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Liste des Personnes et organismes rencontrés au Burundi

Nom et prénom

Position

Institution

Monsieur Herménégilde RUPEREZA

Coordonnateur des programmes

Geste humanitaire

Madame Solange HABONIMANA

Directrice Adjointe

Office national du Tourisme (ONT),
Ministére de 'Environnement et de
I’Aménagement du Territoire

Madame Emmanuella
NGENZEBUHORO

Directrice de 'Environnement

Direction générale de
I’'Environnement, Ministére de
’Aménagement du Territoire, du
Tourisme et de 'Environnement

Monsieur Astere BARAGWANDIKA

Directeur des Foréts

Ministére de ’Aménagement du
Territoire, du Tourisme et de
I’Environnement

Monsieur Damien NINDORERA

Conseiller juridique

Institut National pour I'Environnement
et la Conservation de la Nature
(INECN), Ministére de
’Aménagement du Territoire, du
Tourisme et de 'Environnement

Monsieur Alphonse FOFO

Conseiller principal du Directeur
Général

Institut National pour 'Environnement
et la Conservation de la Nature
(INECN), Ministére de
I’Aménagement du Territoire, du
Tourisme et de 'Environnement

Monsieur Gabriel HAKIZIMANA

Directeur de 'Environnement

Institut National pour 'Environnement
et la Conservation de la Nature
(INECN), Ministére de
I'Environnement et de ’Aménagement
du Territoire

Monsieur Edouard NIYONZIMA Trésorier Association de protection de
I'environnement Biraturaba
Madame Odette KAYITESI Ministre Ministére de '’Aménagement du

Territoire, du Tourisme et de
'environnement

Monsieur Anaclet NZIRIKWA'’

Conseiller Juridique

Ministere de ’Aménagement du
Territoire, du tourisme et de
I'Environnement

Monsieur Ruzima SALVATOR

Coordonnateur National

Projet Action environnementale du
Bassin du Nil

Col. Joseph NZEYIMANA

Directeur

Régie des Services aéronautiques

Ir. Didace YAMUREMYE

Chargé des infrastructures

Régie des Services aéronautiques

Monsieur Damien NINDORERA

Conseiller Juridique

Institut National pour I'Environnement
et la Conservation de la Nature
(INECN), Ministére de
’Aménagement du Territoire, du
Tourisme et de 'Environnement

Monsieur Oscar NDAYIZIGA

Directeur Général

Institut National pour 'Environnement
et la Conservation de la Nature
(INECN), Ministére de
’Aménagement du Territoire, du
Tourisme et de 'Environnement
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Nom et prénom

Position

Institution

Monsieur Alphonse FOFO

Conseiller principal a 'INECN, chargé
de la gestion de la Réserve de la
Rusizi

Institut National pour 'Environnement
et la Conservation de la Nature
(INECN), Ministere de
I’Aménagement du Territoire, du
Tourisme et de 'Environnement

Monsieur Léonidas BAMBARA

Conseiller a la Direction Technique de
'INECN et ancien Chef de Parc
National de la Kibira

Institut National pour 'Environnement
et la Conservation de la Nature
(INECN), Ministére de
’Aménagement du Territoire, du
Tourisme et de 'Environnement

Monsieur Louis NDUWIMANA

Chef de programme

Programme Lutte contre la pauvreté
au PNUD Bujumbura

Monsieur Dieudonné NDAGIJEMANA

Directeur Technique a I'INECN
charge de la gestion des aires
protégées

Institut National pour 'Environnement
et la Conservation de la Nature
(INECN), Ministére de
I’Aménagement du Territoire, du
Tourisme et de 'Environnement

Monsieur Pierre BARAMPANZE

Directeur de I'énergie au Burundi

Ministére de I'Energie et des Mines

Madame Aline IRIMBERE

Conseillere

Département de I'Environnement, de
la Recherche et de 'Education
Environnementales de I'Institut

National pour I'Environnement et la

Conservation de la Nature (INECN),
Ministere de ’Aménagement du

Territoire, du Tourisme et de
I'Environnement

Monsieur NOLASQUE

Conseiller principal

Département de I'Energie, Direction
Générale de I'Eau et de I'Energie,
Ministére de I'Energie et des Mines

Monsieur Térence MBONABUCA

Directeur Général

Administration du Territoire

Monsieur Gabriel
KANYAMUGAMBWE

Chef

Réserve naturelle de la Rusizi

Monsieur Freddy NIYONGERE

Technicien Principal

Société Nationale d’Electricité
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Liste des Personnes et organismes rencontrés au Rwanda

Nom et prénom Position Institution
M Augustin HATEGEKA Chargé d’étude et Planification Projet UPEGAZ" , MININFRA?
M Aloys Makuza Kanamugire Directeur Technique/Electricité ELECTROGAZ
M Charles Kanyamihigo Directeur d’exploitation/électricité ELECTROGAZ

M Gaspard Niyiragira

Assistant technique/Aménagement
des marais

Projet d’Appui au Secteur
Rural/MINAGRI

M Stany Nizeyimana

Chef de la Centrale Electrique de
Gisenyi

ELECTROGAZ

M Paul Mbonimpa

Chef de la Station de Gisenyi

ELECTROGAZ

M Méthode Ntagungira

Chef de Poste de Ngoma/Butare

ELECTROGAZ

M Josaphate Mugemanyi

Chef de la Station Butare

ELECTROGAZ

M Jacinthe Sana

Chef de Poste de Kigoma

ELECTROGAZ

M Gaspard Niyiragira

Assistant technique/Aménagement
des marais

Projet d’Appui au Secteur
Rural/MINAGRI®

M Désiré Florent Nzayanga

Chargé de Programme Enérgetique

Initiative du Bassin du Nil

M Albert Yaramba

Coordinateur du projet

Projet National d’Alimentation en eau
potable et Assainissement en Milieu
Rural

M Frank Rutabingwa

Coordinateur du Projet

Projet d’Appui a la foresterie

(PAFOR)
M Robert Kashemeza Maire District de Nyagatare/Province de
I'Est
M Daniel Chargé de la Carte pédologique MINAGRI

M Syldio Gakwisi

Chargé du service d’analyse des
données météorologiques

Service National de
Météorologie/MININFRA

M Vital Nzabanita

Chargé de la Cartographie

Service National des
Statistiques/MINECOFIN4

M Innocent Gashugi

Chargé d’Etude d’'Impact
Environnemental

Rwanda Environment Management
Authority/MINITERE

M Eugéne Kayijamahe

Chargé de Recherche au Centre GIS
de Butare

Université National de Butare

M Kayitaba Gallican

Coordinateur du Groupe de travalil
chargé de préparer le Schéma
Directeur d’Utilisation des Terres au
Rwanda

MINITERE®

Mme Prisca Mujawayezu

Secrétaire Exécutive

Conseil de Concertation des
Organisations d’appui aux Initiatives
de Base/CCOAIB

" UPEGAZ : Unité de production et d’extraction du gaz

2 MINIFRA : Ministere des Infrastructures

3 MINAGRI : Ministére de I’Agriculture et de I'énergie
* MINECOFIN : Ministére des Finances et de la Planification économique
5 MINITERE : Ministére des Terres, de 'Environnement, des Foréts, de 'Eau et des Mines.
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Nom et prénom Position Institution
Mme Agnés Mujawayezu Secrétaire Exécutive Collectif des Organisations
Rwandaises de Promotion de la
Femme, de la Paix et du
Développement (PROFEMME
TWESE HAMWE).
M Fidele Ruzigandekwe Directeur Exécutif Agence Rwandaise de Conservation
de la Faune et la Flore
Sauvage/Rwanda Wildlife Agency
M Donatien Chargé de I'expropriation MINITERE
M Adrien Ruberanziza Chargé des juridictions Cellule Runyinya/Village de Birembo
Gacaca/Habitant du Village de
Birembo
M Roger MUGISHA Agent Institut National de Statistique/Kigali
M Denis Chargé de la Cartographie Electrogaz, Kigali
M Népomuscene RUGEMINTWAZA Chargé du suivi évaluation Projet d’ appui a la décentralisation
/PNUD/MINALOC, Kigali
M Didace KAYIRANGA Chercheur Institut Agronomique du
Rwanda(ISAR/Rubona)
M Ignace RWAKAYIRU Consultant, Expert en Politique de Centre CIEDEP/Kigali
population
M Antoine KAPITENI Coordinateur Projet de Gestion intégré des
écosystemes critiques, MINITERE,
Kigali
M Viateur NGIRUWONSANGA Coordinateur Projet SIG/HIMO(Systéme intégré de
Gestion de Haute intensité de Main d’
oeuvre)/Halpage Rwanda, Ruhengeri
Mme Rita RWIRANGIRA Chargée du Rapatriement et Conseil National pour les Réfugiés,
Réintégration d es réfugiés Kigali
M Hycinthe SANA Chef de poste de Transformation Kigoma
électrique
Mme Yvonne MUREBWAYIRE Chargée des Relations Publiques Association PRO Femmes Twese
Hamwe, Kigali
Mme Claudine ZANINKA Chef de Division Direction de la planification
Stratégique et de Suivi de Réduction
de la Pauvreté, MINECOFIN, Kigali
ORTPN, Kigali
Université National du Rwanda,
Butare
Musée National du Rwanda, Butare
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Départ Ligne 110 kV - Poste Rwegura

Au Nord de Rwegura



Départ des Lignes — Poste Kigoma

Ligne 30 kV — Butare
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1.
RURAL ELECTRIFICATION

1.1. INTRODUCTION

In developing countries numerous cases can be found of small towns, villages and farms
located alongside HV transmission lines but which are not electrified because these HV
lines serve only to supply electricity to the main towns or to evacuate the power produced
by distant electricity generating plants. These villages are sometimes more than 100 km
from the nearest HV/MV transformer substation. In view of the small quantities of power to
be supplied (a few tens or hundreds of kW) and the considerable distances to cover, the
use of conventional three-phase MV lines and/or additional HV/MV substations is not
economically justifiable in spite of the social aspects, and also leads to additional impacts
on the environment.

It is more logical to consider the use of the HV lines passing in the vicinity of villages to
supply them with electricity. Several techniques exist and are discussed below. An
additional advantage is also worth considering insofar as the villagers would appreciate the
benefits of an HV line providing them with electricity whereas, if this were not the case,
there would only be drawbacks from having the power line near them.

The purpose of this section is to determine whether rural electrification from new HV
transmission lines can be justified and, if so, define the most appropriate technique to
achieve this objective. The various rural electrification techniques from HV power lines are
therefore presented in the first part. This is followed by a specific analysis for each of the
lines involved in the interconnection project.

1.2. SCOPE OF THE STUDY

The comparison of the various rural electrification solutions is limited to the supply of "rural
electrification source substations", in other words MV or LV substations spread out along
the HV lines and which will supply villages or other small load centres.

The actual MV or LV rural networks (i.e., power lines from the source substations to the
villages, or lines between villages, for example) are not described or compared in this part
since their technology is conventional and is independent of the supply scheme to the rural
electrification source substations.

The recommended solutions must also be appreciated taking into account solutions that
have already been developed or tested in the countries, in order to minimise the use of
different technologies along any one interconnection line. For example, having a single
parts list for the same technology leads to appreciable savings. The same argument can be
used for training of operators.
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1.3. POSSIBLE SOLUTIONS

Apart from the basic solution consisting in creating a simplified HV/MV substation and
constructing MV lines parallel to the HV line, four possible solutions can be considered and
are described below:

® capacitive coupling
® capacitive transformer substations,
® SF6 single-phase voltage transformers,

® insulated overhead earth wires.

13.1. CAPACITIVE COUPLING

Capacitive coupling distribution diagrams have been proposed by IREQ (Canada) and are
described in the publication "Capacitive Coupling Substations" by CEGELEC/BC CHECO-
IREQ. A simplified diagram is given below.

GROUND WIRE

LINE

S
PROTECTION CAPACITIVE
CABINET C1 COUPLING
P1
cT CT
sceC-1 SCC-2
v
S50 KV
T
600 V -"T" =
o—0—O0
REGULATION |
INDUCTOR FILTER - -

)

LA-2 3 s3
‘ DISTRIBUTION

In this diagram, called SCC (Capacitive Coupling System), small load centres are supplied
with induced voltage by capacitive coupling from an insulated overhead earth wire or phase
conductor of an HV line section, by means of a MV/LV transformer connected between the
floating potential cable and earth. This method can be used only for supplying very small
single-phase loads (of the order of 0.5 kW per km of insulated cable in a 161 kV single
circuit line). This method is thus particularly well suited for supplying radio relays or other
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information repeaters although it also competes with solar-panel supply systems over
which it nonetheless has the advantage of not requiring bulky chargers and batteries.

IREQ gives details of a single-phase supply of up to 70 kVA in a 220 kV line. Special
equipment (thyristor-controlled inductance and filter circuit) is required in each village in
order to obtain a relatively constant voltage in spite of load variations. The SCC in fact
operates as a voltage distributor in which one branch is the constant equivalent capacity
between the floating cable and the HV circuit conductors, and the other branch is the
variable impedance of the load transferred to the MV/LV transformer primary, thus
explaining the need for voltage adjustment.

The SCC scheme with floating cable(s) is not applicable to the rural electrification aspect of
the Nile equatorial lakes subsidiary action programme, for the following reasons:

® The power levels that it is possible to supply are very low, two orders of magnitude
lower than the power of an insulated overhead earth wire scheme (10 000-12 000 kW),

® The scheme does not allow normal three-phase distribution, which is preferable or
even necessary in certain villages.
1.3.2. CAPACITIVE TRANSFORMER SUBSTATIONS

For the three-phase supply of relatively high loads (up to 2000 kVA) IREQ has proposed a
scheme with three-phase capacitive divider bridge consisting of three high-power capacitor
banks as illustrated by the following diagram.

TRANSMISSION LINE
c

H CABINET
n CONTROL | PROTECTION
[T
wr OPTIONAL BATTERY @% © uz | C1-C2 CAPACITOR BANK
AND : :‘ '° : M4 FA DAMPER CIRCUIT
D-S"D‘ CHARGER LX--X) _5%_'
52
N  — T
F1 1
al £ : o i
:w}- .
cT-1 i F2 U ‘s ! i
i3 I-I_} {1 suppuep By
P i L " PT-2 i i CUSTOMER |
by od _L : 1
+ T — LLLA - - ———
! cT-3 i b2 | [ H I —
i PT-1 Z“'E S4 Pl i DISTRIBUTION
. i FA TZL‘E%}&H&‘RT '
-2 i f i

To prevent voltage fluctuations due to load variations, and to minimise voltage surges
during short-circuits on the distribution network, IREQ uses an inductance protected by a
metal oxide variator connected in parallel. To prevent ferroresonance, a complex damper
circuit is also required. The three-phase capacitor bank (with a power of about 15 MVAR) is
protected by a load interrupter or by a circuit-breaker on the HV power supply side and by
conventional protection systems of the HV capacitor banks.
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Three-phase HV capacitor bank substations are proposed as a replacement for the
conventional small substations with HV/MV transformers. The cost is of the order of
2 MEUR for a 115 kV substation, which can supply up to 2 MVA in MV. This cost is
approximately the same as that of a small conventional substation with 115 kV/MV step-
down transformer, which can also supply a much higher MV power (10 MVA or more). This
is because the substation requires an HV bay similar to that needed for an HV/MV
transformer (disconnecting link, load interrupter or normal circuit-breaker, lightning
arresters, carrier-current line traps, current transformers, voltage transformers). For a
225 kV bay, the cost will be considerably greater.

It should also be noted that, in Canada, the cost of a capacitor bridge substation may be
more advantageous compared to the cost of a conventional substation with HV/MV
transformer, but this is not necessarily the case in other continents for the following
reasons:

® The cost of capacitors produced in North America is low, very often lower than the cost
of an equivalent capacitor in other continents;

® The cost of power transformers produced in North America is generally higher than the
cost of an equivalent transformer in other continents ;

® HV load interrupters are easy to find in North America whereas in Europe
manufacturers supply only normal circuit-breakers.

The main point for assessing the capacitor bridge scheme is that the scheme for rural
electrification along the interconnection lines of electricity networks in the Nile equatorial
lakes countries is considering supplying several villages spread out along sections of HV
lines that are several hundred km long. Application of this scheme would require the
installation of several substations along the line, or else, in order to restrict the number of
substations, the construction of MV lines parallel to the HV lines to supply all the villages.
The first solution is extremely expensive (installation and maintenance cost) and the
network would be complicated as a result of the presence of a large number of substations
and unconventional equipment. The second solution involves a very high cost for the MV
lines (construction and operation).

Finally, a scheme with capacitor bridge is ideally suited to highly-loaded lines where there
are advantages to be gained from reactance compensation, as is the case with the
Canadian power lines considered by IREQ. In the case of the project for interconnection of
the electricity networks of the Nile equatorial lakes countries, these technical conditions are
far from being satisfied and constitute more of a disadvantage for the following reasons.

a) Since the HV lines would have little load for several years to come, a reactance shunt of
about 15 MVar (indicative value in 225 kV) would have to be installed for each 2 MVA
substation to compensate for the excess capacitive MVar produced by the divider bridge.
The scheme would therefore involve a supplementary investment as well as a small
increase in losses compared to a conventional substation. Only in the distant future,
beyond the present study horizon, could the capacitors of the substations perhaps be used
for network rephasing.

b) The natural power factor of the loads in the zones of interest, during the evening peak
period, is frequently of the order of 0.9 for the MV supply. When rephasing becomes
necessary, the most suitable solution will be the installation of MV capacitors.

c) The rural electrification source substations are generally located a great distance from
the HV line receiving ends. This reduces rephasing efficiency which, in any case, will not be
required for the first several years of operation, as explained above.
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1.3.3. SF6 SINGLE-PHASE VOLTAGE TRANSFORMERS

This technology was developed by Christian Pans Enregie & Expansion (CPEE) and the
University of Liege (ULG Belgium), and was successfully tested in Makola (Congo-
Brazzaville) in 2002.

The TTPSFG6 is a voltage transformer with gaseous SF6 insulation of standard construction
and capable of supplying up to 50 kVA, with the voltage changing directly from the high-
voltage of the transmission line (75-245 kV) to the standard low voltages (110-220 V)
without the need for substations.

The TTPSF6 can be used to supply electricity to villages located less than 5 km from the
HV lines but not connected to a network, thereby enhancing the villagers' standard of living
(e.g. guaranteeing proper water supply by electricity supply to a pumping unit, creation of
cottage industry or simple industrial activities).

Connection to high-voltage line

Electricity input
at 245k

Power supply
isolating system

High voltage
tower

-

. Lightning — —
arrester

The advantages of this technology are as follows:

e easy handling of the lightweight equipment (1400 kg), so the power supply system
can be easily moved,

e direct transformation from 245 kV to 230 V without electrical substations,

e reduced cost for a small supply unit, by avoiding intermediate voltage
transformation equipment and by using the standard HV voltage transformers
designed for measurement in transport networks (approximate cost of € 250,000 /
transformation unit)

This technology is not well-suited to rural electrification along the interconnection lines of
electricity networks in the Nile equatorial lakes countries because:

e Its unit power output is very limited (50 kVA max.) compared to the needs of the
villages. The energy supplied is in single-phase form. However, a three-phase
supply is required for pumping equipment above a certain power level (of the order
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of 100 kW for a three-phase asynchronous motor with star-delta starting, and water
pumping is one of the principal applications of rural electrification.

e Safe operation of the equipment (especially in the event of lightning striking the line)
requires a very good earthing system, which is complicated to install in terrain
consisting essentially of highly-resistive laterite.

e Like the solution using capacitive coupling, this solution is based on a capacitive
voltage transformer which, on a line that is already only lightly loaded (transiting
power much lower than the natural power of the line) will increase the reactive
compensation requirements and thus lead to extra investment.

e The standardisation of these VTs means that the rural electrification source
substations would be only LV. The limit distance of loads capable of being supplied
is therefore reduced compared to other rural electrification solutions that also
propose MV source substations. The maximum distance of loads with respect to
the line is of the order of 5 km.

1.3.4. INSULATED OVERHEAD EARTH WIRES

An innovative solution has been proposed, and applied since 1985. It consists in insulating
the overhead earth wire(s) of the HV line pylons using suspended insulators and supplying
this (these) wire(s) with MV (20-34.5 kV) from the HV/MV station at one end of the HV line.
In this way, distribution transformers can be connected between the overhead earth wire(s)
and earth in order to supply villages along the route of the HV line.

1.34.1. GENERAL DESCRIPTION

Lines based on insulated overhead earth wires (IOEW) are illustrated in the diagrams
below. Diagrams A and B are designed for single-phase power supply while diagrams C
and D are applicable when the HV line is protected by two earth wires; they can also supply
three-phase loads. Diagram A is applicable to HV lines with a single earth wire. IOEW
schemes have been designed by combining two techniques previously applied separately
in various countries:

® Use of insulated overhead earth wires on long VHV lines transporting very large
quantities of energy, to reduce losses by the Joule effect resulting from induced
currents in the steel or alumoweld cables, and/or for carrier-current
telecommunications on the wires themselves;

® Construction of single-phase MV distribution lines with a single conductor, with current
return via earth, to supply small loads a long way from the power source (rural
distribution).

1.3.4.2. COMPARISON OF SCHEMES

Current return via earth (diagrams A, C and D) is the most economical principle when the
ground resistivity is not exceptionally high, because the cost of earthing electrodes is low
for the current flow considered. Return via earth is a "conductor" available everywhere, of
negligible cost (limited to the cost of the terminal electrodes) and great reliability (it is not
exposed to any risk of interruption, or insulation failure like conventional cables).
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The return circuit via earth has a resistance considerably lower than that of conventional
distribution conductors: it is estimated to be 10-41*f (ohm/km) or 0.05 ohm/km at 50 Hz,
corresponding to a 570 mm? cross-section aluminium cable.

The current return via earth schemes A and C are feasible without intervening transformers
if the neutral of the MV supply network is directly earthed or if the network is earthed
through either an earthing transformer or a low impedance neutral inductance coil. The
metal return in scheme B and the MV power return operate with the neutral unearthed or

with a high-impedance earth.

Capacitors between earthing wire,
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i T o b Byt _,],_ PR w
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In scheme B, known as "metal return single-phase", current return via earth is avoided. This
scheme is feasible if the HV line is equipped with two IOEWSs used for supplying the MV/LV
distribution transformers.

Scheme C, or "V" connection scheme, requires two insulated overhead earth wires
supplied by two phases of an MV network with earthed neutral. In the distribution
substations, there are two single-phase MV/LV transformers connected between each
overhead earth wire and earth. The LV secondary windings are connected in an open-delta
configuration ("V" connection) and thus supply a symmetrical three-phase source when the
load is zero, allowing a small quantity of three-phase load to be supplied in addition to
single-phase loads. The addition of a capacitor (Xc) between the neutral of the "V"
connected transformers and earth, chosen in order to compensate for the voltage drop in
the reactance of the earth return circuit, can be used to increase the three-phase loads
considerably. These loads can thus be supplied on condition that the 2% inverse current
limit planned in the LV networks is not exceeded.

The earthing transformer connected to the LV terminals of the "V" connected transformers
generates the neutral required for single-phase LV consumers connected between one
phase and the neutral.

Scheme D is the "three-phase" scheme. The two insulated overhead earth wires and the
earth return conductor form an imbalanced three-phase circuit. The earth conductor
resistance is significantly lower than that of any overhead earth wire; the reactance of the
earth conductor is generally slightly less than that of metal cables. The capacitance
between the two overhead earth wires is much lower than the capacitance between each
overhead earth wire and earth. The principle applied is to make the line formed by the two
overhead earth wires and the earth return circuit symmetrical by means of simple
compensating devices: a resistance in series with a reactance on the earthing circuit (R-L)
to bring the impedance to the same level as that of the overhead earth lines and a
capacitor connected between the two overhead earth lines (Cww) to raise the capacitance
between wires to the same values of the wire-earth capacitance.

The three-phase IOEW line is supplied by symmetrical three-phase voltages by means of
an intervening transformer (Ti), or more economically by the tertiary winding of a HV/MV
transformer. A winding phase terminal supplying the three-phase IOEW line is earthed
through the R-L compensating impedance.

Depending on the load characteristics, in the "three-phase" scheme three-phase MV/LV
transformers with an earthed primary terminal, or single-phase transformers, are connected
along the line. The IOEW scheme (D) can supply a 100% three-phase load. It absorbs a
balanced load from the HV transport network if the distribution is balanced, like a
conventional distribution system.

In the three-phase IOEW scheme, the three-phase loads are supplied by conventional
MV/LV transformers, which must however be designed to operate continuously with one
primary terminal earthed and the other terminals supplied with a voltage with respect to
earth equal to the voltage between phases.

Rephasing and anti-ferroresonance capacitors, and earth disconnecting links are used to
balance the voltages and for protection against surge voltages by ferroresonance.
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1.34.3. LIGHTNING BEHAVIOUR OF HV LINES WITH INSULATED OVERHEAD EARTH WIRES

It is known from experience that insulating overhead earth wires in VHV lines, with the aim
of reducing energy losses from the overhead earth wires, does not affect their protection
efficiency. In this application, the rod gaps that protect the overhead earth wire suspension
insulators are set at a short distance (10-50 mm). On the other hand, overhead earth wires
are normally earthed at one point of each short insulated section, or else there are
numerous transpositions along long sections of insulated cables to limit the resultant
voltage surges.

The case of IOEW lines differs from the above cable insulation method in the following
ways:

® |OEW are supplied at 10 to 34.5 kV RMS voltage in relation to earth with lengths up to
100 km;

® The insulation must withstand IOEW line handling surges. The rod gaps must be
between 150 and 300 mm depending on the IOEW line operating voltage.

The operating voltage of overhead earth wires is very low in comparison with the potential
of the ionized path of lightning. It may therefore be expected that the effectiveness of the
screen will not be affected. When lightning strikes an overhead earth wire or pylon, the
nearest IOEW rod gap is triggered and earths the overhead earth wire, which then acts as
if it were earthed.

As the IOEW is supplied by an HV/MV transformer substation, the arc in a rod gap short-
circuits to earth. The protection relay then shuts down the IOEW line unless the power arc
at the network frequency self-extinguishes rapidly, as can happen if the fault current is low.
This behaviour is not a cause for concern as it is quite normal in conventional MV
distribution lines.

Studies in the laboratory studies and on operating lines confirm that the secondary arc
current in the rod gap is quickly extinguished to prevent damage to the equipment and
enable consumers connected to the IOEW line to be quickly re-connected.

IOEW are higher above ground than equivalent conventional MV line conductors. This may
cause an increase in discharges due to lightning for a given MV line insulation level,
caused by:

® the greater number of direct lightning discharges on the IOEW due to the wider
exposure band of the HV line;

® the surges produced by lightning hitting the ground close to the line, as the amplitude
of the surge produced in a line is more or less proportional to its height above ground.

For example, the typical 161 kV lines operated by the Volta River Authority (VRA, Ghana)
are designed with delta phase conductors and the average span is 385 m; the average
height of the overhead earth wires is about 20 m in the field. The average height of the
highest phase conductor of standard 34.5 kV MV lines with an average span of 225 m is
about 10 m.

Calculations show that increasing the height from 10 m to 20 m causes a 20% - 40%
increase in discharges due to lightning strikes hitting the line directly, with currents between
10 kA and 100 KA.

With regard to the surges induced by lightning, it may be assumed that 5% of strikes
exceed 100 kA, and that the average duration of the front is 5us. The calculated discharge
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1.3.4.4.

1.345.

rate due to induced atmospheric surges increases by 1-2 per 100 km of line per year when
the height of the conductors increases form 10 to 20 m, considering keraunic activity of 4
discharges per square kilometre per year, as estimated for Ghana. These figures are
confirmed by statistics for operating lines.

The estimate takes into account the risk of insulation failure caused by contact with bushes,
trees or other structures and insulation short-circuits caused by animals such as large birds
or snakes. On the other hand, HV line pylons rarely collapse, in contrast to MV distribution
line poles. These faults may considerably contribute to the failure rate of MV lines and
frequently last a long time (they are not self-cancelling).

SELF-EXTINCTION OF ARC IN INSULATOR ROD GAPS

With the above values for the secondary arc current and recovery voltage, self-extinction
occurs between the gap rods in less than one second after the IOEW line circuit-breaker
has opened if there are no faults in the HV circuit, or after the HV circuit has been
successfully re-triggered or fully disconnected, if there is also a fault on the HV circuit. The
IOEW line must also be re-supplied automatically or manually, like a normal MV line. In
certain rare cases where the secondary arc persists in the overhead earth wires, the rapid
earthing switch must be closed in the outgoing substation. Such persistence has never
occurred in over 10 years' operation on several existing IOEW lines.

ADVANTAGES / DISADVANTAGES OF IOEW TECHNOLOGY
The advantages of this technology are as follows:
e The IOEW scheme (in particular D) can supply a three-phase 100% load.

e Considerable power has to be distributed along an interconnection (up to 12 MW
along an interconnection, with the two terminal IOEW being supplied).

e The voltage level at the source substations is MV, which means that sources
relatively far from the line (up to 20 km away) can be supplied.

e Lower cost, by avoiding the need to have several sets of HV/MV transformer
equipment at each rural electrification source substation along the line (as HV/MV
transformation is done at the main substations at the ends of the interconnections).
This technology requires no extra investment, due, for example, to reactive energy
compensation linked to capacitive-effect rural electrification technologies.

Although this technology is the most suitable for rural electrification along the
interconnections of the electrical networks of the Nile equatorial lakes countries, it has the
following disadvantages:

e This technology involves calculating the compensating filter of the negative
component, which is no simple matter even though these calculation methods are
now well mastered and have been validated by numerous full-scale tests using the
technology.

e The villages to be supplied, the order of magnitude of their load and the locations
for rural electrification source substations along the route must be chosen carefully
before work on building the interconnection begins.
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e MV networks supplied by IOEW cannot be interconnected directly with conventional
MV networks owing to the fact that one phase is earthed. Intermediate transformers
are required.

14. SUMMARY OF THE VARIOUS RURAL ELECTRIFICATION TECHNOLOGIES

The following table summarises the characteristics of the various rural electrification
technologies.

Maximum power Maximum | Three-phase /| MV/LV | Investment cost®
distributed / distance of single-phase2 source
interconnection ' villages / substation
HV lines

Unit kW Km EUR/W
Conventional HV/MV no limit 20 3 MV 0.6*
substation
Capacitive coupling 70 5 1 LV 5
Capacitive transformer 2000 20 3 MV 2.5
substation
SF6 single-phase voltage 50 5 1 LV 6
transformers
IOEW 10 000 20 3 MV 0.2

It should be borne in mind that solutions involving capacitive coupling, capacitive
transformer substations and SF6 single-phase transformers are not the most suited to rural
electrification along the interconnections of the electricity networks of the Nile Equatorial
Lakes countries.

In contrast, the solution involving insulated overhead earth wires, with the possibility of
having three-phase MV source substations, and the classic solution of creating HV/MV
substations, are the most suitable. They are the most economical for the order of
magnitude of the power to be supplied along the interconnections and the most suited to
the villages' energy requirements.

! This value is equivalent to the maximum power of a source substation for a given solution.

2 Three-phase is needed for pumping above a certain power level (of the order of 100 kW for a three-phase
asynchronous motor with a star/delta start-up), as water pumping is one of the main functions of rural electrification.

% This cost is calculated for an optimum investment, i.e. an installation with the maximum power taken into account. This
cost takes into account extra investment for the reactive energy compensation made necessary by rural electrification.

* For a 5 MW substation.
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RWANDA-BURUNDI INTERCONNECTION
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RWANDA-UGANDA and UGANDA-KENYA INTERCONNECTIONS

ALTERNATIVE 1 - RESUME

Discount Rate 10%
Fuel Cost Coefficient 1

Alternative 1 Cost-Benefit Analysis

Reserve Cost (MUS$/MW) 1
ADDITIONAL CAPACITY (MW) Reserve Benefit (MUS$)
Medium Demand Scenario
Rwanda - Uganda 44 22 41%
Uganda - Kenya 63 32 59%
Low Demand Scenario
Rwanda - Uganda 46 23 42%
Uganda - Kenya 63 32 58%
High Demand Scenario
Rwanda - Uganda 54 27 47%
Uganda - Kenya 60 30 53%
2010 2013
INVESTMENT COST (MUS$)
Rwanda-Uganda Lines 29,8 0
Rwanda Substations 4,2 1,6
Uganda Substations 3,6 8,4
37,6 10,0
Uganda-Kenya Lines 59,1
Kenya Substations 9,7
Uganda Substations 13,8
82,6
O&M COSTS (MUS$)
Rwanda - Uganda 3,9
Uganda-Kenya 5,2
TOTAL COSTS (MUS$)
TOTAL
Rwanda-Uganda 42
Uganda-Kenya 67
TOTAL 109
LOSSES 0,04 US$/kWh
MUS$
Medium Demand Scenario
Rwanda - Uganda 2,2
Uganda-Kenya 6,8
Low Demand Scenario
Rwanda - Uganda 1,0
Uganda - Kenya 71
High Demand Scenario
Rwanda - Uganda 4,3
Uganda - Kenya 6,8
BENEFITS (MUSS$) Rwanda - Uganda -
TOTAL Uganda Kenya
Medium Demand Scenario 293 122 171
Low Demand 241 104 137
High Demand 446 211 234
B-C or NPV (MUSS$) Rwanda - Uganda -
Uganda Kenya
Medium Demand Scenario 184 80 103
Low Demand 132 62 70

High Demand 337 170 167



REFERENCE SOLUTION (WITHOUT PROJECT): RWANDA-BURUNDI-DR CONGO SYSTEM GENERATION

ALTERNATIVE 1

SCENARIO: MEDIUM
R/B/IC Net Peak | Installed Committed Complementary
Group Energy (| Load MW  Local Resources Thermal Kibuye Nyemanga Ruzizi3 Mule 34 Kabu 16 Bendera Rusumo Nyabarongp + Mpanda
FORECAST GWh Mw GWh MwW GWh MW  GWh MW GWh MW GWh MW GWh MW GWh MW GWh MW GWh MW GWh MW
2010 911 186 205 745 148 133 44 4 17 29 1
2011 976 199 219 745 148 198 58 4 17 29 1
2012 1046 213 289 705 148 0 58 0 0 4 17 160 43 177 38
2013 1121 228 309 663 148 0 58 0 0 4 17 117 20 160 43 177 38
2014 1201 244 309 743 148 0 58 0 0 4 17 117 20 160 43 177 38
2015 1288 261 326 683 148 0 58 0 0 4 17 147 17 117 20 160 43 177 38
2016 1386 281 326 745 148 36 58 0 0 4 17 147 17 117 20 160 43 177 38
2017 1485 301 367 611 148 0 58 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2018 1602 325 367 728 148 0 58 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2019 1720 349 384 745 148 101 76 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2 020 1837 373 466 507 148 0 76 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2021 1979 402 466 649 148 0 76 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 022 2120 430 473 745 148 45 83 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2023 2289 464 511 745 148 214 120 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2024 2459 498 548 745 148 384 157 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 025 2628 532 586 745 148 553 195 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 026 2832 573 630 745 148 757 240 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2027 3036 614 675 745 148 961 285 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2028 3281 663 729 745 148 1206 339 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 029 3525 712 783 745 148 1450 393 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 030 3769 761 837 745 148 1695 447 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
SCENARIO: LOW
2010 847 172 189 745 148 89 28 2 17 "7 1"
2011 895 181 199 745 148 117 39 4 17 29 1
2012 946 191 269 674 148 0 39 4 17 160 43 108 38
2013 1000 202 269 674 148 0 39 4 17 160 43 162 38
2014 1057 213 269 716 148 0 39 0 0 4 17 160 43 177 38
2015 1117 225 269 745 148 31 39 0 0 4 17 160 43 177 38
2016 1184 237 289 726 148 0 39 0 0 4 17 117 20 160 43 177 38
2017 1251 249 289 745 148 48 39 0 0 4 17 117 20 160 43 177 38
2018 1329 263 306 724 148 0 39 0 0 4 17 147 17 117 20 160 43 177 38
2019 1406 276 306 745 148 56 39 0 0 4 17 147 17 117 20 160 43 177 38
2 020 1484 290 347 610 148 0 39 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2021 1582 308 347 708 148 0 39 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2 022 1680 327 360 745 148 61 51 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2023 1794 349 384 745 148 175 75 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2024 1908 371 466 578 148 0 75 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 025 2023 392 466 693 148 0 75 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 026 2157 418 466 745 148 82 75 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2027 2292 444 488 745 148 217 97 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2028 2449 473 521 745 148 374 130 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 029 2606 503 554 745 148 531 163 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 030 2764 533 587 745 148 689 196 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
SCENARIO: HIGH
2010 993 204 224 745 148 215 63 4 17 29 1
2011 1082 222 245 745 148 304 84 4 17 29 1
2012 1180 243 315 745 148 94 84 0 0 4 17 160 43 177 38
2013 1287 265 335 745 148 84 84 0 0 4 17 117 20 160 43 177 38
2014 1404 289 376 677 148 0 84 0 0 4 17 117 20 160 43 269 41 177 38
2015 1532 316 376 745 148 60 84 0 0 4 17 117 20 160 43 269 41 177 38
2016 1682 345 393 745 148 63 84 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2017 1831 375 475 501 148 0 84 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2018 2018 412 475 688 148 0 84 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2019 2206 449 494 745 148 131 104 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 020 2393 487 535 745 148 318 144 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2021 2605 529 582 745 148 530 191 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 022 2817 572 629 745 148 742 238 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2023 3077 624 687 745 148 1002 296 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2024 3337 677 744 745 148 1262 354 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 025 3597 729 802 745 148 1522 411 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 026 3917 793 873 745 148 1842 482 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2027 4237 858 943 745 148 2162 553 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2028 4631 937 1030 745 148 2556 640 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 029 5024 1016 1117 745 148 2949 727 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 030 5418 1095 1204 745 148 3343 814 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38




REFERENCE SOLUTION (WITHOUT PROJECT): UGANDA SYSTEM GENERATION

ALTERNATIVE 1

SCENARIO: MEDIUM
Uganda Net Peak | Installed C itted C y
Energy || Load MW  Local Resources Thermal Bagasse Karuma  Mini-Hydro Kalagala Murchison Ayago Export Kenya 50 MW
FORECAST GWh Mw GWh MW GWh MW  GWh MW GWh MW GWh MW GWh MW GWh MW GWh MW GWh MW
2010 2874 500! 629 2980 587 0 0 294 42 -400 -50
2011 3081 535 639 3038 587 0 10 294 42 -251 -50
2012 3303 573 713 3038 587 0 10 294 42 371 74 -400 -50
2013 3541 612 723 3038 587 0 20 294 42 530 74 -321 -50
2014 3796 655 923 3038 587 0 20 132 42 786 200 240 74 -400 -50
2015 4069 701 923 3038 587 0 20 165 42 970 200 296 74 -400 -50
2016 4373 752 923 3038 587 0 20 197 42 1183 200 355 74 -400 -50
2017 4676 802 932 3038 587 0 29 232 42 1387 200 419 74 -400 -50
2018 5038 862 998 3038 587 0 95 274 42 1625 200 501 74 -400 -50
2019 5399 922 1448 3038 587 0 95 159 42 953 200 286 74 1363 450 -400 -50
2 020 5761 982 1448 3038 587 0 95 179 42 1081 200 323 74 1540 450 -400 -50
2021 6117 1043 1448 3038 587 0 95 200 42 1202 200 360 74 1717 450 -400 -50
2022 6473 1103 1448 3038 587 0 95 221 42 1322 200 398 74 1894 450 -400 -50
2023 6885 1174 1448 3038 587 0 95 244 42 1467 200 440 74 2096 450 -400 -50
2 024 7298 1244 1448 3038 587 0 95 268 42 1612 200 482 74 2298 450 -400 -50
2 025 7710 1314 1670 3038 587 0 95 218 42 1293 200 392 74 1869 450 1300 222 -400 -50
2026 8186| 1395 1670 3038 587 0 95 238 42 1400 200 429 74 2045 450 1436 222 400 -50
2027 8663| 1477 1674 3038 587 0 99 259 42 1518 200 466 74 2222 450 1560 222 400 -50
2028 9214 1571 1872 3038 587 0 99 282 42 1677 200 509 74 2424 450 1684 420 400 -50
2029 9766| 1665 1881 3038 587 0 108 294 42 1747 200 530 74 2525 450 2032 420 400 -50
2030 10317 1759 1985 3038 587 0 212 294 42 1747 200 530 74 2525 450 2583 420 400 -50
SCENARIO: LOowW
2010 2435 420 629 2645 587 0 0 190 42 -400 -50
2011 2540 436 629 2740 587 0 0 200 42 -400 -50
2012 2648 453 629 2838 587 0 0 210 42 -400 -50
2013 2762 470 629 2942 587 0 0 220 42 -400 -50
2014 2880 489 629 3038 587 0 0 242 42 -400 -50
2015 3003 508! 703 2700 587 0 0 260 42 443 74 -400 -50
2016 3134 528 703 2800 587 0 0 270 42 464 74 -400 -50
2017 3266 548 703 2900 587 0 0 280 42 486 74 -400 -50
2018 3411 570 703 3000 587 0 0 290 42 521 74 -400 -50
2019 3557 592 903 3038 587 0 0 106 42 622 200 191 74 -400 -50
2 020 3703 614 903 3038 587 0 0 121 42 727 200 217 74 -400 -50
2021 3854 639 903 3038 587 0 0 138 42 829 200 249 74 -400 -50
2022 4005 664 903 3038 587 0 0 156 42 930 200 281 74 -400 -50
2023 4172 692 903 3038 587 0 0 176 42 1040 200 318 74 -400 -50
2 024 4338 719 903 3038 587 0 0 194 42 1156 200 350 74 -400 -50
2 025 4505 747 903 3038 587 0 0 215 42 1265 200 387 74 -400 -50
2 026 4689 778 905 3038 587 0 2 235 42 1392 200 424 74 -400 -50
2 027 4873 808! 939 3038 587 0 36 256 42 1518 200 461 74 -400 -50
2 028 5075 842 976 3038 587 0 73 279 42 1654 200 504 74 -400 -50
2 029 5278 875 1013 3038 587 0 110 294 42 1747 200 530 74 -331 -50
2030 5481 909 1050 3038 587 0 147 294 42 1747 200 530 74 -128 -50
SCENARIO: HIGH
2010 3164 547 652 3038 587 0 23 294 42 -168 -50
2011 3447 594 703 3038 587 115 74 294 42 0 -50
2012 3755 644 77 3038 587 0 74 294 42 530 74 -107 -50
2013 4090 699 819 3038 587 228 116 294 42 530 74 0 -50
2014 4455 759 1019 3038 587 0 116 209 42 1232 200 376 74 -400 -50
2015 4853 824 1019 3038 587 0 116 253 42 1506 200 456 74 -400 -50
2016 5306 898! 1469 3038 587 0 116 153 42 908 200 281 74 1326 450 -400 -50
2017 5758 971 1469 3038 587 0 116 179 42 1078 200 323 74 1540 450 -400 -50
2018 6320 1062 1469 3038 587 0 116 212 42 1270 200 382 74 1818 450 -400 -50
2019 6881 1152 1469 3038 587 0 116 244 42 1463 200 440 74 2096 450 -400 -50
2 020 7443 1243 1469 3038 587 0 116 276 42 1658 200 498 74 2373 450 -400 -50
2021 8062 1346 1691 3038 587 0 116 232 42 1377 200 419 74 1995 450 1401 222 -400 -50
2022 8681 1450 1691 3038 587 0 116 259 42 1536 200 466 74 2222 450 1560 222 -400 -50
2023 9433 1575 1889 3038 587 0 116 294 42 1747 200 530 74 2525 450 1699 420 -400 -50
2 024 10184 1701 1921 3038 587 0 148 294 42 1747 200 530 74 2525 450 2450 420 -400 -50
2 025 10936 1826 2155 3038 587 0 148 226 42 1345 200 408 74 1944 450 2796 420 1579 234 -400 -50
2 026 11846 1978 2226 3038 587 0 219 250 42 1485 200 451 74 2146 450 3133 420 1743 234 -400 -50
2 027 12755 2130 2530 3038 587 0 219 221 42 1310 200 398 74 1894 450 2759 420 3535 538 -400 -50
2028 13859 2315 2596 3038 587 0 285 245 42 1457 200 442 74 2106 450 3068 420 3903 538 -400 -50
2 029 14963 2499 2799 3038 587 0 488 269 42 1600 200 485 74 2313 450 3370 420 4288 538 -400 -50
2030 16067 2684 3002 3038 587 0 691 294 42 1747 200 530 74 2525 450 3679 420 4654 538 -400 -50




REFERENCE SOLUTION (WITHOUT PROJECT): KENYA SYSTEM GENERATION

SCENARIO: MEDIUM

KENYA Net | Peak
LOAD Energy || Load
FORECAST | GWh | MW
2010 7838 | 1343
2011 8491 | 1456
2012 9183 | 1576
2013 9922 | 1703
2014 10711 | 1840
2015 11552 | 1985
2016 12470 | 2144
2017 13387 | 2302
2018 14492 | 2493
2019 15596 | 2684
2020 16701 | 2876
2021 17987 | 3098
2022 19272 | 3321
2023 20812 | 3588
2024 22351 | 3854
2025 23891 | 4121
2026 25699 | 4434
2027 27506 | 4747
2028 29664 | 5122
2029 31822 || 5496
2030 33980 || 5870
SCENARIO:  LOW
2010 7585 | 1299
2011 8153 | 1397
2012 8750 | 1500
2013 9381 | 1609
2014 10049 | 1724
2015 10756 | 1846
2016 11516 | 1977
2017 12276 | 2109
2018 13173 | 2264
2019 14070 | 2420
2020 14967 | 2575
2021 15988 | 2751
2022 17008 | 2928
2023 18207 | 3135
2024 19405 | 3343
2025 20604 | 3550
2026 21998 | 3791
2027 23392 | 4032
2028 25026 | 4315
2029 26661 | 4598
2030 28296 | 4881
SCENARIO: HIGH
2010 8165 | 1400
2011 8914 | 1530
2012 9715 | 1668
2013 10578 | 1817
2014 11506 || 1978
2015 12506 | 2151
2016 13611 | 2342
2017 14717 | 2533
2018 16074 | 2768
2019 17430 | 3003
2020 18787 | 3238
2021 20404 | 3518
2022 22020 | 3798
2023 23995 | 4140
2024 25969 | 4483
2025 27943 | 4825
2026 30289 || 5232
2027 32634 || 5638
2028 35486 || 6133
2029 38337 || 6627
2030 41189 | 7122

Installed Committed

Mw

1478
1628
1778
1874
2174
2183
2483
2532
3132
3132
3163
3763
3763
4363
4363
4533
5133
5222
5822
6422
6457

1429
1579
1729
1770
2070
2070
2175
2475
2491
3091
3091
3091
3221
3821
3821
3905
4505
4505
5105
5105
5705

1540
1690
1840
2140
2176
2476
2576
3176
3176
3303
3903
3903
4503
4554
5154
5754
5755
6355
6955
7555
7834

ALTERNATIVE 1

GWh

5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052

5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052

5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052

MwW

1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039

1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039

1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039

GWh

65
65
65
135
135
142
142
178
178
178
200
200
200
200
200
324
324
389
389
389
414

29
29
29
59
59
59
136
136
147
147
147
147
242
242
242
304
304
304
304
304
304

545
262
110
110
136
136
210
210
210
303
303
303
303
340
340
340
340
340
340
340
544

Complementary
Local Resources Thermal

MwW

89
89
89
185
185
194
194
243
243
243
274
274
274
274
274
444
444
533
533
533
568

40
40
40
81
81
81
186
186
202
202
202
202
332
332
332
416
416
416
416
416
416

151
151
151
151
187
187
287
287
287
414
414
414
414
465
465
465
466
466
466
466
745

Coal
GWh

2321
3123
3667
4415
5124
5958
6876
7758
8862
9967
11049
12334
13620
15160
16699
18115
19922
21665
23823
25981
28114

2104
2672
3269
3870
4538
5245
5928
6688
7574
8471
9368
10388
11314
12513
13711
14848
16242
17636
19271
20975
22812

2400
3600
4446
5416
5918
6918
7950
9055
10412
11676
13032
14649
16266
18203
20177
22151
24497
26842
29694
32545
35193

MwW

300
450
600
600
900
900
1200
1200
1800
1800
1800
2400
2400
3000
3000
3000
3600
3600
4200
4800
4800

300
450
600
600
900
900
900
1200
1200
1800
1800
1800
1800
2400
2400
2400
3000
3000
3600
3600
4200

300
450
600
900
900
1200
1200
1800
1800
1800
2400
2400
3000
3000
3600
4200
4200
4800
5400
6000
6000

Import Uganda

GWh

400
251
400
321
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
331
128

168

107

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

MW

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50



RWANDA-UGANDA and UGANDA-KENYA INTERCONNECTIONS
Discount Rate 10%
Fuel Cost Coefficient 1

Alternative 2 Cost-Benefit Analysis

Reserve Cost (MUS$/MW) 1
ADDITIONAL CAPACITY (MW) Reserve Benefit (MUSS$)
Medium Demand Scenario
Rwanda - Uganda 65 33 29%
Uganda - Kenya 162 81 71%
Low Demand Scenario
Rwanda - Uganda 60 30 26%
Uganda - Kenya 174 87 74%
High Demand Scenario
Rwanda - Uganda 65 32 31%
Uganda - Kenya 143 7 69%
2010 2013
INVESTMENT COST (MUS$)
Rwanda-Uganda Lines 29,8 0
Rwanda Substations 4,2 1,6
Uganda Substations 3,6 8,4
37,6 10,0
Uganda-Kenya Lines 59,1
Kenya Substations 9,7
Uganda Substations 13,8
82,6
O&M COSTS (MUSS$)
Rwanda - Uganda 3,9
Uganda-Kenya 5,2
TOTAL COSTS (MUSS$)
TOTAL
Rwanda-Uganda 42
Uganda-Kenya 67
TOTAL 109
LOSSES 0,04 US$/kWh
MUS$
Medium Demand Scenario
Rwanda - Uganda 3,9
Uganda-Kenya 21,6
Low Demand Scenario
Rwanda - Uganda 3,8
Uganda - Kenya 22,7
High Demand Scenario
Rwanda - Uganda 5,0
Uganda - Kenya 17,8
BENEFITS (MUSS$) Rwanda - Uganda -
TOTAL Uganda Kenya
Medium Demand Scenario 446 131 314
Low Demand 334 89 245
High Demand 554 175 379
B-C or NPV (MUSS$) Rwanda-  Uganda -
Uganda Kenya
Medium Demand Scenario 337 90 247
Low Demand 225 47 178

High Demand 446 134 312



REFERENCE SOLUTION (WITHOUT PROJECT): RWANDA-BURUNDI-DR CONGO SYSTEM GENERATION

ALTERNATIVE 2

SCENARIO: MEDIUM
R/BIC Net Peak | Installed ¢ itted Compl y
Group Energy | Load MW  Local Resources Thermal Kibuye Nyemanga Ruzizi3 Mule 34 Kabu16 Bendera Rusumo Nyabarongp + Mpanda

FORECAST GWh Mw GWh MwW GWh MW  GWh MW GWh MW GWh MW GWh MW GWh MW GWh MW GWh MW GWh MW

2010 911 186 205 745 148 133 44 4 17 29 1"
2011 976 199 219 745 148 198 58 4 17 29 1"
2012 1046 213 289 705 148 0 58 0 0 4 17 160 43 177 38
2013 1121 228 309 663 148 0 58 0 0 4 17 117 20 160 43 177 38
2014 1201 244 309 743 148 0 58 0 0 4 17 117 20 160 43 177 38
2015 1288 261 326 683 148 0 58 0 0 4 17 147 17 117 20 160 43 177 38
2016 1386 281 326 745 148 36 58 0 0 4 17 147 17 117 20 160 43 177 38
2017 1485 301 367 611 148 0 58 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2018 1602 325 367 728 148 0 58 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2019 1720 349 384 745 148 101 76 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2 020 1837 373 466 507 148 0 76 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2021 1979 402 466 649 148 0 76 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2022 2120 430 473 745 148 45 83 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2023 2289 464 511 745 148 214 120 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2024 2459 498 548 745 148 384 157 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 025 2628 532 586 745 148 553 195 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2026 2832 573 630 745 148 757 240 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2027 3036 614 675 745 148 961 285 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2028 3281 663 729 745 148 1206 339 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 029 3525 712 783 745 148 1450 393 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2 030 3769 761 837 745 148 1695 447 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38

SCENARIO: LOwW
2010 847 172 189 745 148 89 28 2 17 It
2011 895 181 199 745 148 117 39 4 17 20 11
2012 946 191 269 674 148 0 39 4 17 160 43 108 38
2013 1000 202 269 674 148 0 39 4 17 160 43 162 38
2014 1057 213 269 716 148 0 39 0 0 4 17 160 43 177 38
2015 1117 225 269 745 148 31 39 0 0 4 17 160 43 177 38
2016 1184 237 289 726 148 0 39 0 0 4 17 117 20 160 43 177 38
2017 1251 249 289 745 148 48 39 0 0 4 17 117 20 160 43 177 38
2018 1329 263 306 724 148 0 39 0 0 4 17 147 17 117 20 160 43 177 38
2019 1406 276 306 745 148 56 39 0 0 4 17 147 17 117 20 160 43 177 38
2020 1484 290 347 610 148 0 39 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2021 1582 308 347 708 148 0 39 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2022 1680 327 360 745 148 61 51 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2023 1794 349 384 745 148 175 75 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2024 1908 371 466 578 148 0 75 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2025 2023 392 466 693 148 0 75 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2026 2157 418 466 745 148 82 75 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2027 2292 444 488 745 148 217 97 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2028 2449 473 521 745 148 374 130 0 O 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2029 2606 503 554 745 148 531 163 0 O 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2030 2764 533 587 745 148 689 196 O O 4 17 456 82 147 17 117 20 160 43 269 41 177 38

SCENARIO: HIGH
2010 993 204 224 745 148 215 63 4 17 29 M
2011 1082 222 245 745 148 304 84 4 17 29 1"
2012 1180 243 315 745 148 94 84 0 0 4 17 160 43 177 38
2013 1287 265 335 745 148 84 84 0 0 4 17 117 20 160 43 177 38
2014 1404 289 376 677 148 0 84 0 0 4 17 117 20 160 43 269 41 177 38
2015 1532 316 376 745 148 60 84 0 0 4 17 117 20 160 43 269 41 177 38
2016 1682 345 393 745 148 63 84 0 0 4 17 147 17 117 20 160 43 269 41 177 38
2017 1831 375 475 501 148 0 84 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2018 2018 412 475 688 148 0 84 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2019 2206 449 494 745 148 131 104 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2020 2393 487 535 745 148 318 144 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2021 2605 529 582 745 148 530 191 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2022 2817 572 629 745 148 742 238 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2023 3077 624 687 745 148 1002 296 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2024 3337 677 744 745 148 1262 354 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2025 3597 729 802 745 148 1522 411 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 026 3917 793 873 745 148 1842 482 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2 027 4237 858 943 745 148 2162 553 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2028 4631 937 1030 745 148 2556 640 0 0 4 1,7 456 82 147 17 117 20 160 43 269 41 177 38
2029 5024 1016 1117 745 148 2949 727 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38
2030 5418 1095 1204 745 148 3343 814 0 0 4 17 456 82 147 17 117 20 160 43 269 41 177 38




REFERENCE SOLUTION (WITHOUT PROJECT): UGANDA SYSTEM GENERATION

ALTERNATIVE 2
SCENARIO: MEDIUM
Uganda Net Peak | Installed c itted Compl tary
Energy || Load MW  Local Resources Thermal Bagasse Karuma  Mini-Hydro Kalagala Murchison Ayago Export Kenya 50 MW
FORECAST GWh Mw GWh MW GWh MW  GWh MW GWh MW GWh MW GWh MW GWh MW GWh MW GWh MW
2010 2874 500 629 2980 587 0 0 294 42 -400 -50
2011 3081 535 639 3038 587 0 10 294 42 -251 -50
2012 3303 573 713 3038 587 0 10 294 42 371 74 -400 -50
2013 3541 612 723 3038 587 0 20 294 42 530 74 -321 -50
2014 3796 655 923 3038 587 0 20 132 42 786 200 240 74 -400 -50
2015 4069 701 923 3038 587 0 20 165 42 970 200 296 74 -400 -50
2016 4373 752 923 3038 587 0 20 197 42 1183 200 355 74 -400 -50
2017 4676 802 932 3038 587 0 29 232 42 1387 200 419 74 -400 -50
2018 5038 862 998 3038 587 0 95 274 42 1625 200 501 74 -400 -50
2019 5399 922 1448 3038 587 0 95 159 42 953 200 286 74 1363 450 -400 -50
2 020 5761 982 1448 3038 587 0 95 179 42 1081 200 323 74 1540 450 -400 -50
2021 6117 1043 1448 3038 587 0 95 200 42 1202 200 360 74 1717 450 -400 -50
2022 6473 1103 1448 3038 587 0 95 221 42 1322 200 398 74 1894 450 -400 -50
2023 6885 1174 1448 3038 587 0 95 244 42 1467 200 440 74 2096 450 -400 -50
2024 7298 1244 1448 3038 587 0 95 268 42 1612 200 482 74 2298 450 -400 -50
2 025 7710 1314 1670 3038 587 0 95 218 42 1293 200 392 74 1869 450 1300 222 -400 -50
2 026 8186 1395 1670 3038 587 0 95 238 42 1400 200 429 74 2045 450 1436 222 -400 -50
2027 8663 1477 1674 3038 587 0 99 259 42 1518 200 466 74 2222 450 1560 222 -400 -50
2028 9214 1571 1872 3038 587 0 99 282 42 1677 200 509 74 2424 450 1684 420 -400 -50
2 029 9766 1665] 1881 3038 587 0 108 294 42 1747 200 530 74 2525 450 2032 420 -400 -50
2030 10317 1759 1985 3038 587 0 212 294 42 1747 200 530 74 2525 450 2583 420 -400 -50
SCENARIO LOW
2010 2435 420 629 2645 587 0 0 190 42 -400 -50
2011 2540 436 629 2740 587 0 0 200 42 -400 -50
2012 2648| 453 629 2838 587 0 0 210 42 -400 -50
2013 2762 470 629 2942 587 0 0 220 42 -400 -50
2014 2880 489 629 3038 587 0 0 242 42 -400 -50
2015 3003 508 703 2700 587 0 0 260 42 443 74 -400 -50
2016 3134 528 703 2800 587 0 0 270 42 464 74 -400 -50
2017 3266 548 703 2900 587 0 0 280 42 486 74 -400 -50
2018 3411 570 703 3000 587 0 0 290 42 521 74 -400 -50
2019 3557 592 903 3038 587 0 0 106 42 622 200 191 74 -400 -50
2020 3703] 614 903 3038 587 0 0 121 42 727 200 217 74 -400 -50
2021 3854 639 903 3038 587 0 0 138 42 829 200 249 74 -400 -50
2022 4005 664 903 3038 587 0 0 156 42 930 200 281 74 -400 -50
2023 4172 692 903 3038 587 0 0 176 42 1040 200 318 74 -400 -50
2024 4338 719 903 3038 587 0 0 194 42 1156 200 350 74 -400 -50
2025 4505 747 903 3038 587 0 0 215 42 1265 200 387 74 -400 -50
2026 4689 778 905 3038 587 0 2 235 42 1392 200 424 74 -400 -50
2027 4873 808 939 3038 587 0 36 256 42 1518 200 461 74 -400 -50
2028 5075 842 976 3038 587 0 73 279 42 1654 200 504 74 -400 -50
2029 5278| 875 1013 3038 587 0 110 294 42 1747 200 530 74 -331 -50
2 030 5481 909 1050 3038 587 0 147 294 42 1747 200 530 74 -128 -50
SCENARIO: HIGH
2010 3164 547| 652 3038 587 0 23 294 42 -168 -50
2011 3447 594| 653 3038 587 115 24 294 42 0o o0
2012 3755  644] 758 3038 587 0 55 204 42 530 74 107 -50
2013 4090 699 769 3038 587 228 66 294 42 530 74 0o o0
2014 4455 759 969 3038 587 0 66 209 42 1232 200 376 74 400 -50
2015 4853 824 969 3038 587 0 66 253 42 1506 200 456 74 400 -50
2016 5306 898 1419 3038 587 0 66 153 42 908 200 281 74 1326 450 400 -50
2017 5758 971 1419 3038 587 0 66 179 42 1078 200 323 74 1540 450 400 -50
2018 6320 1062 1419 3038 587 0 66 212 42 1270 200 382 74 1818 450 400 -50
2019 6881 1152] 1419 3038 587 0 66 244 42 1463 200 440 74 2096 450 400 -50
2020 7443|1243 1419 3038 587 0 66 276 42 1658 200 498 74 2373 450 400 -50
2021 8062| 1346| 1641 3038 587 0 66 232 42 1377 200 419 74 1995 450 1401 222 -400 -50
2022 8681] 1450] 1645 3038 587 0 70 259 42 1536 200 466 74 2222 450 1560 222 400 -50
2023 9433|1575 1843 3038 587 0 70 294 42 1747 200 530 74 2525 450 1699 420 400 -50
2024 10184 1701 1921 3038 587 0 148 204 42 1747 200 530 74 2525 450 2450 420 400 -50
2025 10936 1826 2155 3038 587 0 148 226 42 1345 200 408 74 1944 450 2796 420 1579 234 -400 -50
2026 11846 1978 2226 3038 587 0 219 250 42 1485 200 451 74 2146 450 3133 420 1743 234 -400 -50
2027 12755]  2130] 2530 3038 587 0 219 221 42 1310 200 398 74 1894 450 2759 420 3535 538 -400 -50
2028 13859 2315] 2596 3038 587 0 285 245 42 1457 200 442 74 2106 450 3068 420 3903 538 -400 -50
2029 14963 2499 2799 3038 587 0 483 269 42 1600 200 485 74 2313 450 3370 420 4288 538 -400 -50
2 030 16067 2684 3002 3038 587 0 691 294 42 1747 200 530 74 2525 450 3679 420 4654 538 -400 -50




REFERENCE SOLUTION (WITHOUT PROJECT): KENYA SYSTEM GENERATION

ALTERNATIVE 2

SCENARIO: MEDIUM

KENYA Net [ Peak
LOAD Energy || Load
FORECAST || GWh Mw
2010 7838 [ 1343
2011 8491 | 1456
2012 9183 | 1576
2013 9922 | 1703
2014 10711 [ 1840
2015 11552 | 1985
2016 12470 || 2144
2017 13387 | 2302
2018 14492 | 2493
2019 15596 | 2684
2020 16701 | 2876
2021 17987 | 3098
2022 19272 | 3321
2023 20812 | 3588
2024 22351 | 3854
2025 23891 | 4121
2026 25699 | 4434
2027 27506 | 4747
2028 29664 | 5122
2029 31822 || 5496
2030 33980 || 5870
SCENARIO: LOW
2010 7585 [ 1299
2011 8153 | 1397
2012 8750 [ 1500
2013 9381 [ 1609
2014 10049 [ 1724
2015 10756 | 1846
2016 11516 || 1977
2017 12276 | 2109
2018 13173 || 2264
2019 14070 | 2420
2020 14967 || 2575
2021 15988 | 2751
2022 17008 [ 2928
2023 18207 | 3135
2024 19405 | 3343
2025 20604 [ 3550
2026 21998 | 3791
2027 23392 | 4032
2028 25026 | 4315
2029 26661 [ 4598
2030 28296 | 4881
SCENARIO: HIGH
2010 8165 [ 1400
2011 8914 | 1530
2012 9715 | 1668
2013 10578 | 1817
2014 11506 [ 1978
2015 12506 | 2151
2016 13611 | 2342
2017 14717 | 2533
2018 16074 | 2768
2019 17430 [ 3003
2020 18787 | 3238
2021 20404 | 3518
2022 22020 | 3798
2023 23995 | 4140
2024 25969 | 4483
2025 27943 | 4825
2026 30289 || 5232
2027 32634 || 5638
2028 35486 || 6133
2029 38337 || 6627
2030 41189 | 7122

Installed Committed
Local Resources Thermal

Mw

1478
1628
1778
1874
2174
2183
2483
2532
3132
3132
3163
3763
3763
4363
4363
4533
5133
5222
5822
6422
6457

1429
1579
1729
1770
2070
2070
2175
2475
2491
3091
3091
3091
3221
3821
3821
3905
4505
4505
5105
5105
5705

1540
1683
1883
2133
2183
2483
2576
3176
3176
3303
3903
3903
4503
4554
5154
5754
5755
6355
6955
7555
7834

GWh

5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052

5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052

5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052
5052

MW

1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039

1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039

1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039
1039

Complementary

GWh

65

65

65

135
135
142
142
178
178
178

200
200
200

324
324
389
389
389
414

29

29

29

59

59

59

136
136
147
147
147
147
242
242
242
304
304
304
304
304
304

545
262
142
142
142
142
210
210
210
303
303
303
303
340
340
340
340
340
340
340
544

MW

89
89
89
185
185
194
194
243
243
243
274
274
274
274
274
444
444
533
533
533
568

40
40
40
81
81
81
186
186
202
202
202
202
332
332
332
416
416
416
416
416
416

151
194
194
194
194
194
287
287
287
414
414
414
414
465
465
465
466
466
466
466
745

Coal
GWh

2321
3123
3667
4415
5124
5958
6876
7758
8862
9967
11049
12334
13620
15160
16699
18115
19922
21665
23823
25981
28114

2104
2672
3269
3870
4538
5245
5928
6688
7574
8471
9368
10388
11314
12513
13711
14848
16242
17636
19271
20975
22812

2400
3600
4414
5384
5912
6912
7950
9055
10412
11676
13032
14649
16266
18203
20177
22151
24497
26842
29694
32545
35193

MW

300
450
600
600
900
900
1200
1200
1800
1800
1800
2400
2400
3000
3000
3000
3600
3600
4200
4800
4800

300
450
600
600
900
900
900
1200
1200
1800
1800
1800
1800
2400
2400
2400
3000
3000
3600
3600
4200

300
450
600
900
900
1200
1200
1800
1800
1800
2400
2400
3000
3000
3600
4200
4200
4800
5400
6000
6000

Import Uganda

GWh

400
251
400
321
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
331
128

168

107

400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400
400

MW

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

50

50

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50



NILE BASIN INITIATIVE — NILE EQUATORIAL LAKES SUBSIDIARY ACTION PROGRAMME
STUDY ON THE INTERCONNECTION OF THE ELECTRICITY NETWORKS OF THE NILE EQUATORIAL LAKES COUNTRIES

1.1.

1.2.

1.3.

EVALUATION OF THE COST OF ENERGY NOT SERVED

INTRODUCTION

There are two decisive criteria for planning electrical systems: discounting rate and cost of
energy not served.

The first enables a choice to be made between two types of expenditure providing the same
service but with different schedules.

The second is used to define the quality of service expected from an electrical system
(production facilities and/or networks) in order to design it in relation to its expected peak power.
This is generally referred to as the cost of energy not served per kWh, i.e. per kWh not
produced and/or not distributed. No electrical system is in fact perfect. There are always
situations in which an electricity company is obliged to cut off its customers because of a failure
in its production, transmission or distribution systems. The higher the company's expenditure, in
particular for production investments, the better the quality of service will be in the
corresponding field.

IMPLICIT COST OF ENERGY NOT SERVED

There are several methods for estimating the cost of energy not served per kWh. One of the
most intuitive involves determining the implicit cost per kWh, which may be done in the following
way with regard to production facilities:

a. In the reference situation, the electricity company has a certain number of power plants for
which it has invested an amount I. If customers are cut off, the energy not distributed is E
(annual average).

b. To improve the quality of service, the company starts up a new production unit and invests
the sum of Al to do so. This enables it to improve the quality of service, i.e. to reduce E, by
the amount AE. In this case, the cost of energy not served per kWh is given by the
equation: d=Al/AE (Al represents the additional investment annuity, which involves a
discounting rate).

It can be seen that the new unit will produce much less energy than the existing units, as it will
only be called upon in the event of an outage. As the quality of service improves, the cost
increases. d is also said to represent the marginal production cost, i.e. the production cost per
additional kWh intended to reduce the outage.

CHARACTERISTICS OF COST OF ENERGY NOT SERVED AND PROPOSED VALUE

a. The cost of energy not served is much higher than the average cost of supplying electricity
to customers. A standard that is often used is to consider an cost of energy not served 10 -
100 times higher than the average cost of supply (the factor usually varies, increasing in
accordance with the economic wealth of the country in question). This represents a good
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NILE BASIN INITIATIVE — NILE EQUATORIAL LAKES SUBSIDIARY ACTION PROGRAMME
STUDY ON THE INTERCONNECTION OF THE ELECTRICITY NETWORKS OF THE NILE EQUATORIAL LAKES COUNTRIES

estimate of the cost of energy not served provided that the sale price of electricity is
representative of its real cost. In developed countries, the norm is USD 5-10/kWh. It is
considerably lower in developing countries. There, it is less the quality of service of
electricity distribution to a minority of privileged people (who are moreover often subsidised
by the electricity company, which sells below cost price) that is important than access to
electricity, even for only a few hours a day. In this case an cost of energy not served of
USD 0.5-1/kWh is often considered.

b. The cost of energy not served also represents the economic value of the kWh assuming
that national wealth is entirely dependent upon the electricity supply (but not created by it).
This criterion works well in industrialised countries where agricultural production (which
often has little connection with electricity) represents only a very small proportion (a few %)
of GDP and where everyone has access to electricity. This is obviously not the case in the
five countries considered in the present study.

c. Cost of energy not served proposed for the present study

Two parameters could be taken into account to estimate this cost: national wealth and the sale
price of electricity, even if the latter is often systematically lower than its real cost because of
subsidies.

The table below shows these two parameters for 2005.

Average sale price of kWh, Burundi DR Congo Rwanda Uganda Kenya
in US cents
HV level - - 3.4 10.4
MV level 9.6 8.8 20 4.6 10.8
LV level 71 5.8 20 10.8 8.3
GDP/inh, USD (approx.) 110 110 230 280 360
Multiplying this sale price by a factor of 5 would give the following levels:
e Burundi, DR Congo, Kenya, Uganda: ...........ccccoouieeiiiiiieiiiiieenne about USD 0.5/kWh
® RWANAA: ..oiiiiiiii e about USD 1/kWh

If the living standards of these countries are also taken into account, the following costs are
obtained. These are close to those adopted in the present study:

e Burundi, RD Congo, Uganda: ..........cccceeiiiieiiiieeeeeee e USD 0.8/kWh

® RwWanda, KENYA: ... USD 1/kWh.

With increasing cooperation and integration of the five countries in the energy field, it will be
advisable to consider similar planning criteria, and therefore probably a uniform cost of energy
not served. For the time being, it is acceptable to propose different cost of energy not serveds
for each country. In contrast, once the interconnections have been built, a single cost of energy
not served for the entire system may be assumed.

The above analysis should be compared with the value of the cost of energy not served taken
into account by KPLC in Kenya, which is USD 0.8/kWh.
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NILE BASIN INITIATIVE — NILE EQUATORIAL LAKES SUBSIDIARY ACTION PROGRAMME
STUDY ON THE INTERCONNECTION OF THE ELECTRICITY NETWORKS OF THE NILE EQUATORIAL LAKES COUNTRIES

1.4.

PRACTICAL ILLUSTRATION OF COST OF ENERGY NOT SERVED

In all countries throughout the world, when electricity companies can no longer provide a
reliable service (i.e. when there are frequent and/or prolonged power cuts, excessive variations
in voltage and/or frequency, etc.), many customers decide to equip themselves with small petrol
or diesel generators to overcome the problems of power supply. This phenomenon is
particularly evident in city business districts, where small generators often clutter the pavements
and contribute to atmospheric pollution.

The economic interpretation of this situation is as follows: supply costs that are not borne by the
electricity company are transferred to consumers, who themselves produce the electricity they
need instead of buying it from the company. But this transfer is accompanied by very high direct
or indirect costs. For example:

e Direct costs:
—  Electricity produced at a much higher cost than that of the company.

— Importing of generators and fuel, instead of production using natural resources, for
example hydropower.

— Discontinuous service, only a few hours a day.

e |ndirect costs:

—  External costs such as pollution and noise, which are normally produced by a power
plant outside the town.

— Relocation of activities that require better quality service. One example is tea
producers who have moved from Uganda and settled in Kenya.

The table below compares the costs obtained for Burundi, DR Congo and Rwanda, for small-
scale self-generated thermal power. This is two to three times higher than centralised
production. It also gives an idea of the cost that the electricity company's customers are
prepared to pay to have electricity when the company is unable to provide it.

It should also be noted that certain activities need very high quality service. These customers
always buy their own generators even when the quality of service provided by the electricity
distributor is usually acceptable. This is the case for example with hospitals, airports, security
services, etc. In these situations, diesel generators automatically take over when there is the
slightest power cut.
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NILE BASIN INITIATIVE — NILE EQUATORIAL LAKES SUBSIDIARY ACTION PROGRAMME
STUDY ON THE INTERCONNECTION OF THE ELECTRICITY NETWORKS OF THE NILE EQUATORIAL LAKES COUNTRIES

COST PRICE OF SELF-PRODUCED ENERGY USING DIESEL GENERATORS

1. Assumptions

Installed power of generators 0.5-10 kW
Investment cost USD 1000/kW
Working life 5 years

Cost per kW guaranteed

Production not guaranteed

Annual maintenance costs

2% of investment cost

Specific consumption 500 g/kWh

Use 6 h/day

Fuel density 0.8

2. Annual fixed costs per kW

Investment USD 270

Maintenance usSD 20

Total USD 290

3. Proportional costs Burundi DR Congo Rwanda
Cost exc. tax usDIl 0.880 0.850 0.790
Tax usD/I 0.170 0.200 0.243
Total inc. tax usDI 1.050 1.050 1.033
Cost of fuel

exc. tax USD/kWh 0.550 0.531 0.494
inc. tax USD/kWh 0.656 0.656 0.646
Corresponding annual cost

exc. tax usD 1204 1163 1372
inc. tax usD 1437 1437 1415
4. Total cost Burundi DR Congo Rwanda
Annual cost

exc. tax USD/kW 1494 1453 1372
inc. tax USD/kW 1727 1727 1705
Cost price

exc. tax USD/kWh 0.68 0.66 0.63
inc. tax USD/kWh 0.79 0.79 0.78
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