3

FRAMEWORK OF RECOMMENDED
PV SYSTEM-BASED RURAL
ELECTRIFICATION

8.1 Consideration of PV System-based Rural Electrification Approach

Most of the conventional photovoltaic (PV) based rural electrification projects
under way in developing economies worldwide have been oriented toward the sale of PV
systems. This sort of marketing-oriented projects heavily depends on the efforts of the
firms which intend to sell PV systems andfor provide relevant installation and
maintenance services. But, experience shows that this approach has some problems.
For example, many users lack knowledge of PV systems. Without knowing how lo
maintain the battery, they often damage their batterics.  Also, remoteness makes it hard
to obtain distilled water necessary for refilling the battery. Given these problems
actually exp’érienced in PV projects, the pilol project rests on the basic rule that
electricity will be supplied to the users for a fee while the PV systems themselves will be
owned bj' the project imp]ementer. The fee to be collected from the users includes not
only the cosl of the system but also the charges for maintenance/inspection visits and
repairs when nceded.  However, because the systems are installed as a pilot project with
no assurance that the project will continue after five years, a contract term with users is
set for five years. What to do with the system after five years will be considered when
the time comes according to the oplions available at that time. Effectively, this is a
term-limited electricity supply service. The approach employed in pilot project was

compared with the sales-oriented projects.  lts results are described below.
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{1) Potentials of including lower income uvser classes

The problem is PV systems ar¢ expensive.  With the sales-oriented approach, a PV
system must gencrally be paid for over 3-5 years in installments.  Thus, duc to the high
monthly payments, those who can afford PV systems are limited to rather affluent
households. In comparison, the pilot project assumes a 20 yeac payback for .the
investment and addiliona.liy features that the system provider evenly spread the cost of
maintenance of the systems, a cost which often cannot be mel bj' low income houscholds
beeause it usuvally is a relatively large lump sum whose {iming cannot be predicted,

Since the depreciation period is set in relation to the system life (20 years) and
maintenance costs evenly included in monthly fees, the users” monthly cost burden is
predictable and can be low enough so that a much larger percentage of rural households

can participate in solar based rural electrification.

{2) Maintenancefinspection

Under this pilot project, the maintenancef/inspection visits are carried out by local
technicians who regularly tour among their users. Because local technicians are nol
merely trained in PV-system repair/operation but in preventive maintenance as well, they
can prevent problems from developing.  In conmiparison, a sales-oricnted project requires
the users to make the maimenance/inspection of their systems.  Those who are
knowtedgeable to some extent can help prevent a system failure by refilling battery
liquids or through proper system use. But, the likelihood is-that though rural
houscholds are most in need of PV systems, they are the least likely to have the
knowledge or capability (or interest) to properly maintain them and system reliabilily is

poor with frequent power outages and battery failures.

(3) Repairs/replacement of system parts

In addition to regular mainlenance/inspection works, rcpatrs and replacement of
parts where necessary are included in the fee under this pilot project. In comparison, a
sales-oriented project requires the users 1o repair by themselves or pay professionals for
repair or replacement scrvices. It is common for users to decide to purchase repair

components which are checaper than those originally supplied causing poor system

performance and early baltery failure.
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(4) Installation sitcs

A sales-oriented project allows dealers 1o supply PV systems no maller where their
users live so far as the users have the money to buy one. In comparison, the pilot
project concentrates users in 50 houschold clusters so a local technician can casily visil

each site on a monthly basis.

(5) Post-grid electrification response

If the system-equipped houscholds are reached by an extended grid in the Tuture,
the approach of the pilot project allows the user to turn back the PV systems to the
project where they can be reallocated to other users. in comparison, the systems

purchased under a sales-oriented project will be useless unless the users are able to sell

them to others.

As described above, both the marketing-oriented and system-provided approaches
have their own advantages and disadvantages. But, given such advantages as the
potential for making PV systems available to the middle and low income classes, the high
system reliability made possible by providing periodic maintenance & inspection
services and its ftexibility in switching users over to grid supply in the future, the
electricity supply service with the system owned by the implementation company is
recommended as the more viable option for the promotion of PV system-based rural

electrification.

8.2 Organization Responsible for PY System-based Rural Elecirification

It i‘_.s clear that sustainable, large scale rural clecirification using solar PV is best
done by a soundly funded public or semi-public organization (an Energy Service
Company -- hereinafter referred to as an ESCO).  Therefore, it was decided to take that
approach for the pilot project, where an ESCO is responsible for the ownershi.p and
installation of PV systems for households. Eleciricity generated from these syslems is
supplied to the users and electricity bills include the system rent and

maintenance/inspection/repair charges.
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8.2.1 Requirements for ESCO as a Supply Organization

A successful large-scale PV-based cural clectrification project requires an ESCO, a
well-established clectricity supply organization with a stable management and financial
foundation. The ESCO is required to satisfy the following requirements as an

electricity supply organization,

(1) Decentralized management units which allow centralized coordination

PV systems installed in users houses require swift and economical responses in the
event of mechanical troubles, spare pacts supplies, customers services, ete.  Therefore,
the ESCO is required to have branch offices in various spols ncar the concentrations of
users. At the same time, the ESCO must have a centralized sector responsible for
negotiations with the government and overseas aid organizations, fund-raising, assets
utilization, specification and purchase of materials and equipment, staff training,

service/cost sharing coordination among the decentralized management units, etc.

{2} Marketing ability

The cost to manage and sustain this organization heavily depends on the
maintenance charges collected from the uscrs and it is al.so decply related to the degree
of geographical concentration of the vsers. Thus the ESCO should have a strong niarket

development abilily, so that it can concentrate as many users as possible within a given

district,

(3) Technological capabitities in PV power generation

The ESCO is required to have or be able to economically obtain the technological
capabilitics necessary for performing system design, selection and quality inspections of
component parts, making teslts upon the completion of installed systems, and post-

installation mainienance services.

(4) Motivation to maintain systems satisfy users’ requests
System reliability depends on quality of design and maintenance. An organization
responsible for PV system-based rural electrification is required to provide the users

with highly reliable electricity supply and take a decisive posture toward making the
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necessary periodic inspections.  In an ESCO, the bills paid by the uscis are the only
revenue source for the organization. To keep that revenue stream coming, the best efforts
must be made to win users’ satisfaction through the provision of rcliable electrical

service which in turn depends mainly on consistent and quality maintenance,

(5) Financial capability to afford capacity expansion

A major finding of this pilot project is that, once PV systems have been
successfully in operation over six months, a growing number of unelectrified households
in the vicinity want PV systems and many existing users want to expand the capacity of
their system. To realize effective rural electrification, the ESCO must always be able to
meet the requests for system installation from new users and for capacity expansion from

existing vsers within a given district.

(6) A good grasp of billing and bill collection

To collect and manage the fee collection from the widely dispersed users requires
decentralized management. In addition, the collection method must be flexible enough
to meet the financial conditions of the users who tend to carn their incomes seasonally as
they are farming famities. Bill collection should be arranged for the convenience of the
users Lo match their income patteras. The stafl in direct contact with the users must

have the up to date information about the payment status of their customers.

(7) PV-based rural electrification as the primary objective and service as it primary
product

An ESCO must have the supply of PV-generated electricity service as its primary
company objective. The r'eqﬁife_mcrils for successful PV rural electrification are
different from those for other electrification forms and an organization not dedicated to
PV-based rural electrification tends to have consistently poor resulls in providing quality
service to its customers connecled to PV systems. Likewise, an organization méinly
organize just to increase the number of PV sysiems to be installed can hardly satisfy the
basic requirement for rural electrification; that is, a sustained and highly reliable

electricity supply.
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(8) Authority to disconnect when fces are not paid

Consistent fe¢ collection does not occur if customers are nol disconnected for non-
payment of fees. Users must sign a contract clearly stating that the ESCO will disconncct
the system if the fees are not paid. Also, the ESCO must carcy out the disconnection
according to the terms of that contract,  If disconncects are not consistently made for non
payment of fees, the rate of collection can plunge to a level so low that the ESCO cannot
financially survive. At the {east, the BESCO would lose the confidence of the users who
honestly do pay their bills, At the same time, disconnection of systems and/or
colleciion of overdue bills must be made with consideration of the income timing
conditions in the districl. In gencral, advance payment up to one year ahead should be the

preferred mode of collection.

8.2.2 Evaluation of Candidate Organizations for ESCO

Both existing and newly-formed organizations can be candidates for fulfilling the
ESCO sole. The former include the Zimbabwe Electricity Supply Authority (ZESA)
which is currently respensible for electricity supply, Rural District Councils (RDC)
which are local administrative organizations, and the NGO curcently responsible for the
JICA system of this preliminary project under the DOE supervision. By analyzing their

advantages and disadvantages, the major candidale organizations for the ESCO were

cvaluated,

(1) ZESA (Zimbabwe Electricity Supply Authority)

In 1997 ZESA agreed to install 500 houschold PV sysiems under a scheme quite
similar to this pilot project. To introduce, manage and maintain a PV based rural
electrification p'rojcct with a much larger number of inﬁepcndent' PV systems to be
installed, will require a larger staff including additional management staff as well as both
PV-system experts and maintenance personnel.

These new staff will have functions completely different from those of the regular
ZESA staff and effectively, if acting as ESCO for a PV-based rural electrification project,
ZESA will be required 1o set up a new, independent management organization for sotar
electrification.  In specific terms, it appears nccessary to create a subsidiary

independent of ZESA, provisionally named “ZESA Solar.” During its early days, the
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subsidiary can be subsidized or extended financial aid by the government and
international aid organizations. Later, however, the subsidiary will be ablc to perform
operation and maintenance on its systems fully financed by the collected fees. ZESA
Solar does need to be kept consolidated with ZESA in the arcas of basic policy,
accounting and upper management, but it is rccommended that it perform its services

completely independent of ZESA.

(2) RDC (Rural District Councils)

Rural district councils (RDC) arce local administrative erganizations which cover
individual administrative jurisdictions across Zimbabwe, and are responsible for policy-
making in such issucs as rural area development, including determining  the
electrification nccessary to local residents. RDCs have shown their ability to manage
decentralized districts as local government units. However, though the RDCs have been
given the authority 10 provide improvements in health, education and public services,
RDCs are not empowered 1o offer an electricity supply service,  Also, RDCs do not have
necessary technical skills and manpower for directly providing an electrical supply
service. In their capacity of a local government organization, RDCs have only a limited
discretion over financial decisions and its budgets, which in particular means difficultics
in both personne! recruiting and dismissal and a lack of flexibility. RDCs are also
subject 1o the geographical limits of theic administrative jurisdiction. A small or poor
jurisdiction may be unable to install sufficient systems to allow efficient management
and maintenance of a PV-based electrification project. As each RDC must act
independently of the others within its own area and budget, economies of scale would be

lost and there would be inefficient duplication of facilities, personnel and efforts.

(3) NGO (Non- govemmenla! Grgamzatlons)

This JICA pilot projecct is managed by a NGO with a good record of performance.
Also, several other NGOs in Zimbabwe have installed PV systems and thus coatributed
to their dissemination. But these NGOs cannot cope with the large number of systems
envisioned for full scale rural electrification using PV systems. To revamp existing
NGOs and enlarge their financial and geographical coverage enough to meet this PV-

based rural electrification project can involve many risks. Further, such an approach is
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likely to cost substantially more than creating an experl group as a subordinate unit of
cxisting local government organizations.  Yet, NGO members can participate in the

project as local or seaior engineers under the ESCO.

{4) Cooperatives

In somc countries, such as the Philippines and the U.S., coopceratives have been
playing a key role in clectrification of rural arcas. The success in such countries is
largely the result of the existence of supervisory and supporting organizations (NRECA
in the U.S., NEA in the Philippines) which provide a wide range of roles from regulating
and supcrvising the contents of cooperatives’ aclivities to extending them training, funds
and techaical assistance.

Al present, no supervisory organization exists over such cooperatives in Zimbabwe.
The need to establish such a supervisory organization is limited, particularly if it is to be
specifically for the promotion of PV-based rural electrification.

In general a cooperative based system lacks the management ability, technological
capability and financial stability required for the sustained maintenance ofr PV-Based
rural electrification.

As in the case of RDCs, the employment of a cooperative based system, unless
established on a national scale, can block the possibility of cross subsidizing from
afffuent areas where electrified households are concentrated to less affluent areas with

many unclectrified households, which are maintenance-cost-intensive arcas.

(5) Newly-formed private organizations

Given the lack of prior successful experience and the lack of development ofrthe
market, it appears too early to establish a new private organizalion.specifically for PV-
based rural electrification.  Private firms can act as the principal organization
responsible for such a project only after large numbers of PV systems have been installed
and data have been gained on actval costs and risks involved in PV based rural
electrification, Even in that case, close government involvement would be nccessary in
both finance and management. Accordingly, an organization uader the control of the

provincial or national government appears to be most appropriate.
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(6) New or existing government organizations

Except the case to use part of ZESA’s organization, it is not reconimended to use
existing government organizations, or form a new government organization, for a PV-
based rural elcctrification project. Government organizations lack flexibitity and will not
be able to make the necessary organizational or operating changes which will be needed

as VP based rural electeification evolves and expands especially during Phase 1

The various ¢lements discussed above are summarized in Table 8-1.

Table8-1 Characteristics of Candidate Organizations for ESCO

Functions ZESA RDC NGOs { Cooper New Existing
Solar atives | private | governm
organiz ent
ations | organiza
tions
Decentralized management plus O O A x x O
centralized coordination
Ability to develop users O JaY O A O X
PV-system technological FAN X O X FAY O
capacity .
Motivation of long-term supply O X Ay N O X
Low-cost capiltal raising O A A X X O
Local staff managing capacily O @) A X A N
Quality control capacity of O O A N O A
system instatlation
Bill collection and accounting O O A X O A
capacities
Authority of organization O X x O O X
Will and ability to disconnect O Fat Fal X O A
unpaid users

As clearly noted from Table 8-1, a ZESA subsidiary is optimal to fulfilling the
overall role of ESCO.

8.3 PV-based Rural Electrification Project
8.3.1 Number of Households Subject to PV-based Eleetrification

The numbers of ¢lectrified and unelectrified households in Zimbabwe were surveyed
in 1992. Since then, electrification has been in progress in urban areas, but the

electrification rate in rural areas has changed little 10 date. The 1992 survey results
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showed unelectrificd houscholds numbered 1.50 million natienwide, and 1.30 million in

rural areas. Al present, uncelectrificd houscholds reach an estimated 1.50 million in

rural areas.

Tablc 8-2 Houschold Electrification Rales by Pravince (1992)

Province Houschol Etectrified Unetectrified
d.\_._. T
% %

| Mashonaland West 232,340 | 21.13| 49,093 | 78.87| 183,247 |

Mashonaland Central 177,011 ]|  9.03 15,984 | 90.96 | 161,009

Mashonaland East 219,516 | 8.74 19,186 | 91.251 200,308

Manicaland 320,944 | 13.49 43,295 | 865 | 277,617

Masvingo _231,727] 11.22| 26,000 88.76| 205,681

Midlands: 247,723 | 24.21 59,9741 7579 | 187,749

Matabeleland South 108,815 | 10.12 11,012 | 89.84 97,759

Matabeleland Nosth | 116,115 | 15.47 17,963 | 84.39| 97,989

Major City Harare 364,136 64.4 234,504 | 35:55 | 129,450
Bulawayo | 145,962 | 91.83] 134,037 9.6 .- 11,910 |

~ Total 2,163,289 | 28.24| 610,913 | 71.74 | 1,551,944

Area Wise  Urban 763,706 | 71.65| 547,195| 2832 216,282

Rural 1,399,583 |  4.55 63,681 | 95.43 | 1,335,622

From the results of a socioeconomic survey {1997}, an assumplion was made és' to
the size of fee which would be affordabte and the number of households within ;his range
determined.  With annual bills charged for a PV system assumed at 281,426, or 283,353
(see Section 5.7 of Chapter 5) the percentage of and the nuﬁlber of houseﬁdlds were
obtained for which the bills would remain below 4% of their annual income. This
figure was chosen because a social survey on rural society showed that unelectrified
houschold§ sbcnl about 4% of their annual income on kerosene and batteries used as the
alternatives to clectricity.

Here, estimations are made for the years 1997 and 2017. (The estimation for 2017

assumed a population growth of 3%, rural population at 58%, and annual income growth

at 3%)
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Table 8-3  No. of Houscholds affording a PV System

Payable bills Share of affordable Na, of affordable
- houscholds L houscholds
1997 2017 1997 2017
7$1,426/year 14.8% 46.8% | 222,000} 1,123,000
2$83,353/year | 3.7% 15.4% 55,500 370,000

The estimation results suggest that the households which can afford the annual cost
of around 2$3,000 (the potential customers) reached an estimated 50,000 as of 1997, and
would outnumber 300,000 by 20617. This suggests that affordability will not be a

limiting factor in developing PV rural clectrification at a rapid rate.

8.3.2 FY-Basis Electrificalion Project and Staffing

Examined here is the case where 15,000 systems will be installed during a five year
long Phase 1, and a total of 150,000 systems installed in two decades.

Systems will be installed first in a limited number of areas. Then, while
expanding the capacity of the organization, installation cfforts will be gradually
extended nationwide.  The size of staff, number of offices, centers, ete. which will be

needed for the electrification project are estimated as well.

Table 8-4 PV System Installation Plans

Phase 1 Year 1 2ns 3 4t Sth
No. of installed 1,006 2,000 3,000 4,000} 5,000
syslems/year
Accumulated No. of 1,000 3,000 6,000 10,000 15,000
installed sysiems

Phase 2 Year | 6th to 10th | 11th to 15" 16th to total
- 20th

No. of installed 6,000 9,000 12,000
systems/ year
No. of installed 30,000 45,000 60,000
systems/5 years _ L
Accumulated No. of 45,000 90,900 150,000 150,000
installed systems
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After establishment of ESCO, their offices and centers are planning to increase year

by year (refer to Table 8-5)

irst year, national management ceater and two local management offices are
established. Two district management ceaters will cover 1,000 users.  lLocal
technician is basically in charge of 50 uscrs, thecefore, 20 loéal technicians are necessary.
Also, senior cnginéer takes care of five local technicians.  So, four senior engincers are
necessary.  During first phase, 10 local management offices will be established and they
cover 15,000 users. When local management offices increase, district management
center will be established. Thea, local technician is in charge of about 100 uscrs and

senior engineer takes care of about seven local technicians.

Second phase is from sixth year to twentieth year. Second phase is divided in
three five-year plan. In final five-year plan,'number'o'f annual PV installation reach
12,000. Then; local technician will be in cha‘rgé of 200 users, senior engineer takes care
of 10 local technician, and 35 local management offices will be established. Tinal
accumulated users will become 150,000, Number of total technician and engineer is

750 of local technicians, 75 of senior engineers.

Figure 8-1 shows number of annual PV installation and accumulated number in first

phase and second phase.

Instaliation Schedule of PV system
TR T T L T E e R T I L1 13

B acrema n;
=¥=Toral

12048 140,000

120809
100048

160000
000

000
100
50000

1608
10800

Numbar of PV system per yas

20560

Acaumulatad Number of Installed
PV aystem

15000

4

P2 3 ¢ 5 8 7 B 9 107112 13 14905 1617 #1819 20
Yasr

Figure 8-1 Installation Schedule of PV System
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Table 8-5 No. of Houscholds Subject to PV-based Blectrification

and Offices and Centers Required

Phase 1 | Year_

i“

?d 7_|_ 3[d

4t S gt

No. of installed
syslems/year

1,000

2,000 3,000

4,000 5,000

Accumulated No. of
installed systems

1,000 |

3,000 6,000

10,000 | 15,000 |

No. of customers.” No.
| of local technicians

50

60 715

83 100

No. of local technicians

2

9

120 150

Local /senior engineers

No. of senior engineers

15

17 21

Local management
offices

[ SRSV, S

0
6
3
6

District management
centers

i

 National Management
Center

1 1

Phasc2 | Year

6th to 10"

1ith to 15%

1Gth 10 20"

Total

No. of installed
systems/year

6,000

9,000

12,000

No. of installed
systems/S years

30,000

45,000

60,000

150,000

Ar_:c_umulaled No. of
installed'systems’

45,000

90,000

150,000

No. of c'u_s'tomersflocal
technicians

120

150

200

| No. of local technicians

375

600

150 750 |

Local fsenior engineers

10

10

10

No. of senior enginecrs

38

60

75 15

Local management
offices '

20

30

35

District management
centers

3

5

7

National Management

Center

1

1

1

Table 8-6 Eslimal'ed Staffing Requirements for Offices and Centers

Local management District ‘ National |
“offices (LMO) management centers | Management Center

{DMC) (NMC)

Manager Concurrentiy held 1 1

by a senior
_ engineer

Senior engineers 2~3 1~2 2~ 4

Office clerks 1 2 3~5

 Drivers 1 2 2

General labor 1 1 1.

Total s~ 6 7~8 9~13
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Table 8-7 Expected Staffing Requirements {Last Fiscat Year of Every 5 Years)

FY Ist~5th | 6th~10th 11th~15th 16th~20th
[ mMc T IR B TR B
Manager N 1 1 t
Senior engincers 2 3 4 B 4
| Office clerks S S . B 5 S o
Drivers 2 2 2 2
General labor b 1 i t b1
DMC 1 3 5 7
Managess 1 3 1 5 1
Senior engineers 2 5 7 16
Office clerks 2 6 10 14
Drivers 2 6 10 14
General labor ! 3 S 7 ]
LMO 10 20 36 35
Manager _ -
Senior engineers 21 38 60 75
Office clerks 10 20 30 35
Drivers 10 20 30 35
General 1abor 10 20 30 35
Managers 2 4 6 .8
Senior engineers 25 46 71 89
| Office clerks | 15 .30 45 54
Drivers 14 28 42 51
General labor 12 24 | 36 43
| Local technicians 156 | 375 | 600 750
| Total 218 507 800 995

8.3.3 How to Manage ESCO

Under this project, PV systeins will be located, not scattered over a broad area, but
within a concentrated district of 50-100 users where a local technician can visit every
month (0 provide necessary maintenance service. Where 10-20 diélricts could be
devcloped in an area, a Local Management Office (LMO) \Qou!d be established, and
senior engineers assigned to supervise the local techricians. The LMO is responsible
for billing (including maintenance charges) and management of spare parts inventorics.
A provfncc having several Local Managcmcﬁi Offices would be provided with a District
Management Center (VDMC) to render more efficient broad-area management, A
National Management Center (NMC) must be present from the beginning. The NMC
directly sup’erfises the Local Management Offices in the areas where a District

Management Center is absent (see Figure 8-2 “ZESA Solar Simulated Organizational

Chart”).
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Table 8-8 Rales by Part

Sctting
requirements

Contents of services/works

(Y gﬁﬁicm uSCEs

More than 50
uscrs ¢xist in an
accessible  arca
by a local
gnginecer every
month.

To pay the bill for system installation.
To pay the clectricity rate.
To replace consumable
fluorescent lamps.

To prevent thefts and damage to the system,

supplies, like

lLocal technicians

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

To provide system maintenance.

To instruct users how to properly usc the
system.

To collect maintenance charges and replace
parls, if nccessary. ,

To locate new uscrs within the service arca

Senior engineers
Assigned to  local
management office.

A senior

enginecr
assigned for
every 5-7 local
technicians.

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

To check claims and instruct how to handle
them,

To judge the time of battery ceplacement.

To check system inslallation work

[ T.ocal
offices
(ZESA: Sub offices)

management

Established in
an area with 10-
20 groups of
users
developed.

Staffed with 2-3 scnior engincers and 1-2
office clerks.

Responsible for collectionfmanagement of
electricity bills, claims handling,
management of supplies, replacement of
local technicians, payment 1o local
technicians.

District managemeni
cenlers

(ZESA: Arcal/
District offices)

To manage 4-5
local -

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

National

Management Center

(ZESA: Harare
Main Office)

management
offices. _
Ultimately to
manage 7-8
district
managemenl
centers  AcCross

the country.

To act as the window while ncgotiating with
the goverament.

To prepare plans to promote clectrification in
all arcas.

To design the specifications of sysiems and
componenl parts.

To check quality, procure and deliver parls.
To prepare local/senior enginecrs lraining
and educational programs, fund-raising
plans, budgeting, financial settlecments, PR
activities. '
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Aid organizations, _

financial insfitutions Natiopal

Aid  fund

———p| Management Center

Planning,'progr%{mming‘ funds/budget management
Design, quality  control
EducationAraining, PR

-

District managemoent cemler

District management  center

|

7~8 DMCsnationwide

Stock management  of supplics, system parts for new users
Bill-colleetion state, claim handling management
Decision of systerm removal

l

l

Eocal managerment office Locat management office

Local management ofbce

Senior engineers Scnior enginects

Scnior engincers

Local mahagement  oflice

Senior engiheers

Management of focal technitians

Stocking & provision of supplies

chock claim handling state

To check system tnstallation works.
To judge if a battery needs to be replaced, and when, clc.

]

30~40 1. MOs nationwide

2~-3 senior engineers ata LMO

Collection/management of maintenance charges

To give local technitians technical guidance, check their work contents,

I |

il

Local tectnitian Local kechnitian Focal technitian Local technitian S™~7 1Es per seaor
engiy
“fo offer syster maintenance service
Fo instruct users how [0 use properly
1o collect clectricity rate, replace parts
To develop new users.
l | I I I |
User User User User '
50~100 users per LE

To use electricity produced with PV system.

To pay system installation/maintenance charges.  To replace cofisunable supplies, like FL.

To prevent thefis/damages of system.

Represented by 5~ 7 users.

PV Users Socicty To feed back how maintenance services are rendered by local technitians,
To coordinate system disconneciion, ctc.

Figure 8-2 A Stimulated Organizational Chart of ZESA-Sotar
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§ Figure 8-3 ZESA Area Offices and Sub Offices
Area Province Area and District | Sub Offices
Office
Northern | Mashonaland | Chinhoyi, Karot, Mhangura, Chegutu,
: West Kadoma Mutorashanga
Northern | Mashonaland | Bindura Centenary, Mount Darwin, Mvurui,
: Central ; - Coacession
Northern | Mashonaland | Harare, Mutoko, Bromley
' East Marondera
Fastern Manicaland Mutare Nyanga, Rusape, Chimanimani,
_ Chipinge, Middle Sabi
Eastern Masvingo Masvingo Gutu, Mashava, Chiredzi, Rutenga
Southern | Midiands Gwelu, Kwekwe | Gokwe, Mvuma, Shurugut,
o Zvishavane
Western Matabelelan Esigodini, Plumtree, Gwanda,
d South Beitbridge
Western | Matabelelan | Bulawayo, Victoria fall, Turk Mine ]
| d North Hwange
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8.5.4 Staffing Reguirements and Training
(1) lLocal technicians

Because the users involved in “Phase 17 are those who have less than four years of
operational experience, they must be visited by a local technician at least once a month.
Once their operating experience exceeds five years, the number of visits by a local
technician can be reduced to once every other month. For “Phase 17, it appears
necessary to have a local technician visiting the users every month,

A local 1echnician must be assigned to every 50 systems during the initial project
period, with the average per technician cxpanding to 100 systems a few years later,
Accordingly, a district consisting of about 1,000 systems requires some 10-20 local
technicians. Given the target that a total of 15,000 houscholds shall be equipped with
PV systems during “Phasc 1,” some 200 local technicians must newly be secured and
trained during the five vears of “Phase 1.” In addition, cn the assumption that some
technicians would resign or be found disqualified during the five-year Phase 1, an
additional 30 technicians need to be trained. Specifically, “Phase 1” requires a training
center where some 50 local technicians can be trained every year, The training sysiem
already established by the JICA study team at Kwekwe Technical College is

recommended as appropriate for training the local technicians.

For successful rural electrification, it is also essential to regularly check the
technical competence of local technicians and senior engineers and give them re-

cducation or retraining periodically, so that they can keep their capabititics at a sufficient

level.

(2) Senior enginccrs

A senior engineer needs to be assigned for every S-7 local technicians. _ The post
of senior engineer, who is expected to supervise the local technicians aad make repaifs
which are beyond locat technicians’ capacity, must be held by an engineer who is given
broad-range training, from system operation and theory to the skills to pursuc causes of
trouble.  Given the targcl size of 15,000 systems during the “Phase 1,” some 5-10 senior
engincers need lo be trained every year. Al present, few local organizations are able to

offer such training. If the PV trainers at Kwekwe Technical College are given the
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nccessary training, they would be able to offer the higher level training nccessary for

senior cngineers.

(3) Screening and training of local technicians and supervisor’s capacity

It is local technicians, responsible for periodic system inspections, whe directly act
as the liaison between the users and the ESCQO.  Usually the technicians are the only
representatives of the ESCO visible to the users.  To ensure swift responses to troubles
and minimize the cost of access, the technicians must reside within the same arca as theic
users.

Qualities required for local technicians include; faithfulness, capability and will to
perform necessary work with minimal supervision, be responsive to training, have a
polite manner with the users, be honest, and be capable of winning the users’ confidence
through competence and reliabitity.

For these reasons, it is important for the ESCO is to be capable of screening
qualified candidates and training them to be competent technicians who not only are able
to offer top-quality maintenance service but also can maintain good customers refations
by acting as competenl representatives of the ESCO in both technical and organizational
terms.

The organization is also required 1o have the capacity to monitor, support and
supcrvise the techmicians. This task falls on the senior engineers who are given the
needed cducation/training, then assigned to Local Management Offices to supervise,

suppott and assist the local technicians as necessary.

8.3.5 On-site Management and Control
(1) Management policy

P.V syslems are OWﬁed and éiven the necessary maintenance by the ESCO.  Wiring
from the coniroller and appliances, including lights, are owned and managed by the users.
This is the same approach used in grid delivered electricity systems. The electric utility
owns the facilities involved in power production and distribution up to the interior
distribution center in the customer’s house. By taking this approach, it becomes
possible to inilially select the best components and to replace failed components with the

proper units.
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The ESCO provides individual districts with maintenance services through local
technicians who are ESCO cmployees and residents in their respective districts. A
district is defined as an arca where the local technician can economically visit all the
uscIs at least once a month.

To sustain the cmployment of a local technician requires at least 50 users.
Thercfore, untit some 50 households in a given district agree to reccive such service, no
PV systems will be installed in the district, A single local techaician can properly serve
up to around 100 users, {in a densely-housed district). If a district contains more than
100 would-be users who hope to install PV systems, the district is divided into two, each
treated as a single district.  (In Phase 2, a single local technician is expected to serve up
to 200 customers, each to be visited every other month, on the assumption that
technological advances, such as improved balteries, and more experienced users would
reduce the needs for maintenance visits to once every other month,) Local technicians
need 1o be provided with appropriate means of transport, such as bicycles, and
arrangements made for covering the cost of public transport within larger diélticls

(usually buses) where needed.

{2) Contract between the ESCO and users

As in the case where eleclricity is supplied from a grid, a user is required to sign a
contract which stipulates that the user agrees to pay the charge for system installation.

Further, under a mainienance service contract with an ESCO, the customer agrees
(1) not to modify the equipment belonging to the ESCO, (2) to keep the PV panel out of
the shade, {3) to allow free access by the ESCO technician lo the system, (4) to pay
agreed upon fecs by the specified date, and (5) 10 use the system in accordance with the
guidelines published including that any new {oad should not be connected to the system
unless a prior written consent is given by the ESCO.

On its part, the ESCO is required under the contract (1) to maintain the electricity
supply, and (2) to replace all failed components without added cost to the user excepling
wiring after the conltroller and appliances owned by the user. Also (3) the ESCO is

entitled to disconnect or dismantie the PV system if the user does not follow the terms

agreed.
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{3) Feedback from uscrs

For the ESCO it is very important to have a means to get fecdback information from
the users about the quality of the service readered by the local technician.  Under this
pilot project, individual local technicians are required to collect users’ comments during
their visit. The technicians include the comments in their visit reports, which are
submitted to their senior engineers. One problem is the limited frequency of local
technician’s visits to a user. I was also found during this pilol project that usecrs’
requests were not always correctly conveyed through the local technicians’ report,
particularly if the comment reflecied unfavorably on the technician.  The functions of
the fecdback system are to convey the users’ complaints and requests to the manager of
the ESCO and to inform the users of the ESCO policies, particularly if the billing and
service arrangements are changed. To implement this feedback system, it is
recommended to form a user’s commillee in ¢cach district comprised of 5-7 users, who
will collect users’ complaints and requests and directly convey the information to the
manager of the ESCO. This hélps get around one of the problems of the ESCO approach
which is having only the local technician as the interface between the company aad the
customer. A user’s committee can greatly improve public selations and make the ESCO

more responsive to the needs of the users as well as acting as a form of supervision on

the local technician.

(4) Initial cost (system installation charge)
The charge for system installation has the same significance as the charge for
connecling to a grid.
While this charge is useful in confirming the users’ ability and willingness to pay
for electrification and help's.;)ffset' the cost of wiring the house and installing the system.
The amount of the system installation charge should be determined by taking into
“account a wide véricly of factors, including system size, system cost, the source of funds
for installation, government policies, and what is an affordable amount for thc users.
Ideally, the installation charge should cover the installed components which will become
the property of the user, i.e. the wiring after the controlles, the lights and any other

appliances provided during the iastallation.
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8.3.6 FKESCO Management Cost
(1) Personnel ¢xpenscs

It is the personncl expenses that are ¢xpecled to make up the geeater part of the
management cost. Particularly because this type of project involves a large number of
local technicians, their unit cost can have a great impact on the management cost.  In
Zimbabwe’s rural areas, where few opportunitics of employment are available, tabor
costs are low and such jobs as are available are almost exclusively for males. The tasks
of the locat technician are practical for females as well as males making the number of
possible applicants much larger. As the work load of the local technician rises (with
increasing numbers of systems to maintain) and the competence of the technician
increases the salary can also increase The number of higﬁer level staff will be smalt and
their pay rate not so critical as that of the numerous local technicians. BDuring the start
up phase, it may be appropriate for ZESA to sccond existing employees to the ESCO
providing effectively a management subsidy to the ESCO. In the long run, however,
direct employment by the ESCO will be necessary. To subsidize startup personnel
through a government subsidy can also be viable. Also, the purpose of lhé Rural

Elcctrification Fund (REF) includes salaries of personnel involved in rural electrification

and this could be uscd for management subsidy.

(2) Material Costs

Major material costs include the consumable supplies used by the local technicians
and replacement costs of failed batteries and charge controllers. The Battery’s life
greatly depends on the manner of battery use and the quality of periodic maintenance
performed. Also, these costs vary depending on the types and quality of batteries and
charge controllers used. - Because the ESCO is ‘e'xpected 1o use domestically-
manufactured products as replacemeht parts as much as possible, it is essential to require
domestic manufacturers of PV-system components to bring the quality of their products
to an acceptable standard. To this end, technical guidance should be given to them by

the ESCO and stringent quality acceptance lests performed.
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(3) Administrative costs

Administeative costs include: the costs incurred iu bill collection, inventory control,
claim handling; the maintenance and opcerating cost of vehicles to deliver materials and
transport senior technicians; fuel costs; the educalion & training costs of staff; ; and the
maintenance & management cosis of offices themselves. These administratlive costs
should be included in the service charge collected from users.  In case the collected
charges arc insufficient to cover administrative costs, ZESA would be expected to make

up the short fall as the pareat company of the ESCO.

8.3.7 Fee Setting

In principle, the fee charged to the users should be set by taking into account the
recovery cost of the initial cquipment investmeat, administrative costs of ZESA-Solar,
maintenance cost, and the cost of replacing failed components betonging to the ESCO.
Since the ESCO is allowed to provide PV systems of different sizes depending on the
different needs and payment abilities of different users; a different fee would be charged
based on the actuval cost of installing, supporting, maintaining and repairing that system.
The different needs should be met by selting a standard module size and assembling the
standard modules to fit the needed requirements. ESCO would also be allowed to
instalt more I'har; one system per customer if requested.

As a minimum, the operation and mainterance (O&M) cost should be fully
recovered from the users. In praélical terms, reflecting the government’s policies to
promote and subsidize specific rural clectrification projects, the fee is set in two ways, in
one case with the whole ot part‘of initial capital investment included, and in the other
case the initial investment is not iﬁéluded. In Chapter 9, se\}eral different cases are

analyzed along with their effect on the fee that would have 1o be charged.

8.4 Components of PV Systems and their Installation and Maintenance
8.4.1 Components of PV Systems _

In order to make PV systems marketable, il is essential to set standard system
specifications to make the procurement and installation processes easier. Based on the
results of the pilot project, three system sizes, namely 25Wp (opefaling a fiuorescent

lamp and a power point), 50Wp (three lamps and a power point), and 75Wp (five lamps
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and a power point), arc proposcd.  Users can sclect which system they want depending
on their houschold needs and ability to pay.  Also, it is important to determine whether
it is betler to procurc the system components from overseas or from domestic sources.
Of particular concern arc the battery and charge controlier as their quality will have a

crucial impact on system reliabitity and life cycle cost,

Table 8-9 Standard PV Systems

7 ]ticmisw PV systems
System size 25Wp-class 50Wp-class 75Wp-class
PV modulc 25Wp 50Wp 75Wp
Battery 20Ah / 12V 40Ah / 12V _ 60Ah/ 12V
Charge controller HCA  improved HNCA  improved JIcA 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=13.0V
Consuming Consuming Consuming
currgnt current current
< 20mA < 20mA < 20mA §
PV Mount 17.5° N 17.5° N 17.5° N
Direction & tilt angle (15° ~20° ) (15° ~20° ) (15° ~20° )
Design Solar radiation 5.41kWh/imi/day 5.41kWh/m /day 5.41kWh/m /day
Design no-sunshine 3 days J days 3 days
days ' .
No. of days torecharge 2.3 days 2.3 days 2.3 days
battery ' ' .
Allowable toad 35.3Wh / 4.6Ah 110.6Wh / 9.2Ah 165.9Wh / 13.8Ah
Examples of A TW-FL Jamp | A TW-FL lamp| A SW-FL lamp on
simultancously usable ( 1.18AR ) & (2.36Ah) & a for - 9 hours
loads a20W- - 20W-TV {6.75Ah) & a
TV .34Ah} on (6.68Ah} ond4| 20W-TV on for 4
for 2 hours | hours cach hours {6.68Ah)
each.Total Total 9.04Ah Total 13.43Ah
LADZAN ]
A TW-FL lamp| A 9W-FLon for§ g
on for 7 hours | hours (6.0Ah)
{4.13A1) & a SW-radio
Toial 4.13Ak on for 5 hours
"~ (2.8Ah)
Total 8.8Ah

‘Note) If the design no-sunshine days are assumed at 5 days, instead of 3 days in the table
above, the sysiems’ battery capacities would be as follows: 30Ah for 25W-class, 60Ah for
50W-class, and 100Ah for 75W-class systems. The hours required for recharging amount to
about 3.4 days, respectively.
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(1) Battery

Zimbabwe-made batleries arc available in two types; those designed for road
vehicles, and “decp cycle” batteries intended for solar use. Accoerding to the
monitoring results of this pilot project, automotive batleries need a check of battery
liquids every month. On the other hand, deep cycle batteries require a batlery check
only every other month. Different types of batterics therefore resuitin a different term
for technician visitls. Where periodic visils by a maintenance technician are made,
balteries with open cells are preferable to the maintenance-free batteries or sealed type.
To properly perform preventive maintenance, it is essential that each ccll be checked
individually and that is impossible with a maintenance-free or sealed battery.
Maintenance-free or sealed batteries are best used where the sites with PV systems are
instailed are not accessed regularly by trained technicians. The employment of
automolive batterics cannot be recommended unless it is clear that their short life is

acceptable both economically and in reliability of service.

Selection of battery capacity depends to some extent on the solar climate. No
long term data are available on the frequency of cloudy days or their duration in
Zimbabwe. The data collected by the JHCA survey show that low sunshine days can
continue for three consecutive days. Even a low sunshine day does nol mean total loss
of solar irradiation, rather a level of around 2kWh/mday (about 25% of peak hours).
Therefore, no power oﬁlagé problems shoutd be caused if the system is designed on the
assumption that no-sunshinc days would continue for three consecutive days.

The usable life of a battery greatly depends on not merely its qualily but the manner
of its use. For éxample, comparing repealed discharging of 30% of battery capacity
with repeated. discharging of 75% will have a different effect on battery life. In onc
actual case, data showed that the number of times of cycling with a 30% discharge level
was 1,200 times before battery failure, but only 400 times when deep cycled to 75%.

While the pilot project employed locally made batteries, they have proved too
shori-lived to be acceptable. Under present conditions, PV systems are acceplable for

remote areas only if their components are of sufficient quality to function for at leasl
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scveral years. For locally made batleries to be practical significant improvement in

quality control and manufacturing technology needs to be made by the local companies.

(2) Charge controlicr

In order to cover a wide range of systems from 25Wp to 75Wp, the JICA improved

model is taken as the standard. Iis special features and specifications are as follows,

PV disconnect voltage(lHIVD) © Load disconncct volitage (LVD) :
14.5V 11.5V

PV  recomnect voltage(HHVR) : Load reconnect voltage (LVR) :
13.0V 13.0V

Current consumption : 15mA

Relay of control is in normally closed on the PV side, and normally open on
the load side.

With the specifications above, the PV reconnect voltage (HVR) is sct Jower than
the HVD by 1.5V, while toad reconnect voltage (LVR) sct higher by 1.5V, than the LVD.
The level of HVR is designed to eliminate excé.ssi'.‘rély frequent on-off ac!iviiy by the
relay while still allowing stable charge control for the battery. The level of LVR is
designed to promote a proper recovery of a batiery by delaying reconnection bf the load

until at least partial recharging has taken place.

The charge controller of the JICA improved type, as employed in the pilot project,
has a charging capacity of 10A. Given that even the maximum output cu;_rém' of a SﬁWp
PV module is about 3A, the capacily is more than sufficient. In practical terms, lhé
employment of a charge controller of around 10A is recommended, because smaller
capacity contrallers would have to be changed in the case of a system capacity

expansion.

For the smail-capacity system of 25Wp, the charge controller must be selected
carefullj}' because consumption of the charge controller itself can put a heavy burden on
the system. During the pilot project, a very low consumption charge controller was
developed and ins{alled. Bul, many switching errors occurred resulting in a loss of

confidence in the controller by users and technicians alike.  Since the pilot project was
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intended to determine the acceptability of the equipment uscd, to install a newly
developed controller was not an inappropriate action since replacement could be quickly
effected (as was the case in the pilot project). However, for full scale rural clectrification,

it is vital that charge controllers with a long and stable field expericnce be used.

(3) Fluorescent lighting apparatus
The jocal-made {luorescent famps employed in the pitotl project have had a failure
rate of only 1%. Improvements can reasonable be left tot he manufacturer. For

safety reasons, a fuse should be included in the fluorescent light or at least in the circuit

to cach light,

(4) PV module support frame

It is optimum if a module is given a tilt angle of 17.5 degrees, but in any case the
angle must be set within the allowable range of i5°-20°,  Also, concerned about possible
thefts, almost all users prefer a module mount attached to the wall or roof of their house.
A straw-thatched house in the lradi.lional style generally has walls too weak to mount the
module. However, the module can be installed through the thatch roofing if poles are

erecled upright inside the house, then penctrating the roof,

8.4.2 Procurement/Distribution of Component Parts

System component parts will be procured thcough the National Management Center
(NMC). With system design, as well as specificaiions and standards of component parts
set by the technical staff of the NMC, necessary parts procurements will be carried out
periodically and suppliers will be selected thorugh competitive tender. Successful
bidders must deliver lhé' parts to a designated Districl Management Center, where they
are given an acceptance inspeclion. The parts delivered to a District Mapagement

Center are then forwarded, under its control, lo individual Local Management Offices for

use in each districl.
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8.4.3 Stocks of Parts
(1) Stocks of major supplies at District Management Centers

In order not to cause unacceptable delays in system repair, every district should
have sufficient supplies available. Particularly, it will be hard to transport balteries
individually from Harare to the user site swiftly and without cxcessive cost.  Thercfore,
individual District Managemeat Centers are required to keep supplies of all component
parts and exira sets of PV systems, the latier for rew users.  While in storage, batteries

should be charged periodically or connected to a continuous float charge system,

{2) Supplies of lights and fluorescent bulbs necded users

Users arc required to purchase replacement lights bulbs themselves. Therefore
thosc materials must be available near the users.  One option is to send lights and bulbs
with the local technicians on their visits so he could sell them to users.  But, this oplion
would put an extra burden on the local technicians in lerms of both product transport and
accounling. Als.o, because the local technicians will visit their users only ance a month,
inconvenience can be caused to the users. A more viablc option is to consign the sale of

lights and bulbs (o the shops. located in each individual district,

8.4.4 Installation/Maintenance of System
{1) Installation by trained & certified installation-service companies

Generally, if a rural electrification project has a growing number of users, the
amount of installation works will also swell rapidly, and it won’t be pra'ctical to handle
such work by the ESCO staff alone. Then, it beco’rﬁes necessary to contract for such
installation works to private installation service companies such as those developed
under the GEF project.  One of the problems found by the JICA pilot project is that the
installation service companies did not have a satisfactory technical capability or the
proper tools to perform a satisfactory installation. Therefore, under the “Phase 1”
project, it is recommended to give contractor installation service companies extensive
training which includes the requirement that they pass a practical examination for
certification. Moreover, during “Phase 1,” installation work by contractor companies

should be supervised on sitc by senior engineers from the Local Management Office.
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(2) Use of proper tools

It has been observed that many of the problems arising after PV systems were
installed under the JICA pilot project stemmed from cither misunderstanding of the
technical requirements for PV systems (e.g. an instatlalion site not properly selected to
avoid shade), lack of proper tools or improper use of the proper tools.

To ensure good installation quality during Phasc 1, thc majority of the installation
service companies contracted to do installations will need to be given general training,
on both the theory of PV system installation and on-the-job training specifically
including how to properly use tools. Installation-scrvice companies must be required to
have a set of proper tools available for their use. The toels can ¢ither be owned by the
company or. is also reasonable for the ESCO to sell or lease the proper tools to such
companies. [In the latter case, consideration must be given to the cost so that the sales

price or rental charge of the tools should not be excessive.

{(3) Maintenance of the system

Maintenance of the system is provided by local technicians.  Periodically, at first
once a month, local technicians visit their users to check the systems, take necessary
preventive measures, and confirm that the users do not make any modifications to the
system wilhoul permits nor use electric appliances which are not designated to be
connected. Users on their part report their experience with the system to the local
technicians. Problems and requests, if any, should be communicated to the ESCO
through the local technicians. Also, senior engineers must regularly tour the districts
covered by local technicians, and supervise them. If troubles occur which are beyond
the local technicians’ capacity, the senior engineers will help the local technician solve
the troubles.  Particularly, the replacement of a battery needs the approval of a senior

engineer.

8.5 Summary

So far, the recommended framework for PV system-based rural electrification has
been examined from various aspects {e.g. how to develop the market, the organizations
responsible for rural elecirification projects, management methods, target houscholds,

fee-selting). What’s made clear by the results of the pilot project is that even if users
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arc provided with a system, ils maintenance and management involves many difficulties
because they live in rural arcas distant from support. In order to use PV systems in
remole rural areas, what should be emphasized again and again is that the after-sale care
is absolutely essential.  Without such care, an expensive system will be out of service
for an extended period which undermines users’ confideace in PV systems, thus
producing a negative marcket effect, 1If PV power generation is to be promoted as a
suitable means of clectrification, the organizational/management systems discussed in

this chapter are important considerations.
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9

PV System-Based Rural
Electrification Project

9.1 Background of the Project
9.1.1 Needs for Rural Etectrification

- As of 1998, unelectrified houséholds in Zimbabwe numbered an estimated some 1.5 million.
ZESA, responsible for electricity supply in Zimbabwe, curcently plans to extend its grids in hopes to
electrify all the so-called rural service centers (RSCs) nationwide by FY2007.  This projecl, initiated
in FY1997, is expected to make electricity available in 413 RSCs by ¥FY2007. Iis tofal cost is
projected to reach Z$460 million,

However, because ZESA’s project covers only RSCs and their vicinity, those electrified under
the project will be limited to an average about ten shops, including restaurants, groceries and
slaughterhouses, and an additional about 5-10 affluent households nearby. Naturally, the number
could grow if the number of affordable households multiplies. For the presenl, however, rural
electrification extension is likely (o remain at arourd 10,000 households nationwide, Thus, ¢ven
when ZESA’s rural electrification project is over, the number of unelectrified houscholds is expected to
remain unchanged from now, or can even grow larger.  For the present, to enable such unelectrified
households to receive électricily by extending grids cannot be justified for economic reasons.  For one
thing, such unelectrificd houscholds are widely scattered.  For another, their electricily demand is
limited to lighting and TVs, and is therefore too small to justify a massive investment.

Such being the situation, it has been under consideration to electrify such scatlered rural
houscholds using solar photovoltaic (PV) systems. ZESA on its part has been considering how to
make PV systems popular among unelectrified households in rural areas.  The latest survey results on
rural society (se¢ 5.6) clearly showed that rural households’ electricity demand would be limited to

lighling and TVsfradios, which could fully be covered with a SO0Wp-class PV system for each

household.
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9.1.2 Rural Electrification by making PV Systems Popular

As outlined in Chapter 8, the proposed project proposes that rural clectrification is carried ot
through the use of PV systems on cach household. In order to allow the largest number of rural vsers to
be able to afford the systems and to insure that long term maintenance and sustainability will be
passible, the approach used is not that of selling PV systems to rural houscholds. Instead of urging
unclectrified rural houscholds to buy PV systems, a public or semi-public organization having a solid
economic foundation acis as Energy Service Company ¢(hereinafter tcferréd to as ESCO) and furnishes
cach household a suitable sized PV system to be installed inside or next to their house. Then, the
ESCO collects, from the system-equipped households, a fee which includes sufficient money to pay the
capital cost of the syslems and for ils maintenance.

Under the JICA Pilot Project, PV systems were installed in both individual households and
public facilities, but only the former has been provided with mainlenance & inspection services. This
was the case because public facilities, such as medical clinics, have thus far no budgets for buying
maintenance & inspeclion services. Therefbrc, during the study, the systems installed at public
facilities were checked by the study team, which toured such facilities as often as every 3-4 months or
s0. What was found by the touring tcam was that personne! at few public facilities checked the
batiery liquid level at all.  Also, it was found hard to obtain distilled water for refilliné when necessary.
Several public facilities even had charged batteries brought in from outside. From these findings, it is
clear that, in the fong run, PV systems are be maintained better under the ESCO ainroach, where the
PV syslem is rented to supply eleclricily,"rathcr than selling PV systems directly to the users and
placing maintenance responsibility on the households. Moreover, the proposed ESCO-led PV
electrification’ system makes PV systems affordable to the lower-income class than ever, because it

assumes a capilal cosl recovery period as long as 20 years instead of the 3 years commonly required

under sales schemes..

%2 Objeclive and Basic Policy of the Project
9.2.1 Objective and Significance of the Project

The objective of this project is rural electrification in Zimbabwe. “To that end, the use of PV
electrification systems is proposed. Based on the findings of the JCA-sponsored Pilot Project,
proposals will be made for the PV-system management arrangement, the bill collection method, and
ovcrall institutional setting for the development of PV electrification.  Action programs for the

Zimbabwe government, relevant private firms and others will be proposed as well.
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9.2.2 Basic Policics to Spur the Bevelopment

The proposed rural electrification plan is characteristic in the point that fees are collected in
return for the security of “electricity supply” (not the purchase of solar systems) to currently
unclectrified households,  This ptan does not involve electrification for institutions such as clinics and
schools. Reason why institutions are out of scope that it is not casy to sct up PV maintenance budget
for institutions during this survey. Requirements which must be considered include the sclection of
districts and households where PV systems should be introduced, rate-setting policies, and a
recommcnded management system to best implement a PV etectrification system for rural Zimbabwe.

Rasic policies relevant to how to implement this unique project are described below.

(1) Districts and households where PV systems are to be introduced shall be selected by taking into
account the local economy and such factors as if they are concenirated geographically to permit
easy maintenance and if local technicians can be secured.

(2) Electricily rates shall be set by taking the cost for PV system installation and continving
maintenance and the residents’ ability to pay into account.  In addition, the payment method shall
be decided by fully reflecting the uscrs’ opinions.

(3) For long-term success in PV based rural clectrification, cooperation at all levels -- user,
componenl suppliers, implementers and Govermiment -- are required. Recommendations are made
for policies for Government, private organizations and others concerned with PV based rural

electrification later in this report.

These are the basic policies to be applied for pursuing the objective of this project, or the

“promotion of PV system-based rural electrification.”

9.3  Size of the Project
Because how many households are in need of rural electrification is an important element which

sets the upper limit on the size of this project, an overview is given below.

9.3.1 Number of Unelectrified Households
The number of electrified and unelectrified households in Zimbabwe was surveyed in 1992,
Since then, electrification has advanced in urban aceas, while an electrification has rematned virtually

unchanged in rural areas. The 1992 survey resulis show that unelectrified househotds numbered 1.5
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million nationwide, and 1.3 million in ural arcas. At present, rural arcas contain even larger numbers
of unclectrified houscholds, which now include an estimated about 1.5 million.  Tn principle, they are

the target houscholds for this rural clectrification project,

~ Province Households Electrified - Unelectrified

“Total 2,163,289 | 28.24% | 610913 | 71.74% | 1,551,944
Utban | 763,706 | 71.65% | 547,195 | 2832% | 216,282
Rural 1,399,583 | 4.55% | 63681 | 9543% | 1335622

9.3.2  Number of Households that can alford Systems

As already discussed in Chapter S, those capable of paying a fec of 2$3,000/year numbered
50,000 houscholds in 1997, and are likely to outnumber 300,000 houscholds by 2017.

The households capable of paying a fee of 251,500/year numbered 200,000 in 1997. It is clear
that the fees which need to be charged under and ESCO are low enough so that the number of

houscholds which need and can afford systems is not a limiting factor for this project..

9.4  Specific Contents of the Project
9.4.1 Tartget of the Project

Given that some 1.5 million rural households are left unelectrified at present, the prima'ry target
of this project is sct as that 10% of currently unelectrificd rural households, or about 150,000 homes,
shall be clectrified in two decades through PV electrification. This target number also appears to be
reasonable from the number of households which can afford the necessary fees. The target of 150,000
houscholds in two decades is to be pursucd in two phases; one phase during the first five years and the
second during the remaining 15 ycars.  The first phasc is designed to undersscore the penetration of PV
systems and provide for strengthening of the management organizations, with 15,000 households be
electrified. . The sccond phase is designed for full-scale implementation of PV systems for rural

clectrification, with the remaining 135,000 households be equipped with PV systems in 15 years.

9.4.2  Criteria for Selecting Candidate Districts for the First Phase

(1) Intreduction method

A recommended method for PV system introduction is to designate 1~2 local management

offices in an area (province) as a model case first, then select around ten districts of users in the vicinity
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of each designated office.  Fach district shall consist of a minimum of 50 users (o be equipped with
PV systems.  ‘This method will help to reduce the market development, operation and management

costs and insure that maintenance ¢an be provided at the lowest possible cost..

(2)  Criteria for selecting candidate districts for first phase

‘The first phase shall be started by sclecting the districts where density of candidate households is
high enough for there to be a high prob'ab.illily of having sufficient households apply for systems.  Also,
given that the maintenance scrvice is rendered by ZESA (ZESA-Sotar), the dislricts to be selected arc
those accessible by ZESA for lour'i'ng maintenance services. In specific terms, these would be districts
tocated within 20-30km from ZESA rural offices, or within 20-30km of ZESA rural service centers.
An economic analysis confirmed that PV clectrification would be advantageous even in a village
situated 1km away from grids and consisting of about 50 houscholds, so long as electricity demand
should be limited to lighting and TVs/radios as is lrue now.  Assuming that electsicity demand could

almost triple in the future, it is reasonable to select districts more than Skm away from the grids.

(3)  Criteria for selecting households to be equipped with PV systems

The households to be equipped with PV system shall be selected among those which are
currently vnelectrified and “not-poor.”  In specific terms, the selected households shall be capable of
paying around Z5$1,500~3,000 yearly (such households numbered 50,000~ 200,600 in 1997, and are
tikely to outnumber 300,000~1,000,000 by 2017).

Table 9-2 .Densily of Unelectrified Houscholds by Province

Province - Area No. of unetectrified households Houschold
' o densily
km’ Urban Rurat Total Households/
: , areas areas km’

Mashonaland Wesl - 60,467 23,699 158,633 | 182332 3.02
Mashonaland Central 27,284 7,058 | 153,261 ° 160,318 5.88
Mashonaland East 24,934 4,548 1 196,182 | 200,730 885
Manicaland 34,870 02100 268,774 | 277984 | - 7.97
Masvingo 44,310 6,529 199,243 | 205,772 - 4.64
Midlands 58,967 17,549 170,426 | . 187,975 319
Matebeleland South 66,390 5,145 92,977 98,121 1.48
| Matebeleland North 73,537 4,347 93,432 97,719 133
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Tale 9.3  Poor & Non-Poor Houschold Ratio

Province o Poor & non-poor ratio ‘Housing density

. o o Households/ km?

Poorest Poor Non-poor | Unelectrificd | non-poor “and

- unclectrificd |
Mashonaland West 48 120 31 3.02 093
Mashonaland Central 46 20 34 5.88 2.00
Mashonaland East 60 14 26 8.05 2.09
Manicaland 62 13 25 197 1.99
Masvingo R 57 12 32 4.64 1.49
Midlands 46 17 37 3.19 1.18
Matebeleland South 45 17 38 1.48 0.56
Malcbeleland North 55 13 32 1.33 0.43

The shares of poor hous¢holds are borrowed from WAPCOS Report

From above lable, the candidate provinces for the first phase electrification should be

Mashonaland Central, Mashonaland East and Manicaland.

Figure 9-1 shows arcas already electrified (blué circlé), to be electrified by 2001 (green circle)
and by 2007(red circle).

(4)  Mutoko, Mashonaland East (in December, 1998)

The study tcam visited the ZESA branch (Depot) that is managing Mutoko, Mashonaland East as the

candidate area of the first phase.  The results of survey are as follows.

Number of the electrified households in Mutoko is 1,860. The electrification ratio is around
15% and the number of the unelectrified households becomes 12,400. The areas of jurisdiction are
involved Murewa, Mutoko, Mutawatawa, Macheke East.  The ZESA rnanagemen't center in this area

is located in Marondera. There are many high income families in these areas who produce saleable

crops and wash for gold.

The work of Mutoko Depot are the extension and maintenance of the distribution line, reading of
the watt-hour meter, the publicalion of the bill, the collection of the charge and so on.  Totat personnel
are 28 and two out of 28 reside in Murewa. Al present, the reading meter of 1,860 households is done

by one person.  Alter the extension plan of distribution line will be complete, the meter reader will

increase 1o (wo.
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The electric power consumption of ane customer is about 500 kWh/monthand average electric
rate is Z$200/month.  After meter reading, a bill is mailed to the users and the user pay in Depot or the
center.  Generally, the grace period of 30 days is given to the unpaid user,  However, the grace period
of 60 days is giving in these areas because of poor transportation.  If user docs not pay within two

months, electricity will be cut off by ZESA.

The average salaries of the Depot staffs are 2$25,000/month with engineer, Z318,000/month
with technician, and 7$3,000 with meter reading worker. There are several vehicles including pickup
and six wireless telephones which cover the whole area approximately and Mutoko Depot has mobility.
Also, Mutoko Depot has the stockyard which can be used for spare parts and the repair of the

equipment.

As the first candidacy area which implements the first phase from the point of the charge
collection syster, the solvency of the residents, the stable management basis, the mobility of Depot, it

is judged that Mutoko is adequate area.

9.4.3 Functions Required for PV-system Management Organization
To succeed in large-scale rural electrification by virtue of PV electrification requires an ESCO, a
firmly-cstablished organization responsible for electricity supply, which can satisfy specific
rcquirefnenls. ESCO functions ace aleeady described in chapter eight, they are:
(1) Decentralized management ‘uniis with centra! administration for policy and high level tasks.
{2) Ability to develop users through public relations and markeling
{3) Technological capability fm; PV electrification
(4) Molivation to provide good service by maintaining systems and meeting users’ needs
{S) Financial capability to afford capacity expansion in the future
(6) A good capability of billing and bill collection
(7) Primary orgaunizational task is PV-based rural elcclrifical.ion

(8) Authority to disconnect when fees are unpaid

Among existing candidate organizations, ZESA (Zimbabwe Electricity Supply
Authority) can be cited as the best that can satisfy all the aforesaid requirements. ZESA

is authorized to supply electricity to both urban and rural areas and has been growing
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both in power production and transmission/distvibution sectors. Yet, if responsible for
the management and maintenance of a rural electrification project which involves large
numbers of independent PV systems ZESA must increase its personnel, both with PV.
system experts and maintenance staff. Further, ZESA as a whole does not have as its
primary responsibility either PV electrification or rural electrification. Therefore, to best
implement PV-based rural electrification, it appears better for ZUSA to set up a new
mostly independent organization (provisionally named “ZESA. Solar” for convenience).
Office of ZESA Solar, personne!, management policy, office work processing, ete. owns
jointly existing ZESA organization but account sector of ZESA Solar should be divided

from existing ZESA.

9.5 Supporting Programs for Project Implemeatation

‘The latest findings show that to implement the proposed project requires some supporting
programs. Included are quality improvement of locally made PV-system equipment, the establishment
of technical centers, introduction of test facilities for PV-system equipment, setting of prbduct
standards including the introduction of a certificate system, the establishment of engineer and
technician training centers, and improvement of stock control and distribution functions. The flow of

supporting progeam is shown as Figure 9-2

Fstablishment of
FESCO

. Establishment of
training center

Provision of
Implementation plan

Public relation of PV
dissem ination

Introduction of PV
standard and
certification method

Establishment of new
energy technology

Finance for
improvement of
process line

importing PV
material

Favoron Suties for

Estahlisﬁm ent of

cenler credit guarantee
fund
A Y. ‘

Fstablish i'mplelnenl
erganization and
disseminate PV systems

[mprovement of
personal technology
and improvement of

quality of PV material

Al

Secure of fund of PV
material supplier
and cost reduction of
PV material

Implementation of PV electrification

Fig9-2 Supporting Program for PV Electrification
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9,5.1 Quality Improvement of PV.system Equipment and Establishment of Technical Centers

As clearly determined by this study project, focally-manufactured PV-system components are
unéven in quality.  As for batterics, their usable life varied greatly, with some becoming ne longer
usable after only a half year in use.  Also, some of the charge controllers had voltage settings which
were incorrect or nol constant, a cause of shortened battery life.  Around 1% of the fluorcscent
lighting apparatus was not satisfactory. These suggest there are some problems in the manufactoring
PIOCCSSES.

Quality contro! {QC) is an activily designed to allow the offering of producis or service which
can consistently meet customers’ exact needs. Namely, QC requires the knowledge of customers’
needs first. In Zimbabwe, QC has been already in practice by some firms associated with Western
companies or having introduced technologies from abroad.  But, few small and medium-sized
companies have sufficient QC commitments yet.  Specific QC methods can vary depending on
different situations in different firms.  Yet, it is esscntial that the top executive of individual ficms
makes the decision for pfbper QC introduction, then, by inviting experts from outside or fostering in-
house specialists, sets forth clear-cut objectives and policies, while pouring necessary time and money
into such efforts,  Also, at national and industry levels, it is appropriate to establish technical centers

and other structures 1o assist companies in improving their QC for PV components.

9.5.2 Standards-setting and Introduction of a Certificate System

Product standards improve user confidence in PV systems and provide the installation-service
companies and parls manufacturers with yardsticks for their QC activity. Thus, product standards
should be prepared from the perspectives of not merely system providers but system users and
componert manufac{urers as well.  For example, while system design used to focus on the capacity of
PV modules (ex. 50Wp, 75Wp, elc.), PV systems can best be designed from the perspective of how
users will use electricity (c.g. 1o design a system for 2 lamps + a radio, or for 2 lamps + a TV).
However, standards must be realistic.  If standards are set higher than is necessary to meet the system
requirerents, it can raise the product cost beyond that which js affordable by mosl rural houscholds.

Once product standards are set, manufacturers must commit to QC in an allempt 10 meet the
standards, and successful manufacturers naturally expect to have the quality of their products certified.
Because QC activity is relatively expensive, the products which reach the set standards should be

cerlificd on the market. The common method is to provide market certification through the
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government, or the industry, which issues a certificate of conformance to a company when its quality of
product or service is confirmed as mecting the standards.

The presence of the cerlificate enables the users to confirm the quality of products or service.
The standards certificate systemy, if put to effective use, can be expected to spur QC activily among the
system and parts manufacturers.  For standards and certification to work in the markel place, the
government and private sectors are required to make concerted efforts to inform the users of the
presence and viability of product standards and the meaning of certification.

For small and medium sized firms, each hardly able to introduce QC by themselves, to respond
to such a standards system, the government and PV industry organizalions need to offer supporling
measures so that they can develop their abitity to carry out QC and ‘pass the standards under the
certificate system.  Also, the firms planning QC aclivity or introduction of QC-related machines and
equipment should be provided with preferential loans to help finance that important activity,

In Zimbabwe, SAZ (Standards Association of Zimbabwe) is responsible for the preparation of a
wide range of standards. The standardization of PV-system components is in progress under
leadership taken by SAZ in collaboration with SIRDC (Scientific and Indusirial Research and
Development Centre).  1f SIRDC provides certificate tests, product imprévemehl by private firms can
be expected.  However, the greatest present problem in setting and p.uuing 10 use standards for PV
system coinponents is the absence of adequate measuring instruments in Zimbabwe. Under the
present conditions, no one can judge whether product standards, even if set, are satisfied or not.
Without measuring instruments for PV systems, even SIRDC is unable to evaluate such componeats.
SIRDC is in need of some Z$3 million for buying necessary tesling instruments.Although the study
project provided some test equipment a number of required test systems remain to be obtained. . Of
them, particularly expensive testing instruments include a battery evaluation unit to measure a battery
tife, and an [-V curve tracer with solar simulator to evaluate module characteristics..

Internationally, the PVGAP (PV Global Approval Program) is already operaling and many
countries are participating this program. Specifications and methods of testing arc provided and labels
for qualified materials are available for cestification. The secretariat of 'PVGAP is in Geneva,

Switzerland

9.5.3 Establishment of Technical Training Centers
To kecp a PV system well requires local technician’s visit at least once 2 month. Once the

users’ experience of system operation exceeds five years, the cycle of visils can be widened to every
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other month.  Yet, at least during “Phase 1,” every-month visits by a local tcchaician should be in
practice for the security of systems.

The proposed project sequires assigning a local technician to every 50 systems duriag the initial
ycars, and to an average of every 100 systems a fow years later as experience and capability for
maintenance improves.  Accordingly, a district consisting of about 1,000 systems requires some 10-20
tocal technicians. The target of 15,000 houscholds (o be equipped with PV systems during “Phase 17
means that at least 200 local technicians must be securcd and Irained during the five years of “Phase 1.7
In addition, assuming dropouls for some reason, including lack of required talent, an additional 30
technicians need to be trained during the five-year Phase 1.  Effectively, “Phasc 17 requires a training
center where at least 50 local technicians can be trained cvery year. Though a growing number of
systems are installed, the number of local technicians to be trained each year during “Phase 27 remains
the same as in Phase 1.

For training local technicians, the instruction methodology already put into practice by the JICA
study team at Kwekwe Technical College is appropriate.  Also, for successful rural electrification,

local technicians and senior engineers need to be reeducated or retrained periodically, so that they can

check and keep their capabilities at certain levels,

9.5.4 Financial System for PV Industry

Financial situation of PV indusiry in Zimbabwe was already described in Chapter 7. It is very
difficult to prepare an investment cost for middle and small companies in PV indusiry at present.  In
order to solve this issue, it is necessary to establish trust fund and to prepare soft loan to PV companics.

Also, this soft loan should be applied for research and development.

9.5.5 Improvement of Stock Contrbl_ and Distribution Functions

Spare pérls and parts for the assembly of new systems are needed at the user locations since it is
slow and expensive to move materials directly from Harare to remote sites. Particularly, it will be hard
to inexpensively move batteries directly from Harare to the remote user households. Therefore, for the
project, system componems‘are specificd and purchased at the main company sile then delivered to a
district management center, where they are inspected, then forwarded to local management offices to
serve individual users. Under such a components supply system, every district is required o keep
stocks of supplies so as not to cause delays in repairs.  District offices will need a mains or solar PV

system in order to periodically charge or float charge batteries in slorage.
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Usces on their part are required to purchase their appliances including fluorescent lamps by
themselves.  Thus, such apparatus must be available ncar to the users, It is possible to send
fluorescent lights and other supplies to the local technicians to scll them to the users.  Buy, this option
can put an cxtra burden on the local technicians in terms of both product transport and bill collection,
Additionally the local technicians will visit their users only once a month ot so, inconvenience due to
delays in replacement, can be cavsed (o the users.  Thercfore, a more viable option is to consign the
sale of fluorescent lights and bulbs to the shops already found in individual districts.

LEfficient stock control requires a good grasp of product sales patierns and market trends, as well
as the production capacities of PV parts manufacturers and their delivery periods.  While it is true that
for the present, Zimbabwe’s PV-related market is too small to allow truly efficient stock control yel

implementing the structures for effective stock control is vital from the beginning of the project.

96 Expected Benefits of the Project
9.6.1 Benefits of PV-based Rural Electrification
Economic benefits of PV system-based rural electrification are considered here. - Bencfits of a

given project can be best highlighted if compared with a case where such a project is not impleracated.

(1}  Users’ benefits

Users are able (o use clean and safe illumination by PV eleciricity, making it possible for them to
better study or work at night. In particular, education can be improved through exténding study houss
through good quality light and by distance education through the TV,

Besides English taken as an official {anguage, -Zimbabwe has several local languages such as Sﬁona
and Ndcbere, Rural people usually speak in their local languages and rarely use English. ¥f rﬁral
clectrification is widely carried out by PV systcﬁms; TVs will become popular among rural people,
through which they can improve in English which is the common language which allows easier
communications among diffecent ethnic groups and forcigners.

Agricultural yicld;s can be expected to improve if TV information about agricultural methodology
improvements, farm product market trends and climates is available.  Particularly, weather

information is important for rural areas relying primarily on farming.
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(2) ZESA’s benefils

If ZESA extended its grids to electrify rural arcas where electricity demand is too small, it could
not recover its investment! with the electricity rates at present levels. [Ia the case of PV-based
clectrification, necessary systems could be installed in all of the houscholds, scattered and situated
away from existing distribution lines, with only about one fourth of the invesiments involved in geid

extension.  Also, investments could be recovered if PV-based electricity rates are sel independent of

existing grid-based electricity tariffs.

(3) Government’s benefits

Al present, Zimbabwe's power source mix consists of coal-fired thermal, hydro and imporied
clectricity.  If PV electrification could meet part of eleciricily demand, which is likely to surge in the
years to come, the government would be able to save hard currency by reducing the purchascd
electricity.  Also, PV-based electrification of temote areas involves less investment than grids-based

projects, thus alleviating government’s financial burden in its capitalization.

{(4) SEIAZ’s benefits

This PV electrification project, proposed based on the findings of the preliminary pilot project,
features well-planned installation of PV systems over a long period of time which permits the
stabilization of demand which in the past has been unpredictable.  As a result, PV-related industries
can expect constant revenues and confidently increase their equipment investment for the future.  Also,
the formalion of a new energy center as part of supporting programs can help domestic PV component

manufacturers improve their product quality to be both price and quality competitive with mmported

materials,

(5} Environmental benefits

PV electrification is environmentally friendly, While producing eleciricily, it releases no
carbon dioxide, currently a serious problem causing global warming, nor does it have texic fumes of

noise associated with ils vse..

9.6.2 Benefits of ESCO Approach
As already discussed in this report, PV-based electrification can be advanced in lwo ways. One

is the sales oriented approach, and the other is the ESCO approach which is strongly recommended
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here based on the findings of the study project.  The benefits which can be expected from the ESCO

approach are:,

{1)  Users’ benefits

With the ESCO approach, the users of PV systems can be free from PV system maintenance.
Users of the sales oriented approach have the problem of maintaining the PV system,

The ESCO approach can reach to the lower-income classes as it can provide a lower monthly
payment for the provision of elecirical service.

Those who are benefited most by the sales oriented approach are primarily the dealers of PV

systems instead of the system users which are the principal target of any rural electrification project.

{2)  Users’ tax-free benefits
With the ESCO approach, it is ZESA-Solar, a government organization, that owns the PV
systems to be installed.  With this approach, PV systems will not be subject to the sates tax and thus

allows a lower installation cost thaugh of course the government’s sales tax revenues would not be as

great.

(3) Chance of tow cost finance

With the ESCO approach, it is ZESA-Solar that would be responsible for raising the necessary
funds. This eliminates the need for the fragmented loans to users, or to installation-service companies.
IT it is ZESA-Solar, or ils parent company ZESA, or the Zimbabwe government, that is subject to the
loans, it becomes possible (o gain more favorable financial conditions or even grants from overseas

donors..

(4) Benefits on delivery of materials

With the conventional sales-oriented approéch, sales companies have to procﬁre PV systems in
small quantities based on their own product specifications, then iransport and install the systems
independent of compelitors.  They also have to keep stocks of parts if they are to be certain of mecting
acceptable delivery schedules., In comparison, the ESCO system allows procurement in large
quantities, perhaps for discount prices. Because the district management centers keep optimal stocks

of these standardized parts and can ship quickly upon request, an earlier delivery to the use sile is
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cnsured.  This approach also permits well-planned distribution, which leads to lower transpontation

cost which can be a major cost when user sites ar¢ rural and remote,

(5) Benefits on product quality improvement

With conventional sales-oriented approach, product quality is not necessarily a priority, {irst cost
tends to be emphasized strongly. Because the ESCO approach must consider a system’s lifelong
optimal cost, rather than just first investment cost, full consideration will be given to the relationship
between quality and cost of the systems and patts.  In addition, because a large amount of products are
purchased al one time, the ESCO is able to instruct suppliers to ezt product standards and can be

effcctively penalized if they do not.

(6)  Benefits on human resources development

In-house human resource development by sales companies usually takes the form of on-the-job
training, and few of them can afford well-organized, systematic training. An ESCO approach
involves well-planned training of technicians and technical training needs to be incorporated into an
ESCO’s action program on a fiscal year basis. Training should be given not merely at the beginning

but repeatedly at periodical intervals.

9,7 Action Programs for Project Implementation
Action programs for the implementation of PV-based rural electrification project are described

below by each organization involved in the project.

971 Action Program for the Government

The government is required to decide following policies.

(1) To decide a specific target for PV-based electrification.
The proposed project is designed to eléclrify 150,000 households, or 10% of currently
unelectrified households, in two decades.

(2) To decide the employment of ESCO approach.
As detailed in 'Chapler 8, it is strongly recommended to employ ESCO approach in
implementing this project.

(3) To decide the incorporation of ZESA-Solar.
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As detailed in Chapter 8, it is recommended to incorporate ZESA-Solar to act as the principal

organization of this project.

9.7.2  Action Program for ZESA-Solar, the Principal Organization

ZESA-Solar, or the principal organization, is required to advance following items,

{1}  Tosurvey potential demand in the candidate districts for Phase 1
Of 1.5 million houscholds in curcently unelecirified arcas, those which can afford Z$1,500 of
annual bills will be the customer base where PV sfstcms will be introduced under this project.

The candidate province is proposed lo be either Mashonaland East, Mashonaland Central or

Manicaland.

(2)  Toselect the districts subject to Phase 1.
The districts to be selected for this project are those accessible by ZESA-Solar, and are located
Skm or more away from existing grids.  In more specific terms, the districts situated within 20-

J0km from ZESA’s rural offices, or those within 20-30km from ZESA’s rural service centers,

can be the candidates for the project.

(3)  To prepare the implementation and investment plans for Phase 1
This project calls for the introduction of PV systems into 15,000 households during Phase 1.
‘The installation costs total an estimated US$10.8 million (= US$720/houschold x 15,000

households). Cash flow for several cases will be calculated and a plan made o provide the

necessary funds.

9.7.3 Action Program under Goveirnment- and Private-sector Collaboration
While leading the private sector, the governmenl is required to advance following items,
(1) [Establishment of training centers
Under this project, it is recommended to bolster the training course established at existing

Kwekwe Technical College, and requice training of local technicians and installation service workers

there.
Numbers of trainees
Local technicians 50 persons/year
Senior engineers 7 personsiyear

Installation service workers 10 persons/year

360



(2) Vistablishment of new encrgy technical conter

It is recommended 10 eslablish a new energy research center, primarily for PV clectrification.
The wescarch center wonld be expected to conduct R&D on utilizaton technologies and how to
imprave system efficiency, and also be responsible for the quality tests necessary for the cedificate
system.
(3) Public Relations and demand development for PV electrification

Consumer education as to the benefits of PV electrification need to be prepared and distributed.
Such materials as to explain PV-based electrification schemes which can be posted at RDCs, medical
clinics, cle. where people are gathering or information through radio and TV programs on how to

obtain and properly use PV ¢lectrification would be appropriate.

%74 Action Program fer PV Business Organizations
PV business organizations need to carry out the following items.
(1)  To set standards/criteria, and introduce a cestificate system

By selting standards for PV systems and components. Those which meel the slandards are
certificd and labeled so ihaz users can be sure they meel the standards.
{2)  To propose improvements of the financing system aﬁd taxation.

Proposed improvements may include the establishment of a Credit Guaranty Fund, provision of
loans under preferential terms applicable to expansion and capacity upgrading, and preferential
customs tariff arrangements applicable to imporied PV-system components.

(3} Tointroduce QC and consistently carry it out.

Quality contrel activities include thorough quality checks, improvement of manufacturing
environment and processes and improvement of designs.
(4) -~ To carry oul stock control. .

Efficient stock conteol should include determination of optimal stocks the introduction of an
inventory management system, centralized and distribuied parts stocks and centrally controlled

delivery service.
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9.7.5 Actions to be Originally Taken by Private Firms
Private firmis are required to advance following items.
(1) To establish a reliable PV-system supply system.

“Smooth PY-system installation requires a reliable system to supply components (PV modules,

controllers, batteries, lamips ¢te.)
(2) To ensure reliable PV-system installation scivice.

Those who are eagaged in the installation service must be given training and the appropriate
tools in order to perform their tasks properly and seliably.
(3) Tomarket PV systems as independent firms (a continuation of the GI:P coneept).

While the ESCO concept can fulfill the needs of the majority of middle and low income
houscholds, upper income familics may desire larger or specialized PV systems for their use. Individual

firms should be encouraged to sell PV systems (o those users within the project area who want to have

a special design not available under the rural electrification scheme.

9.7.6 . Project Schedules

Figure 9-3 entitled “PV-Based Rural Electrification Project (Short- & Mediuvm-Term Prospecis)
contains the proposed schedules for project implementation, preparcd for individual organizations.

Figure 9-4 shows PV rural electrification estimated schedule.

9.8 Fund-raising Plan and Case Study

9.8.1 Preconditions

The table below shows an estimalte of the cost 1o equip 150,000 houscholds with PV systems vnder a

ruzal electrification project.  The eslimation was made based on the findings of the JICA study. .
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Table 9-4  Unit Costs and Usable Lives of System Components(based on 1997 price)

Patls | _Unit cost (USS$) Lifc ~ Remarks
PV panel(50W) 300 [ 20 years
Charge controller 60 | 5 years o
| Battery . 60 ] 3 ycars |
| FL tamps (2 units) 50 | 5 years To be replaced by users.
Battery box 20| 20 years
PV-panel pole 70 | 20 years o ]
Cable and accessories S 80 } 20 years
Total 640 -
System installation cost 80
Standard PV system : SOW
Table 2-5  Unit Costs of Personne] Expenses
Class US$/month Class US$/month
Manager 800 Driver 200
Senior engineer 400 Worker 200
| Administrative 300 Technician 100

The overhead (non-labor) costs incurred in the local management offices, are assumed to be
equal 1o its total personncl expenses.  For a district management cenler, the overhead cost is assumed

to be 1.5 times its total personnel expenses, and for the National Management Center, the overhead is

estimated to be 2 times its personnel expenses.
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Figure 93 Work schedule for rural electrification plan by PV system {Prospects for short and medium term)

Organizatinns Work schedube Tnvestment costs (1,00005%)
Seetien ems Tiseal Year ] 2 3 H : & 7 1 2z kY 1 3 6 7 Noie
Government | Policy making NG, 78S8A S
Seting pumber of PV system instaliation
Fxamination of ESCO system
Patabishment of ZESA-SOLAR

L

Making implewentation plan in 1st phase by ZESA-SOLAR DO, ZESA, ZESA-SOLAR Syt
Study of PV demand

Site selection of 1st phase
Aking detsid plan and financing

No. of System
"V instablation (Ist phase) ZLSA-SCLAR i fn 720 1410 2,160 2,830 3600] LS$720 system Dirst year 1,660
Z 2,000
Privaze Establishment of PV installation and supply systems SEIAY MEMBER .. 3 3,000
To supply I'V conponents L _I 1,000
1V medule 3 5,000

Introduction of imported PV madude in 1st phase

Charge controlier

Introduction of JICA manufactured controfier L 00
LS§60/controller
Ravtory . First stages13,0005¢0ts
ingrovement of local battory quality [RIEH B 1,000
LS$60/Battery
Fluorcseent Night Pirst satge: 20,000s5c1s
Using local producis
IV system {nstatlation
Training for skilled labour
Activity of PV promotion by each private companies
Jovernment &
Frivate Establishment of training centre YFSA. SEIAZ, MOCNducation}
gg Encouragement of training course in KwokweDobyiech by 50 a0 o 50 a0 a0 50
by Teaining of i21d techpicians and installers

\Model house, Actinometer
Nu r of tralning

Ficld technician 30 persons/year
Seninr cnginecr 7 pegsons/year
instadics 10 persons/year
Establishment of new energy centre DOF, SIRDC, LOZ

The contr conducts B & B on utitization techinologics and
how to improve system efficieoncy, and also responsiblo fop
quality [ests necessary for the cortificate system

200
Vetearolagical equipment, Battory (o3t system
PV test system, [V curve measurcmont system

FV design system
Advatisement of PV system and developlng PY demand DOFE, ZE8A, SEIAY, ARDC

Miking poster for PV system
Advatising PV system using 1V and radio

IV Business
Organizatins | To set standards/criterla, and introduce a certificate system SAZL SEIAZ
By sctiing standaeds for PPV systems and compononts.
Those which meet the standards are cectified and labeled
s that users can be sure they meet the standards.

e
mI

ey

To propose improvements of the financing system and taxation. SEIAY
Froposed improvements inay include the establishment of
a Credit Guaranty Fund, provision of loans under preferential
terms applicable to expansion and capacity upgrading,
and preforontial tustoms 140l acrangements

To introduce QC and consistently carty it out. SEAAZ, SAY
Quality control acuivities include thoroogh quality checks,
improvemeat of manubacturing eavironment and processes
and mjrovement of designs.

g ol LR

To carry out stock control. SEIAZ
Efficicat stock contral should include determination of optimal
stocks the introduction of an inventory management systom,
centrafized and distriboted parts stocks and centrafly
controlled delivery service.
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9.8.2 Casé‘setling

Thié project is designed to electrify 150,000 houscholds in cur?enlly un-electrificd rural arcas by
having each houschold equipped with a PV system uader an ESCO anangcnient. -I)urin_g the first
phase of this project, PV systems will be installed at 15,000 houscholds at a much slower ré!c than in
Phase 2. Phasc 1 allows testing of institutional systems before entering into the full scale project so
that problems that arisc can be solved before entering Phase 2, _EFour cases were prepared, each

assuming a components of internal funds, grant aid, and low-intercst (1%} loan.

Table 9-6 Fund raising and objectives of each set cases

Case | Phase 1 (15,000) Phase 2 (135,000) Objectives of cases

A | All internal funding No implementation Base case to calculate the monthly charge
when all investment cost is owned by the

ESCO

B | Initial 6,000 systems
¢ost excepl FL
lamps, cable and
accessoriesisa
grant, rest is from
internal funds

No implementation
having “system cost of initial 6,000
systems is provided by a grant.

(Finaily, lamps;; cable, and accessories are
owned by user, theicfore, these
components can not be approved by a
grant) .

To detesmine the effect on user fees of .

C | Allinternal funds | Internal funds

How. much the monthly charge wnll
decrease from base case with mcreasmg
customers

D | SameasCase B | 80% of system cost is from | Determination of user fees under lhc ideal

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

Table 9-7 temized necessary fund, term of calculation {million US$)

Case-A Case-B | Case-C Case-D
Internal funds 10.80 7.26 108.00 35.34
Grant aid 0 3.54 ' 0 3.54
Low interest toans 0 0f - .0 69.12
Total 10.80 10.80 108.00 108.00
Term of calculation (y) 24 24 39 39

9.8.3 Initial Investment Cost and Annual Payment of Customers
When Phase 1 (15,000 systems installed) alone is implemented:
If ESCO covers the whole of the required investment in the project with its own funds as

assumed in Case A, the users are required to pay US$150 for the initial installation cost, and USS$154

as their annual payment.
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In Case B, which assumes the equipment investment {excluding florescent lamps, cable, and
accessorics) of an initial 6,000 systems is funded with grants, the users are required to pay US$150 for

the initial installation cost, and US$125 as their annual payment.

When the project is implemented through Phase 2 and a total of 150,000 systems are instailed:
Tn Case C, which assumes that the whole of reguired investments is financed with internal funds,
the users are required to pay USS1S0 for the initial installation cost, and US$124 as their annval

payment.

In Case D, the assumption is Salme as Case B in Phase 1. 80% of the equipment invesiment
which would be made from the 6th to 20th years be funded wilh.pfefcrenlial loans, like OECF's special
cavironmental loans, the initial installation cost and annual payment dt;c to the users could be set at
US$150 and US$87, respectively, thus allowing even very low-income houscholds to participate in the
project,

Regardless of the cases, the fees are set at a level where the internal discount rate is effectively
10%. Accordingly, even when the project organization has no internal funds and has to borcow the
required funds from financial institutions, this economic analysis shows that the project can
succeésfu]ly be organized as long as the effective intcrest rate stays below 10%.

However, as obviously noted from the cash flow simutation resulls, (sec Table 9-8 to 9-11, and
Figures 9-4 ta 9-7) the project is expected to yield earnings only from the 6th year onward in Cases A,
and as late as the 151h year and 8th onward in Cases C and D.  In thosc cases, until the project has a

positive cash flow, its management cost must be covered with short-term loans. No real project can

~ operate by obtaining short-term loans for 14 consecutive years. ‘There are two options to overcome

this difficully. One is to make up the short fall with government subsidies over the negative cash flow
14 ycérs, then, from the 15 th year 6n, ZESA-Solar pays ihfé subsidies back to the government.  The
other is to obtain loans with favorable terms as assumed in Case D from the beginning aof the project.e 2

10-year grace period.

Table 9-12 Initial instalation cost and annual paymehl by each case (USS)

e Case-A Case-B Case-C_ | Case-D
Installation cost {(US$) 150 150 150 150
Annual payment (US$) 154 125 124 87
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9.8.4  Sensitivity Analysis

A scnsitivity analysis was performed to determine the relative influcace of system cost, labor

cost and pareentage of grant aid in the initial investment cost. The calculation was done by fixing the

installation cost at US$150, changing the items above and calculating the annual payment to give an

IRR (Internal Rate of Return) of 10% against internal funds,

The results of the sensitivity analysis is shown in Table 9-13 and Figure 9-9

‘Table 9-13 Example of sensitivity analysis (Casc-B)

Annual payment (US$/year)

_2_(5}%111)

. 10% up | Basecase | 10% down 20% Sensilivily

(Percent of grant) (10%) | (80%) {90%) (100%) down US$/% -
Syslem cost 141.0 1355 | 126.0 118.5 - 11.0 0.75
Labor cost 140.0 1330 126.0 119.0 112.0 0.70
| Percent of grant 1330 129.5 1260 | 123.0 0.33

Sensilivily: change of annual payment(USS$)/change of items(%)

. In Case-C, systemi cost effects more than labor cost and a 1% change of system cost causes a

0.75U8$ change of annual payment,

9.8.5 Lifetime Cost

Total lifetime cost is computed with a discount rate of 10% to calculate the present value of each

item in Case-A and Case-D, shown in Table 9-14.

Table 9-14 ~ Lifetime cost (discount rate 10%)

c (1,000U8%)

| Case-A(15,000 systems) C Case-D(150,000 systems)
Items- Amount | Ratio(%) ftems Amount | Ratio(%)
Initial investment 8,437 45.3 | Initial investment 38,664 . 50.8
| Paris renewal cost 2,618 " 14.0 | Parts renewal cost 11,998 15.7
Labor cost 3,540 19.0 | Labor cost 9,405 123
Administration cost 4,040 21.7 | Administration cosl 10,474 13.7
Repayment Repayment 5,752 7.5
Total 18,635 100.0 { Total 76,293 100.0

In case-A, 15,000 systems, about 40% of total cost is labor cost and administration cost but in

Case-D, 150,000 systems are installed then the labor and administration cost reduces 1o about 26% of
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total cost. The system cost is almost same in the case of 15,000 and 150,000 system installations

showing that it the annual payment is reduced as customer numbers increase.

9.9 Priorities in Project Implementation
ltems to be implemented by each action grovp are described in Table 9-15, including the main

aclion items, responsible organization, outlines of actions required, expected benefits, funds necded and

tasks to be carricd out.

9.9.1 Coordination between PV-based and Grids-based Electrification Projects

Full coordination must be secured between the program for PV-system introduction to the rural
arcas and the grid extension plan. It would beinapproprate to install PV systems in those rural areas to
be connected to the grid in the near future.  Such areas should be excluded from those 1o be equipped
with PV systems under this projecl. For this reason, before selecting the target arcas, ZESA and
ZESA-Solar, the principal implementing organizations, need to have in-depth consultations in

association with the approprate government agencies.

9.9.2 Supporting Program Requirements

Major supporling programs are those for quality improvemenl of PV-system components, the
cstablishment of technical centers, the introduction of standards for PV-system components, a
component cedtificate system, the establishment of technical training centers and the improvement of
stoék management and distribution functions. These subjects cannot be solved within ZIESA alone,
and have to be tackled through coltaboration with other organizations, such as SIRDC (Scieatific and
Industrial Research and Development Centre). The creation of technical centers and technical
training centers is expecied to contribute not only lo human resource development, but also PV-system
qualily improvements and cost reduction, it is recommended that they be established at the earliest

possiblc opportunity through consultations with relcvant interational organizations.

9.9.3 Management Caost of the Project during Red-ridden Period

Of the four cases assumed in Section 9.8.2, the A, C, and D cases are expected to return not only
camings bul also the project management cost during the first 5-14 years however the cash flow
analysis indicates that this will not happen. It would not be practical for the principal organization to

keep the project afloat by repeatedly borrowing short-term (one-year) loans if the interest rate is high,
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In the absence of such preferentiat low-interest loans with a decade-long grace period as assumed in
Casc D, the project organization will have to finance the project over the short term with its internal
funds. Yet, it will take ycars before the cash flow becomes positive even in Cases A, C, and D, In
the case that the project shall fully be financed with internal funds, the government will need to take
some measures to help bolster the project in the early years,  For instance; the government may aoffer
subsidies to make up the short fall during the negative cash {low period or buy bonds issued by the

project imptementer to finance its management cost dusing the short fall period.
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Figure 9-5 Cash Flow of Case A Year
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Figure 2.6 Cash Flow of Case B Year
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Figure 8-7 Cash Flow of Case C Year
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Figure 9-8 Cash Flow of Case D Year
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Figure 9-9 Income and Expenditure (Caze C)
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Figure 2-10 Sensitive Analysis (Case B)
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