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PREFACE

In response to a request from the Government of the Republic of Zimbabwe, the
Government of Japan decided to conduct the Study on the Promotion of Photovoltaic Rural
Electrification in the Republic of Zimbabwe, and entrusted the study to Japan International

Cooperation Agency (JICA).

JICA sent a Study team, led by Mr. Takayuki Tani of the Institute of Energy Economics,
Japan and organized by the Inslitute of Energy Economics, Japan and Fuji Technosurvey Co.,,

Ltd. to the Republic of Zimbabwe six times from January 1997 to December 1998

The team held discussions with the officials concerned of the Government of the
Republic of Zimbabwe, and conducted related field surveys. After returning 19 Japan, the

team conducted further studies and compiled the final results in this report.

I hope this report will contribute to rural electrification development in the Republic of

Zimbabwe and to the enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of the Government

of the Republic of Zimbabwe for their close cooperation throughout the study.

March 1999
@MS”Z

Kimio Fujita
President
Japan International Cooperation Agency
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March 1999

Mr. Kimio Fujita

President

Japan International Coopcration Agency
Tokyo, Japan

Dear Mr. Fujita:
Letter of Transmittal

We are pleased to submit to you the report of the Study on the Promotion of Photovoltaic Rural
Electrification in the Republic of Zimbabwe. The report contains the formulation of the Rural
Electrification master Plan, the results of the feasibility studies from the pilot monitoring project and
recommendations. At the same time it reflects the advice and suggestions of the authorilies concemed
of the Government of Japan and your Agency. Also reflected are the comments of the officials of the
Department of Energy (DOE) of the Ministry of Transport and Eneirgy, the Zimbabwe Electricity
Supply Authority (ZESA), the Project Management Unit (PMU) of the UNDP/GEF Project and the
Solar Energy Industries Association of Zimbabwe (SEIAZ), through the discussions in the Advisory
Committee and the mectings with the Counterpart Team for this Study held in Harare from time to
time in the study period.

This report presents the rural electrification master plan of utilizing photovoltaics system.

The master plan suggests the electrification of 150 thousands households in 20 years, considering the
number of un-clectrified rural household and their economic sitvation. The total investment is
expected as much as USS 108 million and the Energy Supply Company (ESCO) method is
recommended to implement this rural electrification

The prerequisites for this viability, however, are the positive participation of ZESA and improvement
of the quality of system components supplied domestically.

The Government of Zimbabwe already recognized such necessity through discussions.

In view of imporlance of the electrification in rural areas of Zimbabwe and the expecicd improvement
of the basic life condition of the rural people, we recommended that the rural electrification master
plan should be introduced with top priority in the country.

We wish to take this opportunitly to express our sincere gralitude to your Agency, the Ministry of
Foreign Affairs and Ministry of International Trade and Industry. We also wish to express our
deepest gratitude to DOE and the authoritative government agencies concerned of the Republic of
Zimbabwe for the close cooperation and assistance extended o us during the period.

Yery Truly yours,

Takayuki Tani

Team Leader

The Study on the Promotion of
Photovoltaic Rural Electrification
In the Republic of Zimbabwe



VIIV NOILVTIVLSNI LOH L OYd LOTId VOIL

A _..m_cm\.?. S \Li_}._._.._ ai 3.,_3: ._6.9 7] e et

m:ro._om_u
_._Boﬁ_oﬁzi.n.
}

{ . .

’ h\ ’ ! .J __.“ \..l.\\)..

1 Mg o;mkn_:me RN 5

-

..........I 1;\ - ..,.:r..J ,L ‘L N

N\ J ,
H..f ] S f/ M . K
= | spuelpINC . /
puefeolely  “S._. 7 . L S
R T . A . c o
ST . . N SR
g L - M w97.‘f:._ K .
YHoN ncma_@nﬂuz y , L
lllll e L amIteD L
...... i~
..... _..;,:..,..1.- e
/. 9SeYd 1S [EAuEY | PUBIBUOUSEW 7= L 2 o
BAIY. ISBUJ 35| pUBIRUOUSEN - _ AT o ¢ e,
i ueld J33seN . : . T eday 300l 0ug ;o
m apat o v . i b . . .... i’
AL ; _,

oW InAN T

L
:

b
v
.

e - L3




ELIS NOILVTIVISNI LOAL0Yd LOTId VoL

'’ o..nim.\nmm b
RaIY TONIRT[CISUT PIOYSENOTT A ’

S nmep

e

-
T e ¢ . . |
| o . | e TP IS
[ - ) | | ...
. . o ] N
IOV BT YO , o .
. S TE . . ]
Y R ‘ o
.
i -

QAAEBARIING T

.

- RIS L .P_.._cmn:ﬂad
: GoupIRG B R

: o,
QUCIOUBLIBLT LN e nu ) Ty
) e : - Aot o .,.J_.... ﬂU..r [
- S T . . Lo aaepe
. . e .. v o™ ﬂu . . u.;ie._..ﬁr, ] .
B A0 : - - T T LRI, eEeAy . . Tl
. BWRZEROL T TN - 0. . 3
S AR O ot RN . - . -
. o - S .”. .. . OGCGEOZ [ ST AR ?.-D R R
. ) oM™ O Con - -
S o R S = SRR D o
aresRy® reeong . : A R s, . .
L MU -0 ; : : .‘ P SAEL IR S s
L LROOUSE PTG © T o s anae Gl - ! o ) . s
W' BEnewma eaomAng ., et N ' e
L .. 4. tiy -

R FOXY UOTIBITEISU] PIOYHNOL]
EZENe :

apep D
B ey -

A e







Zimbabwe Map

Inkomc@

Master Plan 13! Phase Area

44— Mashonaland East

Fowatawa

" Nyornanyore

O Chiuny2

0 OXondo

Shinga® O Maserakula

Coromontzi®

@Koiwa

©w
Cho&wa O Suskwe
C Chindengo O Nyaratawe
O Kaweru Gozi
YKatiyo o Katsande ]
. |Nyamuzuwe Motasa @ O  OMokoha
Karimbika O
Nyamaokoge © OMudzonga OKapondera
. < Opushimbo .
Nhekiwa O OMuslwe © Mutoko  NyamuziZi
QO

Modamambe *Kanyemba
& 8osh . ,
Makumbes rutope 0 Mashounaly East  Provizce
. ant I;’i:)e . G Chiparombi O higweru N g
' . o 6kambom|. ‘ S Huyuyu
Gwenp” Moo % Myamutumbu({@)Z° B Chitowa ( Mukarakate
A iyabi HarareNgat O Chitate
yabira Musami )
A o
; Homg! o O Kadzere Mushoninga
Wagten - ) Bwanza G 0o
E’ Y sturus
et ® HARARE o Cb.mylkqo OKadenge
Rusnke

- * Chitgdawiz
a_igqngﬁg/\'%é ~QHurisa

Go :
Vera O (®)n i Macpeka

gowortEl

N

Goromon;e
Me

n¢ra ff  Chinmamhu

Harare Znhkate S OMutan adu@\

© Charailes

(_/-—/

South Nyernb0'3 2 orondera
Mudzimirema { O Sadza order JE_ ~
Ch \ -
eqglrice .
Mohusekwa
Ctokadini F @
Ohirihoro

© Chimbwanda

Marondera South

HwedzaNo

Hwedz

endenyore @
C Garaba

( Dov

e}
OIO Madzimba

Makonda

Master Plan 1% Phase Area

' Euek

° |
| o

Seale

District Service Centre

Rural Service Centre

Secrvice Centre in Commercial Areas

A3kV  Line

88kYV  Lire

132kV Line

330%V Line

Substation



LIST OF ABBREVIATIONS

AFC
ADB
ARDA
ARDC
BUN
CBO
CLF
CRF
CSF
DOE
bSC
GDP
GEF
GOZ
v
IPP
JICA
LED
ESCF
MOA
NGO
ORAP
PCB
PGF
PMU
PV
RAF
RDC
RC
RE
REP
RSC
SAZ

Agricultural Finance Corporation

African Development Bank

Agriculture and Rural Development Authority
Association and Rural Development Councils
Biomass Users’ Network

Community-Based Organization

Communal Land Farm

Capital Recovery Factor

Credit Support Fund

Department of Encrgy

District Service Centre

Gross Domestic Product

Global Environment Facility

Goverament of Zimbabwe

Current/Voltage

independent Power Producer

Japan International Cooperation Agency
Light Emitting Diode

Large-Scale Commercial Farm

Memorandum of Agreement
Non-Governmenlal Organizalion
Organization of Rural Associations for Progress
Print Board Circuil

Parastatal Government Farm
Project Ménagemcnt Unil
Photovoltaic

Resettlement Area Farm

Rural Dcw;relopmcnt Council

Rural Centre

Rural Electrification

Rural Electrification Plan

Rural Service Centre

Standards Association of Zimbabwe



SEDCO
SEIAZ
SADC
SAPP
) g SCN

’ SRN
SSCF
UNDP
WAPCOS
ZESA
21C

Small Enterpriscs Development Corporation
Solar Encrgy Industrics Association of Zimbabwe
South African Development Commission
South African Power Pool

State-Certificd Nurse

State-Registered Nurse

Small-Scale Commercial Farm

United Nations Development Programme
Water and Power Consultancy Services
Zimbabwe Electircity Supply Authority
Zimbabwe Investment Centre



#?‘:‘“Ir.hi i

Study on The Promotion of
Photovoltaic Rural Electrification
In The Repubtlic of Zimbabwe
Draft Final Report Sumnary

Table of Contents

Map-JICA PV Project Installation Site

1. Dulline of the SHUAY oo e e st e bers s 1
1.1 Objective 0f TRE SIUAY c.ovvvieereieciinsn e s s e 1
12 Background of the stugy ..o e 1
1.3 Survey SChedule s 4
14 Counlerpart and concerned OrgaMIZAONS .o rviecrereesrrmres s sreeresesessssresssnn s inias 4
2. Policy and Contents of the StUGY ........cooeceiviiiniicecnennreccrien JRT 5
2.1 Policy and flow of the Study ...t sseeaenr 5
22 Major study contents by field ... e 5
3. Overview of Study Resulls .o rr bt 9
31 Evaluation of GEF Project ... ivimcceneesessisc e srecnsssscssessnes coes 9
32 Scheme of HCA pilol Project. . i s s 12
33 Implementation of the pilot project and its evaluation .....c.iieviennienninnn, 13
34 Social smve.y of farming VIHAge ..o e 16
35 Economic eVAluAlIoN.........oooo it 17
3.6 Consideration of financing SYSIeM......c.cccmi i nenere e srnes e serescnens 19
4. Basic policy of PV-based rural electrification PIORIAMS cevevrirrerserecerererniennens 22
4.1 Sclection of electrification approach.. ..ot 22
4.2 Managing organizations and their cOmMpPOSIION.......coiviicineeree e, 22
4.3 SYSIEM AOSIBI .ottt ettt e st sar e e e s e i e 26
4.4 Targets of PV-based electrification and electrification goals.........ccoevvivenennnn. 27
5. Master plan for the implementation of PV-based rural electrification ........... 29
5.1 Action program for iMPIEMENIALION ........cvvervrrivieeresrss e sressse e sererecssssrennes 30
52 Funding plan and cash oW ... e 13
53 RecOmImendations. ... s 37
5.4 CONCIUION. ..ttt e e ettt se e ebr s ene s 37



¥

Tables

Table 1
Table 2
Tablc 3
Table 4
Table 5
Tablc 6
Table 7
Table 8
Table 9
Table 10
Table i1

Table 12
Table 13

Comparison of Replenishment to Interest and Subsidy to Initial Cosl........... 20
Characteristics of Candidate Organizations for ESCO ..., 23
Roles by Past ............... OO UPP U TOV SO OROTOOOS 24
StAandard PV SYsSICms .ooieviiiineirerseeieecen et 26
PV System Instatlation PIans ..o 27
Expected Staffing Requircmcents{Last fiscal year every 5 years) ..................28
A List of Actions for PV-based Rural Electrification ... 31
Unit Cosls and Usable Lives of Systent Components . 34
Unit Costs of Personnicl EXpenses  coiimmessniencnnesiescnns 34
Objectives Of €56 SCHINE .vvvevvieriniie i s 35
Breakdowns of Required Funds, Term for Cash Flow Calculations and

Calculation RESUIES .v.vvvicveiivcsiassiaseessenessssssesesnssess et sesenssrsasesesnsensensases 35
Sensitivily Analysis (Case B) cciiii i e 36

Comparison of Lifelong Costs



Figures

Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5
Fig. 6
Fig. 7
Fig. 8
Fig. 9
Fig. 10
Fig. 11
Fig. 12
Fig. 13
Fig. 14
Fig. 13
Fig. 16

Electrificd Acca and Un-electrified Aea .o, 3
Diagram of JICA Study Scheme ..cvvcnsisin i, 7
GEF Project SChTINE civiveitiiireec s e s s I
JICA SCRCINE vvieivirsvreenrir ittt e s s p bR SRR s sinesane 13
Comparison of PV and Grid EXIEnsion ... 18
A Simulated Organizational Chart of XESA-Solar ..o 25
PV Rural Electrification EStmated SCheduleS .ovmere.r. e seesmeesnisesssrescnsen 29
Supporting Program for PV Eleclrificalion ..., 29
Work Schedule for Rural Electrification Plan by PV System.......cccoiniienrnnn 31
General Household User PV SYSIEM coinirioiiiicsnsssssnsssssens 33
Cash TLOW 0f CASC AL vrovierveeennn sttt e 39
Cash FIow of Case B e onssasestaonnes reseeen 39
Cash FIOW 0f CASE € .ucovreriemrnmenrsnssesinietsesissiess s s assssssssssassssssssaseses 39
Cash Flow of Case I} oo s 40
Income and Expenditure {Case D) ..o, 40
Sensitive Analysis {€Case B) o 40

iii



1. Qutline of the Study

1.1 Objective of the study

This study is designed to help prepare a photovoltaic {(PV)-based rural electrification

project in which even the low-income class can parlicipate,

1.2 Background of the study
1.2.1 General situations of Zimbabwe

According to a survey conducted in 1992, Zimbabwe has a poputation of 10.4 million.
Of a total of 2.16 million households, 70% live in local (rural) areas.

In 1994, gross domestic product (GDP) amounted to Z576.2 billion, or 237,200 (approx.
US$850) per capita.

Major domestic industries are manufacturing (mining), agriculture and tourism,
Principal export items are mineral products, such as gold and nickel, and farin products like
tobacco and cotlen.  Zimbabwe is almost self-supporting in food,

The latest survey (1997} conducted by JICA unveiled that an annual income of general
households averaged 7336,000(US$3,000) nationwide, and around Z$26,000(US52,200) among
the unelectrified households,

Agriculture involves the commercial plantations run by large-scale farms, the nationaily-
developed communal plantations, and the rescttlement plantations.  Compared with the
commercial plantations, the common and rescttlement plantations are lower in productivity,

which results in lower incomes for the farming families there.

1.2.2 Eleétﬁcity Supply and rural electrification in Zimbabwe

ln"Zimbabwe electricity is sup]ilied with coal-fired pawer generation (fueled by ample
coal found in the country), hydro power generation primarily by the 1958-built Kariba dam, and
purchased power through the international grid interconnecied with ncighboring countries,
Generating capacity amounts to about 2;000MW. Of about 10,0006GWh supplied in FY1995,
roughly 309 was covered by purchased power from abroad.

On the demand side, the greater part goes to industcy and commerce.  General
houscholds account for about 2056.  Per capita electricity consumption is 2.5kWh/day, which is
about 1/15th of the world’s a\."erage.

In Zimbabwe nationwide, aboul 30% of houscholds are electrificd. 'The houschold
electrification rate exceeds 70% in urban areas, but remains below 5% in rural areas. Dy
province, the electrification rate is 25% at its highest, and below 10% at its lowest,

In its effort to promote rural electriflication, the governnient initiated in 1997 a ten-year



progeam, under which local economic centers, including DSCs (District Service Cenltres) and
RSCs (Rurat Setvice Centres), are electrificd by extending existing grids. No special
electrification programs are planned for general households (I'ig. 1).

1.2.3 PV introduction in Zimbabwe

Zimbabwe is rich of solar cnergy resources, and supplied with solar energy equivalent 1o
about 2,000kWh/m a year. In 1993, partially financed by UNDP, the GEF (Global
Environmental Facility} project started, under which a total of 9,000 household-type PV
systems of 45W-PV module type were to be installed in five years, Also, in 1996, Harare
hosted the WSS (World Solar Summit 1996), where the “Harare declaration on sustainable
development of solar energy” was adopted.  Since then, Zimbabwe, which chaired the Summit,
prepared a decade-long solar energy ulilization program, or Zimbabwe Solar Program 1996-
2005,and called for financial cooperation. On top of houschold-type PV systems, this program
plans PV walcr pumping, public facility-use system, mini-grid PV system, etc.

Zimbabwe has some 50 firms specializing in the supply of PV-related equipment and
system installation. ‘They are engaged in such corporate activities as the manufacture, imporl
and sale of PV-system component equipment and their installation. The majority of them are
small and medium sized firms, each with less than 20 employees and annual sales of below
US$10,000.

Along with the implementation of GEF project, these firms established SEYAZ (Solar

Energy Industries Association of Zimbabwe), which is active in infermation ¢xchanges and PR
efforts.
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1.3 Survey schedule

Year ' month

Major works

Preparatory  works | Jan. ‘97 To prepare and send an inception report (ICR).
athome g :
1st ficld survey Fcb.-Mar, ‘97 Explanation of ICR, preliminary suwrvey on
monitoring system installation, refercnce materials &
data gathering {electrification program, loan system,
ee)
Ist domestic { May ‘97 To analyze collected reference materials, prepare a
| survey . prograss report,
2nd ficld survey July-Aug. ‘97 To explain the progress rcport, install monitoring

systerus, iniliate the operation, conduct (commission)
a social survey.

3rd field survey Oct.-Nov. ‘97 To clucidate the problems identified through
moniloring, and instruct how to solve the problems,

2nd domestic | Jan, 98 To prepare and send an inlerim report,

survey

dth ficld survey Jan.-Fcb. ‘08 Explanation of the interim repor!, and data gathering
on monitoring conditions, GFP project, etc.

3rd domestic | June-July ‘98 To prepare for drafting a final report.

sutvey L '

Sth ficld survey July-Aug. ‘98 To expand the capacity .of monitoring systems, and

pather data on moniloring conditions.

6th ficld survey

Dec. ‘98

To explain the drafied final report.

1.4  Counterpart and concerned organizations

Counterpart:

DOE (Department of Encrgy, Ministry of Transport and Energy)

Advisory committees:

DOE,

PMU (Project Management Unit of GEF),
ZESA (Zimbabwe Electricity Supply Authority),
SEIAZ (Solar Encrgy Industries Association of Zimbabwe),

BUN (Biomass Users Network)s

AFC(Agricultural Financing Corporation)'




2, Pollcy and Contents of the Study

2.1 Policy and flow of the Study
2.1.1  Study policy

In reference to the implementation resulis of GEF project, it is hoped to prepare a rural
electrification program which allows the participation of the houscholds of the lower income
class. To that end, through the installation and management of moenitoring systems, problems
are found in both management and technical processes.  Then, how to solve such problems is
considered and transforred to the wural clectrification program to be prepared. At the same
time, in order to estimate demand, select supporting measures and evaluate economics, specific

surveys are conducted relative to the village socio-cconomic conditions, Ioan system and

economic conditions,

2,12  Flow of the study

The flow of the study in preparing a rural electrification program is as iltustrated in Fig. 2.

2.2  Major study contents by field
2.2.1 Study on managemeni:

By identifying and analyzing what problems aros¢ in the implementation of the GEF
project from various materials gained from the preliminary study, a pilot project which can
eliminate such problems is prepared.

Under the cooperation of our counterpart and local administrative organizations in
Zimbabwe, the areas and houscholds where the PV systems are installed for the pilot project are
selected.

The fec for PV system use {s sct with reference to the resulis of a village socio-economic
survey and the GEF project.  An operator of the pilot project is selected among NGOs having
experience with PV-system installation/management. The operator is requested 1o colleet
management-relevant data, like the rate of collection of fees. By analyzing its operation and
management resullé, the results will be used in the preparation of a full-scale rural electnification
project.

To determine whelher a system sales or an electricity supply service is more practical for
PV system-based rural electrification, the lwo approaches are compared in reference to the
results of GEF and the pilot project. If the eleciricity service approach, an ESCO (Encigy
Service Company) approach, is to be introduced, the qualifications for an ESCO are considered

in comparison with ESCO-candidate organizations in Zimbabwe.



2,22 The sindy in technical terms:

A 25Wp system is designed for the pilot project.  Then, by measuring the charactecistics
of the locally avatlable PV-system componcents, some are selected, or employed in the 25Wp
system after design modification and trial manufacturing, as nccessary.  In the processes of
product quality inspection and trial manufacturing, product quality problems are pointed out and
methods to improve manufacturing technologics are proposed.  Also, by checking the system
installation work, how to improve that work is proposed.

The opceration and maintenance conditions are analyzed from the data logger records,
local technician’s maintenance records, clc., so that the way users operate the systems can be

learned and used in the preparation of designs for the full-scale rural electrification project.

2.2.3 Survey on farming village sacielies:

How much potential PV demand can be expected is estimated by surveying electricity
necds and economic conditions in Zimbabwe’s rural areas.  Also, through a survey on the state
of use among the currently PV systeni-cquipped houscholds, existing problems are learned.

The survey is consigned to a local consultant and made in a questionnaire style. The
survey targels arc unelectrified houscholds and households alrcady cquipped with PV systems,
200 each, as well as unclectrificd and already PV-equipped public facilitics, 50 cach. Because
the ultimate PV-based clectrification project is designed to be nationwide, the questionnaire
must cover a numbcer of provinces.  Provincial characteristics, such as average income,

population density, clectricity needs, are examined as well,

2.2.4 Economic evaluation:

To determine the economics of the PV power generation system, ité cost is compared with
the cost of a grid extension from the electric utility’s system in an effort to verify the
appropriatencss of PV power generation syslems as an option to meet limited electricity needs
in rural arcas. At the same lime, in order to learn econamic effecls :(Sf PV-system penetration,

the extent an increase in the added value of PV system installation can contribute to GDP is

analyzed,
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2,25  Consideration of financing system:

The study of the financing system is conducted in order 10 propose an effective loan
system for both the users and systemy providers (those responsible for PV system lease or
installation), and covers the loan system involved in the existing GEF project.  Finance
systems employed by other developing countries in their rural clectrification projects awe
checked as well.  Also, a questionnaire is sent to PV-related firms in Zimbabwe to lcarn what
problems are involved in the oxisting financing system.  Then, how such problems can be
solved is considered.

2,2.6 Preparation of a master plan for PY -based rural elecirification

What should be done by individual organizations/agencics in promoting rural
electrification programs is specified.

By cstimating the number of houscholds subject to PV-bascd rural clectrification, specific
targets for such electeification programs are set.

By varying assumplions, varied cases are prepared and studied, for which cash flows are
calculated by cstimating, or sctling, the required funds, fund-raising methods, and the charges ta
be caollected.



3. Overview of Study Results
3.1 Evaluation of GEF project

The GEF project is a scheme to allow potential users to buy PV systems easicr thanks to a
revolving fund which permits purchase on 2 — 3-year installments at 15% interest, compared
with the high market rate of 35-40% in Zimbabwe.  Also, as the managing organization of the
project, PMU was created.  PV-syslem pauts impocted by the PMU were cxempted from
import tariffs so that the system installation cost could be lowered.  System installation was left
to private firms, while maintenance was done either by the installation firms or the users by
themselves.  ZESA and NGOs partially participating in the project as sub-management
organization and expected to install S00 and 160 systems respectively.  The system instailation
cost was paid by AFC to the installation firms to be later reimbursed by the users in installments.
The scheme of GEF project is illustrated in Fig. 3.

(1) In what points GEF contributed to the spread of PV systems
® With more than a few thousands PV systems installed in Zimbabwe in a short period, the
GEF project demonstrated that PV system was an effective electricity supply system in
unclectrified arcas, and thus allowcd those who live in unelectrified rural areas to have
the hope that they could use electricity.
® As a result of their participation in the project, the PV system parts makers and
installation firms could acquire relevant technologies.

® The project made ZESA morc interested in the potential of PV-based rural electrification

than cver.

{2) P.roblcms identified through GEF project

® Because the term of loan repayment was as short as 2-3 years, and because a down
payment equivalent 1o 15% of the system price was required, those who could buy a PV
system were limited to a few classes, such as affluent farmers, teachers and other
salaricd workers.

® Locally-manufactured PV system components had quality problems.  During the initial
stage, the GEF project employed locally manufactured patts when avaitable.  But, some
of them were poor in quality and caused problems with the systems. Despite their
efforts to test many products and improve them, almost all major parls were imporl.ed by
the lime the project was over, '

® The installation firms were poor in their level of technical capability.  The GEF project

left the system installation work to the installation firms under given technical standards.
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But, post-installation inspections made by PMU staff showed thal their work should be
improved in many points.

Because the whole arca of Zimbabwe was applicable to the GEF project, and because PV
systems were installed for ail the applicants who satisfied loan qualifications, system-
equipped houscholds were scattered nationwide,  As a result, the burden on a limited
number of PMU inspection staff kept mounting along with progress in the project to the
cxtent that the conditions of the systems instatled nationwide could hardly be determined.
In regard to the maintenance of PV systems, the PMU responsible for the management of
the GEF project required the installation firms to offer post-instaltation service for a year
after they installed the systems.  Afierward, the users, ofien having scant knowledge of
PV system maintenance, were required to take care of their systems,  Accordingly, poor

maintenance is expected.
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3.2

Scheme of JICA pilot project

The scheme of JICA project is designed in consideration of GEF project and situation of

Zimbabwe, is shown in Fig. 4. The main emphasis points are follows:

H

()

1G9

®)

The JICA project is designed 1o develop a scheme which can be padticipated in by the
lower income classes.

With the JICA project, PV-system componcnts are procured from domestically-
manufactured ones as much as possible.  To that end, a controller applicable to a very
smali-capacity PV system (25W class) was developed and employed in the PV system of
the JICA project And technology transfer was made to enable local manufacture of the
controlier,

With the JICA project, a managing organization which can ensure a continuity of setvice
is cstablished.  The organization is responsible for the maintenance and management of
the installed PV systems so as 10 guarantee the sustainable usc of the systems in the long
run.

With the JICA project, local cngincers are assigned under the managing organization.
They are responsible for PV-system maintenance.

A training facility for local engineers and system installation workers is established in

hopes to upgrade their maintenance and installation technical levels .
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3.3 Implementation of the pilot project and its evaluation

3.3.1 Evaluation in management terms

(1) In order 1o allow easier participation by the low-income class, the JICA project employed
the institutional approach of clectricity supply service, which allowed the users to pay the
charge for electricity use, instead of buying a PV system.

(2) Evaluation of PV-system components is détailed later in the section on “evaluation in
technical terms.”  Overall, existing domestically manufactured components have quality
problems.

(3} The JICA project contracted with a NGO as the managing organization and entrusted to it
the management and maintenance of the pilot projcct; as well as the collection of charges.
Because the users consumed more eleclricily than originally expected, suppliers were lale
in their deliveries and because poor-quality PV system components caused inilial
problems, it took more than the expected time before the management could be stabilized.

The NGO was found weak in disciplining users for for illegal use and non payment of fees.

i3
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Among other factors, the distant location of the NGO office from the scrvice arcas had a
negalive effect on efficient management,

Local technicians actually responsible for the maintenance work were sclected among
several local candidates in the service areas after receiving training at a JICA-sponsored
training course. It was cstimated that a tocal technician, once cxperieaced, could cover
mor¢ than 100 houscholds per month,

The salary carners can be charged cvery month, but it was confirmed that farming familics

would be better served if charged once a year during the harvest time.

2 Evalsalion in technical terms

(1) PV-system components:

a.

)

a.

The same imported PV modules as in the GEF project were employed, and they produced
no special problems,

Domestically-manufactured batierics were purchased and placed in use. Because of
greater electricity consumption by the users than originally cxpccled, and because of

inappropriate settings of the charge controllers, many problems were caused, includingthe
early failure of a number of batterics.

While domestically-manufactured controlters were used during the initial stapge, the charge
controllers were replaced with improved oncs which consumed less electricity, which were
again replaced with a further improved model. Not locally available, the parts for the
impraved model were procured and assembled in Japan.

Of the fluorescent lamps actually installed, about 1% failed and had to be replaced with new
ongs,

System installation work:

The workers were rough in instlalling the system, Without having appropriate tools, they
often damaged the wall and roof while installing the systems. They were instructed 10 use
appropriate tools and work more carefully but in most cases no change in performancé was
seen..

Neither the azimuth and nor the tilt angle of PV modules were set correcily. The workers
did not have necessary instruments and tools for accurate setfing and some did not
understand the concept of ahgle and azimuth. They were instructed how to use some
simplificd tools and how to make reliable instatlation.

Some wiring work was as poor as connecting the system to the battery simply by winding
the wire around the terminat,

14



(3) Data logger-based evaluation of operating conditions

a.

Sunshine data used in designing wcere those conventionally collected by the Harare
mcteorotogical obscrvatory. It was confirmed that the data were little different from
actually measured data in the pilot project districts.

As for opcrating characteristics of the charge controller, the locally-manufacturcd one first
instafled was found to have its HVR {high voliage rcconnection) set at 12.5V despite the
specification of 13.5V. This caused difficulties in recharging, and made the recovery of
the battery slow.  The improved model demonstrated operating characteristics exactly as
cxpected.

Operating conditions of the systems instalied at public facititics showed that medical clinics
consumed less clectricity than expected, thus leaving room for incremental eleciricity vse.
As for the systems instalicd at schools, the maintenance was left to the schools.
Accordingly, there were big differences in battery conditions between those having rendered
good maintenance work and others which did not.

Operating conditions of the systems installed in households showed that, due to greater
clccfricily consumption than cxpected, the systems were running at full capacity.  While
the systems weee designed with some allowances in the amount of sunshine, ctc., electricity
supply was somctimes interrupted when non-sunshine days continued so long that charging
fell short. The greater electricity consumption is attributable to the fact that many
households consumed electricity for not only lighting, but TVs as well.

Users” evaluation results showed that the number of the users who answered that they werc
satisficd increased from 44 in December 1997 to 84 in April 1998 The outcome
suggested the system use enfered the stable stage with a falling number of initial troubles,
The greater part of the troubles were related to the charge contraller and battery.

However, since August 1998 after only a year when the systems were installed, a lot of local
made balteries with low terminal voltage had been observed.  These conditions showedthat
the lives of the batterics were running oul. Therefore, JICA decided (o replace these
batterics to reliable imported batteries.

In the process of mdnitoring; it was found that the users consumed more clectricity than
expected and that many users hoped to increase the capacity of their systems.  Accordingly,
hy designing a larger SOW system and confirming that the capacity expansion could be
made with a minimum additional investment, capacity was expanded upon the users’

request.
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A4, Social survey of farming village
341 General descriptions of agricultuve in Zimbabwe

How the farmlands were categorized in Zimbabwe, what crops were raised by type of
farmland, and what were characteristics by type of farming, amang others, were surveyed. By
type of farmland, Communal Land Farm (CLF) has the largest population, Accordingly, the
most popular target of PV-based cleetrification will be farmers in the CLE

Major farm products arc maize, wheat and cotton.

342  Results of the rural socia-cconomic survey

Covering 200 unclectrificd houscholds, 200 PV-cquipped houscholds, and 50 each of
unclectrificd and PV-cquipped public facilitics, a survey was conducted to kearn their economric
conditions, electricily needs, expectations for PV system use, and other needs. The survey was
conducted by a local consultant firm. The survey targets were distributed in six out of the eight
pravinces nationwide. They considered of 81% of CLF arcas, 9% of rescltlement areas, and
10% of others.

By occupation, the largest portion of the target interviews were farmers, followed by
schoal teachers, the third largest were those in the service induslry, typically shops,

Annual income averaged Z$36,000. But, the gap distinct between the unelectrified
households {Z$26,000) and the already PV-cquipped houscholds (2$42,000).

Looking at electricily-consuming appliances and fluorescent lights in ﬁsc, 90% of the
surveyed households posscssed radios, and 45% had TVs. Even 22% of unclectrificd
households had TVs running on car batterics. Unclectrified households provided lighting with
kerosene lamps and candles. The lighting expenses amounted to Z$60fm0nth for unelectrified
houscholds, and Z$120/month for PV-equipped househ(;lds.

3.43  Resulls of PY-user interview survéy on system use

The average capacity of the PV system-cquipped households is 40W. Since 1993, where
the GEF project staried, the number of PV-cquippcd houscholds has been incrcasing. Of the
PV-equipped houscholds, 78% have black-white TVs. They consume electricity for 3-4 hours a
day. Aboul half of the PV-equipped houscholds bought their PV systems for a lump-sum
payment, and the remaining half in installments. A PV system was priced at 237,000 on
average. '

In regard to their inteoduction of PV systems, 0% of the houscholds answered they were
satisfied or almost satisfied. Questioned about what effects of the PV introduction, many cited
that their entectainment hours increased, homework could be done easier, housekeeping could

be done easier, and they became more infercsied in the outside world than ever.
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Questioned about what new and additional clectric appliances they hoped to have in the
future, many cited refrigerators, TVs, fluorescent tubes, and radio/radio casscties, among other
things.

Direet intceview survey conducted by the Study Team with JICA monitoring PV-system
equipped houscholds in Kadoma district (both 25 and 56 watl) by the JICA system showed most
or 93% of them are satisficd very much with their system including houscholds felt just about

(nearly satisficd) due to still small capacity of the system than the families’ needs.

3.4.4 FEstimation of potential PV demand

Potential demand for PV power generation is gained by cstimating how many houscholds
could afford PV-system introduction in cconomic terms.

If 2 50W PV system is installed in use, the annual charge for usc could be set in three
ways, Z31,400, 732,100, and 733,400, by varying the assumptions for the system cost and
interest,

Given that the lighting cxpenses in annual income is less than 4%, the currently
unclectrified houscholds for which the charge for use slays within 4% of their annual income
are taken as potentiat demand houscholds for income reasons. Then, on the assumplion that the
distribution of annual income would be a logarithmie normal distribution, the calculation resulls
showed that, as of 1997, those which could afford the charge of Z$1,400 (with an annual income
of over Z$35,000) numbered some 300,000 houscholds, and those able to pay 232,100 (over
2$52,500 income) aboul 160,000. Even thosc able to pay 233,400 (over Z385,000 income)
numbered as many as about 70,000 houscholds.

3.5 Economic evaluation
3.5.1 Economics of PY-based electrification vs. grid exiension
(1) Estimation of generating cost in Zimbabwe
How much coal-fired power gencration cost in Zimbabwe was estimated from ZESA’s
data. ‘The result was Z$0.23/XWh (Z$10.8/US$).

(2) Estimation of PV system cost in kWh terms

Taking the PV system installed under the JICA pilot project as an example, how much
PV-bascd power generation cost was eslimaled by assuming the usable tife of the PV module at
20 years. On the assumption that a battery and a charge controller would be usable for 2.5

years and 5 years, respectively, the cost could be put at about Z835/kWh (with annual electricity
supply of 22.8kWh).
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(3) Cost cstimation for grid extension case

The costs were estimated for the cases where a 11kV-grid would be extended to clectrify
the viltages, cach distant Skm or 10km from the grid.  The grid extension cost was assumed as
used by WAPCOS in their study on Zimbabwe rural clectrification.  The users in a village were
assumed o number 50 houscholds, and the transmission line ta have a 20-year usable life. 1If
etectricity consumption remains the same as in the PV-based clectrification case, the electricity

supply cost would be some Z$93/kWh for the village Skm distant from the grid, and
Z3164;kWh for the 10km-distant village.

(4) PV vs. Grid extension cost comparison in varying houschold eleetricity consumption

Z8/kkh
180 (- -
160 {- Py
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Rl - -+ oo Grid(10km)
120 .
100 . I .‘,'-.‘.- e — . —
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kFh/ddy-households _ :
Figure 5 Comparison of P¥ and Grid Extension

352 Imp’ac( of spreading PV systems on the ecanomy

Assuming that an ¢ffect of PV system installation on the cconomy {GDP change) could be
measured as the sum total of an added value of PV system production + an added value of PV
system installation works + the avoided grid extension cost by PV instailation + the avoided
eleciricity purchase cost by PV installation, and that 3,500 units of 45W PV system werc
installed in 1997, a 20-year effect (of avoided clectricily purchase), calculated with a 10%
discount rate, would be as listed below in present values.
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ltems Valuc added (Z3) |

Added valug of PV system produclion(40% of sales amount) 14,000,000
Added value of PV sysicm installation 80% of installationcost)y | 2,240,000
| Avoided electricity purchase cost by PV system B 135,817 |
Avoided fransmission/distribution equipment cost - 2L352913
Total 37,728,130 |

Given that Zimbabwc’é GDP in 1996 totaled ZS$85 billion, the PV-related cconomic effect
amounted to around 0.04% of 1996 GDP.

Also, taking the PV system import value as the cost, and the avoided grid-extension
cquipment import value and clectricily purchase as the benefits, a cost-benefit analysis was
made, which pul the cost-benefit ratio at 0.66, and IRR at 4.5%. However, it should be noted
that a little change in the assumption would change the analysis results sharply.

In the meantime, a PV project can produce a greater cffect on the local economy than
nationwide. It is expected to increase the employment opportunitics in rural arcas, raisc the
sales in shops by improving the atmosphere, and increase efficiency of production thanks to an
casier access to information

3.6 Corisideratidn of financing system
61 Analysis of the loan system under GEF praject

The analysis results confirmed the funds flow of low-interest loans funded by the CSF
(Credit Suppert Facility) organized by the AFC (Agricultural Finance Corporation). It also
determined the routine for loan application and approval, the establishment of the facility, the
down payment requirement and the flow of loan returns,

Usually, with a down payment set at 15%, and an annual interest rate at 15%, a three-year
repayment plan is provided. A qualification for this repayment plan is a monthly income
fivefold or more than the repayment amount.  Those whao used the loan system numbered some
4,200 at 1997 year end.

3.6.2 PV-promotion approach through non-AFC erganizations

By gclﬁng ZESA and NGOs involved, efforts were made (o spread the PV system use
beyond sales through AFC.  Inilial funds required were provided by GEF to the organizations,
which install PV syslems for the users they develop, then collecl the cosls from the users in
installments.  These organizations are considered closer to the potential users in uncleetrified
rural villages than general PV system installation firms. ZESA plans to install 500 systems,
and the NGOs an additional 160 systems.
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3.6.3 Consideration of how to utilize snbsidies

An objective of the GEF project is to control the cost of installments by cstablishing a
Fund to provide low-interest loans.  Yet, to allow a longer term of repayment can also be an
option to lower the amount of instaliments. A three-year repayment at a 159% interest and a
five-year repayment at the same 35% interest as the market rate prove to be almost identical in
terms of the amount of monthly payment.  The majority of Zimbabwe users seem to prefer a
smatler amount of monthly payment, even if it involves a longer term of payment.

Also, subsidies, if granted dirccily to caver part of the system purchase, instead of paying
a fixcd ratc of interest, could lower the monthly paymient made by the users.

For example, a case is assumed that 9,000 units of 45W system, priced at US$1,000 cach,
would be purchased in the first year and repaid in three years.  With the market rate assumed at
35%, and a grant to pay a fixed rate of interest at 15%, the differential in the grant-in-aid for
paying interest is cstimated.  Then, the outcome is compared with a case where the same
amount as the grant-in-aid for paying intcrest is offered to subsidize the system purchase. In
case of the grant-in-aid for paying interest, the monthly payment amounts to $36.  If the same
amount of the grant-in-aid for paying interest is available for buying a PV system, the monthly
payment would be lowered to $28 even whaen the market rate is applied.

Table 1 compares the grant-in-aid for paying interest and the case where the initial
purchase cost is directly subsidized.

Table 1 Comparison of Replenishment to Interest and Subsidy (o Initial Cost

(1,000Us3)
Case 0 i 2 3 Total Monthly
R .| _payment
Bank rate | Loan 9.000 (US$)
Principal 2,157 2,012 3,931
Interest (35%) 3,150 2,395 1,376 o
Total 15,307 5,307 5,307 15,921 49
Replenish | Loan 9,000 1 :
ment o Principal 2,5921 2981 3,428 ]
interest Interest (15%) 1,350 961  S14f -
Total 3,942 3,942 3,942 11,825 36
Balance 4,096
Subsidy to | Loan 4,904 .
initial cost | Principal 1,175 1,587 2,142
Intercst (35%) 1,717 1,305 750
- Total 2,892 2,892 2,892 8,676 27
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3.6.4 Improvement of credit access for PV-related fivins

While low-intercst loans for the users are provided by the CST, PV-related firms, largely
small and medium-sized, have difficulty getting loans from commercial banks, They need a
fund-raising method which involves low interests, a longer term of loan repayment, and more
generous collateral terms.,

In order to make PV-related firms accessible to credits, it is required to establish a credit

guarantee fund, to allow assets-based lending (including movable property), and to permit

supplices’ credit grants, among others.

1.6.5 Fund-raising for PV-based rural electrification projects experienced by other
developing countrles

PV-based rural clectrification projects in the Dominican Republic, Mexico, Sti Lanka,
Indonesia, the Philippines, Tuvalu, Kiribati, Kenya and Zimbabwe were compared in various
terms, including credit grants, financial conditions, taxation, and the factors behind their success
and failure were analtyzed.

The successful cases are characteristic in the point that subsidics were poured directly into
the initial investments, with none spent in funding the management.  Also, an ability to collect

fees from users is a matter of crucial importance.
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4. Basic policy of PV-based ruval clectrification programs
4.1 Selection of electrification approach
The approaches to prompt rural electrification include PV system sales and eleciricity
supply service, the latler featuring that PV systemis are owned by electricity supplicts and that
the uscrs consume clectricity produced by the leased PV systems and simply pay the charge for
use.  The two approaches have both merits and demerits of their own,  Yet, given following
factors, among others,
(1) possibility to spread PV systems among the middle- and low-income classcs,
(2) improvement of system reliability by maintenance & inspection rendered by local
technicians, and
(3) involvement of public or semi-public organizations with solid management foundations,
which allows the stable maintcnance/management of the supply system for the long run,
the use of an clectricity supply service format is recommended as the most desirable approach
for PV-based rural electrification.

4.2 Managing organizations and their composilion
$.2.1 Managing organizations

By examining the requirements for an electricity supply organization responsible for the
management of PV-based rural electrification, existing candidates in Zimbabwe were compared.
The resulis is that the formation of ZESA-Solar, a subsidiary of ZESA, is recommended.

Table 2 shows the requirements and candidate organizations compared.
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Table 2 Characteristics of Candidate Organizations for ESCO

Councils organiza | cnt

tinns

| Functions ZESA ] Rual [ NGOs [ Coopera | New Exisling |
Solar District tives private | govesnm

tions 0Fganiza

Decentratized management plus
| centralized  coordination
Ability to develop users

O
o
>
K
x

QO

>0

|
|

x?b

PV-system technological capacity

| Motivation of long-term supply

Low-cost capital raising

Local staff managing capacily
Quality control capacity of
| system instatlation

S>>0
> x| x> x>

COO|0

i
i
1
i
i
|

|
[

!
i

Ol ClOizix

Bill collection and accounling
capacities

>
X

> >0, x|o]x!

Authority of organization

OC| O O x>0

o O
™| X
> x|
x O
> X

Will and ability to disconnect
unpaid  usecrs

5

(Note) O : Good, A : Fair, X :Poor

4.2,2 Composition of the ovganization

Instead of inviting random geographic participation, this project accepts no less than 50-
100 houscholds as PV system users within the districts where a local engineer can visit once a
month for maintenance service.  With the 50-100 users as a unit, a locat management office is
formed in the arca where 10-20 user units can be developed.  The local management office is
staffed with senior engincers, who supervise the local engineers, while being responsible for the
collection and management of the charge for system use (including the. maintenance service
charge) as well as inventory conltdl of supplies. Furthermore, once a few local management
offices are formed within a province, a district management center is established in an effort to
increase efficicncy through broad-area management.

A National Managcmenl Center (NMC) is formed as the central organization, responsible
for coordination with ZESA, negotiations with the government, financial management, system
design, specification and procurement of parts and training of staff, among others.

Table 3 shaws the toles of individual clements which make up the clectricity supply

service system,  Fig. 6 peesents the relations among the elements.
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Table 3

Roles by Part

PV systom uscrs

Setting
requirements.

Contents of services/works

More  than 50
uscrs exist in an
accessible arca by
a local engincer
every month,

User comimittee

Members of the |

committee are
nominated from
users.

To usc electricity produced with PV system.

To pay the bill for system installation.

To pay the electricity rate.

To replace consumable supplics, like fluorescent
lamps,

To prevent thefts and damages of the system.

ESCQ.
To arbitrale some troubles such as cancellation of
conlract.

Field technicians

To reside in the
same area as PV
system users to
be served.

To offer system maintenance.
To instruct users how to properly usc the system.
To collect maintenance charges and replace parts,
if necessary.

To tap new users within the area in charge

Senior engincers
Assigned to local
management office.

A scnior engineer
assigned for
every 5-7 local
technicians.

To give local technicians technical guidance, and
check mainlenance conditions.

To ¢heck claims and instruct how to handie them.
To judge the time of battery replacement.

To cheek conditions of system installation works

Local managenient

offices

(ZESA: Sub
offices)

cenlers
(ZESA: Area/
District offices)

District management

Fstablished in an
area with 10-20
groups of uscrs
developed.

Staffed with 2-3 senior engineers and 1-2 office
clerks,

Responsible for collection/management of
electricity bills, claims bandling, management of
supplies, refilling of local technicians, provide
payment to local technicians,

To manage 4-5
local
management
offices.

Responsible for bill cellection within the districts,
information gathering of claim handling,
inventory management of supplies & component
parls for new users.

National Managemenl
Center
(ZESA: Harare

Main Office)

Ultimately to
manage 7-8
district
management
centers across the
country.

governmenl,

To prepare plans to promote electrification in all
areas.

To design the specifications of system and
component parts. ‘ ‘

To check quality, procure and deliver parts.

To prepare local/senior engineers training and
cducational programs, fund-raising plans,
budgeting, firancial settlements, PR activitics.
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Aid organizations,
financial insjitutions

Naticnal

Aid  fund

—-p| Management Center

Planning, pmgrémming\ fundsbudgst management
Design, quality  control
Educationfraining. PR

: _

District management center

District management  cenier

I

7~ 8 DMCs nationwids

Stock management  of supplies, system parts for new users
Bill-collection state, claim handling management

Decision of system removal
Local management office £.ocal management ofice Local management office
Senfor engineers Senior engineets Senior engincers
l

Local mafagement

office

30~40 LMOs nationwide

2~3 senior engineers at a LMO

Collection/management of maintenance charges
Managemerit of local technitians
Stocking & provision of supplies
Senior engiheers
To give local technitians technical guidance, check their work contents.
. check claim handling state
To check system installation works.
To judge if a battery needs to be replaced, and when, elc.

[

|

|

I

£ ocal technitian

engl

Local technitian

Local technitian

Local technitian

5~7 LEs per scnior

To offer system maintepance service
To instruct users how to use properly
To collect electricity rate, replace parts

To develop new users.
l i l I I |
User 1 | User User User '
5 50~100 vsers per LE
To use electricity produced with PV system.
To pay systern installation/maintenance charges.  To replace copsumable supplies, like FL-
| To prevent thefis/damages of system.

PV Users Society

Represented by 5~ 7 users.

To feed back how maintenance services are rendered by local technitians.
“To coordinate system disconnection, ete.

Fig. 6 A Simulated Organizational Chart of ZESA-Solar
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4.3 System design

Based on the pilot project and village survey results, the PV system for houscholds
requires an average capacity of S0W, PV systems of around 25W and 75W are also prepaced
as the standacd size of systems.

By publishing the specifications of the parts which make up the systems, local pan
supplicts can prepare for their participation in the project.  Specifications of the standard
systems are shown in Table 4.

Table 4 Standawd PV Systems

Items o L B PV systems

Syslemsize | 25W-class 50W-class T5W-class ]

PV miodule - 25W S50W T5W

Battery __20Ah/ 12V 40Ah / 12V 60Ah / 12V

Charge controller IHCA improved JNCA improved HCA improved
model model model
HVD=14.5V, HVD=14.5V, HVD=14.5V,
HVR=13.0V HVR=13.0V HVR=13.0V
LVD=11.5V, LVD=11.5V, LVD=11.5V,
LVR=13.0V LVR=13.0V LVR=1 3.0\_’
Consuming correnl Consuming current Consuming current

3 <20mA < 20mA < 20mA

PV mount 17.5° N 17.5° N 17.5° N

Direction & tilt angle (15° ~20° ) (15° ~20° ) (i5° ~20° )

Design illumination S.41kWh/t'/day 5.41kWh//day 5.41kWh/nt/day

Pesign no-sunshine days 3 days 3 days 3 days |

No. of days to recharge 2.3 days 2.3 days 2.3 days

batlery -

_ Allowable load 55.3Wh /4.6Ah 110.6Wh / 9.2Ah 165.9Wh / 13.8Ah
Examples off A 7TW-FL Jamp| A “TWFL lamp| A 9W-FL Jamp on
simultancously  uvsable ( 1.18ah ) & (236Ah ) & al| for 9 hours
loads a20W-TV .34Ah) 20W-TV (6.68Ah) (675Ah ) & a

on for 2 hours on 4 hours each 20W-TV on for 4
cach.Tolal 4.52Ah Tolal ¢.04Ah hours (6.68Ah)
_________ et | Total 13.43AR
A TW-FL lamp on| A 9W-FL on for 8
for 7  hows| hours (6.0Ah) & a
(4.13Ah) 5W-radio on for 5
Total 4,13Ah hours (2.8Ah)
) | ‘Total 8.8Ah
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4.4 Torgets of PV-based clectrification and electrification goals

In Zimbabwe, the numbee of uncleetrificd houscholds eurrently reaches 1.5 million in
rural arcas.  From now on, the extension of transmission & distribution lincs is expected o
make clectricity available for some 10,000 houscholds in ten years.  Yet, as the rural
population is projected to grow more than 3%/ycar, the number of unclectrificd houscholds is
sure 10 increase further.

Of the unclectrificd houscholds, how many could buy an electricity supply service was
estimated from the tural village survey results.  If an annual payment remains at around
751,500, some 200,000 houscholds can buy thc service right now. Even for an annual
payment of around Z33,000, there are 50,000 houscholds which can be subjeet to PV-based
clectrification.

By sclling the annual charge for use below Z$1,500, this project was prepared to get a
total of 150,000 houscholds cleetrificd, including 15,000 in the first phase and an additioﬁai
135,000 in the second phase. Depending on actual progress in the first phase, the goal in the

second phase can be revised.

Table S PV System Installation Plans

Phase 1 |  Year 1 2 3 4 5
No. of installed systems/year 1,000 2,000 | 3,000 | 4,000 3,000
Accumulated No. of installed systems 1,000 3,000 | 6,000 ] 10,000 | 15,000

Phase 2 Year 61010 11ta 15 16 t0 20 total
No. of installed systcms/ycar 6,000 9,000 12,000
No. of installed systems/5 years 30,000 | 45000 | 60,000 |
Accumulated No. of installed systems 45,000 90,000 150,000 150,000

tastafation Schadule of BV system

180074

W ncremank
—t—Tatal -

143008

134073

109020

SEEEEEEY

[SbL ]

#3083

Acoumulated Number of Ingtallud
FV syutam

NumLar of Y sysiem par yuar

IR L]

"2 03 ¢ 5 6 T 3 9 103032 1304 65 1617 10 18 20
Year
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Proccdure of cstablishment of required offices for PV clectrification will be expected as Figure
7. Required number of staff as shown in Table 6, ZESA-Solar, responsible for the project
management, will necd to be staffed with an estimated 1,000 staff who cover the 150,000

houscholds.

Table 6 Expected Staffing Requirements {Last fiscal year of every S years)

Sl
oy

Fiscal year st~ 5th 6th~ 10th 1th~15th | 16th~20th |

Managers 2 4 6 8

| Senior engincers 25 46 71 89
Office clerks 15 30 45 54
Drivers E] 28 42 - 31
Workers 12 24 36 43
Field technicians 150 375 600 756
Tolal 218 507 800 993
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5. Mastew plan for the implementation of PV-based vural electrification
5.1 Action program for implementation

To implement PV-based rural clectrification programs efficiently requires, not only PV
system installation and control/management by ZESA-Solar, but positive cooperation among

{:i various organizations and agencics involved in PV power generation.  In specific terms, such

cooperation can be organized for the aid programs listed below.  Namely, they include guality
improvement of PV systom parts, the establishment of a fechnical center, the acquisition of
measuring instruments to check PV-system functions, acquirement of measuring technologics,
the introduction of standards and a cerlificale system, and the establishment of technical training
centers for maintenance staff,

The actions 1o be taken by individual agencics and organizations are listed in Table 7, “A
List of Actions for PV-bascd Rural Electrification.” The actions are also outlined in Figure 8,

Figurc 9 shows the work schedule for rural electrification plan,

Establishment of Establishment of Finance for
ESCO traning center improvement of
process line
Pravision of Introduction of PV
Implementation plan standard and Favor on dutics for
certilicaiion method importing PV
Public relation of PV material
dissemination Establishment of new
energy technology Establishment of
conier credit guarantee
Tund
_ ' '
Istablish implement Improvement of Sccure of fund of PV
organization and personal technology material supplier
disseminate PV systems and improvement of and cost reduction of
quality of PV material PV material

Implementation of PV electrification

—

Figure 8 Supperling Program for PV Electrification
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Figure-9  Work schedule for rural electrification plan by PV system(Prospects for short and medium torm)

Eaecutive Organizalion Work schedule Flm'eslmc—nt costs(1,000U58)
Secticn ltems Fiseal Year] 1 2 3 4 3 6 7 1 2 3 4 5 8 i Note . S N
Governmicnt | Policy making DOER, ZESA Bk
Sctting mamber of PV system installation
Examination of ESCO system
Establishment of ZESA-SOLAR
Making implementation plaa in fst phase by ZESA-SOUAR DOE, 7F8A, ZESA-SO1 AR M % Sea |
Study of PV demand . -
Site selection of 1st phase ;‘-“?,3
Making detaild plan and finanicing R
i No. of Systemn
PV installation {15t phase) Z6SA-SOLAR ] ERGieR Bed t RIS 7200 410|280l 2ssol 3600l USST20/system  First year 1,000
2 2,000
Private Establishment of PV installation and supply systems SEIAZ RMEMBER I . 3 3.000
o supply PV conponents (A i b UG 1 4,000
PV module 5 5,000
Introduction of imported PV module in 1st phase
Charge controller 7 o
Introdoction of ICA manufacturod controller Eﬁ{’ﬂ oot A SO0
LSE60/ cortroller
Battery e First stage:15,0005¢ts
Improvement of Yocal ballery quality P 1,000
USE6D/Hattery
Fluorescent light First satge:20,0G00sets
[sing local producis
PV system instatlation . ‘
Trainirg for skilled Jabour &%‘Hﬁ
Activily of PV promotion by each privale companies i 20 Rl Eriia LSRR R e
Government &
L Private Establishment of trairing centre ZESA, SEIAZ, MOE(Education)
'::! . Encouragement of training eourse in KwekwePohytech BEAEGY ) 50 50 50 50 50 50,
Training of field technicians and instellers . ) . . . I Model house, Actinometer
Number of training Loivecas Rpaid BNV TEEoe § B RS iEen sttty
Field technician 50 persons/ year
Senior engineer 7 persons/year
instaber 10 persons/year
Establishment of new encrgy centre DOE, SIRDC, UOZ .
The centr conducts R & D on utilization technologles and BRI NT TR 200
kow to improve system efficiency, and also responsible for Meteorological equipment, Battery test system
quality tests necessery for the certificate system PV test system, IV curve measurement system
! i PV design system
Advatiscment of PV system and developing PV demand DOE. ZESA. SEIAZ, ARDC Jo s Rl Sy ¥ stgre T
Making poster for PV system
Advatising PV system using TV angd radio
PV Business
Organizatios  [To sct standards/eriteria, and introduce a certificate system SAZ, SEIAZ )
By setting standards for PV systems and components. ' IEERA 5]
‘{hose which meet the standards are certified and lebeled e . 1
so that users can be sure they meet the standards. AR R ';Mﬁi}mgsﬁ% NE R
To propose improvements of the financing system and taxation,  |SEIAZ ?Fﬁ“ﬁﬁiﬁ{%ﬁﬁ
Proposed improvemerds may inchude the establishment of
fg a Credit Guaranty Fund, provision of Joans wader preferential
“E tecms applicable to expansion and capacity vperading,
and preferential customs tarid arrangements )
To introduce QC and consistently carry it oul. SEIAZ, SAZ PR v EEOR e RS RISy
Quality control activities inchrde thorcugh quality ¢hecks,
improvement of manufaclerirg environment end processes
and improvement of designs,
To carty out stock eontrol. _ SEIAZ g Biad p il SLALITIANE Bt
Eficient stock control should inctude deteninination of oplimat
stocks the introduction of an inventory management system,
centratized and distributed parts stocks and certrally
controlled delivery secvice.
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5.2  Fending plan and cash flow
5.2.1 Sketch of PV system
As illustrated below, the PV system to be installed consists of a PV module, a charge

3 controller, a battery a fleorescent lamp, and a outlet (for radio or TV).

7

S0W-FVY modele

Charge ( 1
ceatroller J 12V -
Qutlet
ao 060 Fluorescent 1:5
T W X 3 .
&
. 12V appliance
. TV/radio/cassettee
. Fuse
"g S
| | o ol
Battery
12V/60Ah

Figure 10 Gencral Household User PV System

§.2.2 Unit costs of PV-system parts and personnel expenses
In order to determine how much invesiment would be required, the wait costs of
individual parts of the PV system were set at the prices procurable in Zimbabwe. {Though in

1997 prices, they are expressed in the US dollars in order to minimize the impact of exchange

o,
i

rates.) Of the personnel expenses, those for local engineers are based on actual records, and

the others in terms of estimated unit cost.

33



Table 8 Unit Cosis and Usable Lives of System Components

Paris Cost per Life Remarks
) system (USS) o
| PV panel (S0W) 300 20 years .
Chacge controller 60 Sycars -
Battery o 60 3 years -
FL tamps (2 units) 50 Syears | Tubes are replaced by
. o | users.
Battery box o 20 20 years )
PV-pancl pole 70 20years |
Cable and accessories 80 20years |
Total 3 640 I
System installation cost 80 B

Table ©  Unit Costs of Personnel Expenscs

Class USS$/month Class US$/month |
Manager 800 Driver 200
Senior engineer 400 Worker 200
Administrative 300 Techanician 100

The non-labor expenses (administrative overhead) incurred in local management offices, etc. are
appropriated as follows: local management offices - an equivalent amount to the total sum of the
personnel expenses; district management center — 1.5 times of the total sum of the personnel

expenses; National management center — twofold of the total sum of the peisonnel expenses.

5.2.3 Case setting and charges for use

The fees which must be borne by the users are calculated by setting different cases with
different fund-raising methods and different project scales (in terms of the number of PV-
cquipped households).

Table 10 shows different fund-raising methods and alternative cases for Phases 1 and 2.
Why the alternative cascs were prepﬁred are depiéled as well,

Table 11 shows the types of funds raised in the different cases, the amouats to be raised,
and the terms of calculation.  Their calculation resuits are also shown.

The calculation results show that, if funded wholly with internal funds , the fee to be paid
by the users amounts to some USS$150/year in Phase 1 (15,000 households) alone, and a2bout
USS$120¢year if entering Phase 2 (150,000 households).  Thus, if advantageous fund-raising,

typically grant funds and low-interest loans, are available, the users’ financial burdens could be
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lowered further. Namely, if 82% of the initial investment of 6,000 systems in Phase 1 is
covered with grant funds, the charge for use coutd be lowered to about US$125. Morcovcr, if
the project advanees (o Phase 2, and 80% of its investment is covered with special loans, the
charge for use could further be reduced to a low USS87 so that even the low-income ¢lass can

i participate in the clectrification project.
‘ Table 10 Objectives of Case Selting
Case | Phase 1 (15,000} Phase 2 {135,000) Objectives of cases
A | Allinternal No implementation Base casc to calculate the monthly
funding charge when all investment cost is
o _ __|owned by the BSCO
B | Initial 6,000 No irmnplementation To determine the effect on user fees
systems cost of having system cost of inilial
except FL lamps, 6,000 systems is provided by a
cable and grant.  (Lamps, cable, and
accessories is a accessories are owned by user,
grant, rest is from therefore, these components can not
internal funds be approved by a grant)

C | Allinternal funds | Internal funds How much the monthly charge will
decrease’ from base case with
increasing customers |

> | Samcas Case B 80% of system cost is Determination of vser fees under the

from low interest loans, | ideal case with phase-1 supported
rest and installation cost | by grant and phase-2 supported by
__}is from internal funds low interest toans.

Table 11 Breakdowns of Required Funds, Terms for Cash Flow Calculations

and Calculation Resulls

Case A Case B Case C Case D
Owned funds (US$ Mil.) 10.80 7.26 108.00 35.34
Grant aid 0 3.54 0 3.54
Low-interest loans 0 0 0 69.12
Required funds total 10.80 10.80 108.00 108.00
‘Term of calculation{years) 24 24 39 39
Initial installation cost US$ 150 150 §50, 150}
Annual payment USSs 154 125 124 87

Low-interest loans: The terms of loans are & 1% interest rate, 10-year grace period, and 20-
3 year term of repayment.
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5.2.4 Considerations

(1) Cases A~D (Figures 11~14) are attached as the examples of cash {flow. [t is designed
that an internal ceturn rate of 10% against the owned funds can be gained throughout the
term of calculation. But, as #llustrated in the graph, spending outruns revenues during the

i initial stage of the project, which means operating funds necd to be raised from outside.
e Given that massive equipment investment funds are required during the initial stage, to get
grant aid and use long-unredeemed special oans is almost required.

(2) Sensitivity apalyses were made on Case (Table 12, Figure 16). Taking the initial
investment cost, personncl expenses and the ratio of grant funds as the variables, to what
extent the annual user fee would have to deviate from the base case is analyzed.

Table 12 Sensitivity Analysis (Case B)
annual user fee(US$/year)
Rale of change 20%UPF | 10%UP | Base case | 10%down | 20% | Seasitivity
() is the ratio of grant funds. (70%) {80%) (90%) {(100%) down
PV system cost 141.0| 1355 126.0 118.5] 1110 0.75 |
Personnel expenses 140.0 | 1330 126.0 11901 112.0 0.70
Ratio of grant funds 133.0] 1295 126.0 123.0 0.33

Sensitivity (US$/%) represents to what extenl the amount of annual payment (USS$) should

change as a resull of a 1% change in relevant variables.

3

In Case B, the system cost produces the greatest effect, and a 1% change in the system

cost causes the annual charge to fluctuate by about US$0.75.

Lifetime cost

Taking the case assuming the implementation of Phase 1 alone (Case A} and another case
assuming the implementation of Phase 2 as well (Case D) as examples, the costs incurring
throughout the term of the project were aggregated as present values with a 10% discount
rate, then compared (Table 13).

Case A wflh lS,OOO systems installed during Phase 1 énd Case D where 150,000 systems
are instalied through Phase 2 result in different shares held by the system-related and
personnel expenses-related costs in the lifelong cost.  When the number of installed
systems is limited, the personnel expenses and administrative cost occupy a lasger share.

Thus, it is desirable to install as many systems as possible.
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Table 13 Comparison of Lifelong Costs

Case A (15,000 systemis Case D (150,000 systems
_ installcd) installed) |

[ Money amount | Sharc (%) Money amount | Shate (%)
| |ussioo) (US$1,000)

Initial 8,437 45.3 | Initial investment 38,664 50.8

investment ~ 1

Equipment 2,618 14.0 | Equipment 11,998 15.7
| replacement cost | | replacement cost

Personnel 3,540 19.0 | Personnel 9,405 12.3

expenses expenses

Expenses, 4,040 21.7 | Expenses, 10,474 13.7
~administrative cost administrative cost.

Loan repaymem | Loan repayment | 5,752 15

Total 18635 | Total 76,293

The figures for loan repayment include interests

53
(1)

2)

)

54

Recommendations

Examined given feasibili(j', Case B is most recommended.  Namely, it is recommended to
initiate Phase 1 of the rural electrification program by getting US$3.54 million as a grant
to cover 82% of the equipment cost of 6,000 systems (:6,000x726x0.82) .

The charge for use can be set on the assumpiion that the remaining 9,000 systems would
be instatled with internal funds, while the introduction of low cost loan funds must be
taken into account as well.

Preparation for Phase 2 should be advanced during the implementation of Phase 1 by

devcloping as many users as possible, so that independent management of ZESA-Solar
can be allowed.

Conclusion

In order to successfully promote rural electrification using solar PV systems, the

Zimbabwe Government needs to do the following as soon as possible.

M

2

The government needs to establish the larget number of houscholds for PV based rural
electrification and to nominates ZESA as the implementation organization.

ZESA needs to determine the specific installation arca for PV based rural electrification
within the arcas proposed by this report and to prepare a year by year implementation plan
which includes the annual finance requirements for the project. Using this plan, the

Government will need to begin arranging for the necessary finance as soon as possible.
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{3) The Government nceds to apgressively work with local PV industry and suppoil
organizalions in order to bring them to the level of capability needed to support the PV rural

electrification project.
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1)} The sensitive snafysis is appbed for Case B.

2) PV & Battary includas PV cost, Batlary ceast, InstaBatisn cost, Chasge contioller cost.
3) Wage includas all kinds of manpowsr fas.
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