceptional Event 200h/an 100h/an

6.2.1.

Table 104: Proposition of LOLE for Western Africa

The development of a master plan requires the definition of a number of criteria
and standards to be met. These correspond on the one hand to safety criteria
related to the operation of the networks and on the other hand to criteria related
to the reliability of the power system. The final goal is to harmonise these criteria
for all the member countries of the WAPP.

The WAPP has completed the definition of common criteria for planning and
operation in the WAPP operation handbook which will be used as reference for
the study.

The guidelines mentioned in this document will moreover be supplemented by
rules followed in Europe (ENTSO-E) and in African countries. The standards used
in Europe cannot, at least in the first years, be applied in the WAPP countries,
taking into account the characteristics of the networks and the important current
capacity deficits in the regional reference system. It is thus necessary to consider
a phasing to gradually mitigate these deficits.

WAPP Operating Manual (July 2007)

In this operation handbook, the main directives to be considered for network
operation relate to the following topics:

The power-frequency control (directive 1);

The interchange scheduling and accounting between control areas
(directive 2);

The operational security (directive 3);

The operational planning (directive 4);

Emergency procedures (directive 5).
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6.2.2.

For the primary control, the reference incident is the simultaneous loss of the
largest unit in Nigeria (220 MW) and the largest unit of the group Ghana-Cote
d’lvoire-Togo-Benin-Burkina Faso (220 MW). This criterion is currently not
respected due to the chronic lack of generation. The objective of the different
synchronous blocks is to maintain a primary reserve equal to the largest unit of
this block.

One can notice that, regarding the secondary control, the correction process must
be able to be carried out in 20 minutes and corresponds to the largest unit of the
control area considered.

Regarding the operational security, the N-1 criterion is applied (loss of a generator
or an element of the transmission network) in all control areas.

Definition of operating criteria for this study

The N-1 criterion means that the network must be planned and operated in order
to be able to support at any time the loss of a generation group or a component
of the transmission system in accordance with the following conditions:

The voltage must remain within the permissible range (see table below for
status N-1);

The load rate of the network elements must not exceed the predefined
thresholds (see table below for status N-1);

The loss of the element must not cause any loss of charge or activate any
defensive measures (generator or interconnection protection, UFLS,...)

The transient and dynamic stability of the network must be retained;

The oscillations caused by the incident must be amortized and adhere to the
predefined limits (see below).

Each control area operator must apply the N-1 rule taking into account the
specifics of its local network to avoid overloads, unacceptable voltage drops, and
loss of stability, cascade triggers, etc. It will also have to take the necessary
corrective actions such as reduction of loads and shedding if necessary to ensure
the safe operation of the entire interconnected network.

In addition, the integration of renewable energies integrates a new dimension in
the operation of the system, generating strong constraints for the system not only
in case of contingency but also in normal operating conditions (temporal variability
of solar production). Technical studies will further analyse these specific
constraints.

In order to standardize the security criteria for all countries while taking into
account the specificities of African countries, the following assumptions are
proposed for the present study for the whole region. It should be stressed that
these criteria are an objective that can only be achieved in many countries after a
period of transition and upgrading of the transmission network.

Permissible Voltage Range

In normal operation, the voltage of the networks 400kV, 330 kV, 225 kV, 161 kV
and 132 kV of the interconnected transmission system will remain within the limits
+ 5% of the nominal value. Under incident, it is possible to exceed these limits for
a period of maximum 15 minutes and without ever exceeding +10%.
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VNominal VNormal exploit Vmin VMax

+ 5% -10% +10%

400kV 380-420 360 440
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Table 105: Operating voltages, minimum and maximum

The reactive energy transits on the interconnections are maintained at a minimum
level, in order to limit the voltage drops and allocate the transfer capacity to the
active power.

Maximum load of transmission infrastructure

Works State N State N-1
(Normal Situation) (Under Incident)
"""""""""""""""""" sonominalpower | Snominalpower
Lines 100 % 110 %
Trnsomers | wo%  10%

Table 106: Maximum load of transmission infrastructure

Permissible frequency range in operation

In normal situations, the frequency should remain in the range 49.9 Hz — 50.1 Hz.
In case of contingency (loss of a production unit or an interconnection in an import
situation):

The quasi-stationary deviation (observed deviation 30 seconds after the
incident) of the frequency shall not exceed-200 MHz;

The maximum transient deviation must not exceed 0.5 Hz (f dyn max < 500
mHz)
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Figure 72: Frequency deviation

The frequency should remain at any time and independently of the severity of the
incident in the frequency range 48Hz —51.5 Hz.

Transit of Reactive Energy on interconnections

Reactive energy transits on interconnections are maintained at a minimum level
(power transit maintained if possible below natural power) in order to limit voltage
drops and allocate transfer capacity to energy Active.

Dynamic stability of the system Following a Short circuit)

A permanent three-phase defect on a line at the start of a processing station will
be considered sufficiently probable to constitute the contingency to be taken into
account to verify the dynamic stability of the network. This contingency will be
applied by choosing the most critical operating conditions. The stability criterion
implies that all alternators maintain their synchronism and remain in operation
after the contingency.

Transient stability

The application of the stability criterion leads to the definition of a critical clearing
time by voltage level:

Voltage level 90 KV and 132kV: CCT is 150 ms (7.5 cycles)
Voltage level 225 KV, 330 kV and 400kV: CCT is 100 ms (5 cycles)

System amortization after an incident

L eeeed L

After the loss of an equipment, the system must be properly dampened to
ensure the small signal stability of the system and avoid any protective action.
The system will be deemed to be properly dampened if the oscillations of the
angle of the machine and the speed returned in less than 20 seconds to below
15% of the maximum deviation observed following the incident.
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Figure 73: System dampening after an incident

Level of compensation in distribution

Given the presence of air conditioning in the loads (induction motors), a high
power factor should be ensured in the distribution substations in order to reduce
the risk of voltage collapse and minimize investment in transmission
infrastructure. It is proposed to aim in the long term at a minimum power factor of
0.9 at this level.

Permissible short-circuit powers

The proposed target values are:

400 kV: 50 kA
330 kV: 50 kA
225 kV: 50 kA
161 kV: 40 kA
Reliability of network elements

The reliability of the lines and transformers is assumed to be 0.995. This value
corresponds to a total unavailability (scheduled + unplanned) of 44 hours per year.
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Transmission

BENIN Collected documents Transmitted by|Date document date Comment

Previous studies

1 Plan stratégique de développement 2007 2026 CEB 2007
PLAN D’ACTION POUR LE DEVELOPPEMENT DU

2 SECTEUR DE L’ENERGIE ELECTRIQUE DE LA CEB 2011- [CEB 2011

3 Etudes pour le Projet WAPP Dorsale Nord 330 Kv CEB 2008
ETUDE DE L’EXPLOITATION EN BOUCLAGE DU

4 RESEAU SUD DE LA CEB CEB 2012
Analyse économique du projet de construction du barrage

5 hydroélectrique d’Adjarala CEB 2012
Faisabilité Lignes d’interconnexion 161 kV Lomé-Atakpamé

6 et postes associés CEB 2013

7 Plan directeur bénin CEB 2015
Data on the system

Détails lignes, transfos, générateurs, liste des

1 PARAMETRES DU RESEAU CEB CEB 2018 postes, courbe de charge par poste, historique

2 Courbes de charge CEB 2017

3 Energie Non Désservie par la CEB en 2010 CEB 2010

4 Rapports d'activité 2012-2016 CEB

5 Diagramme de puissance de NAN CEB

6 Diagramme de puissance des TAGs CEB

7 Dynamic data generator CEB

8 Exitation des TAGs CEB
MODERNISATION DU REGULATEUR DE VITESSE

9 CENTRALE HYDRAULIQUE DE NANGBETO CEB

10 STANDARDS CEB Postes CEB

11 Stability Criteria CEB

12 Schémas unifilaires CEB 2013

13 Prevision de developement de réseau CEB

14 CARACT LIGNES-TRANSFOS CEB

15 Carte ¢lectrique SBEE vf SBEE

16 Caracteristique groupe-+alternateur SBEE

17 Demande de pointe totale et par poste SBEE

18 DONNEES SUR LA PRODUCTION SBEE
PUISSANCES INSTALEES DES CENTRALES DE

19 PRODUCTION DE LA SBEE EN 2017 SBEE 2017




Others

o

Rapport des commissaires aux comptes

Code Benino-Togolais de 1'¢lectricité

CEB
CEB




BURKINA
FASO

Collected documents

Transmitted by

Date document

Transmission
date

Comment

Previous studies

PLAN DIRECTEUR NATIONAL PRODUCTION-TRANSPORT-

1 |DISTRIBUTION ET D’ELECTRIFICATION RURALE 2017-2025 | MmIStere Juin 2017 Ministere de Iénergie
2 Schéma directeur du BF SONABEL Mai 2013 Etude réalisée par EDF
3 MT Strategy and road map Burkina Faso TE Aolit 2016
4 Etude prospective sur I'énergie au Burjina Faso Avril 2009
5 SONABEL OPTIMISATION PRODUCTION&TRANSPOR TE 2016

Data on the system
1 Rapports d'activités 2002-2016 2016
2 Schéma électrique du réseau 2014
3 Sonabel - Pointe 2016 et 2017 (Neplan) 2017
4 Carte du réseau HT du Burkina Février 2018
5 Données de production CESI
6 Courbes et monotones de charge 2010-2015 2015
7 Courbe irradiation Burkina Faso TE

Laws
1 Décret portant adoption de la Lettre de Politique Sectorielle de [Ministére 2016
2 Décret portant réglementation générale du secteur de Ministére 2017
3 Décret régime juridique du partenariat public-privé au BF Ministére 2013
4 Politique sectorielle de I'énergie 2014-2025 Ministére Mai 2013

Assistance a la mise en place des conditions technico-
5 économiques pour le soutien au développement de la filiére |Ministére
photovoltaique raccordée au réseau Novembre 2016

6 Contrat plan 2015-2019 SONABEL
7 Grille tarifaire 2008 SONABEL




D'?\?;:ERE Collected documents ['ransmitted byDate document Tran(slgltl:snon Comment

Previous studies

1 Electricité de Cote d'ivoire en Chiffres: 1960 — 2014 CI-ENERGIES || Septembre 2015 CI-ENERGIES
DEVELOPPEMENT DU SECTEUR DE L’ELECTRICITE DE LA

2 COTE D'IVOIRE CI-ENERGIES Février 2018

3 Plan Directeur d’Electrification Rurale de Cote d’Ivoire CI-ENERGIES Juillet 2015 IED, TERRABO
TRANSPORT D’ENERGIE ELECTRIQUE DE LA COTE D’IVOIRE

4 POUR LA PERIODE 2014-2030 CI-ENERGIES Juin 2015 TE

5 Plan National (’ie développement 201 6;2020 DGE 2015

6 SITUATION ECONOMIQUE EN COTE D’IVOIRE DGE 2018 FMI
Data on the system

1 Carte réseau national 2020, 2030 CI-ENERGIES 2017

2 RESEAU DE TRANSPORT D’ABIDJAN 2016 "CI—ENERGIES 2016

3 EVOLUTION RESEAU DE TRANSPORT D’ABIDJAN 2017- 2020 "CI—ENERGIES Janvier 2017

4 Carte potentiel hydroélectrique "CI—ENERGIES 2013

5 Carte potentiel biomasse "CI—ENERGIES mars 2016

6 Carte potentiel solaire "CI—ENERGIES 2011

7 RELATIF AU RESEAU DE LA COTE D’IVOIRE POUR LES ANNEES |ICI-ENERGIES Janvier 2018

8 Statistiques production hydroliques CIE 2017

9 Prix du combustible 2008-2017 CIE 2017

10 Consommation de combustible CIE 2017

11 Données techniques des groupes de production/Transformateurs groupes |CIE 2017

12 Données historiques énergies non désservie 2014-2017 CIE 2017

13 Pertes techniques 1984-2017 CIE 2017

14 Consommation annuelle 1980-2017 CIE 2017 données en énergie par mois

15 Pointe de charge 1980-2017 CIE 2017 et pointes mensuelles

16 Inventaire des équipements HT 2017 CIE 2017

17 Consommation par catégorie 2006-2016 CIE 2016

18 Pointes des postes de sources 2004-2017 CIE 2017

19 Profil horaire de charge 2007-2017 CIE 2017

20 Rapport de Plan de Défense sur le Réseau Electrique Ivoirien CIE 2016




COTE . Transmission
D'IVOIRE Collected documents ['ransmitted byDate document date Comment

Tariffs

1 Arrété interministériel n® 409 portant modification des tarifs de 1'¢lectricité||CI-ENERGIES 2016
Laws

1 Code de 1'¢lectricité CI-ENERGIES 2016 Code pour racoordement au réseau

2 Cadre institutionnel du secteur de l'electricité DGE

3 Liste des conventions de concession de production DGE février 2018

4 Code des Investisssements & Code des douanes RCI DGE

5 Code des Marchés Publics RCI DGE 2009

6 Décrets relatifs aux PPP RCI DGE

7 Document de Politique enegétique et Note sur la stratégie de Dev EnR RCI |DGE

MoM




GAMBIE

Collected documents

Transmitted byj

Date document

Transmission
date

Comment

Previous studies

FEASIBILITY STUDY FOR ELECTRIFICATION AND
NETWORK
UPGRADING IN THE GREATER BANJUL AREA AND

1 THE WESTERN REGION OF THE GAMBIA NAWEC 2009
FEASIBILITY STUDY

2 Small Scale Wind Park Lahmeyer NAWEC

3 The Gambia Electricity Sector Roadmap — High Level NAWEC 2017

4 Renewable Energy Act 2013 NAWEC

5 Gambian National Transmission & Distribution Project NAWEC 2017
Data on the system

1 LOAD PROFILE - 2013_14_15 NAWEC

2 ONGOING PROJECTS NAWEC

3 Production des centrales Brikama et Kotu NAWEC

4 Revised 33 _11kV Single line.dwg NAWEC
Others

1 Rapports annuels NAWEC




GHANA Collected documents Transmitted by Date document Transmission date Comment

Previous studies

1 Renewable Energy Masterplan for Ghana Energy Commission 2016
Data on the system

1 Rapports annuels 2014-2017 GRIDco

2 2018-2027 Demand and Energy Forecast GRIDco

3 Actual Hourly Reading 2010 - 2018 GRIDco

4 GENERATOR DYNAMIC CHARACTERISTICS |GRIDco

5 Ghana National Grid - rev MARCH 2017 GRIDco 2017

6 Single line diagram - Feb, 2017 GRIDco 2017

7 QUARTERLY REPORT customers GRIDco

8 Power plants in Ghana Energy Commission

9 NATIONAL ENERGY STATISTICS Energy Commission
Others

1 Gas Master Plan 2016 Energy Commission

2 Gas Supply Forecast Final (4) GRIDco

3 Ghana Renewable Energy Grid-Code GRIDco

4 National Elect Grid Code 2009 final EC[1] GRIDco




GUINEE Collected documents Transmitted by Date document Transmission date Comment
Previous studies
EDG Prévision de la demande +
Etudes de la ligne d'interconnexion électrique 225 kV Etude de 1'offre
1 Guinée-Mali
Contrat de gestion d'EDG - Diagnostic de la fonction
EDG
2 transport
Etudes de faisabilité et d’impact environnemental et CLSG
3 social de la ligne de transport électrique Linsan-Fomi
Data on the system
1 Etat de la satisfaction de la demande EDG
2 Production des centrales EDG EDG
3 Statistiques d'apports en eau mensuel en hm”3 des lacs EDG
4 6. plan detaillé de production 2017-2020 EDG CLSG
5 Accroissement Demande 2016-2017 CLSG




(iallj;l:f[]? Collected documents Transmitted by |Date document Tran;:lti:smn Comment

Previous studies

1 Plan directeur 2012 2012

2 Plan de production a moindre cotit et modele 2018
Data on the system

1 Détails centrale de Bor

2 Plans des pylones
Others

1 Plan de Gestion environnementale et sociale Vfr 2015




Transmission

LIBERIA Collected documents Transmitted by|Date document date Comment
Previous studies
1 Plan directeur Fichtner 2013 LEC 2013
2 Rural electrification RREA 5 Yr Investment Plan LEC
RURAL ENERGY STRATEGY AND MASTER LEC 2016
Data on the system
1 Annex II Certain Information for Applicants LEC

Etude tarifaire USAID




NIGER

Collected documents

Transmitted by

Date document

Transmission
date

Comment

Previous studies

1 Projet d'expansion de 'acces a I'électricité DGE Février 2017 Etude TE
2 Etude tarifaire DGE Septembre 2017 Etude macroconsulting
3 Plan d'affaire 2016-2027 Nigelec Décembre 2016
Data on the system
1 Carte réseau existant Nigelec 2017
2 Liste projets production_transport Nigelec
3 Zone NCE - Schéma Unifilaire Nigelec
4 Zone Fleuve - Schéma Unifilaire Nigelec
5 Rapports d'activité¢ 2005-2016 Nigelec 2016
6 Courbes de charge NCE, Niamey (2015-2017) |Nigelec 2017
7 Zone NCE - mode¢les PSSE 2016/2020 Nigelec
8 Zone Fleuve - modeles PSSE 2016/2020 Nigelec
Laws
1 Loi ANPER DGE 2013
2 Code investissements DGE 2014
3 Code d'Electricité et décrets DGE 2016
4 Code marchés publiques DGE 2013
5 Code général des impdts DGE 2012
6 Décrets-structure-Tarifs DGE 2017
7 Loi ARSE DGE 2015




Transmission

NIGERIA Collected documents Transmitted by|Date document date Comment
Previous studies
1 Transmission expansion plan Décembre 2017 Etude Fichtner
Data on the system
1 Transmission pojects for 10000 MW
2 Transmission pojects for 20000 MW
3 Power sector gas demand profile




Transmission

MALI Collected documents Transmitted by|Date document date Comment

Previous studies
Etude de la demande et du plan directeur d'investissements

1 |optimaux pour le secteur de 1'¢lectricité au Mali EDM MARS 2015

2 |Faisabilité technique de I'aménagement de Gouina EDM MARS 2004
DIAGNOSTIC ET EVALUATION DES
INVESTISSEMENTS DE

3 |RENFORCEMENT ET DE MODERNISATION DU EDM JUIN 2017
Data on the system

1 |Pointe RI 197542014 VDK EDM

2 |Données EDM SA etudes 12 08 2014 EDM

3 |Production et ventes électricité de 1985 a 2012 EDM

4  |Rapports d'activité 2008-2016 EDM

5 [Schéma unifilaire réseau 2016 EDM OMVS

6 [Carte réseau WAPP EDM




Transmission

SENEGAL Collected documents Transmitted by|Date document date Comment
Previous studies
1 Prévisions de la Demande 2016-2035 Senelec 2017
2 Stratégie de Maitrise de I’Energie du Sénégal (SMES) Senelec
PLAN D’ACTION MAITRISE DE LA DEMANDE ET
3 EFFICACITE ENERGETIQUE Senelec
Etude du Plan directeur de développement du réseau de
4 transport de 1’0O.M.V.S pour la période 2015-2030 OMVS
ETUDE DE FAISABILITE ET D’AVANT-PROJET
SOMMAIRE (APS) DE L’AMENAGEMENT
5 HYDROELECTRIQUE DE GOURBASSI OMVS
6 Aménagement hydro de koukoutamba OMVS
POLITIQUE ENE RGE T IQUE C OMMUNE
7 DE SPAY SMEMB RE S DE L'OMV S (PEC-OMVS |OMVS
REVUE/ACTUALISATION DES ETUDES
8 TECHNIQUES DE L’ INTERCONNEXION OMVG
PLAN STRATEGIQUE DE DEVELOPPEMENT 2018-
9 2022 MPE
ACTUALISATION DU SCHEMA DIRECTEUR
10 PRODUCTION ET TRANSPORT DANS LA PERIODE |Senelec
Data on the system
1 Rapports annuels 2012-2016 Senelec
2 Energitique (SIE) Senelec 2014-2015
3 Rapport annuel Mouvements d’énergie 2010-2016 Senelec
4 Etude tarifaire Senelec 2015
5 Historique consommation d'énergie et pertes 2007-2017  [Senelec
INFORMATION REQUEST ON WAPP GENERATION
6 AND TRANSMISSION PROJECTS OMVS




Pointes par poste source

Transformateurs
Postes

10 Lignes

11 Charges

12 Centrales

13 Compensation
Others

Projections PIB

Projections démographiques

FONCTIONNEMENT DE LA REGULATION CRSE

Senelec
Senelec
Senelec
Senelec
Senelec
Senelec

Senelec

Senelec
Senelec

Senelec




SIERRA

LEONE Collected documents Transmitted by|Date document Transmission date Comment

Previous studies

1 Roadmap for the Reform of the Electricity Sector EWRC 2017

2 Master Plan JICA EWRC 2009
Others

1 Public procurement Act EWRC

2 EWRC ActNo 13 2011 (1) EWRC

3 EWRC Mini-Grid_Regulations 2017 Draft EWRC

4 National Electricity Act No 16 2011 EWRC

5 regulatory instruments for EWRC EWRC




TOGO Collected documents Transmitted by|Date document Transmission date Comment

Previous studies

1 Plan directeur Togo CEET 2014
Data on the system

1 Parc de production CEET CEET

2 Etude de la Réssource Eolienne pour 3 Sites de la  [DGE
Others

1 Code Benino-Togolais de I'électricité CEET

2 Tarif CEET 2010

3 Lettre de Politique de Développement du Secteur de |DGE

4 Plan Actions National d’Efficacité Energétique DGE
ENERGIE DURABLE POUR TOUS (SE4ALL)

5 PROGRAMME D’ACTION NATIONAL DGE

6 Togo-Code des investissements 2012 ARSE 2012

7 Loi du secteur électrique ARSE

8 Législations sur les marchés publics ARSE

9 Arrétés tarifaires ARSE
Facilité d’Assistance Technique Energie Durable

10 Pour Tous (SE4ALL) Afrique Occidentale et DGE
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4.3.8.

Appendix:

Simulations “Thermoflow” gas and coal

TRACTEBEL €ngineering

S Shes

WAPP Power Generation Simulation
Hypothesis and Comments

Item Thermoflow .
Nr Keyword plioiy Subject/item Comment
1 Temperature general ambiant temp 33°C
2 Rh general Relative humidity 70%
3 Frequency general Elec Network 50 Hz
general 25 °C.
4 SW T SW temperature T* difference between Sw in and outlet :Sw out -SW
in=7°C
general ) _ South Africa, no other african country available
5 Cost Regional Cost considered within Thermoflow library.
eneral GT + ST i »
6 | Indoor/outdoo g Site configuration it e S O e
utilities.
eneral (Excepl 3 pressure levels reheat
7 |Pressure Level 9 5-:}} P Cyele configuration o
general Natural Gaz with sufficient network pressure. (No
8 Fuel Fuel f=
additional fuel gas compressor)
general Dual fuel package included. Base case is Natural
9 Fuel Fuel Gas not Diesel Oil.
general Distillated Qil as standard selection in Thermoflow
10 Fuel Fuel ? . )
library. Mo other oplion available.
& I
generd Based on low cost calculation and not on efficiency
bk CAPEX CAPEX philosphy optimisation which leads to higher investment
(among other in the number of aero condenser)
12 HRSG all Berformances Pinch set at10- 15 -15 for LP and IP and HP
respectively,
13 HRSG all Availability By pass stack
14 | ST Condenser water cooling Seawater
APEX 2% of total EPC cost
15 gptions all Spare Parts
In case of ALSTOM GT the net power generated is
16 | ALSTOM GT 12 SIOMIR.

Rem: Silo combustor (high fuel flexibility)

MP-WAP/4NT/201021/001/00e 2011.04.22
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Rev: B

TRACTEBEL Engineering

s S

Latest revision date :

WAPP Power Generation Simulation
Hypothesis and Comments

Thermoflow

Keyword S

Subject/item

Comment

Gas Turbine 1-2

Main characteristics of Gas
Turbine selected

- Low NOX { dry low Nox combustor)
- Reliable, robust and proven technology.
- High Fuel flexibility (Crude Qil),

Air-cooled

condenser 1S

Air cooled Condenser

This solution has the following advantage and
desadvantages:

- Mo need of water consumption {especially at
location where water is not easily availabla),

- Higher electrical consumption,

- Higher footprint,

- Higher capex,

- lower efficiency,

Improved solutions (e.g.: wet tower, hybrid cooling
systams, Heller systems) could be used instead but
depends on the site location and specifications.

Air-cooled

1-3-5
condenser

Design paint

Condenser pressure fixed at 200 mbar following the
site conditions.

20

Pressure level
HRSG

Cycle configuration

2 pressure levels (2P) but only HP connected to the
Steam Turbine, LP is routed directly to the
Deaerator.

HP Steam temperature limited to 520 °C.

21

GT type 5-6

GT selection

Aero-derivative GT not selected because of higher
technical complexity for small power generated.
The selected GT's are limited to the use of Natural
Gas of Distalaate Oil #2 as combustion fuel,

22

GT type 3-4

GT Selection

GT 7FA with Gross output of 171MW with 9 ppm
Mox emission should also be suilable.

23

Coal fire 10

Defintion of "CFB"
See figure 2.

Circulating Fluidised Bed technology means that in fluidised bed, coal is burned in a self mixing suspension of gas and solid bed
material in which air for combustion enters from below. In circulating (fluidisation velocity of about 8mis) fluidised bed
combustion (CFBC) the captured solids including any unburned carben are re-injected directly back into the combustion
chamber without passing through an external recirculation. The internal solids ciculation in CFB provides longer residence time
for fuel and limestone, resulting in good combustion and improved sulphur capture,

24

Goal fire "

Defintion of "PC"
See figure 1.

Pulverised Coal technology means that the raw coal in the silos is conducted to the coal mills where it is dried up , finely
pulverised {<80pm) and the size classified using preheated primary air. The pulverised coal is directly injected with primary air in
the burners located at different levels of the boiler.

MP-WAP/4NT/201021/001/00e 2011.04.22
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Thermal Plants

Benin
Plant name Group Type Primary  Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable Fixed O&M
Fuel Fuel Capacity Capacity  (primary (secondary Date Date outage Maintenance O&M costs
fuel) fuel) rate costs
[MW] [MW] [GIMWhH]  [GI/MWNh] [9%0] [hlyear] [$/MWh]  [$/kW/year]
Maria Gleta TAG CEB DI NG DDO 20 20 14.8 14.8 1998 2025 VS VS VS VS
Akpakpa DI SBEE DI HFO 30 0 111 VS VS VS VS
Natitingou DI SBEE DI DDO 12 4 11 VS VS VS VS
Parakou DI SBEE DI DDO 25.3 4 9.4 VS VS VS VS
Porto-Novo DI SBEE DI DDO 12 6 10.8 VS VS VS VS
Parakou DI MRI DI DDO 17 5 VS VS VS VS VS
Vedoko DI MRI DI DDO 26 20 VS VS VS VS VS
Akpakpa DI DI DDO 35 35 VS VS VS VS VS
AGGREKO
Gbegamey DI DI DDO 16 15 VS VS VS VS VS
AGGREKO
Maria Gleta DI DI DDO 57 50 VS VS VS VS VS
AGGREKO
CAl TAG GT DDO NG* 80 0 VS VS VS VS VS

* Currently no gas available
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Burkina Faso

Plant name Group Type Primary Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable  Fixed O&M
Fuel Fuel Capacity Capacity  (primary (secondary outage Maintenance  O&M costs
fuel) fuel) rate costs

[MW] [MW] [GIIMWh]  [GI/MWNh] [%] [hyear] [$/MWh]  [$/kWlyear]
OUAGA | DDO 5.4 5 VS VS VS VS VS VS
OUAGA I HFO DDO 35.08 23.3 VS VS 2020 VS VS VS VS
KOMSILGA HFO DDO 94 79.5 VS VS VS VS VS VS
KOSSODO HFO DDO 64 51 VS VS VS VS VS VS
BOBO Il HFO DDO 68 57 VS VS VS VS VS VS
GAOUA DDO 2.4 1.9 VS VS VS VS VS VS
DEDOUGOU DDO 5.68 4.4 VS VS VS VS VS VS
FADA DDO 2 1.1 VS VS VS VS VS VS
DORI DDO 4.37 3 VS VS VS VS VS VS
OUAHIGOUYA DDO 5.2 3.7 VS VS VS VS VS VS
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Cote d’lvoire

Plant name Group | Type @ Primary | Secondary Installed | Available Efficiency = Efficiency Commissioning | Decommissioning | Forced Planned Variable | Fixed O&M
Fuel Fuel Capacity | Capacity (primary (secondary | Date Date outage Maintenance | O&M costs
fuel) fuel) rate costs
[MW] [MW] [GIIMWh] | [GI/MWH] [%] [hiyear] [$/MWh] - [$/kW/year]
Azito TG1 CcC NG 156 152 VS VS 2000 VS VS VS VS
Azito TG2 CcC NG 156 152 VS VS 2000 VS VS VS VS
Azito TAV CcC 168 168 VS VS 2015 VS VS VS VS
Ciprel TG5 GT NG HVO+DDO 33 VS VS 1995 VS VS VS VS
Ciprel TG6 GT NG 345 33 VS VS 1995 VS VS VS VS
Ciprel TG7 GT NG 34.5 33 VS VS 1995 VS VS VS VS
Ciprel TG8 GT NG 111 VS VS 1997 VS VS VS VS
Ciprel TG9 CcC NG 111 VS VS 2013 VS VS VS VS
Ciprel TG10 CcC NG 117 VS VS 2014 VS VS VS VS
Ciprel TAV CcC 111 VS VS 2016 VS VS VS VS
Vridi TG1 GT NG 21.5 VS VS 1984 VS VS VS VS
Vridi TG2 GT NG 21.5 VS VS 1984 VS VS VS VS
Vridi TG3 GT NG 21.5 VS VS 1984 VS VS VS VS
Vridi TG4 GT NG 21.5 VS VS 1984 VS VS VS VS
Aggreko T1 GT NG 35 VS VS 2020 VS VS VS VS
Aggreko T2 GT NG 30 VS VS 2020 VS VS VS VS
Aggreko T3 GT NG 35 VS VS 2020 VS VS VS VS
Aggreko T4 GT NG 50 VS VS 2020 VS VS VS VS
Aggreko T5 GT NG 50 VS VS 2020 VS VS VS VS
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Gambia

Plant name Group  Type Primary  Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable  Fixed O&M
Fuel Fuel Capacity Capacity  (primary (secondary Date Date outage rate  Maintenance O&M costs
fuel) fuel) costs

[MW] [MW] [GIIMWh]  [GI/IMWNh] [%] [hyear] [$/MWh]  [$/kWlyear]
Kotu G1 DI HFO 3 3 2001 2018 VS VS VS VS
Kotu* G2 DI HFO 3 0 2001 VS VS VS VS
Kotu G3 DI HFO 3.4 3 2001 2025 VS VS VS VS
Kotu G4R DI HFO 6.4 5.5 2001 2023 VS VS VS VS
Kotu G6 DI HFO 6.4 5.5 1990 2025 VS VS VS VS
Kotu G7 DI HFO 6.4 5.5 2001 2024 VS VS VS VS
Kotu G8 DI HFO 6.4 5.5 2001 VS VS VS VS
Kotu G9 DI HFO 6.4 5.5 2009 2023 VS VS VS VS
Brikama | G1 DI HFO 6.4 5.5 2006 2024 VS VS VS VS
Brikama | G2 DI HFO 6.4 5.5 2006 2024 VS VS VS VS
Brikama | G3 DI HFO 6.4 5.5 2006 2024 VS VS VS VS
Brikama | G4 DI HFO 6.4 5.5 2006 2024 VS VS VS VS
Brikama | G5 DI HFO 6.4 5.5 2013 2024 VS VS VS VS
Brikama | G6 DI HFO 6.4 5.5 2013 2024 VS VS VS VS
Brikama II* Warsila DI HFO 8 0 2011 VS VS VS VS

* Hors Service
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Ghana

Plant name Group Type Primary Secondary Installed Available Efficiency Efficiency Commissionin Decommissioning Planned Variable  Fixed O&M
Fuel Fuel Capacity Capacity  (primary (secondary g Date outage rate  Maintenance O&M costs
fuel) fuel) costs
[MwW] [MW] [GIIMWh]  [GI/MWH] [hiyear] [$/MWh]  [$/kW/year]
TAPCO GT1 CcC DDO NG 110 100 8 8.7 1997 35% 2/5 VS
TAPCO GT2 CcC DDO NG 110 100 8 8.7 1997 2/5 VS
TAPCO ST CcC DDO NG 110 100 8 8.7 1998 2/5 VS
TICO GT1 CcC DDO NG 110 100 8 8.7 2001 15% 2/5 VS
TICO GT2 CcC DDO NG 110 100 8 8.7 2001 2/5 VS
TICO ST CcC DDO NG 120 100 8 8.7 2012 2/5 VS
CENIT GT1 GT DDO NG 126 100 11.4 11.6 2012 8% 4.5 VS
TT1PP GT1 GT DDO NG 126 100 11.4 11.6 2009 12% VS VS
TT2PP GT1 GT DDO NG 12.9 11.7 11.1 11.2 2010 15% VS VS
TT2PP GT2 GT DDO NG 12.9 11.7 11.1 11.2 2010 15% VS VS
TT2PP GT3 GT DDO NG 7.9 7.2 11.1 11.2 2010 15% VS VS
TT2PP GT4 GT DDO NG 7.9 7.2 11.1 11.2 2010 15% VS VS
TT2PP GT5 GT DDO NG 7.9 7.2 11.1 11.2 2010 15% VS VS
KTPP1 GT1 CcC DDO NG 110 100 VS VS 2017 15% VS VS
KTPP2 GT2 CcC DDO NG 110 100 VS VS 2017 15% VS VS
AKSA GT GT HFO 370 345 VS VS 2017 10% VS VS
KARPOWER I GT GT HFO 675 646 VS VS 2015-2018 10% VS VS
AMERI GT GT NG 250 230 VS 2016 10% VS VS
SUNSON ASOGLI CC1 CcC NG 200 180 2010 10% VS VS
SUNSON ASOGLI Cc2 CcC NG DDO 360 340 2016 15% VS VS
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Guinea

Plant name Group Type Primary Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable  Fixed O&M
Fuel Fuel Capacity Capacity  (primary (secondary Date Date outage rate  Maintenance O&M costs
fuel) fuel) costs
[MW] [MW] [GIMWhH]  [GI/MWNh] [%] [hlyear] [$/MWh]  [$/kWlyear]

G-Energie Gl DI DDO 21.25 17 2015 VS 'S VS 'S
G-Energie G2 DI DDO 21.25 17 2015 'S 'S 'S 'S
Kaloum1 116 DI HFO 4.06 3.7 2015 'S 'S 'S 'S
Kaloum1 12G DI HFO 4.06 3.7 2015 VS 'S VS 'S
Kaloum1 13G DI HFO 4.06 3.7 2015 VS 'S VS 'S
Kaloum1 14G DI HFO 4.06 3.7 2015 VS 'S VS 'S
Kaloum1 15G DI HFO 4.06 3.7 2015 VS 'S VS 'S
Kaloum1 16G DI HFO 4.06 3.7 2015 VS 'S VS 'S
Kaloum2 21G DI HFO 8.74 7.6 2016 VS 'S VS 'S
Kaloum2 22G DI HFO 8.74 7.6 2016 'S 'S 'S 'S
Kaloum2 23G DI HFO 8.74 7.6 2016 VS 'S VS 'S
Kaloum3 31G DI HFO 11.2 10 1997 VS 'S VS 'S
Kaloum3 32G DI HFO 11.2 10 1997 'S 'S 'S 'S
Kaloum3 33G DI HFO 11.2 10 1997 VS 'S VS 'S
Kaloum3 34G DI HFO 11.2 10 1999 VS 'S VS 'S
Kaloum5 51G DI HFO 11.0 10 2005 VS 'S VS 'S
Kaloum5 52G DI HFO 11.0 10 2005 'S 'S 'S 'S
Kaloum5 53G DI HFO 11.0 10 2005 VS 'S VS 'S
Kipé Gl DI HFO 8.74 6.5 2016 VS 'S VS 'S
Kipé G2 DI HFO 8.74 6.5 2016 'S 'S 'S 'S
Kipé G3 DI HFO 8.74 6.5 2016 VS 'S VS 'S
Kipé G4 DI HFO 8.74 6.5 2016 VS 'S VS 'S
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Plant name Group Type Primary Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable  Fixed O&M

Fuel Fuel Capacity Capacity  (primary (secondary Date Date outage rate  Maintenance O&M costs
fuel) fuel) costs
[MW] [MW] [GIIMWh]  [GI/MWAh] [%] [h/year] [$/MWh]  [$/kWl/year]
Kipé G5 DI HFO 8.74 6.5 2016 VS VS VS VS
Kipé G6 DI HFO 8.74 6.5 2016 VS VS VS VS

Guinea Bissau

Plant name Group Type Primary Secondary |Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable  Fixed O&M
Fuel Fuel Capacity Capacity  (primary (secondary Date Date outage rate  Maintenance O&M costs
fuel) fuel) costs
[MW] [MW] [GIMWhH]  [GI/MWNh] [9%0] [hiyear] [$/MWh]  [$/kW/year]
Aggrekko Locationl DI DDO 15 15 VS VS 2018 VS VS VS VS
Liberia
Plant name Group Type Primary Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning  Forced Planned Variable  Fixed O&M
Fuel Fuel Capacity Capacity (primary (secondary Date Date outage rate  Maintenance O&M costs
fuel) fuel) costs
[MW] [MW] [GIMWh]  [GI/MWh] [%] [h/year] [$/MWh]  [$/kW/year]
Existing DI1 DI DDO 22.6 VS VS 2018 VS VS VS VS
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Mali

Plant name Group Type Primary  Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning  Forced Planned Variable  Fixes O&M
Fuel Fuel Capacity Capacity  (primary (secondary outage rate  Maintenance O&M costs
fuel) fuel) costs
[MW] [MW] [GIMWhH]  [GI/MWNh] [%] [h/year] [$/MWh]  [$/kW/year]
Darsalam TAC GT DDO 24.6 24.6 15.6 1999 2023 VS VS VS VS
Balingué Gl DI HFO 6.46 6.46 9.4 2000 2020 VS VS VS VS
Balingué G2 DI HFO 6.46 6.46 9.4 2000 2020 VS VS VS VS
Balingué G3 DI HFO 6.46 6.46 9.4 2000 2020 VS VS VS VS
Balingué G4 DI HFO 4.94 4.94 9.4 2001 2021 VS VS VS VS
Balingué Gl DI HFO 12.16 8.45 VS 2011 2026 VS VS VS VS
BID
Balingué G2 DI HFO 12.15 8.45 VS 2011 2026 VS VS VS VS
BID
Balingué G3 DI HFO 12.15 8.45 VS 2011 2026 VS VS VS VS
BID
Balingué G4 DI HFO 12.15 8.45 VS 2011 2026 VS VS VS VS
BID
Balingué G5 DI HFO 11.5 8.1 VS 2015 2030 VS VS VS VS
BID
Balingué G6 DI HFO 11.5 8.1 VS 2015 2030 VS VS VS VS
BID
Aggreko DI DDO 30 30 VS VS VS VS VS
(Balingué)
Aggreko DI DDO 11 11 VS VS VS VS VS
(DarSalam)
Aggreko DI DDO 22 22 VS VS VS VS VS
(Kati)
SES (Lafia) DI DDO 10 10 VS VS VS VS VS
SES DI DDO 10 10 VS VS VS VS VS
(Koutiala)
Aggreko DI DDO 40 40 VS VS VS VS VS
(Dakar)
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Niger

Plant name Group Type Primary  Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable Fixed O&M
Fuel Fuel Capacity Capacity  (primary (secondary Date outage  Maintenance O&M costs
fuel) fuel) rate costs
[MW] [MW] [GIIMWh]  [GI/MWH] [%] [hiyear] [$/MWh]  [$/kWlyear]

NIAMEY 1 DI DO 11.5 9 1980 VS VS VS VS
NIAMEY 2 DI DO 12 9 1982 VS VS VS VS
GOUDEL PC4 DI DO 10 9 1980 VS VS VS VS
GOUDEL MTU1-7 DI DO 15.4 12.6 2009 VS VS VS VS
GAYA CAT DI DO 0.292 0.2 1998 VS VS VS VS
GAYA VOLVO DI DO 0.504 0.42 2011 VS VS VS VS
MARADI CAT DI DO 0.728 0.7 1989 VS VS VS VS
MARADI VOLVO DI DO 1.512 1.2 2009 VS VS VS VS
MARADI If’/l%l'le-Z DI DO 4.2 3.4 2009 VS VS VS VS
TAHOUA CAT DI DO 2.548 1.5 1988-1991 VS VS VS VS
TAHOUA VOLVO DI DO 1.008 0.8 2009 VS VS VS VS
MALBAZA IT/I%I'LzJ DI DO 1.28 0.75 1999 VS VS VS VS
MALBAZA AGO DI DO 1.1 0.8 1980 VS VS VS VS
MALBAZA MTU1-4 DI DO 6.4 6 2015 VS VS VS VS
ZINDER DI DO 3.192 2.6 1991 VS VS VS VS
ZINDER MTU1-2 DI DO 4 3.2 2009 VS VS VS VS
SONICHAR GTAl COAL 18.8 18.8 1981 VS VS VS VS
SONICHAR GTA2 COAL 18.8 18.8 1982 VS VS VS VS
AGADEZ GR1-6 DI DO 1.888 1.4 1979-2012 VS VS VS VS
DIFFA GR1-10 DI DO 7.552 6.664 2004-2015 VS VS VS VS
GOROU 1 DI DO 20 20 195,597 2016 VS VS VS VS
BANDA kg/MWh

GOROU 2 DI DO 20 20 195,597 2016 VS VS VS VS
BANDA kg/MWh
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Plant name Group Type Primary  Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable Fixed O&M
Fuel Fuel Capacity Capacity  (primary (secondary Date Date outage  Maintenance O&M costs
fuel) fuel) rate costs
[MW] [MW] [GIMWhH]  [GI/MWNh] [9%0] [hlyear] [$/MWh]  [$/kW/year]
GOROU 3 DI DO 20 20 195,597 2016 VS VS VS VS
BANDA kg/MWh
GOROU 4 DI COAL 20 20 195,597 2016 VS VS VS VS
BANDA kg/MWh
AGGREKO DI DO 10 10 2012 VS VS VS VS
AGGREKO DI DO 10 10 2012 VS VS VS VS
AGGREKO DI DO 10 10 2012 VS VS VS VS
Nigeria

Plant name Group Type Primary  Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable  Fixed O&M

Fuel Fuel Capacity Capacity  (primary (secondary Date Date outage Maintenance O&M costs

fuel) fuel) rate costs
[MwW] [MwW] [GIIMWhK]  [GI/MWAh] [9%0] [hlyear] [$/MWh]  [$/kW/year]

DELTA GT NG 879 511 14.152 1990-2005 VS VS VS VS
AFAM IV-V GT NG 804 0 1982-2002 VS VS VS VS
GEREGU GAS GT NG 414 414 11.134 2013 VS VS VS VS
OMOTOSHO GT NG 335 335 12.649 2007 VS VS VS VS
GAS
OLORUNSOGO GT NG 335 293 23.21 2007 VS VS VS VS
GAS
GEREGU NIPP GT NG 444 444 11.622 2013 VS VS VS VS
SAPELE NIPP GT NG 454 113 10.149 2011 VS VS VS VS
ALAQJI NIPP GT NG 480 240 2013 VS VS VS VS
OLORUNSOGO CcC NG 758 631 13.307 2011-2012 VS VS VS VS
NIPP
OMOTOSHO GT NG 505 505 15.366 2012 VS VS VS VS
NIPP
ODUKPANI GT NG 565 113 2015 VS VS VS VS
NIPP
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Plant name Group Type Primary  Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable  Fixed O&M
Fuel Fuel Capacity Capacity  (primary (secondary Date Date outage Maintenance O&M costs
fuel) fuel) rate costs
[MwW] [MwW] [GIIMWhK]  [GI/MWAh] [9%0] [hlyear] [$/MWh]  [$/kW/year]
IHOVBOR NIPP GT NG 452 339 12.444 2013-2014 VS VS VS VS
OKPAI CcC NG 450 450 8.426 2005 VS VS VS VS
AFAM VI CcC NG 728 650 8.839 2005-2009 VS VS VS VS
IBOM POWER GT NG 196 154 13.465 2009-2016 VS VS VS VS
AES EBUTE GT NG 279 279 2002 VS VS VS VS
BARGE
OMOKU GT NG 150 75 2006 VS VS VS VS
TRANS AMADI GT NG 100 75 2010 VS VS VS VS
RIVERS IPP GT NG 191 160 2012 VS VS VS VS
GBARAIN GT NG 113 113 2016 VS VS VS VS
PARAS GT NG 52 52 VS VS VS VS
ENERGY
EGBIN ST NG 1320 880 11.479 1985-1987 VS VS VS VS
SAPELE ST NG 528 528 15.304 1990 VS VS VS VS
Senegal
Plant name Group Type Primary Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable  Fixed O&M
Fuel Fuel Capacity Capacity  (primary (secondary Date Date outage Maintenance O&M costs
fuel) fuel) rate costs
[MwW] [MwW] [GIIMWhK]  [GI/MWAh] [9%0] [hiyear] [$/MWh]  [$/kW/year]
Bel-air G601 DI HFO 16.45 15 16 2006 VS VS VS VS
Bel-air G602 DI HFO 16.45 15 16 2006 VS VS VS VS
Bel-air G603 DI HFO 16.45 15 16 2006 VS VS VS VS
Bel-air G604 DI HFO 16.45 15 16 2006 VS VS VS VS
Bel-air G605 DI HFO 16.45 15 16 2013 VS VS VS VS
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Plant name Group Type Primary Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable  Fixed O&M
Fuel Fuel Capacity Capacity  (primary (secondary Date Date outage Maintenance O&M costs
fuel) fuel) rate costs
[MwW] [MwW] [GIIMWhK]  [GI/MWAh] [9%0] [hiyear] [$/MWh]  [$/kW/year]

Bel-air G606 DI HFO 16.45 15 16 2013 VS VS VS VS
Cap-des- G401 DI HFO 21 17.5 9.4 1969 2020 VS VS VS VS
Biches

Cap-des- G402 DI HFO 21 17.5 9.4 1969 2020 VS VS VS VS
Biches

Cap-des- G403 DI HFO 23 20 9.2 1997 VS VS VS VS
Biches

Cap-des- G404 DI HFO 15 13 8.8 2003 VS VS VS VS
Biches

Cap-des- G405 DI HFO 15 13 8.8 2003 VS VS VS VS
Biches

Cap-des- IPP CcC HFO 82 82 VS VS VS VS VS
Biches

Tobene IPP GT HFO 105 105 VS VS VS VS VS
Kaolack Cc7 DI HFO 90 90 VS VS VS VS VS
Kounoune IPP DI HFO 43 43 9.2 2007 VS VS VS VS
Boutoute Boutoute GT DDO 18.8 18.8 VS 1984-2005 VS VS VS VS
Boutoute Location DDO 10 10 VS 2010 2021 VS VS VS VS
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Sierra Leone

Plant name Group Type Primary Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable  Fixed O&M
Fuel Capacity Capacity  (primary (secondary Date outage rate  Maintenance O&M costs
fuel) fuel) costs
[MW] [MW] [GIMWhH]  [GI/MWNh] [h/year] [$/MWh]  [$/kW/year]
Freetown Gl DI 37 VS VS VS VS VS VS
Togo
Plant name Group Type Primary  Secondary Installed Available Efficiency Efficiency Commissioning Decommissioning Forced Planned Variable  Fixed O&M
Fuel Fuel Capacity Capacity (primary (secondary Date outage Maintenance O&M costs
fuel) fuel) rate costs
[MW] [MW] [GIMWh]  [GI/MWNh] [9%0] [hiyear] [$/MWh]  [$/kW/year]
Lomé TAG CEB GT NG JET Al 20 20 14.8 14.8 1998 2025 VS VS VS VS
Contour TG1 GT NG 16.62 15 2010 VS VS VS VS
Global
Contour TG2 GT NG 16.62 15 2010 VS VS VS VS
Global
Contour TG3 GT NG 16.62 15 2010 VS VS VS VS
Global
Contour TG4 GT NG 16.62 15 2010 VS VS VS VS
Global
Contour TG5 GT NG 16.62 15 2010 VS VS VS VS
Global
Contour TG6 GT NG 16.62 15 2010 VS VS VS VS
Global
Lome DI CEET DI DDO 16 5 12.9 12.9 1979 VS VS VS VS
Kara DI CEET DI DDO 16 4 13.3 1968 VS VS VS VS
Sokodé DI CEET DI DDO 4 15 13.3 VS VS VS VS
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Hydroelectric Plant

Benin
Plant Name Group Type Installed Available Commis- Decommis- Forced Outage Planned Variable Fixed O&M Yearly Yearly
Capacity Capacity sioning sioning Rate Maintenance O&M costs  costs Average Firm
Date Date Energy Energy
[MW] [MW] [9%0] [hiyear] [$/MWh] [$/MWh] [$/kWlyear] [$/kW/year]
Yéripao Gl DAM 0.5 0.5 VS VS VS VS VS VS

Burkina Faso

Plant Name Group Type Installed Available Commis- Decommis- Forced Outage Planned Variable Fixed O&M Yearly Yearly
Capacity Capacity sioning sioning Rate Maintenance O&M costs  costs Average Firm
Date Date Energy Energy
[MW] [MwW] [9%0] [hiyear] [$/MWh] [$/MWh] [$/kWlyear] [$/kWiyear]
BAGRE 16.72 16 1993 2018 VS VS VS VS VS VS
KOMPIENGA 14.28 14 1989 2013 VS VS VS VS VS VS
NIOFILA 1.5 1.5 1996 2021 VS VS VS VS VS VS
TOURNI 0.5 0.5 1996 2021 VS VS VS VS VS VS
[ Y — ) [ e )
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Cote d’lvoire

Plant Name Group Type Installed Available Commis- Decommis- Forced Outage Planned Variable Fixed O&M Yearly Yearly
Capacity Capacity sioning sioning Maintenance O&M costs  costs Average Firm
Date Date Energy Energy
[MW] [MW] [$/MWh] [$/MWh] [$/kW/year] [$/kW/year]
VS VS VS VS VS VS
Ayamé 1 G1 DAM 11 11 1959
VS VS VS VS VS VS
Ayamé 1 G2 DAM 11 11 1959
VS VS VS VS VS VS
Ayamé 2 G3 ROR 15.2 15.2 1965
. VS VS VS VS VS VS
Ayamé 2 G4 ROR 15.2 15.2 1965
VS VS VS VS VS VS
Buyo Gl DAM 54.9 54.9 1980
VS VS VS VS VS VS
Buyo G2 DAM 54.9 54.9 1980
VS VS VS VS VS VS
Buyo G3 DAM 54.9 54.9 1980
Kossou Gl DAM 58.5 58.5 1972 VS VS VS VS VS VS
Kossou G2 DAM 58.5 58.5 1972 VS VS VS VS VS VS
Kossou G3 DAM 58.5 58.5 1972 VS VS VS VS VS VS
Soubré Gl DAM 93 93 2017 VS VS VS VS VS VS
, VS VS VS VS VS VS
Soubré G2 DAM 93 93 2017
. VS VS VS VS VS VS
Soubré G3 DAM 93 93 2017
VS VS VS VS VS VS
Taabo G1 DAM 70.2 70.2 1979
VS VS VS VS VS VS
Taabo G2 DAM 70.2 70.2 1979
VS VS VS VS VS VS
Taabo G3 DAM 70.2 70.2 1979
VS VS VS VS VS VS
Faye Gl ROR 2.5 2.5
VS VS VS VS VS VS
Faye G2 ROR 2.5 2.5
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Ghana

Plant Name Group Type Installed Available Commis- Decommis- Forced Outage Planned Variable Fixed O&M Yearly Yearly
Capacity Capacity sioning sioning Rate Maintenance O&M costs  costs Average Firm
Date Date Energy Energy
[MwW] [MwW] [9%0] [hiyear] [$/MWh] [$/MWh] [$/kWlyear] [$/kWiyear]
0,
Akosombo Gl DAM 170 150 1965 10% o1 143
0,
Akosombo G2 DAM 170 150 1965 10% 0.1 143
0,
Akosombo G3 DAM 170 150 1965 10% 0.1 143 o1 2100
Akosombo G4 DAM 170 150 1965 10%
0.1 14.3
Akosombo G5 DAM 170 150 1965 10%
0.1 14.3
Akosombo G6 DAM 170 150 1965 10%
0.1 14.3
Bui Gl DAM 133.3 114 2013 15%
0.1 14
Bui G2 DAM 133.3 114 2013 15% o1 14 1000
i 0,
Bui G3 DAM 133.3 114 2013 15% 0.1 14
0,
Kpong Gl ROR 40 36 1982 28% 0.1 143
0,
Kpong G2 ROR 40 36 1982 28% o1 143 580 22
Kpong G3 ROR 40 36 1982 28%
0.1 14.3
Kpong G4 ROR 40 36 1982 28%
0.1 14.3
[ Y — ) [ e )
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Guinea

Plant Name Group Type Installed Available Commis- Decommis- Forced Outage Planned Variable Fixed O&M Yearly Yearly Firm
Capacity Capacity sioning sioning Rate Maintenance O&M costs  costs Average Energy
Date Date Energy
[MW] [MW] [9%0] [hiyear] [$/MWh] [$/MWh] [$/kW/year] [$/kW/year]
Kaleta 1 ROR 80 80 2015 VS VS VS VS 938.8 228
Kaleta 2 ROR 80 80 2015 VS VS VS VS
Kaleta 3 ROR 80 80 2015 VS VS VS VS
Garafiri 1 DAM 25 25 1999 VS VS VS VS 258 204
Garafiri 2 DAM 25 25 1999 VS VS VS VS
Garafiri 3 DAM 25 25 1999 VS VS VS VS
Grandes 1 DAM 5 4.5 1954 VS VS VS VS 127 99.2
Chutes
Grandes 2 DAM 5 1954 VS VS VS VS
Chutes
Grandes 3 DAM 8.5 6.6 1986 VS VS VS VS
Chutes
Grandes 4 DAM 8.5 6.7 1986 VS VS VS VS
Chutes
Donkea 1 ROR 7.5 7.5 1970 VS VS VS VS 72.4 55.5
Donkea 2 ROR 7.5 7.5 1970 VS VS VS VS
Banéah 1 DAM 2.5 0 1989 VS VS VS VS 6.4
Banéah 2 DAM 2.5 0 1989 VS VS VS VS
Kinkon 1 DAM 0.85 0.85 1970/2006 VS VS VS VS 11.6 10.8
Kinkon 2 DAM 0.85 0.85 1970/2007 VS VS VS VS
Kinkon 3 DAM 0.85 0.85 1970/2008 VS VS VS VS
Kinkon 4 DAM 0.85 0.85 1970/2009 VS VS VS VS
Tinkisso 3 DAM 0.533 05 1974 VS VS VS VS 5
[ Y — ) [ e )
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Mali

Plant Name Group Type Installed Available Commis- Decommis- Forced Outage Planned Variable Fixed O&M Yearly Yearly

Capacity Capacity sioning sioning Maintenance O&M costs  costs Average Firm
Date Date Energy Energy
[MW] [MW] [$/MWh] [$/MWh] [$/kWlyear] [$/kWiyear]

SELINGUE T1 DAM 12.15 11.75 1980 VS VS VS VS

SELINGUE T2 DAM 12.15 11.75 1981 VS VS VS VS 231.9 197.7

SELINGUE T3 DAM 12.15 11.75 1980 VS VS VS VS

SELINGUE T4 DAM 12.15 11.75 1981 VS VS VS VS

SOTUBA T1 ROR 2.85 2.85 1966 VS VS VS VS

SOTUBA T2 ROR 2.85 2.85 1966 VS VS VS VS 345 334

MANANTALI 1 DAM 40 40 1988 VS VS VS VS

MANANTALI 2 DAM 40 40 1988 VS VS VS VS

MANANTALI* 3 DAM 40 40 1988 VS VS Vs VS 800 500

MANANTALI* 4 DAM 40 40 1988 VS VS VS VS

MANANTALIP* 5 DAM 40 40 1988 VS VS VS VS

FELOU* 1 ROR 215 20 2013 VS VS VS VS

FELOU* 2 ROR 215 20 2013 Vs VS Vs Vs 350 320

FELOU* 3 ROR 215 20 2013 VS VS VS VS

*OMVS
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Nigeria

Plant Name Group Type Installed  Available Commis- Decommis- Forced Outage Planned Variable Fixed O&M Yearly Yearly
Capacity Capacity sioning sioning Rate Maintenance O&M costs  costs Average Firm
Date Date Energy Energy

[MW] [MW] [%] [hiyear] [$/MWh] [$/MWh] [$/kWiyear] [$/kWl/year]
KAINJI G5-6 2x 120 240 1968 VS VS VS VS
KAINJI G7-10 4x 80 0 1978 VS VS VS VS
KAINJI G11-12 2x 100 200 1976 VS VS VS VS
JEBBA G1-6 6x 101 506 1983- VS VS VS VS

1988
SHIRORO G1l-4 4x 150 450 1990 VS VS VS VS
Sierra Leone
Plant Name  Group Type Installed Available Commis Decommis- Forced Planned Variable Fixed O&M costs Yearly Average Yearly
Capacity Capacity  -sioning sioning Outage Rate Maintenance O&M costs Energy Firm
Date Date Energy

[MW] [MW] [%] [hiyear] [$/MWh] [$/MWh] [$/kW/year] [$/kW/year]
Bumbuna Gl DAM 45 VS VS VS VS VS VS VS VS VS
Dodo G1 DAM 6 VS VS VS VS VS VS VS VS VS
Bankasoka, Gl DAM 5 VS VS VS VS VS VS VS VS VS
Charlotte,
Makali
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Togo

Plant Name Group Type Installed Available Commis- Decommis- Forced Outage Planned Variable Fixed O&M Yearly Yearly
Capacity Capacity sioning sioning Rate Maintenance O&M costs  costs Average Firm
Date Date Energy Energy
[MW] [MW] [9%0] [hiyear] [$/MWh] [$/MWh] [$/kW/year] [$/kW/year]
Nangbeto Gl DAM  32.8 32.5 VS VS VS VS VS VS 172.7 91
Nangbeto G2 DAM  32.8 32.5 VS VS VS VS VS VS
Renewable Plants
Burkina Faso
Plant Name Group Installed  Available Commis- Decommis- Forced Planned Variable  Fixed O&M
Capacity Capacity  sioning Date sioning Date Outage Maintenance O&M costs
Rate costs
[MW] [MwW] [%] [hiyear] [$/MWh]  [$/kWlyear]
Zagtouli PV 33 2017 VS VS VS VS
Ziga PV 11 2017 VS VS VS VS
Ghana
Plant Name Group Installed  Available Commis- Decommis- Forced Planned Variable  Fixed O&M
Capacity Capacity  sioning Date sioning Date Outage Maintenance O&M costs
Rate costs
[MW] [MwW] [%] [hiyear] [$/MWh]  [$/kWlyear]
Winneba PV 20 20 2016 VS VS VS VS
Navrongo PV 2.5 2.5 2013 VS VS VS VS
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Senegal

Plant Name  Group Installed  Available ~ Commis- Decommis- Forced Planned Variable Fixed O&M
wcity wcity ng Date ing Date ge Rate 1tenance 1 costs
[Mw] [MW] [%] [h/year] [$/MWh]  [$/kW/year]
Bokhol PV 20 20 2016 VS VS VS VS
Malicounda PV 22 11 2016 VS VS VS VS
Mékhé PV 30 29 2017 VS VS VS VS
Mérina PV 30 20 2017 VS VS VS VS
ar
Sakal PV 20 20 2018 VS VS VS VS
Senergy PV 29.5 29.5 VS VS VS VS
Kaolack PV 20 20 VS VS VS VS
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APPENDIX C : LISTE OF PLANNED AND CANDIDATE POWER PLANTS

Thermal Projects

Benin
Name of the  Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning
plant Capacity Capacity (primary (secondary Date
fuel) fuel)
[MW] [MW] [GIMWh]  [GI/MWh]
Maria Gleta TAG- APR GT NG 50 50 VS Decided 2020
Maria Gleta CcC CcC NG 450 450 VS Candidate
Burkina Faso
Name of the  Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning
plant Capacity Capacity (primary (secondary Date
fuel) fuel)
[MW] [MW] [GIMWh]  [GI/MWh]
FADA 7.5 7.5 VS Decided 2018
KOSSODO 50 50 VS Decided 2020
Ouaga- 100 100 VS Candidate
Ouest
Ouaga- 70 70 VS Candidate
NordOuest
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Cote d’lvoire

Name of the  Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning
plant Capacity Capacity (primary (secondary Date
fuel) fuel)

[MW] [MW] [GIMWh]  [GI/MWh]
Azito IV TAG CcC NG 180 180 VS Decided 2019
Azito IV TAV CcC 100 100 VS Decided 2020
Ciprel V TAG CcC NG 260 240 VS Decided 2019
Ciprel V TAV CcC 130 110 VS Decided 2020
Songon TAG1 CcC NG 123 123 VS Candidate
Songon TAG2 CcC NG 123 123 VS Candidate
Songon TAV CcC NG 123 123 VS Candidate
Abatta TAG1 CcC NG 123 123 VS Candidate
Abatta TAG2 CcC NG 123 123 VS Candidate
Abatta TAV CcC NG 123 123 VS Candidate
Aboisso BIO 23 23 VS Candidate
(Biokala)
Aboisso BIO 23 23 VS Candidate
(Biokala)
San Pedro | ST1 ST COAL 350 350 VS Candidate
San Pedro | ST2 ST COAL 350 350 VS Candidate
San Pedroll ST1 ST COAL 350 350 VS Candidate
San Pedroll ST 2 ST COAL 350 350 VS Candidate
[ Y — ) [ e )
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Gambia

Name of the  Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Status Commissioning
plant Capacity Capacity  (primary Date
[MwW] [MwW] [GIIMWh]
Kotu G5 DI HFO 6.4 5.5 VS Decided 2018
Brikama | G7 DI HFO 6.4 5.5 VS Decided 2018
Brikama Il Gl DI HFO 8 7 VS Decided 2018
Brikama Il Gl DI HFO 10 8.5 VS Decided 2019
Brikama Il G2 DI HFO 10 8.5 VS Decided 2020
Ghana
Name of the  Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Status Commissioning
plant Capacity Capacity  (primary Date
fuel)
[MW] [MW] [GIIMWh] [GIIMWh]
KPONT ST CcC NG DDO Decided 2018
CENPOWER cC CcC NG DDO Decided 2018
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Guinea Bissau

Name of the  Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning
plant Capacity Capacity (primary (secondary Date
fuel) fuel)
[MW] [MW] [GIMWh]  [GI/MWh]
Bor (BOAD) 1 DI HFO 15 15 VS VS Decided 2018
BADEA 1 DI DDO 22 22 VS VS Decided 2018
Liberia
Name of the  Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning
plant Capacity Capacity (primary (secondary Date
fuel) fuel)
[MW] [MW] [GIMWh]  [GI/MWh]
Bushrod DI HFO 48 48 VS Decided 2019
Mali
Name of the  Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning
plant Capacity Capacity (primary (secondary Date
fuel) fuel)
[MW] [MW] [GIMWh]  [GI/MWh]
ALBATROS DI HFO 92 92 VS Decided 2020
(Kayes)

T RS EHESS——_nn T EE——
WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14

2741374

Final version



Niger

Name of the Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning
plant Capacity Capacity  (primary (secondary Date
fuel) fuel)
[MW] [MW] [GIMWh]  [GI/MWNh]
SONICHAR COAL 68.8 68.8 VS Decided 2018
GOROU DI DO 20 20 VS Decided 2017-2019
BANDA 2
Diesel Nord DI DO 4.5 4.5 VS Decided 2017
SALKADAMNA 1 ST COAL 50 50 VS Candidate
phase 1
SALKADAMNA 2 ST COAL 50 50 VS Candidate
phase 1
SALKADAMNA 3 ST COAL 50 50 VS Candidate
phase 1
SALKADAMNA 4 ST COAL 50 50 VS Candidate
phase 1
SALKADAMNA ST COAL 4x100 4x100 VS Candidate
phase 2
Nigeria
Name of the plant Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning
Capacity Capacity  (primary (secondary Date
fuel) fuel)
[MW] [MW] [GIMWhH]  [GI/MWNh]
GBARAIN/UBIE | GT NG 113 113 Decided 2017
EGBEMA | - NIPP GT NG 113 113 Decided 2018
OMOKU - NIPP GT NG 113 113 Decided 2018
ALAOJI 2+ NIPP ST NG 285 285 Decided 2025
EGBEMA | - NIPP GT NG 113 113 Decided 2019
EGBEMA | - NIPP GT NG 113 113 Decided 2019
KADUNA IPP GT NG 215 215 Decided 2019
[ Y — ) [ e )
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Name of the plant Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning

Capacity Capacity  (primary (secondary Date
fuel) fuel)

OMOKU - NIPP GT NG 113 113 Decided 2019
AZURA GT NG 3x150 450 Candidate 2018
AFAM 111 GT NG 8x30 240 Candidate 2018
OKPAI IPP Il - AGIP GT NG 2x150 300 Candidate 2020
OKPAI IPP Il - AGIP ST NG 150 150 Candidate 2020
IBOM I GT NG 4x138 552 Candidate 2020
ASCO GT NG 2x55 110 Candidate 2021
ELEME GT NG 75 75 Candidate 2021
QUA IBOE POWER GT NG 4x130 250 Candidate 2021
PLANT
Cummins Power Gen LTD GT NG 150 150 Candidate 2021
ONDO IPP - King Line GT NG 200 200 Candidate 2021
TURBINE DRIVE GT NG 3x167 501 Candidate 2021
EGBIN 2+ GT NG 4x300 1200 Candidate 2021
EGBIN 2+ ST NG 2x350 700 Candidate 2021
SAPELE POWER PLC GT NG 30x20 600 Candidate 2021
ZUMA GT NG 374 374 Candidate 2021
PARAS GT NG 2x150 300 Candidate 2022
OMA POWER GT NG 500 500 Candidate 2022
GENERATION
COMPANY
CENTURY IPP GT NG 4x124 496 Candidate 2022
BRESSON NIGERIA LTD GT NG 2x45 90 Candidate 2022
SAPELE POWER PLC GT NG 100 100 Candidate 2022
ETHIOPE GT NG 2x172 344 Candidate 2022
ONDO IPP - King Line GT NG 150 150 Candidate 2022
ONDO IPP - King Line GT NG 2x100 200 Candidate 2022
—— N | — ) G 00 0 G
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Name of the plant Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning

Capacity Capacity  (primary (secondary Date
fuel) fuel)
ETHIOPE ST NG 156 156 Candidate 2023
PROTON GT NG 150 150 Candidate 2023
ZUMA COAL COAL 4x300 1200 Candidate 2023
DELTA Il 2+ GT NG 143 143 Candidate 2023
DELTA IV 2+ GT NG 4x148.5 594 Candidate 2023
LAFARGE PHASE | GT NG 50 50 Candidate 2023
CALEB INLAND GT+ST NG 2x250 500 Candidate 2023
ALSCON (Phase 1) GT NG 100 100 Candidate 2024
YELLOW STONE GT NG 2x180 360 Candidate 2024
ETHIOPE GT NG 2x172 344 Candidate 2024
ETHIOPE ST NG 156 156 Candidate 2024
IKOT ABASI GT NG 2x125 250 Candidate 2025
LAFARGE PHASE II GT NG 2x110 220 Candidate 2025
CALEB INLAND GT+ST NG 2x250 500 Candidate 2025
ALSCON (Phase 2) GT NG 2x130 260 Candidate 2026
ESSAR GT NG 6x110 660 Candidate 2026
GEREGU NIPP 2 ST NG 285 285 Candidate 2027
OMOTOSHO II 2+ ST NG 2x127 254 Candidate 2027
CALEB INLAND GT+ST NG 2x250 500 Candidate 2027
SAPELE 2 - NIPP GT NG 3x151 453 Candidate 2028
OATS GT NG 7x100 700 Candidate 2028
GEREGU FGN1-2 GT NG 3x138 414 Candidate 2029
CALABAR / ODUKPANI - ST NG 2x127 254 Candidate 2029
(I\EI-II::RAIN / UBIE 2 ST NG 115 115 Candidate 2029
GEREGU NIPP 2 GT NG 3x148 444 Candidate 2030
—— N | — ) G 00 0 G
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Name of the plant Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning

Capacity Capacity  (primary (secondary Date
fuel) fuel)
CALABAR / ODUKPANI - GT NG 4x141 564 Candidate 2030
gg’:EMA I ST NG 127 127 Candidate 2030
IHOVBOR (EYAEN) 2 - ST NG 2x127 254 Candidate 2030
(I\EI-II;:RAIN / UBIE 2 GT NG 8x113 904 Candidate 2030
CHEVRON AGURA GT NG 780 780 Candidate 2030
SUPERTEK GT NG 5x100 500 Candidate 2030
MBH GT NG 2x150 300 Candidate 2030
WESTCOM GT NG 2x250 500 Candidate 2030
HUDSON POWER GT NG 150 150 Candidate 2030
BRESSON AS NIGERIA GT NG 3x150 450 Candidate 2030
AZIKEL IPP GT NG 76 76 Candidate 2030
AZIKEL IPP GT NG 250 250 Candidate 2030
AZIKEL IPP GT NG 163 163 Candidate 2030
TOTALFINAELF GT NG 420 420 Candidate 2031
ANAMBRA STATE IPP GT NG 2x264 528 Candidate 2031
KNOX GT NG 3x167 501 Candidate 2031
DELTA STATE IPP GT NG 5x100 500 Candidate 2032
BENCO GT NG 7x100 700 Candidate 2033
ASHAKA COAL COAL 64 64 Candidate 2034
RAMOS COAL COAL 2x500 1000 Candidate 2034
ASHAKA / TPGL COAL COAL 2x250 500 Candidate 2034
KADUNA IPP GT NG 900 900 Candidate 2034
NASARAWA COAL COAL COAL 500 500 Candidate 2034
FORTUNE ELECTRIC GT NG 5x100 500 Candidate 2035
FORTUNE ELECTRIC GT NG 5x100 500 Candidate 2035
—— N | — ) G 00 0 G
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Name of the plant Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning
Capacity Capacity  (primary (secondary Date
fuel) fuel)
BENUE COAL POWER COAL COAL 1200 1200 Candidate 2037
ENUGU COAL POWER COAL COAL 2000 2000 Candidate 2037
GWAGWALADA cC NG 1350 1350 Candidate 2037
Senegal
Name of the  Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning
plant Capacity Capacity (primary (secondary Date
fuel) fuel)
[MW] [MW] [GIMWh]  [GI/MWh]
Sendou IPP CES | ST COAL 115 115 VS 2018 Decided
Sendou IPP CES II ST COAL 115 115 VS Candidate
Mboro IPP ST COAL 90 90 VS Candidate
Kayar CcC NG 200 200 VS Candidate
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Togo

Name of the  Group Type Primary Fuel Secondary Fuel Installed  Available Efficiency Efficiency Status Commissioning
plant Capacity Capacity (primary (secondary Date
fuel) fuel)
[MW] [MW] [GIMWh]  [GI/MWh]
Lomé TG GT NG 60 60 VS VS 2020 Decided
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Hydroelectric Projects

Many hydroelectric projects are located in transboundary basins, which gives them a regional scale:

Senegal Basin (OMVS)

Country Name of the plant  Name of Type Installed Commis- Status Total Average Firm Energy
the river Capacity sioning Year Cost Energy
[MW] [M$] [GWh/an] [GWh/an]

Guinée Balassa Bafing DAM 181 Candidate 212 470 401
Guinée Boureya Bafing DAM 160 Candidate 463 717 455
Guinée Diaoya Bafing DAM 149 Candidate 412 581 389
Guinée Koukoutamba Bafing DAM 294 2024 Decided 404 455 507
Guinée Tene | Tene DAM 76.4 Candidate 151 199 129
Mali Gouina Sénégal ROR 140 2020 Decided 407 565 227
Mali Gourbassi Falémé DAM 21 Candidate 113 104 79

Mali Badoumbé Bakoyé DAM 70 Candidate 244 410 312
Mali Bindougou Bafing DAM 49.5 Candidate 196 289 220
Mali Moussala Falémé DAM 30 Candidate 141 175 133
—— N | — ) G 00 0 G
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Gambie Basin (OMVG)

Country Name of the Name of Type Installed Commis- Status Total Average Firm Energy
plant the river Capacity sioning Cost Energy
Year
[MW] [M$] [GWh/an] [GWh/an]

Guinée Digan Gambie DAM 93.3 Candidate 139 243 24

Guinée Fello Sounga Tomine 82 Candidate 353 333 286

Sénégal Sambangalou Gambie DAM 128 2020 Decided 537 402 208

Guinée Bissau Saltinho Koliba ROR 20 Candidate 105 82 24

[——___EEEE—— Eeeeeeee—
WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14

282/374

Final version



Niger Basin

Country Name of the Name of Type Installed Commis- Status Total Average Firm Energy
plant the river Capacity sioning Year Cost Energy
[MW] [M$] [GWh/an] [GWh/an]
Burkina Faso Samendeni 2.76 Decided ? ? ?
Burkina Faso Bagré Il 14 Candidate 70 73.5 ?
millards
usbD
Burkina Faso Bontioli 5.1 Candidate 25 11.7 ?
millards
usb
Burkina Faso Gongourou 5 Candidate 40 . 17.7 ?
milliards
usD
Burkina Faso Folonzo 10.8 Candidate 63 . 27.3 ?
milliards
usb
Burkina Faso QOuéssa 21 Candidate ? ? ?
Guinée Diaraguela Niger 72 Candidate 221 400 298
Guinée Amaria Konkouré 300 2023 Decided 377 1435
Mali Kénié Niger ROR 42 Candidate 191 199 163
Mali Taoussa Niger DAM 25 Candidate 259 108 82
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Country Name of the Name of Type Installed Commis- Status Total Average Firm Energy
plant the river Capacity sioning Year Cost Energy
Mali Sotuba 2 Niger ROR 6 2021 Decided 59 39 37
Mali Markala Niger DAM 10 Candidate 50 53 40
Niger Kandadji Niger 130 Candidate 502 629 478
Niger Gambou Niger 105 Candidate 715 528 402
Niger Dyodyonga Niger 26 Candidate 74 35 10
Nigeria Mambila Niger DAM 3050 2024 Decided 5800 11214 8522
Nigeria Zungeru Kaduna DAM 700 2022 Decided 1335 3019 2295
Nigeria Gurara 30 2017 Decided ? ? ?
Nigeria Mabon 39 Candidate ? ? ?
Nigeria Kashimbilla 40 Candidate ? ? ?
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Oueme Basin

Country Name of the Name of Type Installed Commis- Status Total Average Firm Energy
plant the river Capacity sioning Year Cost Energy
[MW] [M$] [GWh/an] [GWh/an]
Bénin Ketou Ouémé DAM 112 Candidate 417 114 39
Bénin Beterou Ouémé DAM 23.2 Candidate 89 31 8
Bénin Vossa Ouémé DAM 79.2 Candidate 305 105 28
Bénin Oulougbé Ouémé DAM 30 Candidate 111 39 11
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Mono Basin

Country Name of the Name of Type Installed Commis- Status Total Average Firm Energy
plant the river Capacity sioning Year Cost Energy
[MW] [M$] [GWh/an] [GWh/an]
Togo Adjarala Mono DAM 147 2026 Decided 413 264 237
Togo Tététou Mono DAM 60 Candidate 197 148 112
Togo Kpessi Mono DAM 15.9 Candidate 87 69.5
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Volta Basin

Country Name of the Name of Type Installed Commis- Status Total Average Firm Energy
plant the river Capacity sioning Year Cost Energy
[MW] [M$] [GWh/an] [GWh/an]
Ghana Juale DAM 87 Candidate 383 405 308
Ghana Pwalugu DAM 48 Candidate 216 184 140
Ghana Daboya DAM 43 Candidate 250 194 147
Ghana Hemang ROR 93 Candidate 310 340 258
Ghana Kulpawn DAM 36 Candidate 362 166 126
Burkina Noumbiel/ Black DAM 60 Abandoned 355 203 154
Faso/Ghana Koulbi Volta
Togo Titira Kéran DAM 23.8 Candidate 59 94.2
(MEUR)
Togo Sarakawa Kara DAM 24.2 Candidate 75 105.7
Togo Wawa Wawa DAM 8.4 Candidate 27 374
Togo Baghan Mo DAM 5.8 Candidate 34 255
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Comoé Basin

Country Name of the Name of  Type Installed Commis- Status Total Average Firm Energy
plant the river Capacity sioning Year Cost Energy
[MW] [M$] [GWh/an] [GWh/an]
Cote d'lvoire Aboisso Comoe DAM 90 Candidate 308 392 298
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Sassandra Basin

Country Name of the Name of Type Installed Commis- Status Total Average Firm Energy
plant the river Capacity sioning Year Cost Energy
MW] [M$] [GWh/an] [GWh/an]
Cote d'lvoire Gribo-Popoli Sassandra DAM 112 Candidate 451 515 391
Cote d'lvoire Boutoubre Sassandra DAM 150 Candidate 497 785 597
Cote d'lvoire Louga Sassandra DAM 246 Candidate 1650 1330 1011
Cote d'lvoire TayabYes Sassandra DAM 80 Candidate 1104 653 593
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Cavally Basin

Country Name of the Name of Type Installed Commis- Status Total Average Firm Energy
plant the river Capacity sioning Year Cost Energy
[MW] [M$] [GWh/an] [GWh/an]
Cote Tiboto/Cavally Cavally DAM 113 2026 Decided 578 912 912
d'lvoire/Liberia
Cestos Basin
Country Name of the Name of Type Installed Commis- Status Total Average Firm Energy
plant the river Capacity sioning Year Cost Energy
[MW] [M$] [GWh/an] [GWh/an]
Liberia Cestos Cestos river 41 Candidate 150 177 134
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Saint-John Basin

Country Name of the Name of the Installed Capacity Commis- Status Total Cost Average Firm Energy
plant river sioning Year Energy
[MW] [M$] [GWh/an] [GWh/an]
Liberia Saint-John Saint-John 67 Candidate 300 289 220

Loffa Basin
Country Name of the Name of the Installed Commis- Status Total Cost  Average Firm Energy
plant river Capacity sioning Year Energy
[MW] [M$] [GWh/an] [GWh/an]
Liberia Loffa Loffa 29 Candidate 100 125 95

river
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Saint-Paul Basin

Country Name of the plant Name of the Type Installed Commis- Status Total Cost Average Energy Firm
river Capacity sioning Energy
Year
[MW] [M$] [GWh/an] [GWh/an]

Liberia Mount Coffee Saint-Paul DAM 88 Candidate 511

Reservoir (to run the

whole year)
Liberia Saint-Paul 1B Saint-Paul DAM 78 Abandoned 303 512 389
Liberia Saint-Paul 2 Saint-Paul DAM 120 Abandoned 465 788 599
Liberia Saint-Paul V1 Saint-Paul DAM 132 Abandoned 511 569 433
Liberia Mount Coffee (+V1) Saint-Paul DAM 66 Abandoned 290 285 216
Liberia Saint-Paul 1B (+V1) Saint-Paul DAM 65 Abandoned 252 280 213
Liberia Saint-Paul 2(+V1) Saint-Paul DAM 100 Abandoned 387 431 328
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Mana Morro Basin

Country Name of the plant Name of the Type Installed Commis- Status Total Average Firm Energy
river Capacity sioning Cost Energy
Year
[MW] [M$] [GWh/an] [GWh/an]
Sierra Mano River Mano 180 Candidate 487 795 612

Leone/Libéria

These projects will be considered as an investment option when optimizing the generation investment plan and will be put in competition
with other technologies.

In addition, other projects located in basins of national scope but whose size or location would allow regional outreach were identified.
They are summarized below. Like cross-border projects, they will also be considered as an investment option in the the generation
investment plan. These projects are summarized below:

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14 293/374

Final version



Country Name of the plant Name of the Type Installed Commis- Status Total Cost Average Firm
river Capacity sioning Energy Energy
Year
[MW] [M$] [GWh/an] [GWh/an]

Cote d'lvoire Tiassalé Bandama DAM 51 Candidate 250 215 163
Cote d’Ivoire Daboitié Bandama DAM 55 Candidate 376 529 319
Cote d'lvoire Singrobo Bandama DAM 44 Candidate 250 315 214
Guinée Bonkon-Diaria 174 Candidate 211 319 315
Guinée Fetore 124 Candidate 160 322 232
Guinée Fomi Niandan DAM 90 2022 Decided 156 374 320
Guinée Kogbédou- Frankonédou Milo 102 Candidate 144 270 226
Guinée Gozoguézia Diani 48 Candidate 110 259 200
Guinée Grand Kinkon 290 Candidate 720 618
Guinée Kaba Kassa B 135 Candidate 214 528 467
Guinée Kouravel 135 Candidate 185 350 240
Guinée Lafou 98 Candidate 128 255 210
Guinée Morisakano Sankarani 100 Candidate 260 523 438
Guinée Nzébéla Diani 48 Candidate 94 225 210
Guinée Poudaldé 90 Candidate 342 319
Guinée Souapiti Konkouré 450 2021 Decided 1008 2016 3500
Guinée Kéno 7 Decided
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Country Name of the plant Name of the Type Installed Commis- Status Total Cost Average Firm
river Capacity sioning Energy Energy
Year
Guinée Tiopo Cogon 120 Candidate 295 590 480
Mali Djenné (Centre Mali—No 10 2021 Decided 17.75
connecté RI)

Sierra Leone Bumbana Il DAM 143 2023 Decided 237
Sierra Leone Bumbuna Il (Yiben) DAM 90 Candidate 176 396 317
Sierra Leone Bumbuna IV&V DAM 95 Candidate 185 494 463
Sierra Leone Gomalll DAM 6 Candidate 40 30.8 1.4
Sierra Leone Benkongor | DAM 34.8 Candidate 85 237 200
Sierra Leone Benkongor II DAM 80 Candidate 196 414 338
Sierra Leone Benkongor Il DAM 85.5 Candidate 209 513 421
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Renewable Projects

Benin
Name of the plant Type Installed Capacity Commissioning Date  Status
[Mw]
Natitingou PV 5 2020 Décidé
Djougou PV 10 Envisagé
Parakou PV 15 Envisagé
Bohicon PV 15 Envisagé
Onigbolo PV 35 Envisagé
Bembéréké PV 2 Envisagé
Sakété PV 20 Envisagé
Natitingou-Kandi PV 20 Envisagé

Burkina Faso

Name of the plant Type Installed Capacity Commissioning  Status
(W] Date

Zagtouli 2 PV 17 Candidate

Koudougou PV 20 Candidate

Kaya PV 10 Candidate

Zina PV 26.6 Candidate
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Name of the plant Type Installed Capacity Commissioning  Status

[MW] Date
Centrale solaire PIE 1 PV 68.24 Candidate
Centrale solaire PIE 2 PV 80 Candidate
WAPP PV 150 Candidate
Cote d’'Ivoire
Name of the plant Type Installed Capacity Commissioning Status
(MW] Date

KORHOGO PV 20 2018 Decided
PORO POWER PV 50 2019 Decided
Centrale solaire 1 PV 25 Candidate
Centrale solaire 2 PV 50 Candidate
Centrale solaire 3 PV 40 Candidate
Centrale solaire 4 PV 30 Candidate
Centrale solaire 5 PV 30 Candidate
Centrale solaire 6 PV 75 Candidate
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Gambia

Name of the plant Type Installed Capacity Commissioning Date  Status
[Mw]
Brkama (Z-One) PV 10 2019 Decided
Guinea Bissau
Name of the plant Type Installed Capacity Commissioning Date  Status
[(MwW]
BOAD PV 20 2020 Decided
Mali
Name of the plant Type Installed Capacity Commissioning Date  Status
[Mw]
Segou PV 33 2018 Decided
Kita PV 50 2018 Decided
Sikasso PV 50 Candidate
Koutiala PV 25 Candidate
Kati PV 40 Candidate
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Niger

Name of the plant Type Installed Capacity Commissioning Date  Status
[Mw]

Gorou Banda PV 20 2018-2020 Decided

Gorou Banda PV 30 Candidate

NCE PV 30 Candidate

Dosso PV 10 Candidate

Lossa PV 10 Candidate

Nigeria

Name of the plant Type Installed Capacity Commissioning Date  Status
[Mw]

Nova solar PV 100 Candidate

Nova scotia power PV 80 Candidate

Pan africa solar PV 75 Candidate

Lr aaron solar power plant PV 100 Candidate

Quaint energy solutions PV 50 Candidate

Nigeria solat capital PV 100 Candidate

partners

Motir dusable PV 100 Candidate

Middle band solar PV 100 Candidate
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Name of the plant Type Installed Capacity Commissioning Date  Status
[Mw]

Afrinergia solar PV 50 Candidate

KVK power nigeria LTD PV 55 Candidate

Anheed kafachan solar PV 100 Candidate

IPP

CT cosmos PV 70 Candidate

Oriental PV 50 Candidate

EN consulting & projects - PV 100 Candidate

Kaduna

JBS Wind power plant Wind 100 Candidate

Kazure (Kano disco) PV 1000 Candidate

Senegal

Name of the plant Type Installed Capacity Commissioning Date  Status
[Mw]

Diass PV 25 2018 Decided

wB PV 100 2020 Candidate
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Togo

Name of the plant Type Installed Capacity Commissioning Date  Status
(MW]
CEB PV PV 5 Candidate
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APPENDIX D : SOLAR POTENTIAL PER COUNTRY
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Gambia
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Guinea
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Guinea Bissau
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Nigeria
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Senegal
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APPENDIX E : ZONES WITH HIGH WIND
POTENTIAL PER COUNTRY

WAPP-MP/4NT/0601305/001/04 - Ed. 2019/01/14 316/374

Final version



Benin and Togo

Burkina Faso

\h“;‘l\

WAPP-MP/4ANT/0601305/001/04 - Ed. 2019/01/14

317/374

Final version



Cote d’lvoire

WAPP-MP/4ANT/0601305/001/04 - Ed. 2019/01/14

318/374

ooqgle Imagery 82011

soge Imagery B2011

erratietne:

erraletnc

Final version



Guinea

Guinea Bissau
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Nigeria

WAPP-MP/4ANT/0601305/001/04 - Ed. 2019/01/14

Vao

‘

data S2011 Basarsof, Europa fgchnobges Ooogie |

Wap data 2011 Esrppa Technobges, Googk. ¢

321/374

WINME, Tede Lras Imagery 601 1

WO

erralletries -

erge of

Final version



Senegal and Gambia

Sierra Leone
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APPENDIX F : THERMOFLOWS SCENARIOS
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APPENDIX G : COMPARISON OF AVAILABLE
THERMAL TECHNOLOGIES AND
CHARACTERISTICS OF FOSSIL FUEL

Comparison of available thermal technologies
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Composition of fossil fuel

Natural Gas

The typical expected composition of natural gas at the delivery point of the plant

to be considered is shown in the table below:

Composition Composition requirements

Mole Fraction %

Methane CHa 88.75
CEthanece | 53
Cpropane Gty | T
BuaneCs 026
CneuenecHs | 026
Cipentane s 00
CnPemane Gt 06
HewneGaH | 06
] 255
NtogenNe | 066
R wooss
DDO et HFO

Since the HFO and DDO compositions have impacts on

performance,

maintenance frequency and emissions, this must be taken into account when

choosing the fuel source.

Below are typical composition requirements:

Composition Composition requirements

Viscosity 2 to 11 cSt @40°C

njectionviscosty | 28cSt(engine requiementy
Densty Max 900 kgime @15°C
‘watercontent || Mac03%vol
suphor Max2omass
A Max001%mass
CabonResiawe 1 Mac03
Fleshport PMCO) Mnsocc
‘Hyorogensuphide | | Mac2mgks

T DS R — G 44—
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Composition

Composition requirements

Acid number

Lubricity corrected wear scar diameter

Composition

Max 0.5 mg KOH/g

Max 520 ym

Composition requirements

Paramétre

Phosphorus

Exigences

Maximum 15 mg/kg
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APPENDIX H: PARAMETERS OF EXISTING INTERCONNECTIONS

This section presents the parameters considered for the existing interconnections.

From Country From Substation To Country To Substation Vc()ll(ts)ge L?knna;;h g\t\/}/}d; (% l;.u.) % ia(.u.) (%B';.Zu )
Cote d'lvoire Ferkéssédougou 2_225 Mali Sikasso RE_225 225 0 327 2.752 18.912 17.149
Cotedioire | Ferkéssédougou 1 225 | BurkinaFaso | | KodeniRE_225 | 25 | o | 327 | 2576 | 17699 | 16050
Cotedivaire | Rviera 225 | Ghama || Prestea 225 | 25 | 20 | 27 | 243 | 16759 | 15022
‘Ghana | Aflao Ghana 161 | TogoBenin | | Lomé (Afla) 1 161 | w1t | o | 128 | o023 | o066 | 0137
‘Ghana | Asiekpe PST 161 | TogoBenin || Lomé (Aflac)1_161 | w1 | o | 128 | 3%0 | 880 | 1935
Nger | Dosso 132 | Nigeia | Bimin Kebbi 132 | 12 | sa | 1077 | 90 | 28797 | 3259
Nger | Gazaou 132 | Nigeria || Katsina 132 | 1w | o | &2 | 8470 | 18330 | 1705
‘Senegal | Bakel 225 | Mal | Kayes 225 | 25 | 06 | 283 | 100 | 6870 | 985
‘senegal | Dagana 225 | Meuitane || Rosso_225 | 25 | o | 214 | o660 | 3070 | 250
TogoBenn | Sakete 330 | Nigeia | Ikea330 | w0 | o | 777 | o021 | 218 | 13202
TogoBenn | Nangbéto_161 | TogoBenin || Bohicon_161 | w1 | o | 178 | 430 | 13270 | 2850
TogoBenn | Momé Hagou 161 | TogoBenin |4 Avakpa 161 | w1t | o | 128 | 4050 | 10530 | 2000
TogoBenn | Kera 161 | TogoBenin |1 Diougou_161 | w1t | o | 178 | 3600 | 9400 | 1 1338
TogoBenin | MoméHagou 161 | TogoBenin || Maria Gleta2_161 | 61 | o | 128 | 6513 | 13842 | 6153

[——____EE— Eeeeeeeeeeee— [ B —
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Commissioning

328/374

Country Type Element [km] Sizing Year Comment
Céte d'lvoire L %0 48 con% phise) 2015-2022 -
Cotedlvaire | LI | BAKRE-BINGERVILLE 400 22 Con%se 2018-2022 )
Cotedlvaire | LI | BAKRE-AKOUPE ZEUDJI 400 46 Con%%se 2018-2022 )
Cotedlvaire | LI | BAKRE-AZITO 400 10 Con%ie 2018-2022 )
Cotedlvaire | LI | AZITO-AKOUPE-ZEUDJI_400 52 Con%se 2018-2022 )
Cotedlvoire | LI | BAKRE-BINGERVILLE 400 45 Con%%se 2018-2022 )
Cotedlvaire | LI | ANANI-BINGERVILLE 1 225 18 ALM570 2018-2022 )
Cotedlvaire | LI | ANANI-BINGERVILLE 2 225 18 ALM570 2018-2022 )
Cotedlvaire | LI | RIVIERA-BINGERVILLE 225 10 ALM570 2018-2022 )
Cotedlvaire | LI | BINGERVILLE-PRESTEA 225 200 ALM570 2018-2022 )
Cotedlvaire | LI | AKOUPE ZEUDJI-ABOBO 1 225 38 ALM570 2018-2022 )
Cotedlvaire | LI | AKOUPE ZEUDJI-ABOBO 2 225 38 ALM570 2018-2022 )
Cotedlvaire | LI | AKOUPE ZEUDJI-TAABO 1 225 132 ALM570 2018-2022 )
Cotedlvaire | LI | AKOUPE ZEUDJI-TAABO 2 225 132 ALM570 2018-2022 ]
Cotedlvoire | LI | LABOA-BOUNDIALI 225 165 ALM570 2018-2022 )
Cotedlvoire | LI | BOUNDIALI-FERKE_225 152 ALM570 2018-2022 )
Cotedlvoire | LI | SEREBOU-BONDOUKOU 225 142 ALM570 2018-2022 )
Cotedlvoire | LI | BOUAKE2-SEREBOU_225 132 ALM570 2018-2022 )
Cotedlvoire | LI | AZITO-BAKRE_225 10 ALM570 2018-2022 )
Cotedlvoire | LI | VRIDI-BAKRE_225 5 ALM570 2018-2022 )
Cotedlvoire | LI | ADZOPE-AKOUPE-ZEUDJI_225 100 ALM570 2018-2022 )
Cotedlvaire | LI | SONGON-AKOUPE ZEUDJI_225 25 ALM570 2018-2022 ]
Cotedlvaire | LI | ANYAMA-AKOUPE ZEUDJI_225 10 ALM570 2018-2022 ]
Cotedlvaire | LI | BUYO-DUEKOUE_225 110 ALM570 2018-2022 ]
Cotedlvaire | LI | DUEKOUE-MAN_225 86 ALM570 2018-2022 ]
Cotedlvaire | LI | ZAGNE-TOULEPLEU_225 165 ALM570 2018-2022 ]
Cotedlvaire | LI | SAN PEDRO-SOUBRE_225 128 ALM570 2018-2022 ]
Cotedlvaire | LI | SOUBRE-BUYO_225 79 ALM570 2018-2022 ]
Cotedlvoire | LI | DUEKOUE-ZAGNE 225 77 ALM570 2018-2022 )
Cotedlvaire | LI | SAN PEDRO 1-SAN PEDRO 2_225 10 ALM570 2018-2022 ]
Cotedlvoire | LI | BOUNDIALI-TENGRELA 225 106 ALM570 2018-2022 )
Cotedlvoire | LI | TAABO-YAMOUSSOUKRO 225 80 ALM570 2018-2022 )
Cotedlvaire | LI | YAMOUSSOUKRO-KOSSOU 225 50 ALM570 2018-2022 )
Cotedlvoire | LI | KOSSOU-BOUAKE3 225 110 ALM570 2018-2022 )
Cotedlvoire | LI | BOUAKE3-BOUAKE2 225 10 ALM570 2018-2022 )
Cotedlvaire | LI | BUYO-DALOA 225 87 ALM570 2018-2022 )
Cotedlvaire | LI | SEREBOU-DABAKALA 225 67 ALM570 2018-2022 )
Cotedlvoire | LI | DABAKALA-KONG 225 %8 ALM570 2018-2022 )
Cotedlvaire | LI | VRIDI-RIVIERA 225 183 ALM570 2018-2022 )

[— ] G 090929202 TS OEEEse———— o

Final version



Commissioning

329/374

Country Type Element [km] Sizing Year Comment
Cote d'lvoire LI ANYAMA-ADZOPE_225 100 ALM570 2018-2022 _
Cote d'lvoire LI ATTAKRO-ADZOPE_225 75 ALM570 2018-2022 _
Cote d'lvoire LI SAN PEDRO-SOUBRE_225 128 ALM570 2018-2022 _
Cote d'lvoire LI KATIOLA-FERKE 225 12 ALM570 2018-2022 _
Cote d'lvoire Ll KONG-FERKE_ 225 85 ALM570 2018-2022 )
Cote d'lvoire LI ZAGNE-TOULEPLEU 225 165 ALM570 2018-2022 _
Cote d'lvoire LI SAN PEDRO 1-SAN PEDRO 2 225 10 ALM570 2018-2022 _
Cote d'lvoire LI GRIBO-POPOLI-SAN PEDRO_ 225 3 ALM570 2018-2022 _
Cote d'lvoire LI BOUNA-BONDOUKOU 90 180 ALM228 2018-2022 _
Cote d'lvoire LI TANDA-AGNIBILEKRO 90 84 ALM228 2018-2022 _
Cote d'lvoire LI TANDA-BONDOUKOU_90 52 ALM228 2018-2022 _
Cote d'lvoire LI LABOA-TOUBA_90 65 ALM228 2018-2022 _
Cote d'lvoire LI TOUBA-MAN_90 100 ALM228 2018-2022 _
Cote d'lvoire Ll DALOA-VAVOUA 90 57 ALM228 2018-2022 )
Cote d'lvoire LI VAVOUA-ZUENOULA_90 56 ALM228 2018-2022 _
Cote d'lvoire LI MANKONO-SEGUELA_90 71 ALM228 2018-2022 _
Cote d'lvoire LI ZUENOULA-MANKONO 90 82 ALM228 2018-2022 _
Cote d'lvoire LI BOUAKE1-BOUAKE3 90 20 ALM228 2018-2022 _
Cote d'lvoire LI DAOUKRO-ATTAKRO_90 53 ALM228 2018-2022 _
Cote d'lvoire LI SEREBOU-DAOUKRO_90 103 ALM228 2018-2022 _
Cote d'lvoire LI AYAME 1-ABENGOUROU 90 156 ALM228 2018-2022 _
Cbote d'lvoire LI AYAME 1-AYAME 2_90 4 ALM228 2018-2022 ~
Cbote d'lvoire LI LABOA-TOUBA_90 78 ALM228 2018-2022 _
Cbote d'lvoire LI MARABADIASSA-KATIOLA 90 39 ALM228 2018-2022 ~
Cote d'lvoire LI BOUAKE1-BOUAKE3_90 20 ALM228 2018-2022 _
Coéte d'lvoire L mmgggggg@g;' 9 7 ALM228 2018-2022 .
Cote d'lvoire Ll CENTRALE-PYLONE_90 N/A ALM228 2018-2022 )
Cote d'lvoire LI PYLONE-VERS KORHOGO 90 N/A ALM228 2018-2022 _
Cbote d'lvoire LI TAABO-AGBOVILLE_90 118 ALM225 2018-2022 ~
Cbote d'lvoire LI MANKONO-MARABADIASSA_90 57 ALM228 2018-2022 ~
Cbote d'lvoire LI TOULEPLEU-MINE ITY_90 57 ALM228 2018-2022 ~
Cbote d'lvoire LI SINGROBO-TAABO_90 3 ALM 228 2018-2022 _
Cbote d'lvoire TF 400/225 AKOUPE ZEUDJI N°1 - 200 MVA 2018-2022 ~
Cbote d'lvoire TF 400/225 AKOUPE ZEUDJI N°2 - 200 MVA 2018-2022 ~
Cote d'lvoire TE 400/225 SAN PEDRO2 N°1 - 200 MVA 2018-2022 _
Cote d'lvoire TE 400/225 SAN PEDRO2 N°2 - 200 MVA 2018-2022 _
Cote d'lvoire TF 400/225 BINGERVILLE N4 - 350 MVA 2018-2022 _
Cote d'lvoire TF 400/225 BINGERVILLE N5 - 350 MVA 2018-2022 _
Cote d'lvoire TF 400/225 BINGERVILLE N6 - 350 MVA 2018-2022 _
Cote d'lvoire TF 400/225 AKOUPE-ZEUDJI N1 - 350 MVA 2018-2022 _
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Length Commissioning

Country Type Element [km] Sizing Year Comment
Cote d'lvoire TF 400/225 AKOUPE-ZEUDJI N2 - 350 MVA 2018-2022 _
Cote d'lvoire TF | 400/225 BAKRE N1 - 350 MVA 2018-2022 )
Cote d'lvoire TE 400/225 BAKRE N2 - 350 MVA 2018-2022 _
Cote d'lvoire TE 400/225 SAN PEDRO N1 - 200 MVA 2018-2022 _
Cote d'lvoire TE 400/225 SAN PEDRO N2 - 200 MVA 2018-2022 _
Cote d'lvoire TF 330/225 BINGERVILLE N1 - 350 MVA 2018-2022 _
Cote d'lvoire TF 330/225 BINGERVILLE N2 - 350 MVA 2018-2022 _
Cote d'lvoire TF 330/225 BINGERVILLE N3 - 350 MVA 2018-2022 _
Cote d'lvoire TF 225/90 AKOUPE ZEUDJI N°1 - 100 MVA 2018-2022 _
Cote d'lvoire TF 225/90 AKOUPE ZEUDJI N°2 - 100 MVA 2018-2022 _
Cote d'lvoire TE 225/93 (4) LABOA N°2 - 70 MVA 2018-2022 _
Cote d'lvoire TF | 225/90 BOUNDIALI - 100 MVA 2018-2022 )
Cote d'lvoire TF | 225/90 BOUNDIALI - 100 MVA 2018-2022 )
Cote d'lvoire TE 225/90 BONDOUKOU N1 - 70 MVA 2018-2022 _
Cote d'lvoire TE 225/90 BONDOUKOU N2 - 70 MVA 2018-2022 _
Cote d'lvoire TE 225/90 YOPOUGON1 N°1 - 100 MVA 2018-2022 _
Cote d'lvoire TE 225/90 YOPOUGON1 N°2 - 100 MVA 2018-2022 _
Cote d'lvoire TF 225/90 TREICHVILLE N°1 - 100 MVA 2018-2022 _
Cote d'lvoire TF 225/90 TREICHVILLE N°2 - 100 MVA 2018-2022 _
Cote d'lvoire TE 225/90 (1) ABOBO N°1 - 100 MVA 2018-2022 _
Cote d'lvoire TE 225/90 (1) ABOBO N°2 - 100 MVA 2018-2022 _
Cbote d'lvoire TF 225/90 (1) ABOBO N°3 - 100 MVA 2018-2022 _
Cbote d'lvoire TF 225/90 (1) ABOBO N°4 - 100 MVA 2018-2022 _
Cbote d'lvoire TF 225/90 BONDOUKOU N°1 - 100 MVA 2018-2022 _
Cote d'lvoire TF 225/90 BONDOUKOU N°2 - 100 MVA 2018-2022 _
Cbote d'lvoire TF 225/90 SEREBOU N°1 - 100 MVA 2018-2022 _
Cote d'lvoire TF 225/90 SEREBOU N°2 - 100 MVA 2018-2022 _
Cote d'lvoire TF 225/90 TOULEPLEU - 100 MVA 2018-2022 _
Cote d'lvoire TE 225/90 (2) SAN PEDRO 1 - 100 MVA 2018-2022 _
Cote d'lvoire TE 225/90 DIVO - 100 MVA 2018-2022 _
Cote d'lvoire TE 225/93 SEREBOU N°1 - 70 MVA 2018-2022 _
Cote d'lvoire TE 225/93 SEREBOU N°2 - 70 MVA 2018-2022 _
Cote d'lvoire TE 225/93 BONDOUKOU N°1 - 70 MVA 2018-2022 _
Cote d'lvoire TE 225/93 BONDOUKOU N°2 - 70 MVA 2018-2022 _
Cote d'lvoire TE 225/93 (2) MAN N°2 - 70 MVA 2018-2022 _
Cote d'lvoire TE 225/93 (2) SOUBRE N°2 - 70 MVA 2018-2022 _
Cote d'lvoire TE 225/90 (3)TAABO N°1 - 100 MVA 2018-2022 _
Cote d'lvoire TE 225/90 (3)TAABO N°2 - 100 MVA 2018-2022 _
Cote d'lvoire TE 225/90 SAN PEDRO N°1 - 100 MVA 2018-2022 _
Cote d'lvoire TE 225/90 SAN PEDRO N°2 - 100 MVA 2018-2022 _
Cote d'lvoire TE 225/93 (5) BUYO N°2 - 70 MVA 2018-2022 _
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Commissioning

Country Type Element [km] Sizing Year Comment
Cote d'lvoire TE 225/90 YAMOUSSOUKRO2 N°1 - 100 MVA 2018-2022 _
Cotedivoire | TF | 225190 YAMOUSSOUKRO2N2 | - | oomva | 20182022 | .
Cotedivore | TF | 225/90 BOUAKE3N"L | - | 1 oomva | 20182022 | .
Cotedivore | TF | 225/90 BOUAKE3N2 | - | 1 oomva | 20182022 | .
Cotedivare | TF | 225M93(KOSSOUNZ | - | omva | 20182022 | .
Cotedivore | TF | 225/90DALOA | - | 1 oomva | 20182022 | .
Cotedivore | TF | 225/90GAGNOAN1 | - | 1 oomva | 20182022 | .
CCotedivare | TF | 225190 GAGNOAN2 | - | oomva | 20182022 | .
Cotedivore | TF | 225/93FERKE | - | oma | 20182022 | .
Cotedivore | TF | 225/93BOUAKE2N2 | - | oma | 20182022 | .
CCotedivore | TF | 22590FERKENL | - | oomva | 20182022 | .
Cotedivore | TF | 22510 FERKEN2 | - | 1 oomva | 20182022 | .
CCotedivore | TF | 22sl0MAN | - |1 oomva | 20182022 | .
CCotedivare | TF | 225190BOUAKE2 | - | oomva | 20182022 | .
Cotedivore | TF | 225/901ABOA | - | oma | 20182022 | .
Cotedivore | TF | 22sl0BUYO | - | oma | 20182022 | .
CCotedivare | TF | 225/90BOUNDIALI | - | oomva | 20182022 | .
Cotedivore | TF | 225/90BIASUDNI | - | 1 oomva | 20182022 | .
Cotedivore | TF | 225/90BIASUDN2 | - | 1 oomva | 20182022 | .
Cotedivare | TF | 225190ATTAKRONL | - | oma | 20182022 | .
Cotedivore | TF | 225/90ATTAKRON2 | - | oma | 20182022 | .
CCotedivore | TF | 225190 KATIOLANL | - | omva | 20182022 |
Cotedivoire | TF | 225190KATIOLANZ | - | omva | 20182022 |
Cotedivore | TF | 225/90KORHOGONL | - | omva | 20182022 |
Cotedivore | TF | 225/90KORHOGON2 | - | omva | 20182022 |
Cotedivoire | TF | 225190 YAMOUSSOUKRONL | - | oomva | 20182022 |
Cotedivore | TF | 225/90 YAMOUSSOUKRONZ2 | - | 1 oomva | 20182022 |
Cotedlvore | TF | 225/00BOUAKE3NI | = | 1 oomva | 20182022 | .
CCotedivare | TE | 225/90BOUAKE3N2 | - | oomva | 2018202 | .
CCotedivare | TE | 225090DALOANL | - | oomva | 2018202 | .
Cotedivare | SVC | SVCFERKE-225kv | - | somvar | 2018 | .
Cotedlvore | SVC | SVCMAN-225kv | - | somvar | 2019 | .
Cotedivare | SVC | SVCBONDOUKOU-90kV | = | somvar | 2020 | .
_ Cotedivoire | REAC | Reactor BONDOUKOU-90kV | = | somvar | 2019 | Number of taps?
| Cotedivoire | REAC | Capacitor DABOU-90KV | - | 72mvar | 2018 | 3taps?
Cotedivoire | REAC | Capacitor DALOA-90kv | - | 14amvar | 2009 | 6taps?
Cotedivore | REAC | Capacitor TOUBA-90KV | - |  1a4mvar | 2019 | 6taps?
_Cotedlvoire | REAC | Capacitor BOUNA-90kV | - | agmvar | 20 | 2taps?
_Cotedivore | REAC | Capacitor ADZOPE -90kV | - | i 72mvar | 2020 | taps?
_Cotedivore | REAC | CapacitorDIVO-90kV | - | Lmvar | 200 | Staps?
 Cotedivoire | REAC | Capacitor SEGUELA-90kvV | - | agmvar | 200 | 2taps?
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332/374

Country Type Element [km] Sizing Year Comment
Céte d'lvoire | REAC | Capacitor TONGON - 90 kV - 4.8 MVAr 2020 2 taps?
30 kv
Céte d'lvoire | REAC | Capacitor YOPOUGONZ1-90kV - 7.2 MVAr 2018 connection; 3
taps?
15 kV
Céte d'lvoire | REAC | Capacitor YOPOUGON1-90kV - 7.2 MVAr 2018 connection; 3
taps?
Céte d'lvoire | REAC | Capacitor ZAGNE - 90 kV - 12 MVAr 2020 5 taps?
Ghana LI Prestea-Kumasi 330 kV N/A _ 2018 _
Aboadze-Dunkwa-Kumasi-
Ghana LI Kintampo-Tamale-Bolgatanga 330 N/A _ 2019 _
kv
Ghana LI Sunyani-Berekum 161 kV N/A _ 2018 _
Ghana LI Asawinso-Juabeso-Mim 161 kV N/A _ 2018 or 20192 _
Break-in of 161kV Akosombo- How far is the
Ghana U Nkawkaw line at Tafo A - 2019 break-in?
Ghana L qurade of Achimota-Acrra East- . 213 t0 488 MVA 2019 )
e Volta lines (2) _— =
Upgrade transformers in Tarkwa,
Akwatia, KoNogo, Asawinso, .
Ghana TE Asiekpe, Tamales, New Tarkwa, R 2019 Size of
— — - - - = transformers?
Sunyani, New Tema, Cape Coast,
Kpandu et Winneba.
Ghana REAC Dunkwa, Kumasi, Bolgatanga . i 2019 7
= — | reactors =
Ghana ss New Pokuase Substation 330 kV on - ) 2019 ]
e Aboadze-Volta =
Ghana SS New Accra Substation? - _ 2018 Connection?
. -
Ghana ss New Substation GIS at Accra - ) 2019 Same project as
I Central = Accra?
Mali LI Sikasso-Bougouni-Bamako 225 kV N/A _ 2020 Sin I.EID.OUble
= circuit?
Single/Double
Mali LI 225 kV Bamako Loop N/A _ 2021 Sin I_e/D_oubIe
= circuit?
Mali LI Duplicate of Manantali-Bamako - - 2021 -
Mali LI Reinforcement Manantali-Kayes - _ N/A _
Double circuit line Kossodo-Poste
Burkina Faso Ll Ouaga Est- N/A ) 2019 )
Poste Patte d’'Oie - 90 kV
Burkina Faso LI Kossodo-Zigniaré 90 kV 25 - 2019 -
Burkina Faso L Upgrade to 90 kV of line Zagtouli- 100 ) 2019 ]
_ Koudougou =
Burkina Faso LI Kaya-Zigniaré 90 kV double circuit 70 _ 2019 _
Burkina Faso LI Pa- Diebougou 90 kV N/A _ N/A _
Burkina Faso LI Wona-Dedougou 90 kV 60 _ 2019 _
Burkina Faso LI Zano-Koupela 132 kV 55 _ 2019 _
Burkina Faso LI PA-Houndé 90 kV 36 - 2018 -
; Zagtouli Solar
Burkina Faso | TF | Ougal90/15 kV - 40 MVA 2018 Zagtouli Solar
Project
Burkina Faso TE Poste Haoundé 90/11.5 kV - _ 2018 W
Burkina Faso TE Zano 132/33 kV - 40 MVA 2018 _
Togo-Benin LI Davié-Notsé_161 54.5 178.5 MVA 2025 _
Togo-Benin LI Davié-Légbassito_161 n°1 14 178.5 MVA 2018 _
Togo-Benin LI Davié-Légbassito_161 n°2 14 178.5 MVA 2018 _
2 G je=——————} G
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Country Type Element Lﬁ(nrg]th Sizing Commleésllomng Comment
Togo-Benin LI Notsé-Atakpamé_161 70 178.5 MVA 2025 _
Togo-Benin LI Atakpamé-Kara 161 250 178.5 MVA 2025 _
Togo-Benin LI Kara-Bandjeli_161 75 178.5 MVA 2022 _
Togo-Benin LI Kara-Mango_161 164 178.5 MVA 2020 _
Togo-Benin LI Mango-Dapaong_161 78 178.5 MVA 2020 _
Togo-Benin LI Porga-Tangieta-Natitingou 161 110 178.5 MVA 2022 _
Togo-Benin LI Bembereke-Kandi_161 114 178.5 MVA 2018 _
Togo-Benin LI Kandi-Guene-Malanville_161 90 178.5 MVA 2018 _
Togo-Benin LI Onigbolo-Parakou_161 n°1 280 178.5 MVA 2018 _
Togo-Benin LI Onigbolo-Parakou_161 n°2 280 178.5 MVA 2018 _
Togo-Benin LI Dapaong-Mandouri 161 N/A 178.5 MVA 2020 _
Togo-Benin LI Atakpamé-Lomé 161 N/A 178.5 MVA 2021 _
Togo-Benin LI Notse-Adjarala N/A 128 MVA N/A _
Togo-Benin LI Adjarala-Ava n°2 N/A 128 MVA N/A _

""" T T ATAKPAME —T3_161/ | T T T T T T

_fogoBenn | TE I ATAKPAME-TZ20 i | . o BRI N U EPNE S
Togo-Benin TE Efl\gaJELl —T1 161 /BANDJELI — . 20 MVA 2022 ]
Togo-Benin TF .I?ZA’\;’Z‘]ELI =T2 161/ BANDJELI - - 20 MVA 2022 _

""" T T BEMBEREKE-T1 161/ | T oottt

_ foooBenn | IE | BEvBEREKE-TL34 | _G__ | ___ oM R L

. BEMBEREKE — T2 161/

_ foooBenn | IE | BEVBEREKE-T234 | __i__ | ___ oM R L
Togo-Benin TF BLITTA-T1 161 /BLITTA-T1 34 - 20 MVA 2022 _
Togo-Benin TF BLITTA-T2 161 /BLITTA-T2 34 - 20 MVA 2022 _
Togo-Benin TE $I1NmSSE -T1 161/ CINKASSE - - 16 MVA 2022 ]
Togo-Benin TF 'TDlAPzAZONG -T1 161/ DAPAONG - - 16 MVA 2022 3
TogoBenin | TF | DAPAONG-T2161/DAPAONG - - 16 MVA 2022 .
Togo-Benin TE KANDI—T1 161/ KANDI-T1 34 - 20 MVA 2018 _
Togo-Benin TF KANDI—T2 161/ KANDI -T2 34 - 20 MVA 2018 _

""" | __ | LEGBASSITO-TR1 161/ | | oo T

_ foseBemn | IE | \FeBASSITO-TRL20 | _:__ | ___ S R U R

. LEGBASSITO — TR2 161/
_ fosoBenn | IE | \FeeassiTo-TRe 20 | .| ___ OMA A il
. MALANVILLE — T1 161/

(fosoBenh | TE IMAANVILE-TL | C S . U R
TogoBenin | 16 | MANGO-TRLI6L/MANGO - - 20 MVA 2020 i
Togo-Benin TE .IMRAzN(;g =TR2 161/ MANGO — - 20 MVA 2020 _

""" T T INATImINGOU-TI 1617 [ T e Tt T

_ foaeBemn | IE I NATITINGOU-TI 20 | C .. e I I S R
TogoBenin | TE | SOTSESTI1GLINOTSE= : 12.5 MVA 2025 ]
Togo-Benin TE ??gﬁA =T1 161/ PORGA = - 20 MVA 2022 _

""" T | TANGUIETA-T1 161/ | . | T

_foscBemn | T I TANGUIETA-TIZ0 | .| ___ AN B il

Gambia TE Brikama 225/30 kV - 2 x50 MVA 2021 OMVG

T T Guinea | . [ o T T T T T T T T T T

Bissau TF Bissau 225/30 kV - 3 x20 MVA 2021 OMVG
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Country Type Element Lﬁ(nrg}h Sizing Cominzgioning Comment
Guinea LI Linsan-Fomi 225 kV N/A 250 MVA 2020 Double circuit?
Guinea Ll Lins_an = Kisougoudou 225 kv N/A - N/A Double circuit?

________ ____pGunealoop) _ _ _ _ _ ____ | _ | __________ ..o
Guinea L Kisi_qoudou — N'Zérékoré 225 kV N/A ) N/A Double circuit?
________ __-_punealoop) ~_ _ _ _ _____ | _ T _|_____ _____Jd___ - __ |- _----_
Guinea LI Maneah-Linsan 225 kV N/A _ N/A Double circuit?
 Gunea | TF | Linsan22s/10kv | - | 2x75MvA | 2020 | omve
 Gunea | TF | NZéékorezosiiokv | - | soma | 2020 | cse
 Niger | LU | SakadmanaNiamey330kv | w0 | eomvAa | 202 |
 Niger | LU | Kandadii Namey132kv | 190 | w077MvA | 22 |
N ;r""'l__l" _E_\:;lﬁ(a_drﬁa_na_-faﬁo_ua_-l\zal_baza 12 sois0 | 1077 MVA | "_izo""" "j""
B S B S e
Niger LI Reinforcement HV grid Niamey? N/A _ 2020 Which lines?
© Senegal | Ll | TenafzZiuichor2oskv | | na | . N
© Senegal | U | MbourKayar2s | | na .| s
© Semegal | U | Mbourkayar 225 | | na | . s |
© Semegal | U | OlAM:Sendou 225 | | nNA | .| s | L
© Semegal | U | MbourOLAM 225 | | nNA | | a8 |
© Semegal | U | Sendowkounoune 225 | | sasmva | 2008 | .
© Semegal | LI | SendowKounoune 225 | PN ssmvA | 208 |
© Semegal | Ll | Tobeme-Kounoune 225 | 58 | aasmva | 2018 |
© Semegal | LI | Tobene-Kounoune 225 | 8 | ssmvA | 2000
© Semegal | LI | FatickSAPCO 225 | I na a8 |
© Semegal | U | SAPCOMBOUR 225 | | na | | s |
© Semegal | LI | FafickKaolack 225 | P sasmvA | 220 |
© Senegal | LI | AfricaEnerqy-Tobene 225 | o | 2
© Semegal | Ll | AfficaEnergy-Tobene 225 | o | | 2 |
© Senegal | LI | MboroTobene 225 | 00 | ssmvA | 200
© Semegal | LI | MboroTobene 225 | 00 | ssmvA | 200
© Semegal | U | BakelTambacounda 225 | | na | 0 |
© Semegal | LI | CapDesBiches-Kounoune 90 | 65 | gsmvA | 220 |
© Semegal | L | Hann-Patedoie 90 | 2 | sgomMvA | 2020 |
© Semegal | U | Hamn-PattedOie 90 | 12 | sisomva | 206 |
© Semegal | L | Hann-Patedoie 90 | 2 | | a0 |
© Senegal | REAC | Reactance KAOLACK225kV | - | 2omvar | Na |
| Semegal | REAC | Reactance TOUBA 225KV | - | smvar | nNA |
© Senegal | REAC | Reactance KOUNOUNE225kv | - | smvar | oNnA |
CSieraleone | TF | Kamakwie22s33kv | - | soomva | 2020 | cse
CSerraleone | TF | Yiben22s3kv | - | soma | 2020 | cse
Semaleone | TF | Bumbuna2ositeikv | - | 2x7oMvA | 2000 | cse
CSieraleone | TF | Bkongore225/33kv | - | soomva | 2020 | cse
CSerraleone | TF | Kenemazesakv | - | soma | 2020 | cse
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Country Type Element Lﬁ(nrg}h Sizing Cominzgioning Comment
Liberia TE Mano 225/33 kV - 40 MVA 2020 CLSG
© Liberia | TF | Momoviazesmak | - | omva | 2020 | cse
© Lbera | TF | Buchanan2es/3kv | - | soomva | 2020 | cse
© Lbera | TF | Yekepa2s3kV | - | soomva | 2020 | cse
© Mauitania | LI | NoukchottNouadhibou225kv | | na | | 220 | Doublecircuit?
Mauritania Ll E\(/)ukchott-St LYess- Tobene 225 N/A B 2020 Double circuit?
"@""L_I"'Ei-ﬁﬁoédé-?énéqBa'lifsz'k\? """ N;_A """" @ """"izo""""j""
 Nigeria | Ll | Alaoji-Unuahia 2x132kV circuits | | nNA | nNA | 2020 | L
© Nigeia | U | MbalanoOkigwe 1x132kv circuit | | NA | nNA | 2020 |
© Nigeria | LI | 2ndBenin-Onitsha 1x330kvcircuit | | nA | NA | 20 |
Nigeria L mnin - Onitsha 2x330KV N/A NA 2020 ]
Noera | | Spisha Gha e o |y, A 2020 -
© Nigeria | L | Nsukka-Ayangba?2xi32KVcicuts | NA | NA | 220 | L
Nigeria L m Abo Mbaise 2x132KV N/A NA 2020 ]
© Nigeria | LI | Onitshalfitedunu 2x132KV circuits | | na | na | 2020 |
© Nigera | Ll | Umushia-Ohafia 1x132kV circuit | | nA | NA | 200 |
© Nigeria | Ll | Umuahia-Mbalano 1x132kV circut | NA | NA | 20 |
© Nigeria | Ll | Ohafia-Arochukwu 1132V circut | NA | nNA | 220 | .
© Nigeria | LI | Abokaliki-Amasii2xI32kVcircuts | NA | nNA | 220 | L
© Nigera | Ll | Ugwuaj-Nnenwe 2x132kV circuits | | nA | NA | 20 |
© Nigera | Ll | Nnenwe-Mpu2x132kVircuts | | nA | NA | 20 |
© Nigeria | Ll | AkureAdoEkii1xi32kvcircut | | na | NA | 220 | L
Nigeria L Iiligﬁitlgejm - Ayobo 2x132kV N/A NA 2020 ]
Benin North-Oshogbo 2x330KV
Nigeria LI circuits - 1 circuit LILO at New N/A N/A 2020 _
________ - _|Akuresubstation _ _ _ _ _ _ _ _ _ | __ ___ o ____ o ____|eo_______
New Abeokuta - Igboora - Lanlate
Nigeria LI 2x132kv circuits - Tee-off at N/A N/A 2020 B
________ — . lgboora-lgangan _ _ _ _ _ _ _ _ _ | _ _ ___ | _______ | ______
Nigeria L m -Ogbomosho 2x132kV NA NA 2020 ]
Nowa | | ke OeguanShasam [y, " 2020 _
Nigeria L S"T—L(?;t?ho-EDe-Aia 2x330KV N/A N/A 2020 7
© Nigera | LI | Oshogho-Ede 2x132KV circuits | | nA | NA | 20 |
Nigeria L (Iirrtéﬁg - Omotosho 2x330KV N/A NA 2020 ]
© Nigeria | Ll | Obajana-Okeagbe2x132kVcircuits |~ NA | NA | 20 |
Nigeria L g\rAéﬁEtris-Ahoada-Yeneqoa 2x132kv N/A NA 2020 ]
Afam-Port Harcourt 2x132kV
Nigeria LI $iécuits - LILO at Port Harcourt main N/A N/A 2020 -
Nigeria L mnin - Onitsha 2x330KV N/A N/A 2020 7
© Nigera | LI | 2ndBenin-Onitsha 1x330kv circuit | | nA | NA | 20 |
© Nigeria | U | Afam V- Afam Il 1xI32kV circuit | | na | NA | 20 |
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Length s Commissionin
Country Type Element [krg] Sizing Ylea: ng Comment
N Alscon - Ibom Power 2x132kV
e e T T ol e IR S ISR

Nigeria LI Obudu - Ogoja 2x132KV circuits N/A N/A 2020 _

T 7777 7 7| Yenagoa- Oporoma2x132kv | .. | o T oo oo
e e R T N gt S e BRI (RN U NSNS
Nigeria L peltq—Port Harcourt 2x330kV N/A NA 2020 ]
________ N
Nigeria TE 330/132/33kV at Onitsha and Benin - 150 MVA 2020 _
Nigeria TE 132/33kv at Aboh -Mbaise - 2 x 60 MVA 2020 _
Nigeria TE 330/132KV at Olorunsogo - 2 x150 MVA 2020 provisional
A I IS T [ U B second
__Moea | IE | dOusAssvaionisha i _|__.: loMvA oo B2 L adgitional unit? _
Nigeria TE 132/33kV at Ukpilla, Edo State - 60 MVA 2020 _
Nigeria TE Amukpe - 1x30/40MVA 2020 _
T [ 330/182/33kV at Afam TS for || oo T T T
_ Meed | IE rehabiitaon |G| S U U N
N Substations Imo - Rivers - Bayelsa

 Meed 0SS Uswmes || e I U IR
L . 2x30/40MVA

| Moetd | S8 Umuaha G Tmmmssw | -

Nigeria SS Ideato - 2x60 MVA, 132/33 kV 2020 R
N e I R 2x30/40MVA, | L | T
| Moea 0SS JAwchdew i s | R -

Nigeria SS Okigwe - 2x30/40MVA 132/33kV 2020 R

Nigeria SS Ohafia - 2x30/40MVA 132/33kV 2020 R

Nigeria SS Mbalano - 2x30/40MVA 132/33kV 2020 R

Nigeria SS Nnewi - 2x60 MVA 132kV 2020 R

Nigeria SS Oba - 2x60 MVA, 132/33 kV 2020 R

Nigeria SS Ifitedunu - 2 Xx 60MVA 132/33kV 2020 _

Nigeria SS Amasiri, Afikpo - 2x60MVA,132/33kV 2020 _

Nigeria SS Mpu - 2x60MVA,132/33kV 2020 R

Nigeria SS Nnenwe - 2x60MVA, 132/33kV 2020 _

Nigeria SS Odogunyan - 2 x 60MVA, 132/33kV 2020 -

Nigeria SS Ayobo - 2 X 60MVA, 132/33kV 2020 R
e e e 2X150MVA330/182KV | |

Nigeria SS New Akure - + 2x60MVA. 132/33kV 2020 _

Nigeria SS Ogbomosho - 2 Xx60MVA 132/33kV 2020 _

Nigeria SS Lanlate - 2x30/40 Mk\\iA 132/33 2020 _

Nigeria SS lgangan - 2x60MVA 132/33KV 2020 _

Nigeria SS Ede - 2X60MVA 2020 voltage levels ?
"""" e e 1<10) VY7 W

Nigeria SS Omotosho - 330/132KV + 2020 -
________ L. _2x6OMVA,132/33KV | ...

Nigeria SS Okeagbe, Ondo State - 2x60MVA 132/33kV 2020 _

Nigeria SS Ose LGA Headquarters, Ondo State - 2x60MVA, 132/33kV 2020 _
S N I R 2x150MVA,. | L T T T T T
| Moela 0SS jCabar i somasv | 2 -

Nigeria SS Ughelli Power Plant - 1x60MVA 2020 _
S S Y 2x30/40MVA, | T T T T T

Nigeria SS Ogoja - 132/33kV 2020 ~
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Length Commissioning

Country Type Element (km] Sizing Year Comment
Nigeria | SS |_Oporoma [ - l 2x 60MVA, 132/33KV 2020 _
DS CEERRRRRR I .. —aoa——meeeeeaeaeaeaeaeaeaeeaeaeeaeeeeeee
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APPENDIX I: TECHNICAL PARAMETERS OF GENERATION UNITS

This section presents the technical parameters of the existing and decided generation units for each country. The parameters in red
indicates assumptions taken to fill gaps and/or ambiguities in the collected data. In these cases, the following values have been considered:

0.85 lagging and 0.95 leading power factor for thermal and hydro units, 0.95 leading and lagging power factor for renewable energy
sources;

Sub-transient reactance of 20 % p.u. for conventional units (If no similar unit is present) and 100 % p.u. for renewable energy sources
(no contribution to short circuit current).

Benin
Nominal Nominal Nominal Nominal Sub- Min. Max. Max. active
Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power
(MVA) (kV) power power reactance power power W)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)

Akpakpa - Aggreko existing Thermal | Akpakpa_15 38.89 15.00 35.00 16.95 20.00 -3.00 16.95 35.00
Akpakpa - SBEE existing Thermal | Akpakpa_15 35.29 15.00 30.00 2.90 20.00 -9.86 18.59 12.00
CAIl -TAG BID existing Thermal TB TAG BID_15.8 87.50 15.75 70.00 12.59 20.00 -27.30 52.50 70.00
Gbegamey - Aggreko existing Thermal | Gbegamey Aggreko_15 17.78 15.00 16.00 9.92 20.00 -5.26 9.92 16.00
Maria Gleta - Aggreko existing Thermal | Aggreko Maria Gleta_15.8 63.33 15.75 57.00 31.00 20.00 -16.43 31.00 50.00
Maria Gleta - TAG CEB existing Thermal | Maria Gleta TAG CEB_15.8 29.41 15.75 25.00 14.00 20.00 -8.22 15.49 24.00

Natitingou - SBEE G1-3 existing Thermal | Natitingou SBEE Diesel_15 6.66 15.00 6.00 1.94 20.00 -1.97 2.90 6.00

Natitingou - SBEE G4-6 existing Thermal | Natitingou SBEE Diesel_15 6.66 15.00 6.00 2.90 20.00 -1.97 2.90 6.00
Parakou - MRI existing Thermal | Parakou Thermal_15 18.89 15.00 17.00 8.23 20.00 -5.59 8.23 17.00
Parakou SBEE G1-3 existing Thermal | Parakou Thermal_15 28.11 15.00 25.30 12.25 20.00 -8.32 12.25 14.00

Porto-Novo G1-4 existing Thermal | Porto-Novo_15 8.89 15.00 8.00 1.94 20.00 -2.63 3.87 8.00

Porto-Novo G5-6 existing Thermal | Porto-Novo_15 4.44 15.00 4.00 3.87 20.00 -1.31 1.94 4.00
Vedoko - MRI existing Thermal | Vedoko 15 28.89 15.00 26.00 15.49 20.00 -8.55 12.59 26.00

Yéripao existing Hydro N/A 0.53 15.00 0.48 37.50 20.00 -0.23 0.23 0.48
Maria Gleta - TAG BID decided Thermal N/A 62.50 15.75 50.00 52.50 20.00 -19.50 37.50 50.00
e Y  a— ) [ N B
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Burkina Faso

Nominal Nominal Nom_inal Nomi_nal Sup- Min_. Ma)_(. Max. active

Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power

o | T | rower | pe | e | pane | fae | o

BOBO Il G1 existing Thermal | BOBO Il G1_5.5 4.75 5.50 3.80 2.85 14.00 -0.38 2.85 3.40
‘BOBONG2 | existng | Thermal | BOBOIG2.55 | - 475 | 550 | 380 | 285 | 1400 | 038 | 285 | 340
‘BOBONG3 | existng | Thermal | BOBOIG355 | - 475 | 550 | 380 | 285 | 1400 | 038 | 285 | 340
‘BOBONGA | existng | Thermal | BOBOIG4 55 | - 475 | 550 | 380 | 285 | 1400 | 038 | 285 | 340
‘BOBONGS | existng | Thermal | BOBOIG5.55 | - 475 | 550 | 380 | 285 | 1400 | 038 | 285 | 340
‘BOBONGS | existng | Thermal | BOBOIIG6_11 | 1560 | 1100 | 1250 | 933 | 1560 | 400 | 750 | 1 1000
‘BOBONG?T | existng | Thermal | BOBOIG7.11 | 1560 | 1100 | 1250 | 933 | 1560 | 400 | 750 | 1 1000
‘BOBONGS | existng | Thermal | BOBOIIG8 11 | 1560 | 1100 | 1250 | 933 | 1560 | 400 | 750 | 1 1000
‘BOBONGY | existng | Thermal | BOBOIIGO_11 | 1560 | 1100 | 1250 | 933 | 1560 | 400 | 750 | 1 1000
‘Dedougou | existng | Thermal | NA | 668 | NA | 568 | 352 | 2000 | 187 | 352 | 240
boi exisng | Thermal | NA | sia | NA | 231 | 271 | 2000 | a4 | 21 | 300
Gaowa | existng | Thermal | NA | 282 | NA | 200 | 149 | 2000 | 079 | 149 | 190
‘KomsigaGl | existng | Thermal | KomsiigaG1 11 | 2250 | 1100 | 1800 | 1116 | 1560 | 592 | 1 TRT I 1400
‘KomsigaGz | existng | Thermal | KomsilgaG2_11 | 1500 | 1100 | 1250 | 933 | 1560 | 400 | 750 | 1 1100
‘KomsigaGa | existng | Thermal | KomsilgaG3_11 | 1500 | 1100 | 1250 | 933 | 1560 | 400 | 750 | 1 1100
‘KomsigaGa | existng | Thermal | KomsilgaG4_11 | 1500 | 1100 | 1250 | 933 | 1560 | 400 | 750 | 1 1100
‘KomsigaGs | existng | Thermal | KomsilgaG5_11 | 1500 | 1100 | 1250 | 933 | 1560 | 400 | 750 | 1 1100
‘KomsigaGé | existng | Thermal | KomsilgaG6_11 | 1500 | 1100 | 1250 | 933 | 1560 | 400 | 750 | 1 1100
‘KomsigaG?7 | existng | Thermal | KomsilgaG7_11 | 1500 | 1100 | 1250 | 933 | 1560 | 400 | 750 | 1 1100
‘KossodoGL | existng | Thermal | Kossodo G111 | - 475 | 1100 | 380 | 285 | 1350 | 125 | 285 | 350
‘KossodoG2 | existng | Thermal | KossodoG2 11 | 800 | 1100 | 646 | - 450 | 1810 | 212 | a8 | 510
‘KossodoG3 | existng | Thermal | KossodoG3_11 | 800 | 1100 | 646 | - 450 | 1810 | 212 | a8 | 510
‘KossodoG4 | existng | Thermal | KossodoG4_11 | 1004 | 1100 | | 800 | 1 600 | 1750 | 263 | 600 | 640
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal ; . : . ) Max. active

Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power

oo | o | e | fee s | fee | fe | T

Kossodo G5 existing Thermal | Kossodo G5_11 10.04 11.00 8.00 7.20 17.50 -0.80 6.00 6.40
‘KossodoG6 | existng | Thermal | KossodoG6_11 | 2250 | 1100 | 1800 | 1350 | 1560 | 180 | 1 1350 | 1400
KossodoG7 | exising | Thermal | KossodoG7_11 | 1004 | 1100 | 800 | 600 | 1750 | 263 | 600 | 640
‘KossodoG8 | existng | Thermal | KossodoG8_11 | 1004 | 1100 | | 800 | 1 600 | 1750 | 263 | 600 | 640
ouagaiGl | existng | Thermal | Ouaga1G1.63 | 338 | 630 | 270 | 200 | 1300 | 089 | 200 | 250
ouagaicz | exising | Thermal | Ouaga1G2.63 | 338 | 630 | 270 | 202 | 1300 | 089 | 200 | 250
ouagazeél | existng | Thermal | Ouaga2G1.55 | 650 | 550 | 520 | 390 | 2800 | 71 | 390 | 340
ouagazé2 | existng | Thermal | Ouaga2G2.55 | 650 | 550 | 520 | 390 | 2800 | 71 | 390 | 340
ouagazGa | exising | Thermal | Ouaga2G3.55 | 650 | 550 | 520 | 30 | 2500 | 171 | 390 | 340
ouagaze4 | existng | Thermal | Ouaga2G4 55 | 1000 | ! 550 | 800 | 1 600 | 2830 | 263 | 600 | 530
ouagazes | existng | Thermal | Ouaga2G5 55 | 1000 | ! 550 | 800 | 1 600 | 2830 | 263 | 600 | 530
ouagazGs | exising | Thermal | Ouaga2G6_15 | - 200 | 1500 | 320 | 240 | 1500 | 105 | 240 | 210
ouahigouya | exisng | Thermal | NA | 612 | NA | 520 | 322 | 200 | amm | 32 | 370
‘BagreG1 | existng | Hydro | BagreG1.66 | 880 | 660 | 800 | 366 | 2060 | 366 | 366 | 800
‘BagreG2 | existng | Hydro | BagreG1.66 | ¢ 880 | 660 | 800 | 366 | 2060 | 366 | 366 | 800
‘KompiengaG1 | existng | Hydro | KompiengaG1 66 | - 770 | 660 | 700 | 339 | 200 | 339 | 339 | 700
‘KompiengaG2 | existng | Hydro | KompiengaG1 66 | - 770 | 660 | 700 | 339 | 200 | 339 | 339 | 700
‘Noftagl | exisng | Hydro | NioflaG1.04 | 055 | 040 | 050 | 023 | 2000 | 020 | 023 | 050
‘Noflag2 | existng | Hydro | NioflaG1 0.4 | 055 | 040 | 050 | 023 | 200 | -020 | 023 | 050
‘Noflags | existng | Hydro | NioflaG1 0.4 | 055 | 040 | 050 | 023 | 200 | -020 | 023 | 050
‘Solzagtouil | existng | PV | Solzagtoul11s | 3470 | 1100 | 3300 | 1070 | 10000 | 330 | 1 1070 | 3300
‘SolaireZiga | exisng | PV NA 16 | NA | 10 | 03 | 10000 | -036 | 03 | 110
ToumiGl | existng | Hydro | NioflaG1 0.4 | 027 | 040 | 025 | 010 | 2000 | 000 | 010 | 025
ToumiG2 exisng | Hydro | NioflaG1.04 | 027 | 040 | 025 | 010 | 2000 | 1 000 | 010 | 025
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Nominal Nominal Nominal Nominal Sub- Min. Max. Max. active
. . active reactive transient reactive reactive :
Unit Name Status Type Connection node power voltage power
(MVA) k) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)

Fada Extension decided Thermal | Fada Extension _6.6 9.00 11.00 7.50 4.65 20.00 -2.47 4.65 6.75

Kossodo decided Thermal | N/A 58.82 11.00 50.00 30.99 20.00 -16.43 30.99 50.00

Samendeni decided Hydro N/A 3.25 N/A 2.76 1.71 20.00 -0.91 1.71 2.76

Cote d’'lvoire
Nominal Nominal Nominal Nominal Sub- Min. Max. Max. active
. . active reactive transient reactive reactive :
Unit Name Status Type Connection node power voltage power
(MVA) kV) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)

AGGREKO1C | exising | Thermal | Aggreko1Cl 04 | 4375 | 040 | 3500 | 2625 | 1600 | 2626 _| _ 2625 | 3500 _
AGGREKO2CI_ | existing | Thermal | Aggreko1Cl 0.4 | 3750 | ! 040 _ | _3000__| 2250 _| 1600 _| -2250__| 2250 _| 3000
AGGREKO 3G ___| existing | Thermal | Aggreko3Cl 04 [ 4375 | ¢ 040 [ _3500_ _| 262 | 1600 _| -2625 | 2625 | 3500 _
AGGREKOACI | existing | Thermal | Aggreko4Cl 04 [ 6250 | ¢ 040 _{ _5000_ _| 3750 _| 1800 _| 8750 _| 38750 | 5000 _
AGGREKOSC ____| existng | Thermal | Aggreko5Cl 04 [ 6250 | ¢ 040 _{ _5000_ _| 3750 _| 1800 _| 8750 _| 38750 | _ 5000 _
AztoTagl | exising | Thermal | AzitoTag1 158 _ __ _ _| _ 21000 _| _ 1575 | 15200 _| 14490 _| 2000 _| _80.00_ _| 12000 | 148.00 _
AztoTag2 | exising | Thermal | AzitoTag2 158 _ __ _ _| _ 21000 _| _ 1575 | 15200 _| 14490 | 2000 _| _80.00_ _| 12000 _| 148.00 _
AdtoTAV. | exsting | Thermal | AzitoTAV_ 158 | _ 21000 | _ 1575 | 16800 _| 12600 _| _ 2000 _| 8000 _| 12000 | 168.00 _
CiprelTag10 ______| exsting | Thermal | CiprelTag1 11 | _ 14353 | _1100 | 12200 | 7561 | 2000 | 4010 | 7561 | 117.00 _
CiprelTags ______| exstng | Thermal | CiprelTag5 11 [ 4310 | 1100 | 345 | 258 | 1990 | -1485 | 2300 _| 3300 _
CiprelTags _ _____| existing | Thermal | CiprelTag6 11 [ 4310 | 1100 | 345 | 258 | 1990 | -1485 | 2300 _| 3300 _
CiprelTag7 _ _ ____| exising | Thermal | CiprelTag7 11 | 4310 | 11.00 | 3450 | 2580 | 1990 | -1485 | 2300 _| 3300 _
CiprelTag8 _ _ _ __ _| exising | Thermal | CiprelTag8 11 _ _ __ _ _| _ 13059 | _1too | 11100 | 6879 | 2000 _| 3648 | 6879 | 111.00 _
CiprelTags ______| exstng | Thermal | CiprelTag9 11 | _ 13050 | _1100_ | 11100 | 6879 | 2000 _| 3648 | 6879 | 11100 _
SCiprelTAV _______| existing | Thermal | Ciprel TAV 1S | _ 13059 | _1s500 | 11100 | 6879 | 2000 | 3648 | 6879 | 11100 _
VrdiiTagl | existing | Thermal | vridilTag1 11 [ 2650 | 1100 )| 2120 | 11.55 | 1880 | -9.00 | 1 1700 | 2120 _
VrdiiTag2 | existing | Thermal | vridi1Tag1 11 [ 2650 | 1100 )| 2120 | 11.55 | 1880 | -9.00 | 1 1700 | 2120 _
_vrditTag3 ______| exisng | Thermal | VridilTag3 11 | 2650 | 11.00 | 2120 | 115 | 1880 _| -9.00 | 1 1700 _| 2120
_vrditTag4 ______| exising | Thermal | VridiliTag3 11 | 2650 | 11.00 | 2120 | 115 | 1880 __| -9.00 | 1 1700 _| 2120
AyamelGl | existing | Hydro | AyamelG155 [ 1200 | 550 [ _1056_ | 569 [ _2200_ | 000 [ __ 000 | __ 963 __

Ayamel G2 existing Hydro Ayamel G2_5.5 12.00 5.50 10.56 5.69 22.00 0.00 0.00 9.63

Ayame2 G1 existing Hydro Ayame2 G1_5.5 19.00 5.50 15.20 11.40 22.50 0.00 0.00 15.50
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal ; . : ) ) Max. active
Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power
(MVA) k) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)

Ayame2G2 | exising | Hydro | Ayame2G255 | 1900 | 550 | 1520 [ 1140 [ 2250 | 000 | 000 | 1 1550
BuoGL | exising | Hydro | BuyoG1105 | 6100 | 1050 | 5500 | 2658 | 2050 | 3100 | 3000 | 5500

Buyo G2 existing Hydro Buyo G2_10.5 61.00 10.50 55.00 26.58 20.50 -31.00 30.00 55.00
BuoG3 | existing | Hydro | BuyjoG3 105 | 6100 | 1050 | 5500 | 2658 | 2050 | -31.00 | 3000 | 5500
FayeG1 | existing | Hydro | FayeG1.55 | 275 | 550 | 250 | 114 | 2200 | -025 | 114 | 250
Fayecz | eising | tydo | FayeGiss | 275 | sso | s | 114 | 2200 | o2 |t | 2s
KossouGl | exising | Hydro | KossouGl 17 | 6160 | 1700 | 5850 | 1920 | 2310 | 1700 | 2300 | 5850
KossuG2 | exising | Hydro | KossouG2.17 | 6160 | 1700 | 5850 | 1920 | 2310 | 1700 | 2300 | 5850

Kossou G3 existing Hydro Kossou G3_17 61.60 17.00 58.50 19.20 23.10 -17.00 23.00 58.50
“SoubreG1 | existing | Hydro | Soubre G1_105 | 10588 | 1050 | 90.00 | 5577 | 1953 | 5577 | 5577 |  90.00
“SoubreG2 | existing | Hydro | Soubre G2_105 | 10588 | 1050 | 90.00 | 5577 | 1953 | 5577 | 5577 |  90.00
‘soubreG3 | existng | Hydro | SoubreG3_105 | 10588 | 1050 | 90.00 | 5577 | 1953 | -5577 | 5577 |  90.00
TaaboGl | eusing | Hyro | TaaboGl1ss | 7800 | 13m0 | 7020 | 3400 | 2670 | 2000 | 2500 | 7020
TasboG2 | exising | Hydro | TasboG2 138 | 7800 | 138 | 7020 | 3400 | 2670 | 2000 | | 000 | 7020

Taabo G3 existing Hydro Taabo G3_13.8 78.00 13.80 70.20 34.00 26.70 -20.00 25.00 70.20
‘Azto4aGl | decided | Thermal | Azito4 G1_158 | 106.00 | 1575 | 90.00 | 5600 | 2000 | -2960 | 5600 |  90.00
‘Azto4aG2 | decided | Thermal | Azito4 G2_158 | 106.00 | 1575 | 90.00 | 5600 | 2000 | -2690 | 5600 | 90.00
AZOATAV_ | decided | Thermal | Azito4TAV.158 | 12500 | 1575 | 10000 | 7500 | 2000 | -390 _| 7500 | 10000
CiprelVTAGL | decided | Thermal | CiprdlVTAGL AL _ __ | _ 16250 | _11.00_ | 13000 _| 9750 _| 1900 _| 4273 )| 8057 | 12000 _
CiprelvVTaG2 ____ _| decided | Thermal | CiprdVTAGLAL _ __ | _ 16250 | _11.00_ | 13000 _| 9750 _| 1900 _| 4273 )| 8057 | 12000 _

Ciprel V TAV decided | Thermal | Ciprel V TAV_11 162.50 11.00 130.00 97.50 19.00 -42.73 80.57 110.00
“Gribopopoli G1 | decided | Hydro | GribopopoliG1_10.5 | 658 | 1050 | 5600 | 3471 | 2050 | -1840 | 3471 | 5100
“Gribopopoli G2 | decided | Hydro | Gribopopoli G2_10.5 | 658 | 1050 | 5600 | 3471 | 2050 | -1840 | 3471 | 5100
ohogo |dedded | PV [NA_ """ "aios | wa_ | 2000 | es | 10000 | esr | 65 | 2000

Poro Power decided PV N/A 52.63 N/A 50.00 16.43 100.00 -16.43 16.43 50.00
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Gambia

Nominal Nominal Nom_inal Nomi_nal Sup- Min_. Ma)f' Max. active
Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power
(MVA) (kV) power power reactance power power (MW)
(MW) (Mvar) (Y% p.u.) (Mvar) (Mvar)

Brikama | G1 existing Thermal | N/A 7.53 N/A 6.40 3.97 20.00 -2.10 3.97 5.50
‘Brkamal G2 | existing | Thermal [ NA [+ 753 | NA [ 640 | 397 | 2000 | 210 [ 397 | 550
Brkama(G3 | edising | Themal [NA_ """ ss T wa | e | s | 000 [ om0 | sor | ss
BikamalGd | exising | Thermal | NA | 753 | NA | 640 | 397 [ 2000 [ 210 | - 397 | 550
BikamalGs | exising | Thermal | NA | 753 [ NA | 640 | 397 [ 2000 [ 210 | - 397 | 550

Brikama | G6 existing Thermal | N/A 7.53 N/A 6.40 3.97 20.00 -2.10 3.97 5.50
‘Brikama Il Wartsila | existing | Thermal | NA | 1059 | NA | 9.00 | 558 | 2000 | 296 | 558 | 000
KowuGl | existing | Thermal | NA [ 353 | NA | 300 | 18 | 2000 | -099 | 186 | 300
Kowcz | edsing | Themal [NAT """ ""T[ " 3ss T Twa | Cseo | ame | 000 [ ose | e | oo
Kowe3 | exising | Thermal | NA | L NA | 340 | 211 [ 2000 [ 12 | 21 [ 550
Kowed | exising | Thermal | NA | 753 | NA | 640 | 397 [ 2000 [ 210 | 397 | 550

Kotu G6 existing Thermal | N/A 7.53 N/A 6.40 3.97 20.00 -2.10 3.97 5.50
KotuG? | existng | Thermal | NA | 753 | NA | 640 | 397 | 2000 | 210 | 397 | 550
‘KotuG8 | existng | Thermal | NnA | 753 | NA | 640 | 397 | 2000 | 210 | 397 | 550
KowG9 lesing | Thermal |NA | 753 | NA | 640 | 397 | 2000 | 210 | 397 | 550

Brikama | G6 decided | Thermal | N/A 7.53 N/A 6.40 3.97 20.00 2.10 3.97 5.50

Brikama || Wartsila decided | Thermal | N/A 9.41 NIA 8.00 4.96 20.00 2.63 4.96 8.00
‘Brikama lllG1 | decided | Thermal [ NA [ 1176 | NA | 1000 | 620 | 2000 | 329 [ 620 | 1 1000
Brikemall G2 | decided | Themal [NA [ 1176 | WA | 1000 | 620 | 2000 | 329 [ 620 | 1000
Kow Expansion G1 _ _ _ | decided | Thermal | WA ___ _________| __ L NA L 640 | _ 897 | _200_ _| 210 _| 897 | __ 550

Brikama Solar decided | PV N/A 10.53 N/A 10.00 3.29 100.00 -3.29 3.29 10.00
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Ghana

Nominal Nominal Nominal Nominal Sub- Min. Max. Max. active
Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power
(MVA) kV) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)

AKSA existing Thermal | AKSA G1_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G1_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G1_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G1_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G2_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G2_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G2_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G2_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G3_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G3_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G3_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G3_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G4_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G4_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G4_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA G4_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AKSA existing Thermal | AKSA_13.8 22.62 15.00 18.10 13.00 23.50 -6.00 13.00 18.10
AMERI existing Thermal AMERI_13.8 31.25 13.80 25.00 15.50 14.80 -12.11 15.50 23.00
AMERI existing Thermal AMERI_13.8 31.25 13.80 25.00 15.50 14.80 -12.11 15.50 23.00
AMERI existing Thermal AMERI_13.8 31.25 13.80 25.00 15.50 14.80 -12.11 15.50 23.00
AMERI existing Thermal AMERI_13.8 31.25 13.80 25.00 15.50 14.80 -12.11 15.50 23.00
AMERI existing Thermal AMERI_13.8 31.25 13.80 25.00 15.50 14.80 -12.11 15.50 23.00
AMERI existing Thermal AMERI_13.8 31.25 13.80 25.00 15.50 14.80 -12.11 15.50 23.00
AMERI existing Thermal AMERI_13.8 31.25 13.80 25.00 15.50 14.80 -12.11 15.50 23.00
AMERI existing Thermal AMERI_13.8 31.25 13.80 25.00 15.50 14.80 -12.11 15.50 23.00
AMERI existing Thermal AMERI_13.8 31.25 13.80 25.00 15.50 14.80 -12.11 15.50 23.00
AMERI existing Thermal AMERI_13.8 31.25 13.80 25.00 15.50 14.80 -12.11 15.50 23.00
CENIT existing Thermal CENIT_13.8 141.75 14.40 126.00 65.00 17.90 -50.00 65.00 115.00
Karpower ship | existing Thermal | Karpower ship | -1_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal . . - } ) Max. active
Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power
(MVA) k) power power reactance power power (MW)

(MW) (Mvar) (% p.u.) (Mvar) (Mvar)

Karpower ship | existing Thermal | Karpower ship | -1_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -1_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -1_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -1_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -1_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -2_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -2_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -2_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -2_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -2_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -2_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -3_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -3_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -3_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -3_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -3_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -3_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -4_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -4_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -4_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -4_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -4_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship | existing Thermal | Karpower ship | -4_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship Il existing Thermal | Karpower ship Il -1_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship Il existing Thermal | Karpower ship Il -1_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship Il existing Thermal | Karpower ship Il -1_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship Il existing Thermal | Karpower ship Il -1_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship Il existing Thermal | Karpower ship Il -1_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship Il existing Thermal | Karpower ship Il -1_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship Il existing Thermal | Karpower ship Il -2_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship Il existing Thermal | Karpower ship Il -2_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship Il existing Thermal | Karpower ship Il -2_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship Il existing Thermal | Karpower ship Il -2_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
T — L —— ) [ I B
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal . . - . ) Max. active
Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power
(MVA) k) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)

Karpower ship Il existing Thermal | Karpower ship Il -2_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Karpower ship Il existing Thermal | Karpower ship Il -2_13.8 23.00 13.80 18.30 13.70 14.80 -6.00 9.00 18.30
Kpone TPP existing Thermal | Kpone TPP1_13.8 130.00 13.80 110.00 68.00 16.40 -53.00 68.00 100.00
Kpone TPP existing Thermal | Kpone TPP2_13.8 130.00 13.80 110.00 68.00 16.40 -53.00 68.00 100.00
SuNo Asogli 1 existing Thermal | SuNo Asogli 1-1_13.8 36.30 13.80 29.00 21.75 14.80 -14.00 21.75 29.00
SuNo Asogli 1 existing Thermal | SuNo Asogli 1-2_13.8 36.30 13.80 29.00 21.75 14.80 -14.00 21.75 29.00
SuNo Asogli 1 existing Thermal | SuNo Asogli 1-3_13.8 36.30 13.80 29.00 21.75 14.80 -14.00 21.75 29.00
SuNo Asogli 1 existing Thermal | SuNo Asogli 1-4_13.8 36.30 13.80 29.00 21.75 14.80 -14.00 21.75 29.00
SuNo Asogli 1 existing Thermal | SuNo Asogli 1-5_13.8 36.30 13.80 29.00 21.75 14.80 -14.00 21.75 29.00
SuNo Asogli 1 existing Thermal | SuNo Asogli 1-6_13.8 36.30 13.80 29.00 21.75 14.80 -14.00 21.75 29.00
SuNo Asogli 2 existing Thermal | SuNo Asogli 2 G1_13.8 150.00 13.80 120.00 85.00 17.90 -50.00 85.00 120.00
SuNo Asogli 2 existing Thermal | SuNo Asogli 2 G2_13.8 150.00 13.80 120.00 85.00 17.90 -50.00 85.00 120.00
SuNo Asogli 2 existing Thermal | SuNo Asogli 2 G3_13.8 150.00 13.80 120.00 85.00 17.90 -50.00 85.00 120.00
TAPCo existing Thermal | TAPCo1_13.8 137.50 13.80 110.00 82.50 21.40 -40.00 68.00 110.00
TAPCo existing Thermal | TAPCo2_13.8 137.50 13.80 110.00 82.50 21.40 -40.00 68.00 110.00
TAPCo existing Thermal | TAPCo3_13.8 137.50 13.80 110.00 82.50 22.00 -40.00 68.00 110.00
TICo existing Thermal | TICo1_13.8 137.50 13.80 110.00 82.50 21.40 -40.00 68.00 110.00
TICo existing Thermal | TICo2_13.8 137.50 13.80 110.00 82.50 21.40 -40.00 68.00 110.00
TICo existing Thermal | TICo_13.8 137.50 13.80 120.00 82.50 22.00 -40.00 68.00 110.00
TT1PP existing Thermal TT1PP_13.8 141.75 14.40 126.00 65.00 17.90 -50.00 65.00 100.00
TT2PP existing Thermal | TT1PP Generation_161 15.18 11.00 12.90 7.99 17.10 -4.24 7.99 11.70
TT2PP existing Thermal | TT1PP Generation_161 15.18 11.00 12.90 7.99 17.10 -4.24 7.99 11.70

TT2PP existing Thermal | TT1PP Generation_161 9.29 11.00 7.90 4.90 17.10 -2.60 4.90 7.20

TT2PP existing Thermal | TT1PP Generation_161 9.29 11.00 7.90 4.90 17.10 -2.60 4.90 7.20

TT2PP existing Thermal | TT1PP Generation_161 9.29 11.00 7.90 4.90 17.10 -2.60 4.90 7.20
Akosombo existing Hydro Akosombo 1_14.4 211.18 14.40 179.50 111.24 21.00 -59.00 111.24 150.00
Akosombo existing Hydro Akosombo 2_14.4 211.18 14.40 179.50 111.24 21.00 -59.00 111.24 150.00
Akosombo existing Hydro Akosombo 3_14.4 211.18 14.40 179.50 111.24 21.00 -59.00 111.24 150.00
Akosombo existing Hydro Akosombo 4_14.4 211.18 14.40 179.50 111.24 21.00 -59.00 111.24 150.00
Akosombo existing Hydro Akosombo 5_14.4 211.18 14.40 179.50 111.24 21.00 -59.00 111.24 150.00
Akosombo existing Hydro Akosombo 6_14.4 211.18 14.40 179.50 111.24 21.00 -59.00 111.24 150.00
Bui existing Hydro Buil_14.4 147.80 14.40 133.00 64.40 27.00 -35.00 64.40 114.00
Bui existing Hydro Bui2_14.4 147.80 14.40 133.00 64.40 27.00 -35.00 64.40 114.00
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal . h X ) ) Max. active
) . active reactive transient reactive reactive
Unit Name Status Type Connection node power voltage power
(MVA) kV) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)
Bui existing Hydro Bui 3_14.4 147.80 14.40 133.00 64.40 27.00 -35.00 64.40 114.00
Kpong existing Hydro Kpong 1_13.8 51.00 13.80 45.90 22.00 27.00 -15.00 22.00 36.00
Kpong existing Hydro Kpong 2_13.8 51.00 13.80 45.90 22.00 27.00 -15.00 22.00 36.00
Kpong existing Hydro Kpong 3_13.8 51.00 13.80 45.90 22.00 27.00 -15.00 22.00 36.00
Kpong existing Hydro Kpong 4_13.8 51.00 13.80 45.90 22.00 27.00 -22.00 22.00 36.00
Winneba Solar existing PV Winneba A_34.5 21.05 34.50 20.00 6.57 100.00 -6.57 6.57 20.00
Navrongo Solar existing PV Navrongo_34.5 2.63 34.50 2.5 0.80 100.00 -0.80 0.80 2.5
CEN power decided Thermal | CEN power GT1_14.4 133.00 13.80 120.00 58.00 21.40 -40.00 58.00 113.00
CEN power decided | Thermal | CEN power GT2_14.4 133.00 13.80 120.00 58.00 21.40 -40.00 58.00 113.00
CEN power decided | Thermal | CEN power ST1_14.4 133.00 13.80 120.00 58.00 21.40 -40.00 58.00 113.00
Kpone ST decided Thermal | Kpone ST_13.8 130.00 13.80 120.00 68.00 16.40 -53.00 68.00 100.00
Guinea
) . Nominal Nominal Sub- Min. Max. .
Nominal Nominal . h X ) ) Max. active
) . active reactive transient reactive reactive
Unit Name Status Type Connection node power voltage power
(MVA) ) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)
G-Energie G1 exist. Thermal | Kaloum_20 kV 25.0 11.50 21.25 13.17 17.90 -7.90 15.81 18.50
G-Energie G2 exist. Thermal | Kaloum_20 kV 25.0 11.50 21.25 13.17 17.90 -7.90 15.81 18.50
Kaloum 1 G1 exist. Thermal | Kaloum_20 kV 5.076 11.00 4.06 3.04 12.90 -1.83 3.65 3.7
Kaloum 1 G2 exist. Thermal | Kaloum_20 kV 5.076 11.00 4.06 3.04 12.90 -1.83 3.65 3.7
Kaloum 1 G3 exist. Thermal | Kaloum_20 kV 5.076 11.00 4.06 3.04 12.90 -1.83 3.65 3.7
Kaloum 1 G4 exist. Thermal | Kaloum_20 kV 5.076 11.00 4.06 3.04 12.90 -1.83 3.65 3.7
Kaloum 1 G5 exist. Thermal | Kaloum_20 kV 5.076 11.00 4.06 3.04 12.90 -1.83 3.65 3.7
Kaloum 1 G6 exist. Thermal | Kaloum_20 kV 5.076 11.00 4.06 3.04 12.90 -1.83 3.65 3.7
Kaloum 2 G1 exist. Thermal | Kaloum_20 kV 10.935 11.00 8.74 6.56 15.30 -3.94 7.87 7.5
Kaloum 2 G2 exist. Thermal | Kaloum_20 kV 10.935 11.00 8.74 6.56 15.30 -3.94 7.87 7.5
Kaloum 2 G3 exist. Thermal | Kaloum_20 kV 10.935 11.00 8.74 6.56 15.30 -3.94 7.87 7.5
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Nominal Nominal Nom_inal Nomi_nal Sul:_)- Min_. Ma)_(. Max. active

Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power

oo | o | e | fee s | fee | fe | T

Kaloum 3 G1 exist Thermal | Kaloum_20 kV 14.0 6.30 11.2 8.4 28.70 -5.04 10.08 10.00
‘Kaloum3G2 | exst. | Themal | Kaloum_20kv | - 140 | 630 | 2 | 84 | 2870 | 504 | 1008 | 1 1000
‘Kaloum3G3 | exist | Thermal | Kaloum 20kV | 1o | 630 | n2 | 84 | 2870 | 504 | 1 1008 | 1000
‘Kaloum3G4 | exist | Thermal | Kaloum 20kV | 1o | 630 | n2 | 84 | 2870 | 504 | 1 1008 | 1000
‘Kaloum5G1 | exist. | Thermal | Kaloum_20kv | 1375 | 1100 | - 110 | 825 | 2590 | 495 | 99 | 1 1000
‘Kaloum5G2 | exist. | Thermal | Kaloum_20kv | 1375 | 1100 | - 110 | 825 | 2590 | 495 | 99 | 1 1000
‘Kaloum5G3 | exist. | Thermal | Kaloum_20kv | 1375 | 1100 | - 10 | 825 | 2590 | 495 | 99 | 1 1000
kpect | exist. | Thermal | Kipé_20kv | 10935 | 1100 | ¢ 874 | 656 | 1530 | -394 | 787 | 650
kpec2 | exist. | Thermal | Kipé_20kv | 10935 | 1100 | ¢ 874 | 656 | 1530 | 394 | 787 | 650
KpeGs | exist. | Thermal | Kipe_20kv | 10935 | 1100 | 874 | 1 656 | 1530 | -394 | 787 | 650
KpsGa | exist. | Thermal | Kipe_20kv | 10935 | 1100 | 874 | 1 656 | 1530 | -394 | 787 | 650
kpecs | exist. | Themal | Kipé_20kv | 10935 | 1100 | ¢ 874 | 656 | 1530 | 394 | 787 | 650
kpecs | exist. | Thermal | Kipé_20kv | 10935 | 1100 | ¢ 874 | 656 | 1530 | 394 | 787 | 650
'ENDEAVOR | decidé | Thermal | ENDEAVOR_110kv | 10935 | 1100 | ¢ 874 | 656 | 1530 | 394 | 787 | 650
'ENDEAVOR | decidé | Thermal | ENDEAVOR_110kvV | 10935 | 1100 | ¢ 874 | 656 | 1530 | 394 | 787 | 650
'ENDEAVOR | decidé | Thermal | ENDEAVOR_110kvV | 10935 | 1100 | ¢ 874 | 656 | 1530 | 394 | 787 | 650
'ENDEAVOR | decidé | Thermal | ENDEAVOR 110kv | 10935 | 1100 | 874 | 1 656 | 1530 | -394 | 787 | 650
'ENDEAVOR | decidé | Thermal | ENDEAVOR_110kvV | 10935 | 1100 | ¢ 874 | 656 | 1530 | 394 | 787 | 650
'ENDEAVOR | decidé | Thermal | ENDEAVOR_110kV | 10935 | 1100 | ¢ 874 | 656 | 1530 | 394 | 787 | 650
‘BaneahG1 | exist. | Hydro | Baneah _15kv | 278 | 315 | 250 | 121 | 1850 | 073 | 145 | 18
‘BaneahG2 | exist. | Hydro | Baneah _15kv | 278 | 315 | 250 | 121 | 1850 | 073 | 145 | 18
‘DonkeaGl | exist. | Hydro | Donkea_110kv | ¢ 850 | 630 | 750 | 371 | 1800 | 222 | . ass | 700
‘DonkeaG2 | exist. | Hydro | Donkea_110kv | ¢ 850 | 630 | 750 | 371 | 1800 | 222 | . ass | 700
Garafiicl | exist. | Hydro | Garafii_110kv | 3150 | ! 565 | 2500 | 165 | 2110 | 996 | 1 1091 | 2500
Garafiicz | exist. | Hydro | Garafiri_110kv | 3150 | ! 565 | 2500 | 1659 | 2110 | 996 | 1 19901 | 2500
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal ; . : . ) Max. active

Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power

o | wh | G | powe | e | powe | mwe |

Garafiri G3 exist. Hydro Garafiri _110 kV 31.50 5.65 25.00 16.59 21.10 -9.96 19.91 25.00
Grandes Chutes G1 exist. Hydro Grandes Chutes _60 kV 6.30 3.30 5.04 3.78 25.00 -2.27 4.54 4.5
Grandes Chutes G2 exist. Hydro Grandes Chutes _60 kV 6.30 3.30 5.04 3.78 25.00 -2.27 4.54 4.5
Grandes Chutes G3 exist. Hydro Grandes Chutes _60 kV 11.0 5.50 8.80 6.6 29.40 -3.96 7.92 8.0
Grandes Chutes G4 exist. Hydro Grandes Chutes _60 kV 11.0 5.50 8.80 6.6 29.40 -3.96 7.92 8.0
Kaleta G1 exist. Hydro Kaleta _225 kV 92.00 10.50 78.2 48.46 19.00 -29.08 58.16 78.2
Kaleta G2 exist. Hydro Kaleta _225 kV 92.00 10.50 78.2 48.46 19.00 -29.08 58.16 78.2
Kaleta G3 exist. Hydro Kaleta _225 kV 92.00 10.50 78.2 48.46 19.00 -29.08 58.16 78.2
Kinkon G1 exist. Hydro Kinkon _30 kv 1.00 6.30 0.80 0.6 14.18 -0.36 0.72 0.80
Kinkon G2 exist. Hydro Kinkon _30 kv 1.00 6.30 0.80 0.6 14.18 -0.36 0.72 0.80
Kinkon G3 exist. Hydro Kinkon _30 kV 1.00 6.30 0.80 0.6 14.18 -0.36 0.72 0.80
Kinkon G4 exist. Hydro Kinkon _30 kv 1.00 6.30 0.80 0.6 14.18 -0.36 0.72 0.80
Amaria G1 decid. Hydro Amaria _225 kV 88.24 13.8 75.00 46.48 19.00 -27.89 55.78 75.00
Amaria G2 decid. Hydro Amaria _225 kV 88.24 13.8 75.00 46.48 19.00 -27.89 55.78 75.00
Amaria G3 decid. Hydro Amaria _225 kV 88.24 13.8 75.00 46.48 19.00 -27.89 55.78 75.00
Amaria G4 decid. Hydro Amaria _225 kV 88.24 13.8 75.00 46.48 19.00 -27.89 55.78 75.00

Souapiti G1 decid. Hydro Souapiti _225 kV 140.00 13.80 112.50 73.75 20.00 -36.98 83.30 112.50

Souapiti G2 decid. Hydro Souapiti _225 kV 140.00 13.80 112.50 73.75 20.00 -36.98 83.30 112.50

Souapiti G3 decid. Hydro Souapiti _225 kV 140.00 13.80 112.50 73.75 20.00 -36.98 83.30 112.50

Souapiti G4 decid. Hydro Souapiti _225 kV 140.00 13.80 112.50 73.75 20.00 -36.98 83.30 112.50
Sougéta decid. RES Souguéta_30 kV 31.58 N/A 30.00 9.86 100.00 -9.86 9.86 2.50
Khoummaguély decid. RES Khoummaguély 110 kV 42.11 N/A 40.00 13.15 100.00 -13.15 13.15 20.00
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Guinea Bissau

. . Nominal Nominal Sub- Min. Max. .
Nominal Nominal . . - } ) Max. active
) . active reactive transient reactive reactive
Unit Name Status Type Connection node power voltage power
(MVA) ) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)
_Aggreko Rental GB ___ | existing | Thermal | N/A | 1500 | NA | 1500 | _ | 930 _ | _2000_ _| 493 | __ 930 | _ 1 15.00_ _
_BADEADiesel _ | decided | Thermal | N/A | 2353 __|NA __ | 2000 | 1239 | 2000 _| _ -6.57 | 1 1230 | _Z 20.00
_BorBOAD | decided | Thermal | N/A | _17.65__|NA | 1800 | _ | 930 _ | _2000_ | _ 493 _| __ 9.30 | _ 1 15.00
BOAD Solar GB decided PV N/A 23.53 N/A 20.00 6.57 100.00 -6.57 6.57 20.00
Liberia
Nominal Nominal Nominal Nominal Sub- Min. Max. Max. active
) . active reactive transient reactive reactive .
Unit Name Status Type Connection node power voltage power
(MVA) k) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)
Bushrod existing Thermal | Monrovia_33 17.65 33.00 22.60 2.50 20.00 -2.50 2.50 4.00
Bushrod Il decided Thermal | Monrovia_33 56.47 33.00 48.00 29.75 20.00 -15.78 29.75 48.00
Mont Coffee G1 decided Hydro Mont Coffee G1_10.5 25.00 10.50 20.00 15.00 21.00 -2.00 15.00 16.50
Mont Coffee G2 decided Hydro Mont Coffee G2_10.5 25.00 10.50 20.00 15.00 21.00 -2.00 15.00 16.50
Mont Coffee G3 decided Hydro Mont Coffee G3_10.5 25.00 10.50 20.00 15.00 21.00 -2.00 15.00 16.50
Mont Coffee G4 decided Hydro Mont Coffee G4_10.5 25.00 10.50 20.00 15.00 21.00 -2.00 15.00 16.50
Mali
. . Nominal Nominal Sub- Min. Max. .
Nominal Nominal . h - ; ) Max. active
) ) active reactive transient reactive reactive
Unit Name Status Type Connection node power voltage power
(MVA) ) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)
AGGREKO Balingue existing Thermal | AGGREKO Balingue_11 37.50 11.00 30.00 22.50 20.00 -9.86 22.50 30
AGGREKO Kati existing Thermal | AGGREKO Kati_11 37.50 11.00 30.00 22.50 20.00 -9.86 22.50 22
Aggreko Dakar existing Thermal | APR Dakar_30 47.00 30.00 40.00 24.68 20.00 -13.15 24.68 40
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal . h - ; ) Max. active
Unit Name Status Type Connection node power voltage Sgtll\’\; r;z‘xgre rterggts;ﬁgte r;?)(\:/\tglre rgz&:::re power
(MVA) (kv) (MW) (Mvar) (% p.u.) (Mvar) (Mvar) (MW)

g‘;""gue BID Extension | o iting | Thermal | Balingue BID G1_15 14.38 15.00 11.50 8.80 20.00 -3.78 8.80 8.1

(ng"”gue BID Extension | o iting | Thermal | Balingue BID G1_15 14.38 15.00 11.50 8.80 20.00 -3.78 8.80 8.1

‘BalingueBIDGL | existng | Thermal | Balingue BID G115 | 1500 | 1500 | 1215 | 880 | 2000 | 390 | 880 | 845
‘BalingueBIDG2 | existng | Thermal | Balingue BID G115 | 1500 | 1500 | 1215 | 880 | 2000 | 390 | 880 | 845
‘BalingueBIDG3 | exisng | Thermal | BalingueBIDG1 15 | 1500 | 1500 | 1215 | 1 880 | 2000 | 399 | 880 | 845
‘BalingueBIDG4 | exisng | Thermal | BalingueBIDG1 15 | 1500 | 1500 | 1245 | 880 | 2000 | 399 | 880 | 845
‘BalingueGl | exisng | Thermal | BalingueBIDG1 15 | 1765 | 1500 | 1500 | 93 | 1570 | 493 | 930 | 646
‘BalingueG2 | exisng | Thermal | BalingueBIDG1 15 | 1765 | 1500 | 1500 | 93 | 1570 | 493 | 930 | 646
‘BalingueGz | exisng | Thermal | BalingueBIDG1 15 | 1765 | 1500 | 1500 | 93 | 1570 | 493 | 930 | 646
‘Balinguec4 | existng | Thermal | Balingue BID G115 |  17.65 | 1500 | 1500 | 930 | 1570 | 493 | 930 | 404
‘DarSalamTAC | existng | Thermal | DarSalam TAC_11 | 2696 | 1100 | 2460 | 1108 | 1670 | 800 | 1 103 | 246
Aggreko Darsalam | exisng | Thermal | GPS Darsalam_11 | 1375 | 11.00 | 1100 | 825 | 2000 | 362 | 825 | 11
'SES Koutidla | existng | Thermal | SES Koutila_11 | 1250 | 11.00 | 1000 | 750 | 2000 | 320 | 750 | 10
'SESSikasso | existng | Thermal | SES Skkasso_11 | 1250 | 11.00 | 1000 | 750 | 2000 | 320 | 750 | 10
Feloucl | exisng | Hydro | FelouG1.11 | 2500 | 1100 | 2150 | 1500 | 27.00 | 707 | 1 1500 | 0
Feloucz | existng | Hydro | FelouG2.11 | 2500 | 1100 | 2150 | 1500 | 27.00 | 707 | 1 1500 | 0
Feloues | existng | Hydro | FelouG3 11 | 2500 | 1100 | 2150 | 1500 | 2700 | 707 | 1 1500 | 20
‘ManantaliGl | exisng | Hydro | ManantaliG1 11 | 4706 | 1100 | 4000 | 2479 | 2000 | 1315 | 2479 | w0
‘ManantaliG2 | exisng | Hydro | ManantaliG2_11 | 4706 | 1100 | 4000 | 2479 | 2000 | 1315 | 2479 | w0
‘ManantaliGz | exisng | Hydro | ManantaliG3_11 | 4706 | 1100 | 4000 | 2479 | 2000 | 1315 | 2479 | w0
‘Manantalica | exisng | Hydro | ManantaliG4 11 | 4706 | 1100 | 4000 | 2479 | 2000 | 1315 | 2479 | w0
‘Manantaics | existng | Hydro | ManantaliG5_11 | 4706 | 1100 | 4000 | 2479 | 2000 | 1315 | 2479 | w0
‘selinguect | existng | Hydro | SelngueGl 87 | 1360 | 866 | 1215 | 684 | 2700 | 399 | 684 | 1 1175
‘selinguecz | existng | Hydro | Selingue G1.87 | 1360 | 866 | 1215 | 684 | 2700 | 390 | 684 | 1 175
‘SelingueGs | existng | Hydro | SelingueGl 87 | 1360 | 866 | 1215 | 684 | 2700 | 399 | 684 | 1175
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. . Nominal Nominal Sub- Min. Max. .
Nominal Nominal ; . : . ) Max. active
. . active reactive transient reactive reactive
Unit Name Status Type Connection node power voltage power
MVA) (kV) power power reactance power power (MW)
( (MW) (Mvar) (% p.u.) (Mvar) (Mvar)
Selingue G4 existing Hydro Selingue G1_8.7 13.60 8.66 12.15 6.84 27.00 -3.99 6.84 11.75
Sotuba 1 G1 existing Hydro Sotubal G1_2 3.40 2.00 2.85 3.50 33.00 -0.94 3.50 2.85
Sotuba 1 G2 existing Hydro Sotubal G1_2 3.40 2.00 2.85 3.50 33.00 -0.57 3.50 2.85
Albatros decided | Thermal | N/A 115.00 11.00 92.00 69.00 20.00 -30.24 69.00 92.00
Kenie G1 decided | Hydro Kenie G1_15.5 16.47 15.50 14.00 8.63 27.00 -4.60 8.63 14.00
Kenie G2 decided | Hydro Kenie G2_15.5 16.47 15.50 14.00 8.63 27.00 -4.60 8.63 14.00
Kenie G3 decided | Hydro Kenie G3_15.5 16.47 15.50 14.00 8.63 27.00 -4.60 8.63 14.00
Segou - SCATEC Solar decided | PV SCATEC Solar_8.7 34.70 8.66 33.00 10.72 100.00 -10.80 10.72 33.00
Segou - Solar Kita decided | PV Kita_225 52.60 11.00 50.00 16.33 100.00 -16.00 16.33 50.00
Niger
) ) Nominal Nominal Sub- Min. Max. )
Nominal Nominal } . : . . Max. active
. . active reactive transient reactive reactive
Unit Name Status Type Connection node power voltage power
(MVA) (kV) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)

Agadez exist Thermal | N/A 2.22 N/A 1.89 117 14.80 -0.62 117 1.40
(Adgreko 1A exist. | Thermal | Aggreko1A.20 | 282 | o040 _ | 240 | 180 | _ 1480 | _-079 | 180 | 240
(Aggreko 1A exist. | Thermal | Aggrekol1A 20 | 353 | 040 | 300 | 09 _ | _ 1480 | 099 | 09 _ | 300 _
(Aggreko 1A exist. | Thermal | Aggrekol1A 20 | 282 | 040 | 240 | 180 | _ 1480 | 079 | 180 | 240 __

Aggreko 1A exist Thermal | Aggreko 1A_20 3.53 0.40 3.00 0.96 14.80 -0.99 0.96 3.00

Aggreko 1B exist Thermal | Aggreko 1A_20 2.82 0.40 2.40 1.80 14.80 -0.79 1.80 2.40

Aggreko 1B exist Thermal | Aggreko 1A_20 3.53 0.40 3.00 0.96 14.80 -0.99 0.96 3.00

Aggreko 1B exist Thermal | Aggreko 1A_20 2.82 0.40 2.40 1.80 14.80 -0.79 1.80 2.40

Aggreko 1B exist Thermal | Aggreko 1A_20 3.53 0.40 3.00 0.96 14.80 -0.99 0.96 3.00

Aggreko 2 exist Thermal | Niamey 2D-2_20 3.53 0.40 3.00 0.96 14.80 -0.99 0.96 3.00

Aggreko 2 exist Thermal | Niamey 2D-2_20 2.82 0.40 2.40 1.80 14.80 -0.79 1.80 2.40
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal ; . : . ) Max. active

Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power

oo | o | o | e | | G | fae | e

Aggreko 2 exist Thermal | Niamey 2D-2_20 3.53 0.40 3.00 0.96 14.80 -0.99 0.96 3.00
Aggreko2 |« exist. | Themal | Niamey2D-2.20 | 282 | 040 | 240 | 180 | 148 | 079 | 180 | 240
bifa | exist. | Themal | NA | sss | NA | 755 | a8 | 1480 | 248 | 468 | 666
caya | exist. | Themal | NA | 03 | NA | o020 | o018 | 1480 | 010 | o018 | o020
caya | exist. | Themal | NA | 05 | NA | o050 | 03 | 148 | 017 | 031 | o042
GorouBanda | exist. | Thermal | Goroubanda 1l | 2353 | 1100 | 2000 | 1500 | 148 | 657 | 1500 | 2000
GorouBanda | exist. | Thermal | Goroubanda 1l | 2353 | 1100 | 2000 | 1500 | 148 | 657 | 1500 | 2000
GorouBanda | exist. | Thermal | Goroubanda 11 | 2353 | 1100 | 2000 | 1500 | 148 | 657 | 1500 | 2000
GorouBanda | exist. | Thermal | Goroubanda 11 | 2353 | 1100 | 2000 | 1500 | 148 | 657 | 1500 | 2000
Goudel | exist. | Thermal | Goudel G120 | 1812 | 1100 | 1540 | 954 | 1480 | 506 | 954 | 1260
Goudel | exist. | Thermal | GoudelG2.20 | 17 | 565 | 1000 | 620 | 1480 | 329 | 620 | 900
Mabaza |« exist. | Themal | Mabaza 20 | 151 | 040 | 128 | 079 | 148 | 042 | 079 | 075
Mabaza |« exist. | Themal | Mabaza 20 | 120 | 040 | 110 | 068 | 148 | 03 | 068 | 08
Mabaza |« exist. | Themal | Mabaza 20 | 753 | 040 | 640 | 397 | 148 | 210 | 397 | 600
Maradi | exist. | Themal | Maradi20 | 08 | 040 | 073 | 045 | 148 | 024 | 045 | 070
Maradi | exist. | Themal | Maradi20 | 178 | 550 | 151 | 094 | 148 | 05 | 094 | 120
Maradi | exist. | Thermal | Maradi 20 | 494 | 550 | 420 | 260 | 1480 | 138 | 260 | 340
Namey2 |« exist. | Themal | Niamey20-2.20 | 1353 | 1050 | 1150 | 713 | 2200 | 378 | 713 | 900
Namey2 |« exist. | Themal | Namey20-2.20 | 1412 | 1050 | 1200 | 744 | 148 | 394 | 744 | 900
Csomchar |« exist. | Themal | NA | 212 | wnA | 1880 | 1165 | 148 | 618 | 1165 | 1880
Csomchar |« exist. | Themal | NA | 212 | wA | 1880 | 1165 | 148 | 618 | 1165 | 1880
Tahoua |« exist. | Themal | NA | 300 | WA | 25 | 158 | 148 | -084 | 1% | 150
Tahoua |« exist. | Themal | NA | 119 | wA | 101 | 062 | 148 | 033 | 062 | 08
Zinder | exist. | Thermal | zinder 20 | 376 | 550 | 319 | 198 | 2200 | 105 | 198 | 260
Zinder |« exist. | Themal | zinder 20 | 471 | 550 | 400 | 248 | 2200 | 131 | 248 | 320
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal . h : ) ) Max. active
) . active reactive transient reactive reactive
Unit Name Status Type Connection node power voltage power
(MVA) (kV) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)

Gorou Banda 2 decid. Thermal | Goroubanda_11 23.53 11.00 20.00 15.00 14.80 -6.57 15.00 20.00
Salkadamna decid. Thermal | Salkadamna_11 58.82 11.00 50.00 30.99 14.80 -16.43 30.99 50.00
Salkadamna decid. Thermal | Salkadamna G2_11 58.82 11.00 50.00 30.99 14.80 -16.43 30.99 50.00
Salkadamna decid. Thermal | Salkadamna G3_11 58.82 11.00 50.00 30.99 14.80 -16.43 30.99 50.00
Salkadamna decid. Thermal | Salkadamna G4_11 58.82 11.00 50.00 30.99 14.80 -16.43 30.99 50.00
Sonichar decid. Thermal | N/A 80.94 N/A 68.80 42.64 14.80 -22.61 42.64 68.80
Gorou Banda PV decid. PV Goroubanda_11 21.05 11.00 20.00 6.57 100.00 -6.57 6.57 20.00
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Nigeria

Nominal Nominal Nominal Nominal Sub- Min. Max. Max. active
Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power
v | Wy | e | power | ranco | power | power | G
AES Ebute barge exist. Thermal | AES Ebute barge_10.5 38.60 10.50 31.00 23.17 20.00 -3.09 23.17 31.00
AES Ebute barge exist. Thermal | AES Ebute barge_10.5 38.60 10.50 31.00 23.17 20.00 -3.09 23.17 31.00
AES Ebute barge exist. Thermal | AES Ebute barge_10.5 38.60 10.50 31.00 23.17 20.00 -3.09 23.17 31.00
AES Ebute barge exist. Thermal | AES Ebute barge_10.5 39.50 10.50 31.00 23.70 20.00 -3.16 23.70 31.00
AES Ebute barge exist. Thermal | AES Ebute barge_10.5 39.50 10.50 31.00 23.70 20.00 -3.16 23.70 31.00
AES Ebute barge exist. Thermal | AES Ebute barge_10.5 39.50 10.50 31.00 23.70 20.00 -3.16 23.70 31.00
AES Ebute barge exist. Thermal | AES Ebute barge_10.5 40.50 10.50 31.00 27.34 20.00 -3.64 27.34 31.00
AES Ebute barge exist. Thermal | AES Ebute barge_10.5 40.50 10.50 31.00 27.34 20.00 -3.64 27.34 31.00
AES Ebute barge exist. Thermal | AES Ebute barge_10.5 40.50 10.50 31.00 27.34 20.00 -3.64 27.34 31.00
Afam IV exist. Thermal | Afam IV_10.5 94.00 11.50 75.00 56.25 20.00 -24.65 56.25 0.00
Afam IV exist. Thermal | Afam IV_10.5 94.00 11.50 75.00 56.25 20.00 -24.65 56.25 0.00
Afam IV exist. Thermal | Afam IV_11.5 94.00 11.50 75.00 56.25 20.00 -24.65 56.25 0.00
Afam IV exist. Thermal | Afam IV_11.5 94.00 11.50 75.00 56.25 20.00 -24.65 56.25 0.00
Afam IV exist. Thermal | Afam IV_11.5 94.00 11.50 75.00 56.25 20.00 -24.65 56.25 0.00
Afam IV exist. Thermal | Afam IV_11.5 94.00 11.50 75.00 56.25 20.00 -24.65 56.25 0.00
Afam V exist. Thermal | Afam V_15.8 162.70 11.50 138.30 85.00 20.00 -45.00 85.00 0.00
Afam V exist. Thermal | Afam V_15.8 162.70 11.50 138.30 85.00 20.00 -45.00 85.00 0.00
Afam VI exist. Thermal | N/A 176.00 11.50 166.00 90.00 20.00 -50.00 90.00 150.00
Afam VI exist. Thermal | N/A 176.00 11.50 166.00 90.00 20.00 -50.00 90.00 150.00
Afam VI exist. Thermal | N/A 176.00 11.50 166.00 90.00 20.00 -50.00 90.00 150.00
Afam VI exist. Thermal | N/A 270.59 11.50 230.00 142.54 20.00 -75.60 90.00 200.00
Alaogi NIPP exist. Thermal | Alaogi NIPP_15 141.25 15.00 120.00 60.00 20.00 -39.44 60.00 120.00
Alaogi NIPP exist. Thermal | Alaogi NIPP_15 141.25 15.00 120.00 60.00 20.00 -39.44 60.00 120.00
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal . h - ; ) Max. active
Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power
e | G| o | pws | e | v | g | G
Alaogi NIPP exist Thermal | Alaogi NIPP_15 141.25 15.00 120.00 60.00 20.00 -39.44 60.00 120.00
MaoginPP exist. | Thermal | AlaogiNIPP_15 | 14125 | 1500 | 12000 | 60.00 | 1640 | 3944 | 6000 | 120.00
Calabar / Odukpani NIPP | exist Thermal ﬁf‘;i,ba‘lrg Odukpani 141.25 15.00 113.00 84.40 20.00 -56.30 84.40 113.00
Calabar / Odukpani NIPP | exist Thermal ﬁf‘F',aF‘,balr; Odukpani 141.25 15.00 113.00 84.40 20.00 -56.30 84.40 0.00
Calabar / Odukpani NIPP | exist Thermal ﬁf‘;ib""lrg Odukpani 141.25 15.00 113.00 84.40 20.00 -56.30 84.40 0.00
Calabar / Odukpani NIPP | exist Thermal ﬁfg,i,ba‘lr; Odukpani 141.25 15.00 113.00 84.40 20.00 -56.30 84.40 0.00
Calabar / Odukpani NIPP | exist Thermal ﬁf‘;i,ba‘lrg Odukpani 141.25 15.00 113.00 84.40 20.00 -56.30 84.40 0.00
‘Detall exist. | Thermal | Detall 115 | 2500 | 1150 | 2400 | 1487 | 2000 | 7.89 | 1487 | 1 1226
Detall exist. | Thermal | Detall 115 | 2500 | 1150 | 2400 | 1487 | 2000 | 7.89 | 1 1487 | 1 1226
Detan exist. | Thermal | Detall_11.5 | 2500 | 1150 | 2400 | 148 | 2000 | 789 | 1 1487 | 1 1226
Detan exist. | Thermal | Detall_11.5 | 2500 | 1150 | 2400 | 148 | 2000 | 789 | 1 1487 | 1 1226
‘Detall exist. | Thermal | Detall 115 | 2500 | 1150 | 2400 | 1487 | 2000 | 7.89 | 1487 | 1 1226
Detall exist. | Thermal | Detall 115 | 2500 | 1150 | 2400 | 1487 | 2000 | 7.89 | 1 1487 | 1 1226
‘Detam exist. | Thermal | Detall 115 | 2500 | 1150 | 2400 | 1487 | 2000 | 7.89 | 1 1487 | 1 1226
‘Detam exist. | Thermal | Detall 115 | 2500 | 1150 | 2400 | 1487 | 2000 | 7.89 | 1 1487 | 1 1226
‘Detam exist. | Thermal | Detall 115 | 2500 | 1150 | 2400 | 1487 | 2000 | 7.89 | 1 1487 | 1 1226
Detam exist. | Thermal | Detam 115 | 2500 | 1150 | 2400 | 148 | 2000 | 780 | 1 1487 | 1 1226
‘Detam exist. | Thermal | Detall_115 | 2500 | 1150 | 2400 | 1487 | 2000 | 7.89 | 1487 | 1 1226
‘Detam exist. | Thermal | Detall 115 | 2500 | 1150 | 2400 | 1487 | 2000 | 7.89 | 1487 | 1 1226
‘Detarv. exist. | Thermal | Detalv_115 | 117.65 | 1150 | 10000 | 60.00 | 2000 | 3000 | 6000 | 60.64
‘Detarv. exist. | Thermal | Detalv_115 | 117.65 | 1150 | 10000 | 60.00 | 2000 | 3000 | 6000 | 6064
Detarv. exist. | Thermal | Detalv_115 | 117.65 | 1150 | 10000 | 60.00 | 2000 | 3000 | 6000 | 6064
‘Detarv. exist. | Thermal | Detalv_115 | 117.65 | 1150 | 10000 | 60.00 | 2000 | 3000 | 6000 | 60.64
Detanv | exist. | Thermal | Detalv 115 | 11765 | 1150 | 10000 | 60.00 | 2000 | -30.00 | 60.00 | 6064
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Nominal Nominal Nom_inal Nomi_nal Sul:_)- Min_. Max. Max. active

Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power

o | e | e | fe | e | fe | fam | o

Delta IV exist. Thermal | DeltalV_11.5 117.65 11.50 100.00 60.00 20.00 -30.00 60.00 60.64
Egon | exist | Thermal | Egbin16 | 24600 | 1600 | 22000 | 10655 | 2000 | 7231 | 10655 | 147.00
Egoin | exist. | Thermal | Egbin 16 | 24600 | 1600 | 22000 | 10655 | 2000 | 7231 | 10655 | 147.00
Egoin | exist. | Thermal | Egbin 16 | 24600 | 1600 | 22000 | 10655 | 2000 | 7231 | 10655 | 147.00
Egon | exist. | Thermal | Egbin 16 | 24600 | 1600 | 22000 | 10655 | 2000 | 7231 | 10655 | 147.00
Egon | exist. | Thermal | Egbin16 | 24600 | 1600 | 22000 | 10655 | 2000 | 7231 | 10655 | 147.00
Egon | exist. | Thermal | Egbin16 | 24600 | 1600 | 22000 | 10655 | 2000 | 7231 | 10655 | 147.00
‘Gbarain-GT2NIPP | exist. | Thermal | Gbarain-GT2NIPP_15 | 14125 | 1500 | 11300 | 8440 | 2000 | 5630 | 8440 | 11300
‘GereguFGNL | exist. | Thermal | Geregu FGN1 158 | 17400 | 1050 | 13800 | 8500 | 2000 | -4500 | 8500 | 138.00
GereguFGNI | exist. | Thermal | GereguFGN1 158 | 17400 | 1050 | 13800 | 8500 | 2000 | -4500 | 8500 | 13800
‘GereguFGNI | exist. | Thermal | GereguFGN1 158 | 17400 | 1050 | 13800 | 8500 | 2000 | -4500 | 8500 | 13800
‘GereguNIPPL | exist. | Thermal | GereguNIPP1_158 | 17500 | 1050 | 14500 | 8500 | 2000 | 7000 | 8500 | 14500
‘GereguNIPPL | exist. | Thermal | GereguNIPP1_158 | 17500 | 1050 | 14500 | 8500 | 2000 | 7000 | 8500 | 14500
‘GereguNIPPL | exist. | Thermal | GereguNIPP1_158 | 17500 | 1050 | 14500 | 8500 | 2000 | 7000 | 8500 | 14500
dbom1 | exist. | Thermal | lbom1 115 | 4600 | 1150 | 3900 | 2400 | 2000 | 2000 | 2400 | 3200
dbom1 | exist. | Thermal | lbom1 115 | 4600 | 1150 | 3900 | 2400 | 2000 | 2000 | 2400 | 3200
bom1 | exist. | Thermal | bom11s | 14125 | 1500 | 11300 | 60.00 | 2000 | -4000 | 6000 | 9000
Clhovbor (Eyaen) | exist. | Thermal | Ihovbor (Eyaen)_15 | 14125 | 1500 | 15000 | 60.00 | 2000 | -40.00 | 60.00 | 113.00
Clhovbor (Eyaen) | exist. | Thermal | Ihovbor (Eyaen)_15 | 14125 | 1500 | 15000 | 60.00 | 2000 | -40.00 | 60.00 | 113.00
Clhovbor (Eyaen) | exist. | Thermal | Ihovbor (Eyaen)_15 | 14125 | 1500 | 15000 | 60.00 | 2000 | -40.00 | 60.00 | 113.00
okpai | exist. | Thermal | Okpai_158 | 17647 | 1150 | 15000 | 9296 | 2000 | -49.30 | 9296 | 150.00
okpai | exist. | Thermal | Okpai_158 | 17647 | 1150 | 15000 | 9296 | 2000 | -49.30 | 9296 | 150.00
okpai | exist. | Thermal | Okpai_158 | 17647 | 1150 | 15000 | 9296 | 2000 | -49.30 | 9296 | 150.00
Olonsogol | exist. | Thermal | Olounsogo 1105 | 5230 | 1050 | 4210 | 3140 | 1480 | -1200 | 3140 | 3663
Olounsogo1 | exist. | Thermal | Olounsogo1_105 | 5230 | 1050 | 4210 | 3140 | 1480 | -1200 | 3140 | 3663
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Nominal Nominal Nom_inal Nomi_nal Sul:_)- Min_. Ma)_(. Max. active

Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power

oo | o | e | fee s | fee | fe | T

Olorunsogo 1 exist. Thermal | Olorunsogo 1_10.5 52.30 10.50 42.10 31.40 14.80 -12.00 31.40 36.63
Olounsogo1 | exist. | Thermal | Olounsogo1_105 | 5230 | 1050 | 4210 | 3140 | 1480 | -1200 | 3140 | 3663
Olonsogo1 | exist. | Thermal | Olounsogo 1105 | 5230 | 1050 | 4210 | 3140 | 1480 | -1200 | 3140 | 3663
Olonsogol | exist. | Thermal | Olounsogo 1105 | 5230 | 1050 | 4210 | 3140 | 1480 | -1200 | 3140 | 3663
Olounsogo1 | exist. | Thermal | Olounsogo1_105 | 5230 | 1050 | 4210 | 3140 | 1480 | -1200 | 3140 | 3663
Olounsogo1 | exist. | Thermal | Olounsogo1_105 | 5230 | 1050 | 4210 | 3140 | 1480 | -1200 | 3140 | 3663
Olounsogo2 | exist. | Thermal | Olounsogo2_15 | 15000 | 1050 | 12000 | 7050 | 2000 | -2500 | 7050 | 7888
Olounsogo2 | exist. | Thermal | Olounsogo2_15 | 15000 | 1050 | 12000 | 7050 | 2000 | -2500 | 7050 | 7888
Olounsogo2 | exist. | Themal | NA | 15000 | 1050 | 12000 | 7050 | 2000 | -2500 | 7050 | 7888
Olonsogo2 | exist. | Thermal | Olorunsogo2_15 | 15000 | 1050 | 12000 | 7050 | 2000 | 2500 | 7050 | 7888
Olonsogo2 | exist. | Thermal | Olounsogo2_15 | 15000 | 1050 | 12000 | 7050 | 2000 | 2500 | 7050 | 7888
Olounsogo2 | exist. | Themal | NA | 15000 | 1050 | 12000 | 7050 | 2000 | -2500 | 7050 | 7888
‘OmokulPPG1 | exist | Themal | OmokulPPG1_115 | 2941 | 1150 | 2500 | 1549 | 2000 | 822 | 1 1549 | 2500
‘OmokulPPG2 | exist. | Themal | OmokulPPG2_115 | 2941 | 1150 | 2500 | 1549 | 2000 | 822 | 1 1549 | 2500
OmokulPPG3 | exst. | Themal | NA | 2941 | 1150 | 2500 | 1549 | 2000 | 822 | 1 1549 | 2500
‘OmokulPPG4 | exst. | Themal | NA | 2941 | 1150 | 2500 | 1549 | 2000 | 822 | 1 1549 | 000
‘OmokulPPG5 | exist | Themal |NA | 2041 | 1150 | 2500 | 1549 | 2000 | 822 | 1549 | 000
OmokulPPG6 | exist. | Themal | NA | 2941 | 1150 | 2500 | 1549 | 2000 | 822 | 1 1549 | 000
omotosho1 | exist. | Thermal | Omotosho1105 | 4941 | 1050 | 4200 | 2603 | 2000 | -1380 | 2603 | 4200
Oomotosho1 | exist. | Thermal | Omotosho1105 | 4941 | 1050 | 4200 | 2603 | 2000 | -1380 | 2603 | 4200
Oomotosho1 | exist. | Thermal | Omotosho1105 | 4941 | 1050 | 4200 | 2603 | 2000 | -1380 | 2603 | 4200
Oomotosho1 | exist. | Thermal | Omotosho1105 | 4941 | 1050 | 4200 | 2603 | 2000 | -1380 | 2603 | 4200
Oomotosho1 | exist. | Thermal | Omotosho1105 | 4941 | 1050 | 4200 | 2603 | 2000 | -1380 | 2603 | 4200
Omotosho1 | exist. | Thermal | Omotosho1 105 | 4941 | 1050 | 4200 | 2603 | 2000 | -1380 | 2603 | 4200
omotosho1 | exist. | Thermal | Omotosho1105 | 4941 | 1050 | 4200 | 2603 | 2000 | -1380 | 2603 | 4200
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal ; . : . ) Max. active

Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power

oo | o | e | fee s | fee | fe | T

Omotosho 1 exist Thermal | Omotosho 1_10.5 49.41 10.50 42.00 26.03 20.00 -13.80 26.03 42.00
‘Omotosho 2 NIPP | exist. | Thermal | Omotosho2 NIPP_15 | 14824 | 1050 | 12600 | 7809 | 2000 | -4L41 | 7 7809 | 12600
‘Omotosho 2 NIPP | exist. | Thermal | Omotosho2 NIPP_15 | 14824 | 1050 | 12600 | 7809 | 2000 | -4141 | 7809 | 12600
‘Omotosho 2 NIPP | exist. | Thermal | Omotosho2 NIPP_15 | 14824 | 1050 | 12600 | 7809 | 2000 | -4141 | 7809 | 12600
‘Omotosho 2 NIPP | exist. | Thermal | Omotosho2 NIPP_15 | 14824 | 1050 | 12600 | 7809 | 2000 | 4141 | 7 7809 | 12600
‘ParasEnergy | exist. | Themal | NA | 1125 | 1100 | 900 | 675 | 1400 | 296 | 675 | 900
‘ParasEnergy | exist. | Themal | NA | 1125 | 1100 | 900 | 675 | 1400 | 296 | 675 | 900
‘ParasEnergy | exist. | Themal | NA | 1125 | 1100 | 900 | 675 | 2700 | 29 | 675 | 900
‘ParasEnergy | exist. | Themal | NA | 1125 | 1100 | 900 | 675 | 2700 | 29 | 675 | 900
ParasEnergy | exist. | Thermal | NA | 1125 | 1100 | ¢ 000 | 1 675 | 1400 | 29 | 675 | 900
‘ParasEnergy | exist. | Thema | NA | 1125 | 1100 | 000 | 675 | 1400 | 29 | 675 | 000
RiversiPP | exist. | Themal | NA | 22471 | 1050 | 19100 | 11837 | 1900 | -6278 | 11837 | 160.00
‘sapele | exist. | Thermal | Sapele_158 | 13400 | 1575 | 8800 | 5454 | 2000 | 2892 | 5454 | 5454
‘sapele | exist. | Thermal | Sapele_158 | 13400 | 1575 | 8800 | 5454 | 2000 | 2892 | 5454 | 5454
‘sapele | exist. | Thermal | Sapele_158 | 13400 | 1575 | 8800 | 5454 | 2000 | 2892 | 5454 | 5454
‘sapele | exist. | Thermal | Sapele_158 | 13400 | 1575 | 8800 | 5454 | 2000 | 2892 | 5454 | 5454
‘sapele | exist. | Thermal | Sapele_158 | 13400 | 1575 | 8800 | 5454 | 2000 | 2892 | 5454 | 5454
‘sapele | exist. | Thermal | Sapele 158 | 13400 | 1575 | 8800 | 5454 | 2000 | 2892 | 5454 | 5454
‘Sapele Ogorode 1| exist. | Thermal | Sapele Ogorode 115 | 14125 | 1500 | 11300 | 8475 | 2000 | 3714 | 8475 | 11300
‘Sapele Ogorode 1 | exist. | Thermal | SapeleOgorode1 15 | 14125 | 1500 | 11300 | 8475 | 2000 | -37.14 | 8475 | 000
‘Sapele Ogorode 1 | exist. | Thermal | SapeleOgorode1 15 | 14125 | 1500 | 11300 | 8475 | 2000 | -37.14 | 8475 | 000
‘Sapele Ogorode 1 | exist. | Thermal | SapeleOgorode1 15 | 14125 | 1500 | 11300 | 8475 | 2000 | -37.14 | 8475 | 000
Trans Amadi G1-4 | exist. | Themal | NA | uzes | | 10000 | 6197 | 2000 | 3287 | ¢ 6197 | 7500
Jebba | exist. | Hydro | Jebba 16 | 11900 | 1600 | 10100 | 49.00 | 2400 | -30.00 | 4900 | 8400
Jebba | exist. | Hydro | Jebba 16 | 11900 | 1600 | 10100 | 49.00 | 2000 | -30.00 | 4900 | 8400
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal ; . : . ) Max. active

Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power

oo | o | e | fee s | fee | fe | T

Jebba exist. Hydro Jebba_16 119.00 16.00 101.00 49.00 20.00 -30.00 49.00 84.00
gebba | exist | Hydro | Jebbai6 | 11900 | 1600 | 10100 | 49.00 | 2000 | -3000 | 4900 | 8400
Jebba | exist. | Hydro | Jebba 16 | 11900 | 1600 | 10100 | 49.00 | 2000 | -30.00 | 4900 | 8400
Jebba | exist. | Hydro | Jebba 16 | 11900 | 1600 | 10100 | 49.00 | 2000 | -30.00 | 4900 | 8400
Kamiiclo | exist. | Hydro | KanjiGl 16 | 9412 | 1600 | 8000 | 4958 | 2000 | 2629 | 4958 | 4000
Kamjicu | exist. | Hydro | KanjiGllie | 117.65 | 1600 | 10000 | 6197 | 2000 | -3287 | ¢ 6197 | 5000
Kamiiclz | exist. | Hydro | KanjiGl2.16 | 117.65 | 1600 | 10000 | 6197 | 2000 | -3287 | ¢ 6197 | 5000
‘Kamiics | exist. | Hydro | KanjiGs_16 | 14118 | 1600 | 12000 | 7437 | 2000 | -39.44 | 7 7237 | 000
‘Kamiice | exist | Hydro | KanjiGe_t6 | 14118 | 1600 | 12000 | 7437 | 2000 | -39.44 | 7 7237 | 000
KanjiG? | exist. | Hydro | KaniG7.16 | 9412 | 1600 | 8000 | 4958 | 2000 | 2629 | 4958 | 4000
‘Kanjics | exist. | Hydo | KaniG8_16 | 9412 | 1600 | 8000 | 4958 | 2000 | 2629 | 4958 | 4000
Kamiice | exist. | Hydro | KanjiGo_16 | 9412 | 1600 | 8000 | 4958 | 2000 | 2629 | 4958 | 4000
‘shiroro | exist. | Hydro | Shroro_15.7 | 17650 | 1565 | 15000 | 10000 | 2000 | 7000 | 10000 | 150.00
‘shiroro | exist. | Hydro | Shroro_15.7 | 17650 | 1565 | 15000 | 10000 | 2000 | 7000 | 10000 | 100.00
‘shiroro | exist. | Hydro | Shroro_15.7 | 17650 | 1565 | 15000 | 10000 | 2000 | 7000 | 10000 | 100.00
‘shiroro | exist. | Hydro | Shroro_15.7 | 17650 | 1565 | 15000 | 10000 | 2000 | 7000 | 10000 | 100.00
‘EghemalNIPP | decid. | Thermal | EgbemalNIPP_15 | 14125 | 1500 | 11300 | 8440 | 2000 | -56.30 | 8440 | 11300
‘EgbemalNIPP | decid. | Thermal | EgbemalNIPP_15 | 14125 | 1500 | 11300 | 8440 | 2000 | 5630 | 8440 | 11300
‘EghemalNIPP | decid. | Thermal | EgbemalNIPP_15 | 14125 | 1500 | 11300 | 8440 | 2000 | 5630 | 8440 | 11300
‘Gbarain-Ubie1 | decid. | Thermal | Gbarain-Ubie 115 | 14125 | 1500 | 11300 | 8440 | 2000 | 5630 | 8440 | 11300
OomokuNIPP | decid. | Thermal | OmokuNIPP_15 | 14125 | 1500 | 11300 | 8475 | 2000 | -11.30 | 8475 | 11300
OomokuNIPP | decid. | Thermal | OmokuNIPP_15 | 14125 | 1500 | 11300 | 8475 | 2000 | -11.30 | 8475 | 11300
GuaraGl2 | decid. | Hydo | NA | 3529 | 1150 | 3000 | 3354 | 2000 | 986 | 3354 | 3000
‘KadunalPp | decid. | Thermal | NA | 25204 | NA | 21500 | 13325 | 2000 | -7067 | 13325 | 21500
Macji2+NIPP | decid. | Thermal | NA | 33520 | NA | 28500 | 17663 | 2100 | -9367 | 17663 | 28500
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Senegal

Nominal Nominal Nominal Nominal Sub- Min. Max. Max. active

Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power

v | Wy | e | power | ranco | power | power | G

Bel Air C6 exist. Thermal | Belair_15 16.45 15.00 16.50 10.23 20.00 -5.42 10.23 15.00
Bel Air C6 exist. Thermal | Belair_15 16.45 15.00 16.50 10.23 20.00 -5.42 10.23 15.00
Bel Air C6 exist. Thermal | Belair_15 16.45 15.00 16.50 10.23 20.00 -5.42 10.23 15.00
Bel Air C6 exist. Thermal | Belair_15 16.45 15.00 16.50 10.23 20.00 -5.42 10.23 15.00
Bel Air C6 exist. Thermal | Belair_15 16.45 15.00 16.50 10.23 20.00 -5.42 10.23 15.00
Bel Air C6 exist. Thermal | Belair_15 16.45 15.00 16.50 10.23 20.00 -5.42 10.23 15.00
Boutoute 1 exist. Thermal | Zuiguinchor_225 22.12 225.00 18.80 11.65 20.00 -6.18 11.65 18.80
Boutoute 2 exist. Thermal | Zuiguinchor_225 12.50 225.00 10.00 7.50 20.00 -3.29 7.50 10.00
Cap des Biches - [PP exist. Thermal | AP des Biches - 'iil 19.29 11.00 16.40 10.16 22.10 -5.39 10.16 16.40
Cap des Biches - [PP exist. Thermal | AP des Biches - IZTl 19.29 11.00 16.40 10.16 22.10 -5.39 10.16 16.40
Cap des Biches - [PP exist. Thermal | AP des Biches - '{fl 19.29 11.00 16.40 10.16 22.10 -5.39 10.16 16.40
gggtgﬁf g;ggzls -1PP exist. Thermal gggtgﬁf SEEZT(;[Z 19.29 11.00 16.40 10.16 22.10 -5.39 10.16 16.40
Cap des Biches - [PP exist. Thermal | AP des Biches - tliil 19.29 11.00 16.40 10.16 22.10 -5.39 10.16 16.40
Cap des Biches C4 exist. Thermal | Cap des Biches C4 G1_11.5 24.71 11.50 21.00 13.01 20.00 -6.90 13.01 17.50
Cap des Biches C4 exist. Thermal | Cap des Biches C4 G2_11.5 24.71 11.50 21.00 13.01 20.00 -6.90 13.01 17.50
Cap des Biches C4 exist. Thermal | Cap des Biches C4 G3_11.5 27.06 11.50 23.00 14.25 20.00 -7.56 14.25 20.00
Cap des Biches C4 exist. Thermal | Cap des Biches C4 G4_11.5 17.65 11.50 15.00 9.30 20.00 -4.93 9.30 13.00
Cap des Biches C4 exist. Thermal | Cap des Biches C4 G5_11.5 17.65 11.50 15.00 9.30 20.00 -4.93 9.30 13.00
Kaolack / Kahone exist. Thermal | Kaolack / Kahone_15 17.65 15.00 15.00 9.30 20.00 -4.93 9.30 15.00
Kaolack / Kahone exist. Thermal | Kaolack / Kahone_15 17.65 15.00 15.00 9.30 20.00 -4.93 9.30 15.00
Kaolack / Kahone exist. Thermal | Kaolack / Kahone G3_15 17.65 15.00 15.00 9.30 20.00 -4.93 9.30 15.00
Kaolack / Kahone exist. Thermal | Kaolack / Kahone G4_15 17.65 15.00 15.00 9.30 20.00 -4.93 9.30 15.00
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Nominal

Nominal

Sub-

Min.

Max.

Nominal Nominal ; . : . ) Max. active
Unit Name Status Type Connection node power voltage active reactive transient reactive reactive power
o | 0 | e | feer | e | peve | pe | fow
Kaolack / Kahone exist Thermal | Kaolack / Kahone G5_15 17.65 15.00 15.00 9.30 20.00 -4.93 9.30 15.00
‘Kaolack/Kahone | exist. | Thermal | Kaolack/Kahone G5_15 | 1765 | 1500 | 1500 | 930 | 2000 | 493 | 930 | 1500
‘Kounowe | exist. | Thermal | Kounoune_15 | 5059 | 1500 | 4300 | 2665 | 2000 | -1413 | 2665 | 4300
TobenetPP | exist. | Thermal | TobenelPP115 | 2471 | 1500 | 2100 | 1301 | 2210 | 690 | 1 1301 | 2100
TobenePP | exist. | Thermal | TobenelPP2.15 | 2471 | 1500 | 2100 | 1301 | 2210 | 690 | 1 1301 | 2100
‘TobenePP | exist. | Thermal | TobenelPP315 | 2471 | 1500 | 2100 | 1301 | 2210 | 690 | 1 1301 | 2100
‘TobenePP | exist. | Thermal | TobenelPP4.15 | 2471 | 1500 | 2100 | 1301 | 2210 | 690 | 1 1301 | 2100
‘TobenePP | exist. | Thermal | TobenelPP 515 | 2471 | 1500 | 2100 | 1301 | 2210 | 690 | 1 1301 | 2100
‘Bokhol | eist | PV | Dagama3 | 2105 | 3000 | 2000 | 657 | 10000 | 657 | | 600 | 2000
‘Malcounda | exist. | PV | Touba2s | 2316 | 22500 | 2200 | 723 | 10000 | 723 | 723 | 1 1100
Mékhé - Senergy PV | exist. | PV | Mékhé-SenergyPV_30 | 3158 | 3000 | 3000 | 986 | 10000 | 986 | 953 | 2000
werina Dakhar - TeNeroy | gyt PV Merina Dakhar - Tenergy 3158 30.00 30.00 9.86 100.00 -9.86 6.57 20.00
‘SendoulPPCES | decid. | Thermal | SendoulPPCES 66 | 13520 | 666 | 11500 | 7L27 | 2760 | -37.80 | 7127 | 11500
Diasspv | decid. | PV | Dass30 | 1579 | 3000 | 1500 | . 493 | 10000 | 493 | . 493 | 1500
'Sakal EDS-Exmag PV | decid. | PV | Sakal225 | 2105 | 22500 | 2000 | 657 | 10000 | 657 | | 657 | 2000
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Sierra Leone

) . Nominal Nominal Sub- Min. Max. .
Nominal Nominal active reactive transient reactive reactive Max. active
Unit Name Status Type Connection node power voltage power
(MVA) k) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)
Bumbuna exist Hydro Bumbuna G1_13.8 32.50 13.80 25.00 18.75 21.00 -2.50 18.75 25.00
Bumbuna exist Hydro Bumbuna G2_13.8 32.50 13.80 25.00 18.75 21.00 -2.50 18.75 25.00
Bumbuna Il decid. Hydro Bumbuna_10.3 85.88 13.80 73.00 45.24 20.00 -23.99 45.24 73.00
saa'l‘(';"l"iso"a’ Charlotte, exist Hydro Kenema_33 6.25 33.00 5.00 9999.00 20.00 -0.50 3.75 5.00
Freetown exist Thermal | Freetown_161 43.53 33.00 37.00 22.93 20.00 -12.16 22.93 37.00
Dodo exist Hydro Kenema_33 7.50 33.00 6.00 4.50 27.00 -0.60 4.50 6.00
Togo
) . Nominal Nominal Sub- Min. Max. .
Nominal Nominal active reactive transient reactive reactive Max. active
Unit Name Status Type Connection node power voltage power
(MVA) k) power power reactance power power (MW)
(MW) (Mvar) (% p.u.) (Mvar) (Mvar)
Kara exist Thermal | Kara_15 17.78 15.00 16.00 7.75 20.00 -5.26 7.75 4.00
Lomé - Contour Global exist Thermal | Contour Global Gen_15 18.47 15.00 16.62 8.05 15.50 -5.46 8.05 15.00
Lomé - Contour Global exist Thermal | Contour Global Gen_15 18.47 15.00 16.62 8.05 15.50 -5.46 8.05 15.00
Lomé - Contour Global exist Thermal | Contour Global Gen_15 18.47 15.00 16.62 8.05 15.50 -5.46 8.05 15.00
Lomé - Contour Global exist Thermal | Contour Global Gen_15 18.47 15.00 16.62 8.05 15.50 -5.46 8.05 15.00
Lomé - Contour Global exist Thermal | Contour Global Gen_15 18.47 15.00 16.62 8.05 15.50 -5.46 8.05 15.00
Lomé - Contour Global exist Thermal | Contour Global Gen_15 18.47 15.00 16.62 8.05 15.50 -5.46 8.05 15.00
Lomé CEET exist Thermal | Lome CEET_15 18.82 15.00 16.00 0.23 20.00 -5.26 9.92 5.00
Lomé Port - TAG CEB exist Thermal | Lomé Port TAG CEB_15 25.00 15.00 16.00 15.00 21.00 -9.00 15.00 5.00
Sokodé exist Thermal | Sokode Diesel 15 4.44 15.00 4.00 1.94 20.00 -1.31 1.94 1.50
Nangbéto exist Hydro Nangbéto 1_10.3 38.59 10.30 32.80 20.33 18.50 -15.00 20.33 32.80
Nangbéto exist Hydro Nangbéto 2_10.3 38.59 10.30 32.80 20.33 18.50 -15.00 20.33 32.80
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. . Nominal Nominal Sub- Min. Max. .
Nominal Nominal active reactive transient reactive reactive Max. active
Unit Name Status Type Connection node power voltage power
(MVA) k) power power reactance power power MW)
var 0 p.u. var var
MW M % M M
Lomé | decid. | Thermal | N/A 47.06 N/A 40.00 24.79 20.00 -13.15 24.79 40.00
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APPENDIX J: LIST OF NATIONAL PROJECTS
PLANNED

Country Type | Element LEeknrg;h Sizing Cominzzioning Comment
Cotedivoire | LI | grolEE O 50 comuctoase) 2018-2022

Cote d'lvoire LI BAKRE-AKOUPE ZEUDJI_400 46 conﬁtggrzgéisel 2018-2022

Cote d'lvoire LI BAKRE-AZITO_400 10 c onﬁtgg;g rgi s el 2018-2022
Cotedivore | LI | AZTO-AKOUPEZEUDIL40D | 2 | conuorphese) | 208202 |
_Cotedivore | LI | BAKREBINGERVILLE 400 | ® | conuorphese) | 21822 |
oeanare | 1| ACOOTEZE00I A ;o | SlemeAoC T

Cotedivoire | LI | ANANI-BINGERVILLE 1225 | 8 | ALMS70 | 20182022 |
" cednaie | [ anansmesamieezm 7T Pab R v b s T
Cotedivoire | LI | RIVIERA-BINGERVILLE 225 | 0 | ALMST0 | 20182022 |
Cotedlvoire | LI | BINGERVILLE-PRESTEA 225 | 200 | ALMS7TO | 20182022 |
Cotedivoire | LI | AKOUPE ZEUDJI-ABOBO 1225 | s | ALMST0 | 20182022 |
Cotedlvoire | LI | AKOUPE ZEUDJI-ABOBO 2 225 | s ALMS7TO | 20182022 |
Cotedlvoire | LI | AKOUPE ZEUDJI-TAABO 1 225 | - B2 ALMS7TO | 20182022 |
Cotedivoire | LI | AKOUPE ZEUDJI-TAABO 2 225 | - 132 | ALMST0 | 20182022 |
Cotedlvoire | LI | LABOA-BOUNDIALI 225 | - 65 ALMS7TO | 20182022 |
Cotedlvoire | LI | BOUNDIAL-FERKE 225 | - 2 ALMS7TO | 20182022 |
Cotedivoire | LI | SEREBOU-BONDOUKOU 225 | - w2 | ALMST0 | 20182022 |
Cotedlvoire | LI | BOUAKE2-SEREBOU 225 | - 132 ALMS7TO | 20182022 |
Cotedlvoire | LI | AZITO-BAKRE 225 | 0 ALMS7TO | 20182022 |
Cotedivoire | LI | VRIDIBAKRE 225 | s | ALMST0 | 20182022 |
" Cotedlvoire | LI | ADZOPE-AKOUPE-ZEUDJI 225 | - w0 | ALMS7TO | 20182022 |
Cotedlvoire | LI | SONGON-AKOUPE ZEUDJI 225 | x| ALMS7TO | 20182022 |
Cotedivoire | LI | ANYAMA-AKOUPE ZEUDJI 225 | 0 | ALMST0 | 20182022 |
Cotedlvoire | LI | BUYO-DUEKOUE 225 | - o ALMS7TO | 20182022 |
Cotedlvoire | LI | DUEKOUE-MAN 225 | 8% ALMS7TO | 20182022 |
Cotedivoire | LI | ZAGNE-TOULEPLEU 225 | - 65 | ALMST0 | 20182022 |
Cotedlvoire | LI | SANPEDRO-SOUBRE 225 | - s ALMS7TO | 20182022 |
Cotedlvore | LI | SOUBRE-BUYO 225 | 9 ALMS7TO | 20182022 |
Cotedivore | LI | DUEKOUE-ZAGNE 225 | 7 ALMST0 | 20182022 |
Cotedlvoire | LI | SANPEDRO 1-SANPEDRO2 225 | 10 | ALMS7TO | 20182022 |
Cotedivoire | LI | TAABO-YAMOUSSOUKRO 225 | o ALMS7TO | 20182022 |
Cotedivoire | LI | YAMOUSSOUKRO-KOSSOU 225 | 0 | ALMST0 | 20182022 |
Cotedlvoire | LI | KOSSOU-BOUAKE3 225 | - o ALMS7TO | 20182022 |
Cotedlvoire | LI | BOUAKE3-BOUAKE2 225 | 0 ALMS7TO | 20182022 |
Cotedivoire | LI | BUYO-DALOA 225 | I ALMST0 | 20182022 |
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Country Type | Element Lﬁ:}g;h Sizing Cominzzioning Comment

Cote d'lvoire LI SEREBOU-DABAKALA_225 67 ALM570 2018-2022
Cotedivore | LI | DABAKALAKONG 225 | ® | AMsTO | 20182022 |
Cotedivore | LI | VRIDIRIVIERA 225 | 1 183 | AMsTO | 20182022 |
Cotedivaire | LI | ANYAMA-ADZOPE 225 | - 00 | AMs7O | 2018202 |
Cotedivore | LI | ATTAKRO-ADZOPE_ 225 | s AMsTO | 20182022 |
Cotedivore | LI | SANPEDRO-SOUBRE 225 | 128 | AMsTO | 20182022 |
Cotedivoire | LI | KATIOLAFERKE 225 | 2| AMs7O | 2018202 |
Cotedivore | LI | KONG-FERKE 225 | s | AMsTO | 20182022 |
Cotedivore | LI | ZAGNE-TOULEPLEU 225 | 65 | AMSTO | 20182022 |
Cotedivaire | LI | SANPEDRO1-SANPEDRO2225 | 10 | AMs7O | 2018202 |
Cotedivore | LI | GRIBO-POPOLI-SANPEDRO 225 | 3 | . AMSTO | 20182022 |
Cotedivore | LI | BOUNA-BONDOUKOU 90 | 180 | AlM22s | 20182022 |
Cotedivoire | LI | TANDA-AGNIBILEKRO_90 | & | AM228 | 2018202 |
Cotedivaire | LI | TANDA-BONDOUKOU_%O | s2 | AM228 | 2018202 |
Cotedivare | LI | LABOA-TOUBA 9O | s | AM228 | 2018202 |
Coedivore | LI | TOUBAMANLSO | - 00 | AM228 | 2018202 |
Cotedivoire | LI | DALOAVAVOUA 9O | st | AM228 | 2018202 |
Cotedivaire | LI | VAVOUAZUENOULA 90 | ss | AM228 | 2018202 |
Cotedivore | LI | MANKONO-SEGUELA 90 | no AM228 | 2018202 |
Cotedivoire | LI | ZUENOULAMANKONO_ S0 | &2 | AM228 | 2018202 |
Cotedivore | LI | BOUAKEI-BOUAKE3 90 | 0 | AlM228 | 20182022 |
Cotedivoire | LI | DAOUKRO-ATTAKRO_90 | s | AM228 | 2018202 |
Cotedivore | LI | SEREBOU-DAOUKRO 90 | 03 | AlM228 | 20182022 |
Cotedivore | LI | AYAME 1-ABENGOUROU 90 | 156 | AlM228 | 20182022 |
CCotedivaire | LI | AYAMELAYAMEZ290 | 4 | AM228 | 2018202 |
Cotedivore | LI | LABOA-TOUBA 9O | 7 AlM228 | 20182022 |
Cotedivore | LI | MARABADIASSAKATIOLA 90 | | AlM228 | 20182022 |
Cotedivoire | LI | BOUAKEL-BOUAKE3 90 | 20 | AM228 | 2018202 |

Céte d'lvoire LI zﬁmggggggﬁgg; 90 7 ALM228 2018-2022
Cotedivore | LI | CENTRALEPYLONE 90 | | nA | AM228 | 20182022 |
Cotedivore | LI | PYLONE-VERS KORHOGO_90 | | nA | AM228 | 20182022 |
Cotedivoire | LI | TAABO-AGBOVILLE 90 | - us | AM225 | 2018202 |
Cotedivore | LI | MANKONO-MARABADIASSA 90 | st AM228 | 20182022 |
Cotedivore | LI | TOULEPLEU-MINEITY.90 | st AlM228 | 20182022 |
CCotedivare | LI | SINGROBO-TAABO_ 90 | 3 | AM228 | 2018202 |
Cotedivore | TF | 400225 AKOUPE ZEUDJIN1 | - | 200MVA | 20182022 |
Cotedivore | TF | 4001225 AKOUPE ZEUDJIN2Z | - | 200MVA | 20182022 |
CCotedivoire | TF | 400/225SANPEDROZNL | - | 20mvA | 2018202 |
Cotedivore | TF | 4001225 SANPEDRO2NZ | - | 200MVA | 20182022 |
Cotedivore | TF | 400/225BINGERVILLEN4 | - | BWOMVA | 20182022 |
CCotedivoire | TF | 400/225BINGERVILLENS | - | somvA | 2018202 |
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Country Type | Element Lﬁ:}g;h Sizing Cominzzioning Comment
Cote d'lvoire TF 400/225 BINGERVILLE N6 - 350 MVA 2018-2022
Cotedivore | TF | 4001225 AKOUPE-ZEUDJINL | - | BWOMVA | 20182022 |
Cotedivore | TF | 4001225 AKOUPE-ZEUDJIN2 | - | ¢ BWOMVA | 20182022 |
CCotedivoire | TF | 400225BAKREN1 | - | somva | 2018202 |
Cotedivore | TF | 400/225BAKREN2 | - | BWOMVA | 20182022 |
Cotedivore | TF | 400/225SANPEDRONL | - | 200MVA | 20182022 |
CCotedivaire | TF | 400225SANPEDRON2 | - | 20mvA | 2018202 |
Cotedivore | TF | 330/225BINGERVILLENL | - | BWOMVA | 20182022 |
Cotedivore | TF | 330/225BINGERVILLEN2 | - | BWOMVA | 20182022 |
CCotedivoire | TF | 330225BINGERVILLEN3 | - | somva | 2018202 |
Cotedivore | TF | 225/90 AKOUPE ZEUDIINL | - | 1 womva | 20182022 |
Cotedivore | TF | 225/90 AKOUPE ZEUDIIN2 | - | 1 womva | 20182022 |
CCotedivoire | TF | 225193 (4)LABOANZ | - | omva | 2018202 |
CCotedivaire | TF | 22590BOUNDIALI | - | womva | 2018202 |
CCotedivaire | TF | 22590BOUNDIALI | - | womva | 2018202 |
Cotedivore | TF | 22590BONDOUKOUNI | - | omva | 2018202 |
CCotedivare | TF | 22590BONDOUKOUNZ | - | omva | 2018202 |
CCotedivaire | TF | 225190 YOPOUGONINL | - | womva | 2018202 |
Cotedivore | TF | 22590 YOPOUGONINZ | - | 1 00MvA | 2018202 |
CCotedivoire | TF | 22590 TREICHVILLENL | - | womva | 2018202 |
CCotedivore | TF | 225/90 TREICHVILLEN®2 | - | 1 womva | 20182022 |
CCotedivaire | TF | 225190 (1) ABOBONL | - | womva | 2018202 |
Cotedivore | TF | 225/90 (1)ABOBON2 | - | 1 womva | 20182022 |
Cotedivore | TF | 225/90 (1)ABOBON3 | - | 1 womva | 20182022 |
CCotedivoire | TF | 225190 (1) ABOBON'4 | - | womva | 2018202 |
Cotedivore | TF | 225/90BONDOUKOUN1 | - | 1 womva | 20182022 |
Cotedivore | TF | 225/90BONDOUKOUN2 | - | 1 womva | 20182022 |
CCotedivoire | TF | 225190 SEREBOUNT | - | womva | 2018202 |
CCotedivore | TF | 225/90 SEREBOUN2 | - | 1 womva | 20182022 |
Cotedivore | TF | 225/90 TOULEPLEU | - | 1 womva | 20182022 |
CCotedivoire | TF | 225190 (2) SANPEDRO1 | - | womva | 2018202 |
CCotedivore | TF | 22550DVO | - |1 womva | 20182022 |
CCotedivore | TF | 225/93 SEREBOUNL | - | oMvA | 20182022 |
CCotedivoire | TF | 22593SEREBOUNZ | - | omvA | 2018202 |
Cotedivore | TF | 225/93BONDOUKOUN1 | - | oMvA | 20182022 |
Cotedivore | TF | 225/93BONDOUKOUN2 | - | oMvA | 20182022 |
CCotedivare | TF | 22593@MANNZ | - | omva | 2018202 |
CCotedivore | TF | 225193 (2)SOUBREN2 | - | oMvA | 20182022 |
Cotedivore | TF | 225190 ()TAABONL | - | 1 womva | 20182022 |
CCotedivaire | TF | 225190 ()TAABON2 | - | womva | 2018202 |
Cotedivore | TF | 225/90 SANPEDRON°1 | - | 1 womva | 20182022 |
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Length s Commissioning
Country Type | Element [km] Sizing Year Comment
Cote d'lvoire | REAC | Capacitor DIVO - 90 kV - 12 MVAr 2020 5 taps?
Cote d'lvoire | REAC | Capacitor SEGUELA - 90 kV - 4.8 MVAr 2020 2 taps?
Cote d'lvoire | REAC | Capacitor TONGON - 90 kV - 4.8 MVAr 2020 2 taps?
S R e e e kv
Cote d'lvoire | REAC | Capacitor YOPOUGON1-90kV - 7.2 MVAr 2018 connection; 3
________ D ) N - - U
15 kv
Cote d'lvoire | REAC | Capacitor YOPOUGON1-90kV - 7.2 MVAr 2018 connection; 3
________ [ ) N - = U
Cote d'lvoire | REAC | Capacitor ZAGNE - 90 kV - 12 MVAr 2020 5 taps?
Ghana LI Prestea-Kumasi 330 kV N/A 2018
"""" ~ 77 7 Aboadze-Dunkwa-Kumasi- | | T T oo oo oo m T
Ghana LI Kintampo-Tamale-Bolgatanga 330 N/A 2019
________ [
Ghana LI Sunyani-Berekum 161 kV N/A 2018
Ghana LI Asawinso-Juabeso-Mim 161 kV N/A 2018 or 201972
"""" ~ | Break-in of 161kV Akosombo- | . | |7 " | Howfaristhe
Jootema Y| NkawkawlineatTalo | o DRI P Delaved | breakiin? _ _
Ghana L | Upgrade of Achimota-Acira East- ; 213 10 488 MVA 2019
________ oo |fVoalines(2)_ _ _ _ _ _ __ ___ | |- ___
Upgrade transformers in Tarkwa, Size of
Ghana TF Akwatia, KoNogo, Asawinso, - 2019 transformers?
________ _ _ _ _| Asiekpe, Tamales, New Tarkwa, | | _______|_________|_ " __"__
Sunyani, New Tema, Cape Coast, .
Ghana TE | Kpandu et Winneba. } 2019 Size of
. transformers?
Ghana REAC | Dunkwa, Kumasi, Bolgatanga - 2019
reactors
New Pokuase Substation 330 kV on
__stema 1SS lAbeadzevoa | . .. L. ®®o o
Ghana SS New Accra Substation? A5 330 2018 Connection?
"""" " we | New Substation GIS at Accra | ... | T T T o | Sameprojectas
B e =, R Siesiol (RN HPRca BN Accra?
Mali LI Sikasso-Bougouni-Bamako 225 kV N/A 2021 Double terne
Mali LI Duplicate of Manantali-Bamako - 2021
Mali LI Reinforcement Manantali-Kayes - N/A
o T "7 7 7| Doublecircuit line Kossodo-Poste | .. | T T T T T
pundnafeo | Y ouagakst- || o) DRPRRRUR IPUPS oo N NN
Mali LI Poste Patte d’Oie - 90 kV - N/A =
-------- B T e R e e N B e .
.. 2 (2
Burkina Faso | LI | Kossodo-Ziniaré S0 kv 25 2020 o
Burkina Faso LI Upgrade to 90 kV of line Zagtouli- 100 2020 =
________ ___._|Koudougou _ _ _ __ __ ____ | ___ | _______ &
Burkina Faso LI Kaya-Ziniaré 90 kV double circuit 70 2020
Burkina Faso LI Pa- Dedougou 90 kV N/A N/A
Burkina Faso LI Wona-Dedougou 90 kV 60 2020
Burkina Faso LI Zano-Koupela 132 kV 55 2020
Burkina Faso | TF | Ouga | 90/15 kV ; 40 MVA 2018 Zagtouli Solar
________ e oo _Proect_
Burkina Faso TF Zano 132/33 kV - 40 MVA 2018
Togo-Benin LI Davié-Notsé_161 54.5 178.5 MVA 2025
Togo-Benin LI Davié-Légbassito_161 n°1 14 178.5 MVA 2018
Togo-Benin LI Davié-Légbassito_161 n°2 14 178.5 MVA 2018
Togo-Benin LI Notsé-Atakpamé_161 70 178.5 MVA 2025
Togo-Benin LI Atakpamé-Kara_161 250 178.5 MVA 2025
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Length s Commissioning
Country Type | Element [km] Sizing Year Comment
Togo-Benin LI Kara-Bandjeli_161 75 178.5 MVA 2022
Togo-Benin LI Kara-Mango_161 164 178.5 MVA 2020
Togo-Benin LI Mango-Dapaong_161 78 178.5 MVA 2020
Togo-Benin LI Porga-Tangieta-Natitingou_161 110 178.5 MVA 2022
Togo-Benin LI Bembereke-Kandi_161 114 178.5 MVA 2018
Togo-Benin LI Kandi-Guene-Malanville_161 90 178.5 MVA 2018
Togo-Benin LI Onigbolo-Parakou_161 n°1 280 178.5 MVA 2018
Togo-Benin LI Onigbolo-Parakou_161 n°2 280 178.5 MVA 2018
Togo-Benin LI Dapaong-Mandouri 161 N/A 178.5 MVA 2020
Togo-Benin LI Atakpamé-Lomé 161 N/A 178.5 MVA 2021
Togo-Benin LI Notse-Adjarala N/A 128 MVA N/A
Togo-Benin LI Adjarala-Ava n°2 N/A 128 MVA N/A
"""" © __ | ATAKPAME -T3_161/ | | o | o
_rosoBenn | TF I ATAKPAME-T320 | T oA L
Togo-Benin TF Efl\ngELl T1_161/ BANDJELI - 20 MVA 2022
Togo-Benin TF .I?ZA'\;’IZ‘]ELI T2_161/ BANDJELI - - 20 MVA 2022
"""" © [ BEMBEREKE-T1 161/ | T e Tt T T
_rooBemn | TP | BEMBEREKE-TiB4 T | WA LR
BEMBEREKE — T2_161/
_rooBemn | TP | BEmBEREKE-T234 T | PWA LR
Togo-Benin TF BLITTA—-T1_161/BLITTA-T1 34 - 20 MVA 2022
Togo-Benin TF BLITTA—-T2_161/BLITTA-T2_34 - 20 MVA 2022
Togo-Benin TF _IC_:IleSSE T1_161/ CINKASSE - - 16 MVA 2022
Togo-Benin TF 'T31AP2A2°NG “T1_161 / DAPAONG - - 16 MVA 2022
Togo-Benin TF DAPAONG -T2_161 / DAPAONG - ) 16 MVA 2022
________ b o
Togo-Benin TF KANDI — T1_161/ KANDI - T1_34 - 20 MVA 2018
Togo-Benin TF KANDI — T2_161 / KANDI — T2_34 - 20 MVA 2018
"""" T TILEGBASSITO-TRi_161/ |~ T T T T T T T T
_roooBemn | TP | Lleeeassito-TRizo T OMA LR
LEGBASSITO — TR2_161/
_fosoBemn | T | leeeassimo-TRZ20 | .| O .
MALANVILLE - T1_161/
_rosoBemn | TP I MALAWILLE-TT T WA LR
MANGO — TR1_161 / MANGO —
I L S R B Sl o P I
MANGO — TR2_161 / MANGO —
Teeoenn | T lwezo o | T SN o P IR
NATITINGOU — T1_161/
_TeooBemn | TP Iwammneou-Tizo T WA LR
Togo-Benin TF .’I\.I:LO-;%’E T1_161/NOTSE — - 12.5 MVA 2025
Togo-Benin TF .FF:?%%A T1_161/PORGA - - 20 MVA 2022
"""" T [ TANGUIETA-Ti_161/ | T T
_rosoBenn | T I TANGUETA-TI20 | T WA
Gambia TF Brikama 225/30 kV - 2x75 MVA 2021 OMVG
Gambia TF Soma 225/30 kV - 2x15 MVA 2021 OMVG
Guinea TF | Bissau 225/30 kV - 320 MVA 2021 OMVG
o Bssau | T T
Guinea LI Linsan-Fomi 225 kV N/A 250 MVA 2020 Double circuit?
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Country Type | Element LEeknng;h Sizing Cominzzioning Comment
_Cune | U Guneatony o VA | N _ | Dosblesieui
_oumen | U Guneatoon) M VA __|_ Dot s

Guinea LI Maneah-Linsan 225 kV N/A N/A Double circuit?
 Gunea | TF | Lnsan22s/110kv | - | 2x75MVA | 2000 | omve
 Gunea | TF | NZérékore22s/110kV | - | somvaA | 200 | clse
© Niger | U | SakadmanaNiamey33okv | - a0 | 70MVA | 2000 |
© Niger | U | Kandadji Gouroubanda132kvV | wo | 1077MVA | 2022 | Doubleteme
© Niger | U | SakadmanaTahoualzzkv | o | w077MvA | 2000 |
 Niger | U | Dosso-Balleyaraiszkv | &s | 202 |
 Niger | LU | Reinforcement HV grid Niamey | | va | a0 Which lines
© senegal | U | TanafZiguchor225kv | | Na Na |
© Senegal | LU | MbourKayar 225 | 1 N T S
© Senegal | LU | MbourKayar 225 | 1 N T S
© Semegal | U | OLAM-Sendou_225 | | Na | o8
© Senegal | L | MbourOLAM 225 | | N T S
© Senegal | L | SendowKounoune 225 | T ssmvA | 2018 |
© semegal | U | Sendowkounoune 225 | 2| aasmva | 2018 |
© Senegal | LI | Tobene-Kounoune 225 | ss | ssmvA | 2018 |
© Senegal | LI | Tobene-Kounoune 225 | ss | ssmvA | 209
© Semegal | U | FatickSAPCO225 | | Na | o8
© Senegal | LI | SAPCO-MBOUR 225 | | N T S
© Semegal | U | FatickKaolack 225 | 0 asMvA | 2020 |
© Semegal | Ul | AfficaEnergy-Tobene 225 | o | | 20 |
© Senegal | LI | AfficaEnergy-Tobene 225 | o | a2 |
© Senegal | LI | MboroTobene 225 | 200 | asmvA | 2000 |
© Semegal | U | MboroTobene 225 | : 200 | aasmva | 2020 |
© Senegal | LI | Bakel-Tambacounda 225 | | va | 0t
© Senegal | Ul | CapDesBiches-Kounoune 90 | 65 | ssMvA | 2020
© Senegal | U | Ham-PatedOie 90 | 12 | s18OMVA | 2020 |
© Semegal | U | Hamn-PattedOie 90 | 12 | sisomva | 2026 |
© Senegal | U | Hamn-PattedOie 90 | w2 | a0
© Senegal | REAC | Reactance KAOLACK 225kV | - | 20MvAT | Na |
© Senegal | REAC | Reactance TOUBA 225KV | - | sMvAr | Na
© Senegal | REAC | Reactance KOUNOUNE 225kV | - | sMmvAr | Na
CSeraleone | LI | FreetownBumbuna22skv | | somva |
CSieraleone | LI | Waterloo-Freetown 131KV | ||
CSieraleone | TF | Kamakwie22533kv | - | somva | 200 | cse
CSeraleone | TF | Yiben22s3kv | - | somvaA | 2020 clse
CSieraleone | TF | Bumbuna22siteikv | - | 2x70MVA | 2000 | cse
CSieraleone | TF | Bkongore225/33kv | - | somva | 200 | cse
CSeraleone | TF | Kenema2es33kv | - | somvA | 2020 clse
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Length s Commissioning
Country Type | Element [km] Sizing Year Comment
Liberia TF Mano 225/33 kv - 40 MVA 2020 CLSG
Liberia TF Monrovia 225/33 kV - 70 MVA 2020 CLSG
Liberia TF Buchanan 225/33 kV - 40 MVA 2020 CLSG
Liberia TF Yekepa 225/33 kV - 40 MVA 2020 CLSG
Mauritania LI Noukchott-Nouadhibou 225 kV N/A 2020 Double circuit?
Mauritania LI E\? ukchott-St LYess- Tobene 225 N/A 2020 Double circuit?
Nigeria L Qwern-Ahoada-Yenegoa 1x132kv N/A N/A 2020
________ e L
Nigeria LI Alaoji-Umuahia 2x132KkV circuits N/A N/A 2020
Nigeria LI Mbalano-Okigwe 1x132kv circuit N/A N/A 2020
Nigeria LI 2nd Benin-Onitsha 1x330Kkv circuit N/A N/A 2020
© i, [3dBenin-oOnitsha2x33okv [ | T T T
B o N O B (e o PR I
- Onitsha - Oba - Nnewi - Ideato-
_ Noera M| okigwe 2xt32ky cireuits | | MR (oIS R NP
Nigeria LI Nsukka - Ayangba 2x132KYV circuits N/A N/A 2020
Nigeria L | Qwerri- Abo Mbaise 2x132KV NIA N/A 2020
________ e N [
Nigeria LI Onitsha-Ifitedunu 2x132KkV circuits N/A N/A 2020
Nigeria LI Umuahia-Ohafia 1x132kV circuit N/A N/A 2020
Nigeria LI Umuahia - Mbalano 1x132kV circuit N/A N/A 2020
Nigeria LI Ohafia - Arochukwu 1x132KkV circuit N/A N/A 2020
Nigeria LI Abakaliki - Amasiri 2x132kV circuits N/A N/A 2020
Nigeria LI Ugwuaji-Nnenwe 2x132KV circuits N/A N/A 2020
Nigeria LI Nnenwe-Mpu 2x132KV circuits N/A N/A 2020
Nigeria LI Akure-Ado Ekiti 1x132kv circuit N/A N/A 2020
Nigeria L T_Ilne_ Ikeja West - Ayobo 2x132kV N/A N/A 2020
________ oo _fereuwts_ |- ___
Benin North-Oshogbo 2x330KV
Nigeria LI circuits - 1 circuit LILO at New N/A N/A 2020
________ — L Akuresubstation | _____ | __ | _______
New Abeokuta - Ighoora - Lanlate
Nigeria LI 2x132kv circuits - Tee-off at N/A N/A 2020
________ ___ _|lgboora-lgangan | | _________|_________|_________
Nigeria Ll | Ganmo-Ogbomosho 2x132kV N/A NIA 2020
________ ____jeweuwts________ _____ | _ | _______
- Ikorodu - Odogunyan - Shagamu
B e % A MA (e I R
Nigeria L | Omotosho-Epe-Aja 2x330KV N/A N/A 2020
________ R B D R D PP IR
Nigeria LI Oshogbo- Ede 2x132KV circuits N/A N/A 2020
Nigeria L | Erukan - Omotosho 2x330KV NIA N/A 2020
________ - oo opgreuts el e e o2
Nigeria LI Obajana-Okeagbe 2x132kV circuits N/A N/A 2020
Nigeria L O_wern-Ahoada-Yenegoa 2x132kv N/A N/A 2020
________ e 0 [
Afam-Port Harcourt 2x132kV
Nigeria LI circuits - LILO at Port Harcourt main N/A N/A 2020
TS
Nigeria L | 3rd Benin - Onitsha 2x330KV NIA N/A 2020
________ e 0 [
Nigeria LI 2nd Benin-Onitsha 1x330kv circuit N/A N/A 2020
Nigeria LI Afam IV - Afam Il 1x132KkV circuit N/A N/A 2020
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Length - Commissioning
Country Type | Element [km] Sizing Year Comment
Nigeria L | Alscon - Ibom Power 2x132kV NIA N/A 2020
________ e 0 [
Nigeria LI Obudu - Ogoja 2x132KYV circuits N/A N/A 2020
C i | Yenagoa-Oporoma2x132kv [ | o T T
B B N pagl D SRR IR NN IR
Nigeria L peltq—Port Harcourt 2x330kV N/A N/A 2020
________ e N [
Nigeria TF 330/132/33kV at Onitsha and Benin - 150 MVA 2020
Nigeria TF 132/33kv at Aboh -Mbaise - 2 x 60 MVA 2020
Nigeria TF 330/132KV at Olorunsogo - 2 x150 MVA 2020 provisional
Nigeria TF | 330/132/33kV at Onitsha - 150 MVA 2020 second
________ oo ____|_additonal unit?
Nigeria TF 132/33kV at Ukpilla, Edo State - 60 MVA 2020
Nigeria TF Amukpe - 1x30/40MVA 2020
Nigeria TF | 380/182/33kVaat Afam TS for - 1 X 150MVA 2020
________ — _ . _|rehabiltation _ _ ____ ____ | _____ | __ T .
Nigeria ss Substations Imo - Rivers - Bayelsa } N/A 2020
________ B B
- . 2x30/40MVA,
_Neerm LSS _pUmerm Il sy %0
Nigeria SS Ideato - 2x60 MVA, 132/33 kV 2020
T L Y I R 2G304OMVA, | T
__Noera | S8 Avedew |1 sy |
Nigeria SS Okigwe - 2x30/40MVA 132/33kV 2020
Nigeria SS Ohafia - 2x30/40MVA 132/33kV 2020
Nigeria SS Mbalano. - 2x30/40MVA 132/33kV 2020
Nigeria SS Nnewi - 2x60 MVA 132kV 2020
Nigeria SS Oba - 2x60 MVA, 132/33 kV 2020
Nigeria SS Ifitedunu - 2 x 60MVA 132/33kV 2020
Nigeria SS Amasiri, Afikpo - 2x60MVA,132/33kV 2020
Nigeria SS Mpu - 2x60MVA,132/33kV 2020
Nigeria SS Nnenwe - 2x60MVA, 132/33kV 2020
Nigeria SS Odogunyan - 2 x 60MVA, 132/33kV 2020
Nigeria SS Ayobo - 2 x 60MVA, 132/33kV 2020
T N ee e aw T T T T T T T T T 2X1BOMVARR0/32KY | T T T T T T T
 Neera | SS [ Newhkwe LD sazeowvazassy | %0
Nigeria SS Ogbomosho - 2 x60MVA 132/33kV 2020
Nigeria SS Lanlate - 2x30/40 Mk\\iA 132/33 2020
Nigeria SS Igangan - 2x60MVA 132/33KV 2020
Nigeria SS Ede - 2X60MVA 2020 voltage levels ?
"""" T T T T T T T T ks, T T T
Nigeria SS Omotosho - 330/132KV + 2020
________ R A B 2 e
Nigeria SS Okeagbe, Ondo State - 2x60MVA 132/33kV 2020
Nigeria SS Ose LGA Headquarters, Ondo State - 2x60MVA, 132/33kV 2020
H S e I R 2x150MVA, | T T T T
JNeera oSS peaRber T omomsssw |
Nigeria SS Ughelli Power Plant - 1X60MVA 2020
HE T I R R 2x30/40MVA, | T T T T T T
Nigeria SS Ogoja - 132/33kV 2020
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Length s Commissioning
Country | Type | Element | [km] | Sizing | Year Comment
Nigeria | SS Oporoma [ - l 2x 60MVA, 132/33KV J 2020
TS 2 GO T O 2T $Z0 S
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At the helm of the Energy Transition, Tractebel provides a full range of engineering and
consulting services throughout the life cycle of its clients’ projects, including design and
project management. As one of the world’s largest engineering consultancy companies and
with more than 150 years of experience, it's our mission to actively shape the world of
tomorrow. With about 4,400 experts and offices in 33 countries, we are able to offer our
customers multidisciplinary solutions in energy, water and infrastructure.

TRACTEBEL ENGINEERING S.A.
Boulevard Simén Bolivar 34-36
1000 - Bruxelles - BELGIQUE
tractebel-engie.com

Laurence CHARLIER
tel. +32 2476 31 07 92
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