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CHAPTER 1 INTRODUCTION

1.1 Necessnty and Ob]ectwe of the Study

Senegal currently has the available thermal capacmes of about 300 MW, of which 271
MW is linked to the national grid generating about 1,000Gwh per year with an annual
corisﬁmption of oil products of 300,000tons. SENELEC provides elcbtricity with about
" 300,000 households in 260 villages. The national average elect_riﬁcétion rate is around
25'%, of which 50% of urban area is electrified while the electrification rate is just 5% in
rural area. The demand grows while rural electrification by SENELEC is standstill
mamly due to the aging of power facilities and high cost of transmission and
distribution networks.

Under such circumstancc, ~the government of Senegal decided to liberalize the
clectric.ity sector in 1995. The chances of entering into eleétricity business were given to
private entrepreneurs including SENELEC. The national electric company (SENELEC)
became a mere concession holder of bulk purchase transmission and electricity sale.

In the background of such a trend of liberalization in the energy market, some progress
has been made in encouraging private investment in the electricity industry since the
beginning of the 1990s in the world. Even in the developing countries, facing the budget
constraints, the power development initiated by the private sector has been made,
aiming at the introduction of the fund of the private sector and the efficient corporate
management. However, it is an unavoidabie fact that private companies try to provide
the powef services with industrial area and urban area rather than to provide it with rural
area, due to low risk, adequate profitability, etc.

Based on such fact and the process and lessons experienced in many other developing
countries in the rural electrification sub-sector, the government of Senegal has
formulated the rural electrification policy plan with an introduction of private
initiative-based rural electrification, which was financially supported by the World Bank.
It is clearly addressed that the grid extension of the existing Senelec’s distribution
network will continue to play a major role while the independent diesel
generator-oriented and renewable energy-oriented technologies, particularly
photovoltaic technology, are also clearly addressed in the Plan.
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In order to facilitate the global rural electrification, the government agency called
“I’Agence Senegalaise d’Electrification Rurale”(ASER) was established in 1999. At the
same time, “Commission de Regulation du Secteur de I’Electricite du Senegal”(CRSE)
was also established to support the rural electrification from the institutional aspects
under a strong intention that the power development under private-sector initiative is
vital to the economic development in Senegal.

Nevertheless, high start-up cost is clearly the major defect that discourages private
companies from providing electricity with rural areas. Moreover, there has been no
comprehensive implementation plan of nationwide rural electrification using renewable
energy, particularly photovoltaic technology, in Senegal. Under such circumstances, the
government of Senegal requested the JICA to implement the Study on Photovoltaic
Rural Electrification Plan (hereinafier, called the Study). In the Study, PV means the
family photovoltaic system, otherwise called solar home system (SHS), exclusively for
lighting use.

The issue of productive uses has not been addressed, but they are not being ignored in
this stﬁdy. We are of opinion that some local economic development will result from the
initial electrification initiative. In addition, as people become more aware of the
potential of the technology, we expect that there will be a demand for more systems to
support local development. The organizational base for the collective action, which has
been developed through the household lighting system, will make it possible to support
the increased demand.

The government agency cailed “I’ Agence Senegalaise d’Electrification Rurale”(ASER)
responsible for development of the rural electrification sub-sector of Senegal. Toward
the execution of the rural electrification, two types of project implementation methods,
such as Program Prioritaire d’Electrification Rural:PPER and Electrification Rurale
d’Initiative Local:ERIL, have been proposed, the latter of which will be applied to the
PV rural electrification,

The Study consists of 1) Implementation Plan on Photovoltaic (PV) Rural -
Electrification, 2) PV System Operation Manuals and 3) Business Model as a part of
the market arrangement for the public-private initiative rural electrification.
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1.2 Approach of the Study

The PV Implementation Plan prepared in this Study can’t be independent and separate
from the global rural electrification plan, and should be a part of PASER. Principally,
the selection of an appropriate method among such technologies as grid extention,
diesel power generation, photovoltaic, wind power, etc. should be made by the potential
operators such as private enterprises, rural community, NGOs, etc., because this scheme
is intended to be initiated by the private sector under the technical and financial
assistance of the government, Therefore; the approach is inevitably different from the
conventional public sector-initiated rural electrification. The most significant is to
construct the implementation organization responsive to the needs and demands of the
market, so that the success of the project depends, to a large extent, on the capacity
building of the rural community and awareness of the villagers towards the project
participation. '

However, the target rate for rural electrification by PV has been clearly mentioned in the
above PASER, so that the active involvement by the government may be, in cases,
required to meet such target. That means, the project is strongly requested to be
promoted under the joint operation as one entity of public, private and rural community.
In due consideration of the above-mentioned situation, the preparation of the procedure
guideline for the project implementation method, in which the results of the pilot project
are fully reflected, is to contribute to facilitate the rural electrification as well as to build
the institutional capacity of ASER, which should be in cope with the concept of the
Procedure Manuals and practical to the pbtential operators.

As shown in Figure 1.1, the Report mainly discusses (1) Identification of SHS Markets
& PV Implementation Plan, and (2) Business model, which will be integrated into
“implementation Plan on PV Rural Electrification”. In the Study, the Pilot Project is
intended to provide valuable lessons and monitoring outputs with the main framework
of the Study. The most important issue would be to produce the sustainable, technically
and financially, mechanism of PV rural electrification, which is consolidated by the
institutional and policy recommendations. The operation manual of the PV system has
been prepared, taking into account the performance of the Pilot Project.
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CHAPTER 2 POWER SECTOR AND RURAL ELECTRIFICATION POLICY
IN SENEGAL

21 Rural Electrification Sub-Sector in Transition Period

The initiation of power sector’s transformation was perhaps in the mids of 1990s when
the government of Sencgal realized that dependence on the state-owned company
(SENELEC) was no longer the appropriate policy for the farther development of power
sector and rural electrification in particular. The major constraint has been the provided
by SENELEC. Despite of its constraint, the govemment financed the rural
* electrification (RE) sub-sector to connect 120 villages using National Energy Fund
during 1994~1998.

'Internal movement to liberalize power sector coincided with the global boom for
privatization of infrastructure development primarily led by the World Bank. In relation
to the shortage of the government budget as méjor constraint for supporting an
expansion of électricity service in the rural area, the basic strategy for the sectors
transformation was traced back to “letter de politique de development de secteur de
’Energie 1996” (the energy sector policy document) in which the following three
elements were clarified as the general government policy.

. diseﬁgagement of the state
e involvement of local communities

+ enhancement of private initiative

The sccond policy followed the decentralization law (1996) addressing that local
communities may award concession or leasing contract for public services to local
private operators (article 317). As a part of rural infrastructure, RE facilities are possibly
under the control of local communities provided that their management capacity is
strengthened. The third policy does not refer to perfect privatization without the
government support, but encourages private participation in operation and management
of locally-based infrastructure. This primarily aims to mobilize private capital to
facilitate rural infrastructural development.

In the year of 1998, the government publicized the “loi d’orientation no. 98-29” (the
orientation law concerning electricity sector) where the basic structure for private-led




The Study on Photovoltaic Rural Blectrification Plan
In the Republic of Senegal

Summary Final Report

clectricity sector was legalized. The objective of the reform addressed in this law is to
guarantec electricity supply at reasonable cost and to facilitate public access to
electricity service especially in rural area. The major articles addressed in this law
include:

The so-called “fee-for-service” was implicitly embodied in the concept of the
orientation law of 98-29 so that any private operators eligible for conditions and terms
set forth in this law shall be allowed to undertake electricity business in the territory or
concessions given by the-authority. The faw stipulates that the Ministry of Mines,
Energy, and Hydraulics, the Regulatory Commission and ASER will play the major role
in this sub-sector of the rural electrification.

SENELEC was subsequently privatized and a private power company of the Canadian
nationality participated in corporale management of SENELEC as one of share holders.
But soon or later the Canadian capital decided to stop management of SENELEC
primarily because the raise of power tariftf proposed by them was not approved by the
concerned authority. This would render a debatable issues to the subsequent
concession-holders as to competitive market price of electricity (approximately
measured by consumers’ willingness to pay) versus the govémment-regulated price.
The most serious constraint will be the lack of private actors (operators) and their fear
that such a fong service peridd as 15 to 20 years would not sustain a stable profitability
as expected al the initial stage. This is directly linked to the subsidy rate the authority
would guarantee. But such a debatable issue as subsidy rate has remained untouched.

In the year of 1999, the Ministry of Mines, Energy and Hydraulics (MMEH) prepared
the “Le secteur de P’energi¢ au Senegal” (the energy sector document) stating the
current condition of the rural electrification. The first draft of “Le plan d’action
Senegalais d’electrification rurale, PASER” (The Plan of Action for rural Electrification
in Senegal) was presented in this document. The government goal of RE targets during
three consecutive stages (Preparation Stage 1999~2000, Lauching Stage 2001~05, and
Consolidation Stage 2006~15) were firstly clarified by the draft plan. PV was proposed
as one of electrification modes, 70,000 users as planned target up to the year of 2015.
The most outstanding product prepared by ASER was “Procedure Manual” embodying
various operation procedures for PPER and ERIL, financial mechanism. Eighteen (18)
concession territories are provided throughout the national land. The business modes
consist of priority Rural Electrification Plan (PPER) and Rural Electrification Project
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(ERIL). The former is a top-down approach to RE, giving concession to an eligible
operator who manages electricity service in a given territory. The latter is called a
bottom-up approach to RE, giving a project-based concession to cligible local operators
and/or village organization.

Transitional process of RE sub-sector is illustrated in Figure 2.1

1 Energy sector policy document  (1996)

Orientation law of 38~29 (1998)

|l Privatization of SENELEC

Energy sector document (1999) —» Regulatory Commission
with
PASER —m ASER

RE modes: IPPER {concession) | LERIL {local initiative-based project) J

Business _ [Tendercall l LProposa] ]
application: .

Figure 2.1 ‘Transitional Process of RE Sub-Sector

2.2 Current Power Supply of SENELEC

SENELEC that used to be the National Electricity Company but recently privatized, has
been the major piayer of national electrification. The privatization rendered SENELEC
to a profit-making organ as one of concession holders for electricity service. Under such
circumstance it is unlikely that SENELEC will continue to be a driving force to
facilitate rural electrification.

The number of SENELEC consumers and e¢lectricity consumption at each voltage level
as of December 1999 is shown below.
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SENELEC Consumers and Consumption by Voltage Level

- LV.consumers'
DGR T coRsumers -

L T Domestie” | COthiers CCONSUIMELS, |0
Urban__ 230,091 92,152 322,243 870 323,117
Rural 27,961 17,946 45,907 85 45,992
Nation 258,052 110,098 368,150 | 955 2 369,109
Blectricity | 155 Gwh | 1592 GWh | 5142GWh | 384.1GWh | 717 GWh | 970.0GWh
Consumption

Source: SENELEC

High electricity consumption of a SENELEC consﬁmer can be compared to the yearly
consumption of a typical rural consumer of non-electrified village,'usirig a Solar Home
System (SHS) of 50 WP. The yearly consumption of a rural consumer is assumed to be
73 kWh (=50W x 4 hours/day x 365 days). This implies that the priv.ati_zed SENELEC
basically favors the area where users with high demand are collectively located, rather
than the area where users with low demand are sparsely distributed.

SENELEC will be continuousty constrained by generation capaéity and its legal
position of bulk purchaser, transmission and electricity sale. It is likely that the future
electrification of SENELEC will mainly focus on improvement of service rates in the
already clectrified area. The conceptual flow to represent the indicative direction of the
future SENELEC electrification is illustrated as follows: SENELEC would probably
take interest in rural users with high electricity consumption, adjacent to existing grid in

rural area.

Current Electricity Use of SENELEC
concentrating heavily on Urban Consumers

Supply Constraint

Lega! Position
Articulated by

Law 98-29 of v
April 14, 1998
Y A 4
Improvement of Service Rates RE ftargeting villages with High
in Electrified (urban) Areas Demand, adjacent to Existing Grid

Figure 2.2 Indicative Direction of Future SENELEC Electrification
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As of October 2000, the available capacity of power plants owned by SENELEC is
reported to be about 300MW, consisting of diesel (102MW), steam turbine(34MW) and
gas turbine(114MW). Most plants have been l'used for more than 20 years, and gas
turbines are in particular obsolete, installed more than 30 years before. The following
table shows historical records of energy supply and demand between 1991 and 2000, -

Table 2,1 Historical Power Supply and Demand

Source: SENELEC

23 Rural Electrification in Senegal and Basic Policy
- (1) Rural Electrification Plan
The PASER consists of three stages:

Preparation Sﬁ_ﬂ! {1999-2000)

ASER_ prepared for the guideline and procedures(Manual) for RE 'plan, institutional
aspects and implementation framework of ASER-assisted rural electrification.

Launching Stage (2001-05)

The RE sub-sector will provide electricity service with 104,000 rural users consisting of
new users(74,000) and existing ones(30,000).

Densification of electrified villages 27,000 31,000 58,000
LV distribution from generators - 26,000 26,000
PV modules 3,000 17,000 20,000
Total : © 30,000 74,000 104,000
Rural population (2005) 5,916,000
Rural households (2005) 696,000

RE rate 15%

The tafget rate of RE is expected to be nearly 15% in 2005. Out of new consumers
(74,000) SENELEC’s contribution will be about 42% indicating somewhat an ambitious
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plan of new subscribers. Those would cover 307 regional centers with the 'avera.ge
_service rates of 60%. LV distribution from generators will be implemented by private
operators through tender calls, consisting of an extension of LV line from a secondary
MV station (SENELEC) and autonomous generators. Both operators are regardcd the
distribution concession holders. Out of new PV consumers(17,000), ASER anticipates
5,000 users o be commercial customers (direct cash or credit purchase) and 12,000
users to be supplicd from concession holders based on the fee for-service or equivalent
modes.

Consolidation Stage (2006-2015)

The RE sub-sector will provide electricity service with 270,000 rural consumers
consisting of existing (104,000 as of 2005) and new (166,000).

Densification of eiectrified villages 58,000 30,000 80,000
LV distribution from generators 26,000 94,000 120,000
PY modules 20,000 50,000 76,000
Total : 104,000 166,000 - 270,000
Rural Population (2015) 6,888,000

Rural Household (2015) 810,350

RE rate . B : 33%

The target rate of RE is expected to be 33% as of 2015. At this stage, the contribution of
a LV distribution to RE is expected to be the biggest, 44%. The non-SENELEC service
(generator + PV) would contribute to 70% of RE while the contribution of SENELEC
would go down from 56% as of 2005 to 30% in 2015.

10
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(2)  ASER’s Rural Electrification Plan

" The potential demand in the respective concession area is assumed as below.

Table 2.2 Number of Potenhal Users by Concession Area (As of 2011)

i | Ziguinchor Bigona-Oussouye-Ziguinchor 7,844 9,575
2 | Diourbel | Diourbel-Banbay 7,329 10,852
3 | Diourbel Mbacke 13,808 18,698
4 | StLouis Dagana-Podor 9,169 - 9,160
5 | StLouis Matam 9,735 11,201
6 | Tambacounda | Tambacounda-Kedougou 6,109 9,082
7 | Tambacounda | Bakel . 5,310 - 6,296
§ | Kaolack Kaolack-Nioro du Rip 9,390 13,317
9 | Kaolack Kaffrine 9,580 13,865
10 | Thies Tivoouane 8,768 10,006
11 | Thies Thies 8,938 11,357
12 | Thies Mbour _ 9,684 9,802

13 | Louga Kebemer-Louga 5,016 6,163 -
14 | Louga Linguere 7,146 10,162
15 | Fatick Gossas-Fatick 10,339 14,152
16 | Fatick Foundiougne 5,142 6,094
17 { Kolda Sedhion 8,815 12,602
‘18 | Kolda Kolda-Velingara 6,224 9,537
Total 148,346 - 191,921

RE Rates (%) 22 29 .

The provisional plan of RE implementation expressed by concession areas is given

below.

1st

2001 | Dagana-Podor, Mbour, Kolda-Velingara

2nd

02 | Foundicugne, Kaoiack-Nioro du Rip, Sedhiou

3rd

03 | Matam, Bakel, Ziguinchor

4th

04 | Tivaouane, Kebemer-Louga, diourbel-bambey

5th

05 | Tambacounda, Kaffrine-gossas, Fatick

6th

Linguere, Mback, Thies, Kedougou

ASER starts with the bidding for Local Electrification Plan of Dagana-Podor, Mbour,
Kolda-Velingara in the first tranche in order to select concessionaires in the year of

2001. The reasons for selection of these concession areas first are i) concentration of

villages whose population is more than 1,000, ii) distribution of relatively high income

users, and iii) potential area for LV network. Kolda-Velingara would be the target area
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of French ODA. The allocation of concessions to successful bidders is expected to end
in the year of 2006.

2.4  Basic Strategy toward PV Rural Electrification

Under the right conditions, SHS can offer lighting and other services to large numbers
of households that are poorly served by existing energy sources or have no service at all.
PV systems are an effective complement to-grid-based power, which is often too costly
for sparsely settled and remote areas. For such rural conditions, fuel-independent,
modular solar home systems (SHS) can offer the most economical means to provide
lighting and power for small appliances.

As a renewable energy source, PV systems are also environmentally friendly,
contributing to reduction in environmental performance and reduce reliance on
expensive imported fuels.

In spite of these appealing features, solar home systems do not yet have broad market
acceptance and face significant barriers to widespread diffusion. The main obstacle is
-~ their initial purchase price, which puts them out of the reach of all but upper-incomé _
households. Opportunities exist to reduce the cost of solar home systems over the near
future. These include the outlook for steady decline in PV module prices on the
international market, and the economies of scale in procurement, sales and servicing
that an enlarged customer base can provide. However, even with these cost reductions,
unless adequate financing arrangements, geared to low- and middle-income households,
are in place, solar home systems cannot play a significant role in rural electrification.

Many early solar home system programs in the 1970s and 1980s failed, due to a variety
of factors. These included 1) unreliable technical performance, 2) poor system design,
3) lack of sustainable and proper technical support, 4) implementing agency
shortcomings, 5) poor attention to cost recovery, and 6) unrealized user expectations and
consequent dissatisfaction. As a result, thanks to the lessons learned from these
experiences and from technological improvements, solar home systems now show a
robust potential for long-term sustainability. In spite of wide recognition of PV systems,
the need to overcome the first cost barrier is recognized to be prerequisite in any
country context.
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Among others, several key findings which are critical to broad diffusion of PV system
in rural areas, emphasize the need to:

»  Overcome the first cost barrier,

¢  Establish responsive and sustainable infrastructure to deliver PV services, and

* Provide quality products and services.
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CHAPTER3 PV RURAL ELECTRIFICATION PLAN

' 3.1 Identification of PV Market and Potential Demand
(1) Market Characteristics of SHS

As a type of electricity supply, PV is classified into solar power station, hybrid solar
power station, and a family photovoltaic .system (solar home system, SHS). The types of
solar power and hybrid system consisting of generators and distribution line are defined
as the closed network whose service coverage is restricted, supplying one or two
villages. Such a closed network can be connected to grids of SENELEC or other
networks. SHS is, on the other hand, an independent unit, easily installed at users’
dwelling properties. SHS does not require a collective demand as a project of LV
distribution needs.

Rural electrification in developing countries is generally characterized by low electricity -
consumption of end-users concentrating on the middle to high income classes dwelling
in villages or isolated areas. Electricity use is laxgely restricted to lighting, say, five (5)
to ten (10) kWh per month. Lighting is implicitly regarded as the basic electricity use in
SHS-based rural electrification.

The market characteristics of SHS are summarized as follows:

a) End-users are presumed to be extensively diffused in villages scattered
nationwide. Such an individual demand might be identified in villages having
smaller middle scale of population.

b) End-users are those who can afford to purchase a fairly expensive unit or to
pay the constant service fee periodicalty. They are thus presumed to belong to
the middle to high income classes.

c) The economic nitch for SHS usually covers remote or isolated areas where
load or load density is low. The market nitch for SHS is to be determined by
size of household demand for electrification and the distance from existing
grid.

14
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5\
(2)  Basic Conditions

A demand for SHS is defined as a household being willing to install a SHS unit. The

~market study is to identify spatial distribution of villages having potential demand for
SHS and to make the quantitative analysis of such demand by locality or region.
Potential demand for SHS is to be estimated with the following conditions:

a) The market segmentation complies with tWenty (20) concession areas
proposed in “Procedure Manual” of ASER.

b) There are the different types of SHS according to power output, This study
primarily focuses on the standard type of 50 wp to be presumed to be
extensively diffused in all Senegal. '

¢) The basic data such as population and family size at present (the year of 2000)
is estimated based on those of the previous census year (1988) owing to no
successive census data.

d) The target year of demand forecast is that of 2015 in accordance with PASER.

3) Methodology

The identification of SHS market starts with potential demand for electrification at the
level of village. Potential connection rates by size of village population is hypothesized
in the Procedure Manual. These hypothetical connection rates are used to estimate
potentiai demand for electrification for all the non-electrified villages.

Néxt, the costs per kWh are compared among three technical options (grid extension,
diesel generator, and SHS) in order fo find out cost effective area for SHS in relation to
the distance from existing grid and household demand for electrification. The more
household demand is, the less electrification cost is. The cost per kWh diminishes as
household demand becomes larger.

Finally, the Mket study ends up with identification of villages where SHS is to be
introduced and potential demand for SHS by concession area. The methodology for
SHS market analysis is conceptually illustrated below.
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Conceptual Flow Remarks
Potential demand for electrification {q . { Procedure Manual of ASER
with hypotheticat connection rates

| ] § . .
Comparison of cost per kkWh ] Grid Extension
among three technical options | ] Al

n
Diesel
SHS(50 Wp)

A
Idenification of cost effective area
L for SHS in relation to distance fromlg ____________.___
grid and househeld demand

Distance

Household demand

h 4

Identification of villages and
potential demand for SHS

Figure 3.1 Conceptual Flow for Estimation of Potential Demand for SHS

Estimation of potential demand for electrification at present is simple, referring to the
village population of the year 2000 (estimate) and hypothetical connection rates quoted
from Procedure Manual. Electrification cost of grid extension takes the form of matrix
with respect to household demand and distance from grid. Extension cost increases in
proportion to distance from grid, whereas that diminishes as demand grows.
Electrification cost of diesel diminishes as demand grows, while that of SHS seems to
be constant in little relation to size of demand. The shaded area corresponds to cost
effective area for SHS, resulted from comparison of cost per kWh among three technical
options. Finally, the number of village including demand for SHS in SHS area is to be
estimated by concession area.

(4) SHS Demand and Village Distribution of SHS Area

The cost effective area for SHS, indicating the number of villages is shown in Figure
3.2 and summarized as follows:
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a) The number of non-electrified villages in SHS area turns out to be 11,222. The
majority of non-electrified villages is thus identitied to be those for SHS-based

rutal clectrification.

b) Out of 11,222 villages, the majority of them is identified in SHS area where
the distance is over 0.6km, and demand is in the range from 1 to 30 households.
The number of villages in this block is estimated to be 6,695.

¢) The second largest block of village distribution is the area where the distance
is more than 0.6km and demand in the range from 30 to 60. The number of
villages in the second block is estimated to be 4,004.

d) The number of villages in the third and fourth blocks is estimated to be 299
~and 224, respectively.

The regional distribution of potential demand is iliustrated by histograms as shown in

Figure 3.3 and summarized in Table 3.1.

Table 3.1 Regional Distribution of Potential Demand

Region. | 'Demand - |~ Region | - Demand
Dakar ) 115 fouga 7,243
Diourbel 9,364 Saint louis 7,247
Fatick 9,235 Tambacounda 7,640
Kaolack 14,321 Thies 12,130
Kolda 10,240 Ziguinchor 4,998
Grand fotal 82,533

Potential demand is estimated to be 82,573 in all regions. The market has a big potential
demand for SHS at present. Looking at regional distribution of potential demand,
Kaolack is the top region, accounting for 14,321 units while Ziguinchor demands the

least units (4,998), except for non-electrified commune area of Pakar.
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PV Priority Area
°| Demand < 30 households, Distance more than 0.6km 6,695 Villages 57,790 Households

. s’a;;-.m‘sDemand < 30 households, Distance less than Q.6km 299 Villages 2,580 Households
PRI 30 < Demand < 60, Distance more than 0.6km 4004 Villages 20,990 Households

Fﬁﬁﬁ - -] 30 < Demand < 80, Distance less than 0.6km 224 Villages 1,173 Households

11,222 Villages 82,533 Households

Figure 3.2 Distribution of Villages in SHS Area
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Potential Demand for SHS by Department

Region Dept Ng;:f Village: | Demanc Region Dept hg;:‘ villages | Demanc
Dakar Rulisque | 10 115 Saint Louis 1 Dagana 6 261 2,100
Diourbel [ Bambay 13 401 4,433 Matam i2 254 3,128

Diourbel 1§ 344 2,792 Podor 10 148 2,019

Mhbacke 11 282 2,137 Tamba Bakel 10 400 2,102
Fatick Fatick 14 185 3,044 Kedougou 10 221 1,746

Foundiougne ) 307 3.097 Tamba 13 737 3,792

Gossas 12 282 3,094 Thies Mbour 8 123 1.844
Kaolack Kaffrine 21 847 1313 Thics 9 348 4,103

Kaonlack 9 429 3,168 Tivaouane 13 859 5,183

Nioro du Rip 11 456 3,840 Ziguinchor | Bignona 15 2719 3,004
Kolda Kolda 13 677 2,748 Oussouye 4 68 1,002

Sedhiou 20 5373 5,336 Ziguinchory 5 74 902

Velingara 10 422 1,956 Total 320 11.219 | 82,533
Louga Kebemer 16 796 1,957

Linguere 17 664 2924

Louga 135 176 2,362

s

BDAKAR 113

v

Shase of SRS kouschold

Totentinl DPogord

Figure 3.3 Regional Distribution of Potential Demand for SHS
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Demand Projection

Number Concession Area - 2000 2005, 2000 | 2015
1 Zinguinchor 4,706 4,911 5,459 5353
2 Diourbel-Bambay 7.0112 7.576 7,947 8,340
3 Mbacke 1,820 2,625 3,223 3,961
4 Dagana-Podor 4,119 4,140 4,173 4,217
5 Matam 2,681 2.953 3,794 3,582
6 Tambacounda-Kedougou 5,099 5.449 6,409 6,413
7 Bakel 1,869 2,049 2,527 2,464
b Kaolack-Nioro du Rip 6,549 7.704 8,475 9,325
9 Kallrine 6,857 8.062 £.838 9,799
10 Tivaouane 5,012 5,529 5,898 6,291
11 Thies 3.644 4,561 5,071 5,637
12 Mbour 2,566 3,131 3,446 3,794
13 Kebember-louga 4,319 3.528 2,882 2,355
14 Linguere 2,753 3,329 3,791 4,316
15 Gossas-Fatick 6.079 6,321 6,510 6,708
16 Foundiougne 2.751 3.429 3,797 4,205
17 Sedhiou 5,138 5.662 6,722 6.875
18 Kolda-Velingara 4,591 5.059 5713 6,142

Tolal 77.665 86.01% 94,727 99,779

Note) The current household demand (77,665) for SHS is expected to increase to around
130,000 in the year of 2015. The average growth rate of household demand is
estimated to be 1.7 percent.

Potential Demand for SHS by Concession Area
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32

Basic Concept of Business Strategy for PV Rural Electrification

Among others, the following items are critical to diffusion of PV system particularly in

the initial stage;

A. Overcome the high initial cost barrier: The obstacle of the high initial cost of

* obtaining energy needs to be removed. Credit mechanisms and/or subsidy provision,

lower-cost equipment, and lower service (not lower quality service) standards could
all contribute to achieve this objective. (Financial Model)

Encourage local participation: Participation of local communities, investors, and
consumers/beneficiaries (rural population) in the design and delivery of energy
services is essential. Decentralized approaches need to be a part of the solution, but
they require capacity building of local community. (Project Formation)

A demand-oriented approach: Based on the belief that solutions to local problems
are likely to be more sustainable to the extent that the target communities are able
to participate in designing and implementing those solutions. Accordingly, the
projects which support implementation of the program’s objectives will deliberately
reflect needs and requirements as identified by grass-roots communities themselves
in close partnership with project promoters, of course requiring an assistance of the
government. (Reliable Relationship among the parties concerned)

~ Taking into account the above matters, the basic concept of PV rural electrification has

1.

- been established for this Study.

The plan on PV rural electrification for this Study is lighting-oriented scheme as
defined below;

“The electricity use of PV should cover lighting as well as productive use such
as water pumping, refrigerator and craft industry. Nevertheless, considering
that lighting is the most importaht purpose of rural electrification, it has been
mutually agreed between JICA Study Team and MEH that primal use of PV is
the lighting including electric apparatus of household and public facilities (i.e.
school, health post, etc.)” - ' '

Throughout this discussion the issue of productive uses has not been addressed, but
they are not being ignored in this study. We are of opinion that some Jocal
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cconomic development will result from the initial electrification initiative. In
addition, as people become more aware of the potential of the technology, we
expect that there will be a demand for more systems to support local development.
The organizational base for the collective action, which has been developed
through the household lighting system, will make it possible to support the
increased demand. Through the training programs, credit mechanisms, and
increased government awareness and social acceptance of these technologies, these
programs will expand into the direct economic development arena. Once it is
established that rural communities can take part in the formal economic structure,
- with an understanding and acceptance of credit options, the gbal of community
empowerment will be achieved. '

2. Among the target area for PV rural electrification, there are some locations which
may be regarded as transitory stage until they' are electrified by other permanent or
semi-pénnanent competitive alternatives such as grid extension, diesel generator
grid, etc., which are able to provide sﬁfﬁc_ien_t power for value-added income
generation as well. In that case, there is high pbssibility that the PV equipment
installed will be transferred to other un-electrified locations in the future. '

3. The target household for PV installation is for those with high annual income, say
the upper 20-25% village population. That is, the initial target for PV installation is
for those being capable to pay for electricity services. This approach characterizes
the study and will be applied for selection of PV priority area. The first priority has
been placed on the project sustainability. This development concept is critical to
materialization of the rural electrification policy of Senegal, which requires
improvement of rural electrification service rate and introduction of private sector
initiative.

To meet such requirements, the methodology has been here proposed.
The materialization of “lowering of financial burden on users” and “satisfaction of
electricity needs of users” will require both supply-side contribution and

demand-side contribution.

The respective contribution is represented by the following:

Supply-side  “Provision of good quality services”
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Demand-side  “Financial contribution, called as the initial payment of users
being equal to 10% of the initial investment cost” and
“Monthly payment” to make the project sustainable,

It should be noted that the risk of fee collection for electricity services is structured
to be finally imposed on the Project Operator (the global entrepreneur). That is why
most of the financial and technical supports from the government should be
directed to the global entrepreneurs, that is, project operators, in the initial stage.

4. The electrification by PV is regarded as lighting-oriented, so that it will not
contribute to income generation at the outset. This situation will continue to be only
in the initial stage, but the electrification by PV will be expected to be expanded
within the village in problem (densification) in a later stage. In parallel with such
densification, the income generating activities will be also promoted by
introduction of other alternative elecirification, but all depending on the business
activities of the global entrepreneur in close consultation and collaboration with
village community.

As to the financing activities in the regional community. Fund Circulation
Mechanisms, should be vitalized and deepened in the rural community. This is a
part of the roles played by ASER to create the rural electrification
environment/market attractive to the global entrepreneur as well as to the rural
popuiation.

The above-mentioned good combination of income generating and financing
activities assisted by global entrepreneurs will be expected to proceed in the best
case to sustainable rural development.

To materialize such scheme, locally-based entrepreneurs familiar with local
socio-economy, local culture and customs, local language, ete., represented by local
NGO, PV experts, etc. are expected to play a very important role. The role could be
characterized by “Coordinator”, which only constructs the reliable relationship
among the global entreprenecurs, the rural community, and the rural population.
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33  Rural Electrification Programs for PV (SHS)
(1)  Premises for SHS Market

The theoretical approach to identification of .villages having potentidl demand for SHS
is demonstrated in Figure 3.2. Potential market (the distribution of villagers) is
presented in terms of 1) distance from existing grid and (ii) demand (household). The
- approach would be fundamentally appropriate for the scheduled Local Electrification
Plan of 3 concession areas (Dagana-Podor, Mbour, Kolda-Velingara) in the first tranche
where electrification market for technical options (extension of MV line, LV network,
PV) is to be clarified. Nevertheless, the market for respective option would ‘be
determined taking into consideration the following criteria given below:

¢ Distribution of community rurals’ center

» Potential demand for electrification at centers of CRs

b) Spatial distribution of | # Distribution of safellite villages around centers of CRs
villages ' » Distribution of villages along existing grid line

c) Accessibility » Roads’ network with road surface conditions

' » ‘Accessibility to centers of Departments

d) Economic strength of | » Fertile condition of farm land

a) Electrification center

villages * Share of non-agricultural income sources
e) Productive use of | e Size of harvested area by crop
electricity * Production possibility of agricultural-processed products
f) Institutional strength | ¢ Existence of local entrepreneur or NGOs
of villages o Invalvement of village organization in water supply, primary

health care and social activities _
+ Involvement of women in existing social activities

The criteria is largely classified into two elements; namely I) geographical element
covering from a) to ¢) and ii) sociceconomic element covering from d} to f). The point
is how to use criteria in order to identify potential market for respective technical option.
Perhaps the survey is firstly to be made for geographical element in order to have a
rough idea of villages to be electrified and techmical captions for them. Secondly
socioeconomic element is taken into account in order to determine villages with the
appropriate options to be electrified. The concepOtual flow of market screening for
technical options is as follows:
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- electrification pole
- spatial distribution
- accessibility

Market

(First screening)

Eieclriﬁcation_

{Concession area)

- distance from grid
- demand

SENELEC electrification
program

!

i Potential Market i il

C Optienss o T

1)

First category of community rural centers

MYV extension with LV network

2}

Second category of community rural centers

D/G based mini grid

3)

Third category of community rural centers

D/G or SHS or a combination of them

4)

Satellite villages around community rural
centers of the first category

LV extension

5)

Sateliite village around community rural

centers of the second and third categories

SHS

6)

villages along existing grid ling

LY extension or SHS

7

Isolated villages

SH3

~ economic strength
- productive use
- institutional strength

Local need for technical
option

(Second Screening) v
Gfdup- o . Market” ] ’ Options - o ~ ‘Modes
1 Firsi category of CR centers MHN extension with LV SENELEC
2 - ditto - - ditio - PPER
3 | Second category of CR centers D/G-based mini grid PPER or ERIL.
4 | Third category of CR centers D/G-based mini grid PPER or ERIL
5 - ditto - | SHS ERIL
6 - ditto - | D/G with SHS ERIL
7 Sateliite villages around the first LV extension PPER
category of CR centers
- ditto - | SHS PPER
9 Satellite villages around the 2nd and SHS ERIL or PPER
3rd catcgories of CR centers
10 | Villages along existing grid LV extension PPER
1| - ditto - ) SHS PPER
12 | Isoalted villages | D/G with SHS ERIL
I3 | -ditto - SHS ERIL
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. 2nd . .
Ist Screening Screening Main Criteria Employed
Ist category of CR centers Group 1 + Potential users (more than 60) with high income
Group 2 s The above eriteria but caiside of SENELEC plep

3ed category of CR centers ——» Group 4

|-—~e—» Group 5
L——p Group 6
Satellite villages Group 7
Around Ist center Group 8
Viltages along existing line Group 10
Group 11
Isolated villages Group 12
Group 13
Pattern |
ERIL

» High possibility of productive use of electricity
+ Existence of local entrepreneur or NGOs

« Relatively high ¢conomic strength of viltages

= Existence of local entreprencur or NGOs

» Experience of village organization in social activities

« Relatively high possibility of productive use of electricity
» Existence of local entrepreneur

* Experience of village crganizations in social activilies

¢ Potential users (more than 30) plus focat preference

» Potential users (less than 30)

» Potential uscrs (more than 30) plus local preference
« Potential users (less than 30)

» The same as Group 6
« Fhe same as Group 5

Pattern 2
ERIL

Satetiite villages

Satellite villages

SHS onty

Patiern 3
PPER

SHS plus D/G

Pattern 4
PPER -

Satetlite villages

Satellite villages

| Ist cemter I

SHS only
Satellite villages only

SHS only
Satellite villages only

Patten 5 Pattern &
PPER ERIL
OW Villages along L.‘% Isolated
line villages
SHS only D/G pluz SHS
Pattem 7
ERIL

Isolated

viltages

SHS only
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(2)  Application of SHS Market Concept

The preliminary survey of Kaffrine indicates the potential number of rural households to
be electrified by SHS in accordance with RE modes (PPER or ERIL),

Community o T sH

MBOS 300
GNIBI PPER _ 300-400 300
BOULEL PPER/ | 200-250 { 200-300 550 | 400
= ERIL

KAHI PPER 100-150 150 | 100
DIANKE SOUF [ ERIL | 150-200 200 | 150
M. HODDARr | FPER : 300-400 400 | 300
N. GUENT ERIL 200-250 - 250 | 200
D, MINAM ERIL 200-250 30-50 | 300 | 230
Total 2,650 | 1,980

The term “potential users” means potential households to be electrified by SHS. They
are estimafcd to be 2,650 at maximum and 1,980 at minimum in the survey area. The
future SHS-based RE would be probably implemented on the basis of community rural.
Perhaps a community rural might be the least unit to formulate a SHS project. The
average scale of SHS users per project (or per community rural) in the survey area is
estimated to be 330 at maximum and 250 at minimum. Perhaps such a range of project
scale is assumed to be under annual capacity of a concession-holder of PPER or ERIL.
In this study, the average scale of a project is assumed to be 300 on the average.

3) Rural Electrification Programs of SHS

All Senegal is divided into 18 concession areas. The implicit order of tender call for
concession areas is supposed to be:

No comprehensive explanation is made in the Manual as to how such a schedule is
strategically formulated. In fact, the capacity-to-pay of users for clectricity service is the
most determinant factor for successful implementation of a concession-based RE. This
is why the area of Dagana-Podor, endowed with rich users-to-be, was scheduled for the
first tender call. Velingara-Kolda is to be under the scheme of French development
assistance. The implementation order of tender call for concession would depend on
socio-econoinic or external factors.
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(4) PV Raural Electrification Plan up to 2015

The number of households to be electrified by SHS is estimated to be about 60,000 as of
the year 2015, which corresponds to about 59% of potential demand (99,800) as of the
year 2015. Electrification of 59,500 households will be les than the target (70,000) of
PV RE proposed by the PASER. The number of CRs to be electrified turns out to be 199,
which corresponds to 62% of the whole CRs.

Table 3.2 SHS Rural Electrification Programs
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3.4 Financial Plan

The objectives of financial analysis are clearly different, depending on the role of
stakeholders involved in implementation of RE. A concessionaire (private operator)
would take interest in return of equity (ROE), and financial institutions definitely secure
certaintly that both principal and interest are to be repaid as scheduled, given loan
conditions. ASER as the government organ to give permission of RE business to
concessionaires, will be responsibie for selection of them and have to determine subsidy
amount based on financial proposal, with an appioval of the proposed pricing for “fee
for services”.
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(1) Basic Conditions of Financial Analysis

The basic concept of the project formulation has been proposed in the previous section,
which is based on and in accordance with the principle policy of ASER.

Referring to the role of the respective stakeholder, the basic conditions for financial
analysis are as follows;

1} System Unit Cost

The majority of household demand for SHS is identified to be 55Wp. Financial
analysis focuses on a unit of SSWp, the cost of which is 450,000 FCFA.

2} Capacity to Pay

The monthly payment corresponding to “capacity to pay” depending on the average
monthly expenditures for electricity-related appliances can be estimated by
referring to the Nationwide Socio Economic Survey as a component of the JICA
Study. Expenditures of energy items consumed by non-electrified village
households (1,483 samples) are presented below. The whole samples (1,483) are
divided into those by income class whose classification is the same as that
employed to identify share of SHS users in income distribution. Yearly and
monthly expenditures indicate the average figures of respective income class.

Table 3.3 Expenditures of Energy Items (Sample Survey)

“Annual iﬁgbiﬂé‘i
" category

- (D00FCFA)
<300

300 to 600

600 to 800

300 to 1,000
1,000 to 2,000
2,000 to 3,000 156
3000 < 37 (2.5) 100.0 85,248 7,104
1,483 (100.0)
Source: Sample data of the Nationwide Socio Economic Survey (JICA)

Suppose that the share of SHS users-to-be in the upper income classes ranges 20 to
25%, they would belong to income brackets ranging from (1,000,000 to 2,000,000
FCFA) to (> 3,000,000 FCFA). The number of sample households covering these

30



The Study on Photovoltaic Rural Electrification Plan
In ihe Republic of Senegal

Summary ) Final Report

income categories is 319, sharing about 22% of the whole samples. The monthly
average expenditure of energy items of 319 samples is estimated to range between
5,000 CFA and 6,000 FCFA. The result indicates that the willingness-to-pay is
averagely estimated to be around 5,700 FCFA nationwide. The willingness-to-pay
is, of course, different by area, depending on energy expenditures and share of SHS
users-to-be in income distribution. In this financial analysis, the range of monthly
payment is assumed to be from 5,000 to 6,000 FCFA.

3) Scale of subscribers per project

The number of subscribers (installation units) covered by one project mostly ranges
from 100 to 500, depending on size of population in community rurals. The scale
of subscribers per project is assumed to be 300 for analysis.

4) Annual O&M expenses

Operation and maintenance cost per unit is assumed to diminish as the scale of
subscribers increases. Annual O&M cost as % ol initial investment cost by scale of
subscribers is given below:

100 units : 4.6%
300 units : 3.8%
500 units : 3.4%

5} Users’ Contribution

Financial contribution : 10% of the initial cost, called as “Initial
Payment”
Institutional set-up . Establishment of village users association,

called as VUA, under the initiative of the
village community

Payment method : Monthly Payment shall be fixed by the
operator subject to ASER’s approval

6) Operator’s Proposal

Operator’s equity : 15~20% at minimum, more than the users’
contribution
Loan portion : Concessionaire loan from local financial

institution financially supporied by ASER
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Subsidy proposal : Proposed as % of the initial investment cost
with socio-economic analysis tesults for the
target villages, referring to willingness to pay

and capacity to pay

Structuring of VUA Training schedule of technician of village
community
Method of bill collection and fee for
technicians '
Maintenance supporting system

Cash-flow management Secure the amount to be required for renewal
of all equipment during the concession period
of 20 years (tentative)

7} Role of ASER
Assessment of the proposal to be submitted by the operator

Selection criteria ROE which be ranged between 15 and 20%
(Provisional)

The pricing for “Fee for Services”, such as initial payment and monthly payment, may
be proposed under the following conditions;

1. Equity portion as % of the initial cost
2. Users’ contribution as % of the initial cost

3. Loan amount and loan conditions such as interest, repayment period and grace
period

4. Subsidy portion of % of the initial cost

5. Project management structure

(2)  Financial Analysis

The financial analysis has been carried out based on the pre-conditions as shown on
Table 3.4 and the summary results on Table 3.5. The calculation format is shown on
annex A, in which the income statements, the cash-flow statements, and the balance
sheets are presented over a concession period of 20 years.
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The monthly payment, which cortesponds to “Capacity to pay” depending on the
average monthly expenditures for electricity-related appliances, shall be determined in
due consideration of socio-economic conditions in the target village, On the other hand,
the initial payment corresponding to 10% of the investment cost, is regarded as a
pre-condition for initiation of this scheme.

Table 3.4 Pre-Conditions for Financial Analysis

| Initial Investment Cost 135 Millien CFA
2 Users® Financial Contribution 10% of 2. Initial Investment Cost
(equal to Initial Payment)
3 Operator’s Equity 20% of 2. Initial Investment Cost
Annual O & M expenses
10¢ Units 6.1%  of 2. Initial Investment Cost
300 Units 4.6% of 2. Initial Investment Cost
500 Units 4.0% of 2. Initial Investment Cost
5 Replacement Period '
PY Module 20 years
Charge Controller 10 years
Battery 4 years
6 Interest Rate of Bank Loan 7%
7 Interest Rate for Saving Deposit ' 4.25%

(3y Financial Plan

ASER will be financially required to support implementation of SHS RE during 2001 —
2015. Here, to meet the policy target of ASER, the total PV units to be installed until the
year of 2015 is estimated to be about 70,000, The financial requirement are estimated
under the following assumptions;

Capacity of SHS PV system 355 Wp

1.
2. Present unit price of SHS PV system 450,000 CFA
3. Exchange rate (against US$) 756 CFA/USS
4. Capital structure
Operator’s equity 20 %
User’s contribution 10 %
ASER’s financial support 70 %
Subsidy (50 %)
Loan (20 %)
5. Devaluation growth of CFA Casel 0% p.a.
(No change of exchange rate is applied for the years after 2011)  Case Il 3% p.a.
Case 11 5% p.a.
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In this anaIysis, the capacity of SHS PV system is assumed to be 55 wp, which is
recognized to be rather popula‘r in the develdping countries and as well in Senegal.

The outputs are presented as total amount required to support the dlffusxon of SHS PV
system over a period of 200-2015 and meet the policy target of ASER (Annex A, chart
A- 3)

The summary results of the financial plan are presented as below:

Devaluation value 0% p.a. 3% p.a. 5% pa.
Total amount (Million CFA) _ 26,460 - 33,795 39,726 -
Total amount (Thousand USS) 35,280 35,280 35,280

In the case III for the annual growth, 5% of currency devaluatioh, the accumulated
financial support of ASER, including the technical support supposed to be equal to 20%
of the financial support, has been estimated at about 39.7 million CFA, in which the
exchange rate is 750 CFA/USS and 1,222 CFA/USS$ for 2000 and 2010, respectively.

As shown on the above results, the total amount requlred to meet the policy target of
ASER will be influenced greatly by the exchange rate of CFA agamst USS$, the former
of which is rigidly linked to the French francs, eventually to the currency of Euro.

As discussed in the subsequent section the PV market in Senegal is very susceptible to
the external economic and technology development. The management of currency
exchange rate is beyond the power of ASER, even the government of Senegal.
Therefore, it should be noted that the PV rural electrification is not a domestic matter
and the implementétion will be significantly affected by the external economic
development, particularly the change in currency valuation,
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" Table3.5 Pre-Conditions for Financial Analysis

- 50% 4,650 10.1% | -53.7 Million CFA - | . 544! 1'% 16.9% | 0.9 Million CFA
50% 4,890 15.0% | -29.5 Million CFA 5,379 _10% 18.9% { 42 Million CFA
50% 5,130 20.0% -5.3  Million CFA 5,233 2% | 20.8% | 1.8 Million CFA

ROE: the internal rate of retumn on equity, is determined as the discount rate that equalizes the present
value of the streams of financial costs represented by investor’s equity, say “cash outflow” and
profits represented by net income after tax plus (depreciation + amortization), say “cash outflow”
in the international accounting standards, over a period of the project life.
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Annex A
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Chart A-1  Business Model (Draft) Total Manégement by Private Operator under Local Community Initiative

(PPER: Program Prioritaire d’Electrification Rurale)

(ERIL: Electrification Rurale d’Initiative Local)
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Chart A-2 (1)

Chart Summary Table

General Business Model : Summary of Financial Analysis

Gengral Pre—Canditions
Systam Unit 35 wid 300 Unlis
System Unlt Cost 450000 GFA
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Chart A-2(2) General Business Model: Finaﬁcial Analysis

1 Financial Madel for PV Rural Elecivification

(In case of ligwdation)

Pre-Conditions it
1 System Unit C’os.t (55 Wp) (LOJDFCFAY Gapital Structure -
20 & M Cost for Private Operator Set "0 &M and Renewat” User's E g
’ contribution E 5
3 Capital Structure Subsidy 10% S5
Initial Investment Cost 135000 021 USSmnilion 50% @om ratcr's F s
User's contribution 0% 13,500 equity 25
Operator's equity 20% 27000 . 20% E 5 b A L
Loan 20% 27,000 3N ] o I R A . I i
Interest 10% 20% + q'@. & & '?(E.a;e L
Repayment 5400 x 1,000 CFAfyear -
Gragse period 5 years
Repayment period 10 years
94,500 Amount (= Subsidy + Loan) o
Subsid 0% 62,500 ROE= | 13.9% {over apenod of LG years for the aperator's profitability 15000  Profit at sales
4 Others ROE= 17.7% _ Jover a period of 20 years for the operator's profitability. without liquidation
Degreciation method A straight-line method .
Income tax 1nte fup 102006 up1o20ll  after20l2 Tanff setting afer 10 yrears
5 Ty . % 1t 1% | 4—— Incresss in venifl after 10 years
45000 FCFA Fer the inial paymeat which may be regarded as 'User's Gontmbution' | 5,800 5358 5858 :
oK FCFA{Unitmonth For the monthly paymens .
741,000 (Total amounl of war's payment for 10 yvars) 5924  Minimum Accy. Cashffow 4787 Misimum Ace. Cashflow
6 Mo. of Subsertbers 5924  CushPosition after i0 vears 4787 CashFosition after 20 yeor after reduction of the zeplacement cost 139.8
Units -43,980  Far equity iouidasion | where the amount required for replacement be secured, say, Mittior. CFA
18,177 to secure the cash position ea the plus side over a penod oI 20 years
7 Depreciation (USs == 650 FCFA) 1 1 1 1 1 1 1
FCFA/Systern Life 2002 2003 2004 2003 2008 2097 2608 2009 2010 011 2082 2013 2014 2015 2816 2017 2021
FV Module (Wp) 35 180,000 3,600 5,608 9,000 4,000 5000 %060 9,000 5000 9600 %0007 5000  S000°  H000 9000 G000 3000 gLes
Charge conrolier (4) 8 0 4000 4000 4000 4DOC 4000 4000 4B00 4000 4000 4800|4000 4000 4800 4000 4000 4003 4000
Batieey (k). joa ) 83000 20750 20750 0750 2075 - 20750 20750 20750 20,750 20750 20750| 24750 20750 20750 20750 20,750 20753 20750
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Pole, Cable, ete. 1 50.000 3,000 3,000 3,000 3,000 3,000 3,000 3,600 3000 © 3000 3,000 3,000 3,000 3,000 300 2,600 3800 3000
Inszallation, Transport 1 35,000 1,730 1,750 1,750 1,750 1750 1,750 1,750 1,750 1750 - LT 1,750 1,750 1750 1750 1,750 L7500 - L7580
Sub-rotal 1 250,000 48,500 48,500 45,500 48,500 48,900 48,900 43,500 45,900 48500 43,900 48900 43500 43200 48,900 48500 43500  48R00
Difference i 20 0 ] a D N ] o 0 1 0 i B o § - 0 il by
Tetal 440,000 48,500 48,500 48,900 48,300 43,900 48,9¢CC 48,900 43,900 48500 45500 48500 48500 48500 48,900 45500 . 48500  4BS0G
Decreciation 14.670 14.670 14.670 14,670 14670 14478 14,67¢ 14,670 14570 1461  14.670 14670 14670 14670  14.670

14.670 4670

a0doy [Buly

Argunung

[edoung Jo oiqnday a3 uj

1 [RANY] OIBIOAGIOY ] Ue APnS oy,

r
t

uB|] UOIEIIIA]00]



0y

LL
]
H
plus
plus
plus
plus
plus
vhus
4]

Chart A-2 (3) General Business Model: Financial Analysis

Projection of Incorme |
2008 2002 2003 2004 20088 2008 007 2008 2009 2018 mr 2012 2013 2014 2015 2818 207 2021
100 W% 100% 100% 1007 100% 1007 100% 100% 100% 100% 100% Ui 100, 100% 100% 100%:
Revenue 18468 18468 13,463 18462 13458 18837 18837 18337 18837 18.837) 18837 18837 18337 . 18837 IR83IT 18837 IBEFT
Expenses  Dimst cast 3112 5112 FRSYS 3.400 3,600 302 3024 3024 3024 3,024' 302 3024 3024 3024 3024 3,024 3024
Gross Frofic B 13,356 13,356 13,35¢ 14,863 14,868 15813 15813 15813 15313 ISE(3 15313 15813 15313 15813 15313 15813 15313
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Interest 0 1,390 1,890 1,800 1,380 1,390 1,850 1,512 1,134 T36 7 0 a 0 o s ] il
Net Profit C -3.204 -3,204 <3204 -1,692 -1,692 T 363 9 87 755 1,143 1,143 1,143 1,143 1,342 1,143 1,143
Income tax 0 ] 0 ] q 0 0 0 2 8 [} b] 0 0 G’ by g 0
Minirum income tax 0 a 0 ] £ 0 2 0 ] b 0 ] ] 0 0 1 bl i)
Net Ingorme 0 -3.204 -3.204 -3.2M -1,692 -1,692 ~T47 -369 9 357 765 1,143 1143 1,143 1,143 1,143 1,143 1,143
Accumilated Profir 0 -3,204 6,408 9,617 -11,304 12996 13743 (1411 (14102 -13715 12949 15,806 10,662  -5519  -B376 2232 6089 -L516
Debt Finaneing il H 2 k| q 5 & 7 1 g i0 {1 12 3 14 15 14 i
Loan at heg 27,008 27,000 Z7.000 27,000 27000 27000 21,500 14200 19,800 5400 1] b 1] 0 b i) B
Repayment 5400 5400 5400 5400 5400
Interest 0 1,890 1,850 1,850 1,850 1,897 1,350 1,512 1,134 TG 3% 0 g b ] 9 ] of
Loan at end 27,800 27,008 27.00% £7,000 27,000 77000 21,600 16200 10,300 5,400 !
Cath-Flow Stream 2001 2002 2463 2084 s 2086 2007 2008 2003 W0 2011 02 2613 2014 2015 2018 2017 2021
Nt income o 1,204 3,2 32 692 692 -HT -369 9 387 765 L343 1,141 143 1143 L3 1042 1,143
Depreciation ] 4,670 14,670 14,676 14,870 19670 ME70 MG 14870 METD LALTE 4870 MEID METD 4670 145TD 14670 14,67
User's contribution 13,500
Eequity 27,000
Addinonal eguity (Wark 4 bl
Loen 27080
Subsidy 67,500
fainus Repayment 0 bl D ¢ ] § 5400 5400 5460 5400 5400 n 0 ] a 1] o o
minu3 Tniial Investment 135,000 7 ) 100% )
L minus Roglacemet b 0 {4 24900 13500 0 0 24300 o] 27.600 0 3490 0 0 15600 24300 9
PV Module (Wp) 150,600 54,000
Charge controller (A) 40,000 12,000 12,000
Bamtzry (Ah) 83,000 24,900 24,900 24,900 24900 24,900
Lamps 52,000 15600 13,600 15,600 15,600
Pole, Cable, etz 60,000 13,000
Ingtallation, Transport 35,000 10,500
Profit for Supplier ]
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Chart A-2 (4) General Business Model: Financial Analysis

450,000
Net Coshflow 200t 2002 2003 2004 2005 2006 2007 2008 2008 2010 201 02 2013 2014 2015 2016 2017 2021 W
0 11,466 11,966 11466 ~ -11,832 -2.623 8,523 2801 15421 9657 17565 15813  -9.087 15813 15813 213 -5.087 15813
H Accu. Cashflow 1) 11,446 22,832 34.358 22476 19,854 28377 37279 20658 31.315--13751f 29554 20478 36,291 52,104 52,318 43231 106434
Dcpqsill bank rate 4.23% 11,866 23,322 35,581 24,849 23,092 72401 42404 23,225 38842 22598 3RIW 31,425 43,307 65760 68212 61444 136,750

2008

27,000 B
Eguity Portion -27,000
Bank depesit elect for B0% »f o ouistandings
at tha heg. of the vear  Rval Cash.Flow 27,000
Opwalods ROE=  20.8%%
Profitability 50% 27,000 I Liguidation of the operatots equity =
Profit at sale ] | Cuhoutslndings aPler the ligidation =
Operator ROE= -27000 0 0 [} o ] i 0 a o
for 10 yeas) A
Equity owner m +40,500 11466 11856 12,259 10,712 1798 9,308 10,003 +1417% 16817 -16,24% 16582 21755 16882 17,356 2,489 -6,767 19,794
for 20 years) Acon, Cashflow 11,466 TN 33.581 24369 23092 32,401 42,404 28,225 35,362 22558 39,179 31,425 43,307 £5,762 58,212 £1 454 126,750
Balance Sheots
208! 2002 2003 2004 2008 2006 2007 2008 2009 2015 2036 2007 2031
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User's contribution $3,500 13,500 13,500 12,590 12,500 13500 13,500 13500 15500 13,500 13500 13,500 33500
Additional squity ] B bl 0 0 0 0 | ] ] 0 9 [
Eqiy 70D 27000 27000 T 7000 27000 7700 770 27000 27000 000 2700C
Retairied eapings”. L 0L 830 L e gag a0 e s s Lo a L AmE T a1 T 3
Subsidy 67,500 67,500 57,500 67.500 £ 67500 67500 7300 47,500 67 2500 G500 ¢75D0 7500
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Chart A-2 (5§} General Business Model:

Financial Analysis

Cashflow Stream & Coash Positdon (Case 2) 2002 2002 2004 2005 2006 2007 2009 2009 2010 200 amz 2013 2014 015 pint 2017 2021
(Ir: case of 24 Lywidakon) Cashllow 11466 11836 12259 -i07:2 -7 - 8308 10003 414,179 10617 -16244 16582 . 7755 16382 17456 244 6767 197791
Acgcu. Cashilow 11,466 23,322 35.581 24,869 23.092  3240r 424D 28225 38842 22558 IWITH . 31425 48307 45762 63212 6144 136790
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Chart A-3 General Business Model: Financial Analysis

Annax B } Pra-condidons
1 Financial Plan for PV Ruval Elecoification ™ Case 111 No. of tofal installation units : 70,000
1 Engiish, 0 Fzench . Subsidy rare ;. S0%
2000 200t 2002 2003 2004 2005 . 2006 2007 2008 2009 2016 013 a0z w2 014 2015 Tomai
Installation Units (55 Wp) 4,030 2000 2,008 2,500 2,500 6,000 6,000 - 6,000 6,000 G000 6,000 6,000 €.000 6,000 €0t 70000
Price of PV System i USS 600 400 600 400 600 608 600 660 600 600 600 600 600 400 600 600
Ruchangs rats US§ ] kLE] 37 263 i a7 1,005 1,055 1,108 1163 1,222 L222 1222 1222 1,222 1222
Price of PV systemin CFA 450,000 4TL500  4B&I25 520531 546978 ST4317 603043 433095 G642 MOR09E TIRH03  TALO03  7TI3O0  7IL003 73RO0 731003
Subsnidy 50% 0% %% 0% 50% 50% 0% 0% 0% 5% =) 4 3056 bl 0% 58%
Anntal reduction ln ribaidy % o 0% 0% % 124 % 0% 0% e W 0% 0% % o) e %%
Loan 2% i A 2% 0% 20% 0% 20% 20% 0% 0% 20% 0% 20% 20% 2
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