3.3 Generval Project Concept

The institutional concept being used is to utilize an ecxternal service agency
which retains ownership of the systems and provides all maintenance for a lixed
monthly fee. Through this approach, the [inance of the systems can be arranged
over a term consistent with the life of the primary components, the salar panels,
and lower income customers and customers with a s¢asonal income will have a
lower cost of entry for oblaining e¢lectrification and will not have to worry about
meecting sudden, large maintenance costs at the time of controller or battery
failure.

The concept is not system rental or lease since under those schemes, the fee
pays only for the use of the system and the customer is responsibie for most
aspects of system maintenance. The concept proposed is instead that of an
electrical utility which provides electrical service for a fee and maintains all
generation and distribution equipment with no technical interaction by the user.

Although a utility type structure could not be created for a pilot project of
only 100 houses and 12 community facilities, the Study Tcam has attempled to
design a pilot project which as closely as possible creales the service conditions
provided by such a utility as far as the user is concerned. This is expected to
enable the team to determine the user satisfaction with the concept and to
estimate the real cost of operating a rural solar utility in Zimbabwe and thereby
to provide information needed 10 determine the preferred institutional approach

1o be proposed under the master plan.

3.3.1 Household Site Seleciio_n

The project is lacated in two clusters of approximately 50 houscholds each.
Both are in Kadoma District with one centered in the north around the Geja clinic
(near Sanyati) and the other in the south around the Turf cliﬁic. The socio-
economic characteristics of the two areas are different. The Geja area residents
are lacgely engaged in commercial farming of cotton and have a relatively high
cash income. Further, that area has been scttled for a long time and the social

structure is traditional in nature with both Government and traditional social
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governing structures in place. The residents of the Turf arca have been rescitied
from other argas within the past 15 years and have no traditional governing
structure making the Government the sole governing structure in that ar¢a, The
Turf arca residents have a lower average cash income per hous¢hotd than those
in Geja since their economy is largely based on small family farming of maize.
By choosing these two socially and economically different areas for the pilot
project, the acceplance and use patierns of the PV systems by households having
a wide range of socio-economic conditions can be examined in the study.

To atlocate the 100 systems, a RDC representative visited the two areas and
through public meectings and household visits explained the program and asked
houscholds which were interested to sign up for systems. Then a call was be
made to those intercsted households to pay a connection fee of Z$750 and sign
a contract accepting the terms of use. By June, the 50 systems allocated for the
Geja area had been allocated and fees paid. Through a clerical error, 51 systems
were actually allowed to be paid for and installed. In the Geja area, many of the
larger GEF systems had already been installed and in nearby Sanyati the two
active solar installer/distributor companies had widely publicized PV
electrification at local meetings and fairs. The rapid acceptance of the systems
in the Geja area appears to be due to a combination of the relative wealth of the
area, the low cost of entry for the JICA systems when compared with the GEF
systems and a general familiarity with PV systems for home electrification.

In the Turf area, acceptance was much slowér than in Geja. This was partly
due to the lower average income in the area which made the decision to commit
to payment fclr the systems maore difficult but a major reason for slow acceptance
appeared lo be a general lack of prior contaclt with PV systems and their
capabilities. There are no companies in the Turf area which is promoting PV
system purchase and few GEF systems have been installed in that area. Further,
some households in the area had purchased low quality amorphous panels and
had not had good experiences with PV electrification making other households
in the arca skeptical about solar systems. By the end of June, only 36 houscholds
had paid the fees for installation. In July, the team decided to extend the

geographic boundary of the project to include the nearby village area of
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Monyoni. A public meeting ted by BUN was held in Monyoni and through this
means, the remaining systems werc allocated.

Therefore, for the pilot project, 51 homes were instalted in the Geja arca,
18 in the Turf arca and 11 in Monyoni with one more system installed in Turf in

December for a total of 101 household installations.

3.3.2 Fee Siructure and Institutional Arrangement for Households

The institutional approach for this Study is not Lo sell systems to the
houschold users, but rather to sell the electrical service delivered by the systems.
The ownecrship of the systems is to remain with an external service agency that
will be able to financé the systems over a term which is comparable with the tife
of the major component, the solar panel. Further, the Study intends that the
external service agency will provide full maintenance service for the electricity
supply system as part of the service fee. This approach is proposed because the
target group of users are middle to low income rural households which are
expected to have probiéms raising the money for outright purchasc oy purchase
through short tesm (3-year) financing as well as having problems with
unexpected maintenance costs, particularly battery or controlier replacements.

. The systems are designed for minimum user inieraction. The users are not
expected to have a technical capability nor are they expected to have any interest
in maintaining the systems, The systems arc intended to be regularly maintained
by trained personnel who are employees of the service organization owning the
syslems;

The selection and installation of components to replace those in the system
which have failed will be by the service company, nol the user. The components
will be paid for through a smail periodic payment by the user (as part of the
service fee) rather than by a major .lump sum payment by the uscr. This insures
that the replacement items will be replaced promptly and will be of equal or
better quality than those originally installed as well as eliminating the large,
unexpected payment which would have to be met by the user when a controiles

or battery fails if ownership remained with the vser.
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LLower user abuse of the system is expected through frequent interaction
with cach uscr houschold by trained service personnel and through the deliberate
difficulty of access by the users to the battery or controller connections
provided by keeping the battery in a locked box and having the controller
mounted on the battery box under a metal cover. Users will receive frequent
advice from the local technician about the most effective way to balance the use
of their system wunder various conditions of weather, appliance type and
household nceds.

For the study to provide the most usefel information for forecasting the
acceptance of such an approach to PV based rural electrification in Zimbabwe,
from the user’s point of view the project has to provide the same service
conditions at the same cost as would be the case with full scale PV based rural
electrification.

Because the Study will only cover 100 houscholds, the system cost will be
higher than would be the case with large scale purchases of components and
“production line” installation methods. The service organization will also have
higher per household operating costs thaa would be the case with a much larger
instatied customer base. Further, the'projecl needs to be moniioréd more closely
than would be required for general electrification purposes which adds
significant cost.

Therefore, the actual cost of the systems, the cost of system installation and
the cost of provision of support services will be substantially greater per user
than should be the case for large scale implementation of PV based rural
electrification of the same type. Therefore the fee structure is based not the
actual pilot project installation ahd'opcraling cost but on what is expected for
a full scale implemeniation of this form of rural electrification.

For these small 25Wp systems, where designs are spe‘c'ificélly orienled
around such systems, an instailed system cost of . Z$3,800 is considered
achievable for large scale PV based rural electrification where installation
personnel are local residents and materials are warechoused within a 50-km range
of the site. A connection fec of Z8§750 is imposed to help iasure that persons

signing up for the service are serious and do have the means and intention of
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paying the periodic fees, This is about half the connection fee charged by ZESA
for rural ¢lectrical seevice. This connection fee will reduce the amount of cost
which must be financed to Z233,050.

For a ulility type institutional structure, 290 ycar financing is reasonable
and 15% money available. The monthly finance cost of 283,050 at an ananual rate
of 15% is Z840.16 per month. Replacing the Z8600 battery {after a useful life of
2.5 years) can be met by a monthly payment into an interest bearing account of
2318 assuhling a real 6% intercst rate as carrected for inflation. To replace the
Z8500 controller (after a useful life of 5 years) can be met by a monthly payment
into an interest bearing account of Z$88 assuming a real 6% interest rate as
corrected for inflation. The cost of a maintenance visit to the site by a local
technician on a bimonthly basis should be about Z$10 per month. The totat of
these estimated costs is Z$76.16. Therefore, the proposed monthly fece to be
charged the user is Z8§75.

it is recognized thal this represents a substantial amount when considered
in the light of the income of many rural households. However, there are strong
indications that for a majority of hous_eho}ds this amounl is not excessive and is
about half the cost per month for just the three year credit purchase of a
comparable system at a price which does not include battery replacement and
maintenance after the initial warranty period is over. The determining faclor as
far as cﬁstomer acceptaﬁ'ce is concerned is expected to be the level of priority
in rural households for the services which can be provided by these small
systems. This priority will be a function of the household's perception of solar
PV as a reliable and suitable electricity source and the cosl of alternatives to PY
for lighting and entertainment systems as well as household income and the

amount of fixed expenses of the houschold.

3.3.3 Project Operation
(1) Operation Outline

JICA directly purchased all components for the systems and likewise
coniracted with instaliers for the placement of the systems on the homes of users

paying the connection fee of Z§750. JICA, through the Study Team, contracted
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with Biomass Utilization Network (BUN), a lecal NGO, to act as the scrvice
provider to the Study project. The service contract is for a term of five years
with the first year costs subsidized by the project and the last four years self
funding through fee collections.

After onc to two years of experience in collecting fees and maintaining the
systems, the real cost of operation and mainténance will be determinéd by BUN
and the surplus in the collection account made available for system ¢xpansion or
the installation of new systems. A significant surplus is anticipated since JICA
will fully capitalize the systems and the capital finance charge to be fevied
against users will be available to cover the cost of operation and mainternance in

addition to the fee componcal specifically for operation and maintenance.

{2) Household Responsibilities
Prior to installation, households were required to sign a service contract
which includes agreement by the household to:

1. Not in any way modify the installation without written permission from the
maintenance agency and all modifications will have to be carried out by an
authorized technician;

2. Allow the service technician access for maintenance;

3. Be responsible for the security of the system. If a system or its components
are stolen or vandalized, the household will be heild fesponsible;

4. Maintain al their own expense appliances and wiring from the controller load
terminals to the appliances;

5. Prevent panels from being shaded by trimming lrees as necessary;

6. Use the systeﬁa in accordance with inStruclions from the rﬁainlenance agency

7. Reportto the supervisor at the maintenance agency of any problems with the
service heing provided; aand,

8. Pay fees as agreed and allow removal of the system if fees are not paid.
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{(3) BUN Contractual Requirements

l)ﬁring the installation phase, BUN acted as overail supervisor on behalf of
the Study Team and disbursed JICA purchased materials to installation
companies from the materials stock held in a warehouse at the Kadoma RDC. For
operation of the project, when systems are operational and user fees have been
properly paid as per the us¢r contract, the user contract binds BUN to do the
following tasks at no additional cost to the user. lts specific duties would be to:

1. Visit the site approximately monthly for maintenance checks and an
interview with the user concerning the service oblained;

2. Replace the controlier, panel or batiery il it becomes fauity;

3. Maintain wirihg, panel mountings and other components of the solar
installation excluding appliances and wiring from the controller to the
appliances which are the fes"ponsibiiity' of the user;

4. Advise the user on the proper manner of operation of the system where
improper use is observed;

5. Overhaul and re-commission the system at the time of any battery
replacement; and,

6. Make available and install additional solar system components and
appliances for vpgrading the installation as requested by the uscr for an

' addiliona'l‘inslallal'ion charge and increased service fee following an initial
two year trial period.

At the end of the five year contract term, BUN, the Department of Energy and
USErS will in' combination determine the allocation of systems one of three ways:
(1) with no ¢change to the system of ownership and maintenance; (2) transfer of
ownetéhip to users with no further 'res'pon’sibili'ly by BUN for maintenance; or (3)
transfer of ownership to usefs wilh a service contract to BUN for maintenance.

Operational Responsibilities of BUN

During the first year of operation, the JICA team required assistance from
BUN in system monitoring aand in surveys of both technical and sacial nature.
Therefore the costs to BUN of operating the project were significantly higher

than that incurred through normal operation. Therefore JICA provided
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additional financial input above that provided by fec collections for the first
ycar. The amount provided was dependent on the added services required by the
JICA team to fulfill their study requirements.

The maintenance arrangement includes onc trained technician at ¢ach
cluster of homes and onc more ¢xperienced senior technical person with
advanced training based at BUN in Harare. All technicians are full time
employees of BUN.

The field technician is not directly paid by the users for his services but is
paid a salary by BUN. The ficld technician is provided a too! kit, technic¢al
training, ctecord keeping materials and administrative training. A bicycle is
praovided for transport within each service area. The 100l kit and bicycle is
provided by BUN at no cost to the technician but should 1ools be lost the tools
would be replaced by BUN and the full cost deducted from lechnician salary
payments. If tools are broken, a percentage of the replacement cbsl will be borne
by the techuician through salary deductions. The bicycle will be maintained by
the technician and should it be damaged or lost, the replacement cost will be
deducted from the technician's salary after adjustment for age of the bicycle.

For the first year of the pilot project, the field technician visited each site
at least monthly and made maintenance checks by a- checklist. He also
interviewed the users for the determination of problems and to give advice for
using the system as needed. The checks are wilnessed by the uwser and signed tor
by the vser. A log of each visit has to be maintained in duplicate, one at the site
and one in the technician’s possession. _

The senior technician is expected to visit each site at least 0nc§ per year {o
check on the performance of the field technician. These checks are to be spread
out over the year (about 9 randomly selected houscholds visited per month) so
a relatively continuous checking will take place.

The senior technician is responsible for removing any system from a house

where payment has been in arrears longer than allowed by the payment

agreement,
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Where a battery rteplacement is required, the senior technician is
respohsiblc 10 see that complele system checks are carricd out and that the
system, after battery replacemen(, meets new system specificalions.

BUN will maintain a waiting list of houscholds desiring instatlations and
should a system be removed due to non-payment, it will be transferred to a
household on the waiting list after payment of appropriate feces and signing of a

new service coniract.

(4) Funds Administration by BUN

BUN, with the assistance of the RDC organization, will collect and account
for all fees from households and deposit them in an interest bearing account. At
the ¢nd of approximately two years of operation, the actual cost of maintenance
will be estimated from prior experience (including an amount set a side for
battery and controller replacement) and the surplus pul into a capital expansion
account.

That account will allow for the expansion of the houschold systems if
requested by ihe users or for the addition of new caustomers from the waiting list.
Expansion would result in an additional connection fee and an increased service
fee in accordance with the size increase in the system. All funds generated by the
scheme would be applied to either maintenance {including administration costs

for the maintenance organization) or system expansions.

3.4 Training
3.4.1 Training Requirements

A “’ideSpread prebliem with donos-backed PV rural electrification projects
has been a lack of access to technical training after the initial donor-funded
training program has completed. In the case of this particular study,
approximately 15 installing personnel and a minimum of three full time
technicians, two living in the field and one supervisory techanician in Harare,
will be involved with the installation, operation and maiatenance of the project

both during its JICA monitored phase (approximately one¢ year of operation) and
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during the continued opcration of the project for at least four morc years by
BUN.

The provision of competent, locally based trainiag for sotar PV technical
personnel over the long term is an important part of the development of PV as
a viable means for cural electrification in Zimbabwe that has not been addressed
to date. Such training as has been available thus far has been tied 1o specific
prejects and not available after the project administration departs. For solar PV
technician training to be available for the long term, it needs to be integrated

into the regular vocational-techaical training system of Zimbabwe.

3.4.2 Establishment of a Technician Training Centre

The Study Team considers it most appropriate that training be carried out
through assisting an existing technical trairning institution in Zimbabwe 1o
include the training of PV technicians in its curriculum. Therefore the Kwekwe
Technical College was selected by the team as the best initial choice for
integrating PV technical training into regular trades training., The central
location of the school and its ncarness to the JICA project were the main factors
in that s¢tection. The College was visited by team lﬁembers on Marqh 19, 1997,
and discussions were held with the Principal and appropriate staff cegarding the
possibility of that school acting as a pilot institution to inlegra'le solar
techanology into the existing training clectrical trade straining program and to
establish the capability to offer short courses for PV installation and
maintenance personnel, The proposal was met with enthusiasm by the Principal
and staff and an agreement was reached to proceed. -

The Minislfy of Education was app?oachcd by Kwekwe Technicat College
with a proposal that the Kwekwe school be allowed to act as a pilol school for
solar technical trainin.g due to its proximity to the Kadoma JICA study area and
its central location in Zimbabwe. Approval was granted and the JICA team
agreed to provide approximately 25200,000 worth of equipment to supporl the
training program and for a JICA team member 1o train instructors in preparation

for the College 10 independently provide the technician courses.
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To achicve the dual goal of establishing a long term capability at Kwekwe
Technical College for PV technician training and to accomplish the actual
training of the technicians for the JICA project, a two week Lraining program was
established by the team. The [irst weck was intensive training primarily for the
Kwekwe Technical College instructors and the BUN Senior Technician and the
second week was a training course for field technicians which served to act as
a supervised practice teaching session for the Kwekwe instructors and as
training for the four technician trainees selected by BUN for maintenance of
household systems.

In addition to the seven electrical trades instructors from Kwekwe
Technical College and the scnior technician from BUN, the Chief Techaician
from the Mechanical Enginecring Department of the University of Zimbabwe and
the solar technician from Battery World attended the instructors course. In the
field technician course, besides the four BUN field technicians, 8 technicians
from solar installation companiés, three technicians from the GEF project a BUN
technician and a University of Zimbabwe technician attended.

The following table lists the training participants, their affiliation and

work location.

‘The instructor’s course was taught by a JICA team member with prior
experience in PV instructor and technician training. The first week of the course
was apprdxim’élely 60% lecture and 40% laboratory work with the emphasis on
how to teach PV principles to field technician trainees and on aspects of PV
technology which are different from conventional electrical trades training. As
part of the training, the instructors desfgned and tested their own experiments
for PV training and created lesson plans for course instruction. In the second
week, the instructors taught a full scale PV ficld technician course emphasizing
proper instatlation methods, system troubleshooting and system maintenance.
The course was taught under the supervision of 2 JICA team member. In that
second week, each instructor took responsibility for a component of the course

and taught thalt component in English.
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The JICA tecam was impressed with the enthusiasm and dedication of the
Kwcekwe Technical College as evidenced by the consistent attendance of all
instructors at the course even though the school was in session and regular
courses in the electrical trades section had to be held in abeyance during at least
the first week of the JICA course. Since the majority of the students at the
technician training course were already cxpericncéd in the installation and use
of PV systems, the interaction between student and instructor was lively and
useful both (o the instructors and the students. The end of course evaluvation
indicated that the students fett that the course was satisfaclory and the students
specifically complimented the Kwekwe instructors for their efforts and good
performance in the class.

A final examination was given the students. It was intended to test the
understanding of the students regarding basic - principles of PV system
installation and maintenance. The results of the examination indicate that in
general the goals of the course were met and most trainces left the course with
a sufficient level of knowledge to adequately install and maintain household PV
systems.

Following completion of the course, the Kwekwe Technical College
administration stated that they wished to integrate solar training into their
rcgular electrical trades curricvlum and were prepared to offer short courses as
demanded by the solar community. Since the initial course, the Coliege has

provided one short course on its own and more are planned.

3.4.3 User Education

User education is an important component of lhé Study, particularly in view
of the smali size of the systems and their limited capz;bilily lo provide services
desired hj' ihe rural recipients. In such a case, the manner in which the systems
are used will have a great ef'fccl on their capability to provide service. Therefore,
it seems parlicularly important to devel'op a strong user education component in
the project.

User education is to be delivered in three stages. The first stage was

provided at the time of installation by the installing company technicians. Users

86



were given general information about the way the system works and how to besi
use it. The sccond phase followed from onc to three months later during the
inspection visits by JICA team members and the BUN Senior Technician. At that
visil, users were again informed about the PV system, its limitations and the
proper means of operation. By this timge, users had used the systems for at least
one month and had a better basis for understanding the information provided
about proper syslem wuse,

The third phasc will be carried out about mid way in the project. Since it
will be too expensive to lake Ilarare bascd trainers 1o cvery household
specifically for user education and, based on the expericnce of other projccts,
the effectiveness of mass training at a community center does not scem to be
good, it is intended that the focal field technicians deliver the training using a
video produced by the project. The video was prepared by BUN using a dramalic
format developed by the Girl’s High School Drama Club which uses students to
iljustrate right and wrong ways to use a solar system through an ¢ntertaining and
easily understandable ten minute video drama. A portable 8 mm VCR and small
color TV would be powered by the houschold solar system and the vser training
video shown Lo each household individually. Then the field technician can add
further explanation and answer questions about use of the system which were not
clear to the household.

The monthly visits of the ficld technician to the households will also have
a strong user training component. At each visit the technician will interview the
users and if there have been power outages or other problems relating to the
manncr which the system is being used, the technician will explain the cause of
the problem and how the user can'adju'st the pattern of use of the system to reduce

or eliminate the problem.
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PV SYSTEM EVALUATION

4.1 Study Aspects

Because the project is primarily intended to provide information to the study tcam
regarding technical and institutional aspects of PV rural electrification for input into the
Master Plan, several components of the household component of the project were varied
in order 1o determine their effects. Two technical components were varied, the type of
battcry and the presence of a visible battery charge indicator. Additionally, some
instatlations were fitted with data loggers to measure the actual energy flows ia the
systems. Two clinics were [itted with data loggers and two houscholds were as well.

To determine the rclative merit of an oversize automotive battery and a modified
automotive battery intended for deep discharge service, half the installations received a
65Ah automotive battery and half received a 40Ah deep cycle modified automotive
bauéry. The low voltage disconnects were set so that both batteries effectively would
provide the same number of Ah to the appliances between full charge and L.VD cutoff.
Thus the automotive battery is discharged a significantly lower percentage than the deep
cycle battery. The cost of the two batteries was comparable but delivery of the
automolive battery was off the shelf while delivery of the deep cycle batteries was
several months making the autom’otive‘battery preferable for replacements if its life
proves comparable. Thus far, users have not reported any service difference between the
two types of baltery.

| To determine whether or not users actually consider LED charge indicators in
making use of the PV system, half the households were provided with controflers having
LLED charge level indicators and half were provided wil'h‘ no charge level indicators.
Monthly checks by the field technician provides information about the average level of
charge of batteries and a comparison between the lwo groups indicates whether or not the
presence of the LED indicators is actuatly worth the added cost and power consumplion.

Since the controllers were changed from the locally made controtlers to the improved
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JICA coniroller about four months after initial installation, long term data could not be
gathered but at the time of removal of the locally made controllers, there had been no
indication that there was any differcnce in level of charge of batteries installed in homes
with LED charge indicators and in those without indicators. The improved JICA

controllers are all housed under cover at the battery and no indicators are visible in any

installations.

4.1.1 Coemponent Delivery and Quality Control

Since installations necessarily depend on availability of components, the
component delivery schedule was critical to the smooth operation of the installation
proccss.

The GEF project agreed to provide the PV panels from its stock which was valuable
to the project since PV panel manufacturers were quoting several month delays in
delivery.

Two major vendors received supply contracts for the remaining components.
Sollatek was contracted to supply high efficiency 12VDC lights and associated light
bulbs. Sollatek also was contracted to supply voliage reducers for operating 9V radios
from the 12V system. Baltery World received the contract to provi'de coﬁtréller's, Battery
Boxes, 65Ah automotive batteries for households, 40Ah deép cycle household batteries
and 100Ah decp cycle batteries for clinic and school ‘instatlations. Delivery for'éll
componenls except deep discharge batteries was scheduled for 30 June.

Because Battery World could not provide the deep cycle batteries in time to meet
instalfation schedules, they agreed to i)rovide comparable automolive balleries
temporériiy until the deep cycle batteries could be delivered oa 31 July.

With the excepiion of spare light bulbs which wer_e' del_ivered several weeks late,
Sollatck met their comtractual delivery bbligaiions. Battery World delivered the
aulomotive baiteries and battery boxes on time, howéver they were unable 1o deliver the
controllers as scheduled and several parlial deliveries were received between two and
four weeks tatec with the final delivery early in August. Deep discharge batteries for
houscholds which had been promised for 31 July were actually delivered late in October

and deep discharge batleries for clinics also promised for 31 July were partially delivered
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on 9 November and the remainder had not been delivered by 1 December despite many
promises by Battery World management for deliverics on carlier dates,

The sporadic and very late delivery of contrallers and batteries seriously disrupted
the installation process. It also significantly increased costs due to the need for installers
o make extra visits to sites and to the necd to keep sceurity personne} additional months
at the distribution warchouse in Kadoma. In order to mect commitments to users for the
installations, it was necessary to install many early systems without controllers or decp
cycle batteries. The need lo make partial installations first without controllers or deep
cycle baﬁeries, then adding the controtler and later exchanging the automotive battery
for a deep cycle baltery lowered the quality of the installations and lowered the level of
user satisfaction.

In the Turl area, the slower acceptance of the systems by houscholds also delayed
completion of the installations and again increased installation cost due to the added trips
to the site made necessary by the delays in placing the last 14 systems with houscholds.

Because of these problems, houschold installations were not completed until
November and clinic and school installations were not fully completed until March of
1998 due to the very late delivery of the remaining 100Ah deep cycle balleries by Baltery
World.

The controtlers from Battery World were each opened and checked for quality
control. Inside controlles boxes were found dead insects, loose nuts and almost all had
plastic shavings from the drilling of mounting hotes. The relays used in the controllers do
aot have covered contacts so foreign materials could easily get between the contacts and
cause the controller to fail. Some printed circuit boards were found to be missing a
supporl nut, Instead of using spacers to hold the boards above the box, a nut was placed
above and below the board and it was common to find the board twisted as a result of the
botiom nuts being at different levels. Also, instead of placing a proper spacer between
the cover and the plasiic box, a large nut was used. The electronics assembly secemed
reasonably well done although transistors were mouated with excessively long leads
which could be easily bent into a shorted condition. No conformal coating was applied.
Printed circuil traces carrying power were adequate for the low currents in our 25Wp
systems but could not carry the 20A that was claimed as possible by Battery World

technicians without excessive heating and voltage drop.
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Since several controllers did not work properly after installation, despite provision
of "QC" documentation by Battcry World, there are probably problems in the inspection
process as well.

Because none of the locally made controllers were suitable for the tow power
systems {due to excessive power demand for the controllers themselves), the JICA team
introduced a low power latching relay type design to local manufacturers and had three
companies each assemble 7 of the controllers from kits of pacts supplied l:}y JICA. Three
of the 21 failed to work properly. All the failed units were made by Battery World.

The deep discharge batteries delivered for the houses used two differeht top
configurations, one with screw type individual cell caps {(which was desired and what
was shown to the team by Battery World as a sample) and one with two strips of three cap
plugs which push into the ccll holes which is considered less satisfactory. At least 6 of
the batteries had The plus and minus terminal markings (as stamped into the tops of the
terminal posts) reversed. When asked about that situation, Battery World said that it was
not a problem, because the red and blue color code was correct.

Battery boxes provided by Battery World for the clinic and schoot instailations
were too small to hold the 100Ah decp cycle batteries even though they were also
provided by Battery World.

No QC problems were noted with the radio voltage reducers delivered by Sollatek

but their lights had a 1% inspection failure at'the time of installation.

4.1.2 Evaluation of PV System Components
In carrying out the survey in Zimbabwe, locally produced producis were used as
much as possible as system components. To improve the technological level of local
PV-related companies, these local components were .purchased and their qﬁality and
characteristics were evaluated.
The electrical measurement cquipment necessary to evaluate the PV system
cquipﬁenl-should in principle be procured locally, but in order to conduct evaluation
tests immediately after arriving on site, the Study Team procured some of the basic

clectrical equipment in Japan and brought them to Zimbabwe, where evaluation tests

were conducted,
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Most of the other measuring equipment had to be impocted, and it often took
several months after ordering for actval delivery to be made.  Furthermore, in
conducting the ¢valuation tests, even though specification and technical manuals for all
of the tested equipment had been requested from the supplier companics, virtually none
were received.  As a result, evaluation tests had to be performed by referring to the

specification sheets included with the parts,

(1) PV module

There are three types of PV modules marketed in Zimbabwe.

First is the imported single crystal modules for the GEF project. Since these are
exempl from impori tax, they have recently dominated the domestic market.

Second are imported amorphous silicon modules, but their impact in the local
market seems small.

Finally, a Zimbabwe electronics company is assembling imported PV cells into
modules. Their selling prices are slightly higher than panels imported for the GEF
because they must pay import tax for PV cells.

The study team evalvation program was targeted to get I-V characteristics of the
GEF modules to be used in this projecl. They are Furosolar MM25(25W) single crystal
type for private houses use and Solarex MSX83(83W) poly crystal type for clinic and
school use. Photograph 4-1 shows their appearance, characteristics and the sizes.

The international standard testing procedure for PV modules requires an expensive
“solar simulator” which is not available in Zimbabwe. Therefore we used a simplified
method using outdoor exposure (o the sun.

The instruments used for the test were brought from Japan. They consisted of a data
logger, LUX meler, voltmeters, ampere meters and other miscellancous components.

The test resuits are given in the Figure 4-2 and 4-3, which shows the typical mono
and poly crystalline module characteristics measured by the team.

From the tests, the tested products were found to be suitable for the project purpose
and all units are considercd suvitable since they were made in mass production tine by

well kaown solar manufacturing companies which meet European and USA testing

standards.
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Photo 4-1 PV (photovoltaic) medules handled under the GEF Project
Upper: Small-sized 25-watt PV module manufactured by Eurosolar

Lower: Large-sized 83-watt PV module manufactured by Solarlex

93



Sk R
. S | o
S B | o :__:ﬁ 4
- A _l/.. W
i
g ! OATALOGGER }
' Fig.4-1  Measuring Circuit for PV Module
Type: MM250-A Voc: 214V Vinp: 169 Vv
Ser. No.. DIFTOS isc 169 A pm 153 A
Maker.  Ewcosolarelitaly) Poax. 258 W NOGT 41 deg
Vpm = 1345 V firadiance: 1017 KW/m2 (on module surface)
lpen = 143 A Mod. tamp 80 °G
= 1999 W Tilt angla 1B deg N
IV CURNVE OF 25W MODULE
Volaza {v]
Fig. 4-2 IV Curve of Model MM 250-A
Type:  MSX83 Voe: 214 ¥ Ving: 169V
Ser. No.. FWISK28691440 -8 535 A Ipm 491 A
Maker  SOLAREX(USA) Pmax: aw ROGT 43 deg
Vpm = 129 vV frradiance: 1.017 KWN/m2 {on module surface)
lpm = 474 A Mod temp 5L °C
Pm = 612w Tit angle = 18 deg N
IV CLRVE OF 83W MODULE
10 70
60 [- — ?G"Qr 50
50 50
; 2o w2
E H
bRl 0k
20 20
1] 12
Q0 = ]
[+] 3
Voltags (W)

Fig. 4-3 IV Curve of Model MSX83 Photovoltaic Cell Module

94



Table 4-1 PV Modules Evalualed in Zimbabwe

Product number/Name | Manufacturer Specifications
MSX-83 Solarex Palycrystal 83 (W) | Photograph 4-1
type (bottom
Pmax 83.0 (W) | module)
Voc 21.4 (V)
Isc 5.35(A)
Vpmax 16.5 (V)
_ [pmax 4.91 (A)
MM-250-A LLurosolar Monocrystal 25 (W) | Photograph 4-1
type {top module)
Voc 21.4 (V)
Isc 1.69 (A)
Pmax 25.8 (W)
Vm 16.9 (V)
Im 1.53 (A)
Maxi BP Solarcomm Monaocryslal 40 (W) | Photograph 4.2
type
Npc 2.4 (A)
| Npv 17.1 (V)
Midi BP Solarcomm Monocrysial 20 (W) | Photograph 4-2
type
Npc 1.17 (A)
Npv 17.1 (V)

(2) Battery

In Zimbabwe, the local company Battery World manufactures and sells two basic
kinds of batteries: (a) automobile battcries of various sizes and (b) deep dischacging
low-maintenance batteries for solar use. The Study Team tested the performance of the
following:

12V/40Ah avtomobile battery, 1 unit {Photographs 4-3 and 4-4)

12V/40Ah deep discharging battery (for solar use), 1 unit

(Photographs 4-3 and 4-5)

To evaluate batterics, an automobile type 12V 3A incandescent lamp was connected
as a conlinuous load to discharge the batteries under controlled conditions. To determine
the proper LVD setting for the controller, a measure of the voltage versus the discharge
time was recorded with the data logger until the voltage reached 11.5 volts. Fig. 4-4 and

4.5 shows the datz obtained on this tests for both batteries.
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Photo 4-2  Solar cell modules manufactured in Zimbabwe
L: Monocrystal-cell-type module rated at 40 W and priced at 2$5,319
2: Monocrystal-cell-type module rated at 20 W and priced at Z$2,950

Photo 4-3  Storage batteries manufactured locally by Battery World
12. For automotive use: 12V, 40 Ah, priced at Z$510
13. For deep-discharge use: 12 V, 40 Ah, priced at Z$520
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OPERATION TEST OF CAR USE BATTERY (40Ah)

Tme

Fig. 1-5 Discharge characteristics of 40-Ah storage battery fof PV

(Locally manufactured battery)

{Deep-cycle type baitery)
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DATA LOGGER

TO MEASURE
———— @ CHARGING
GURRENT
——{AL] ' :
Vi SHUNT 3
TO MEASURE
CHRGE
DC Power soitrce L VOLTAGE
vatriable 1 0
- +
Battery

Al Amp. meter for charging current
¥l Volimeter for charging vollage

Fig. 4-6 BATTERY CHARGE TEST CIRCUIT
DATA LOGGER

TO MEASURE
DISCHRGE
CURRENT

TO MEASURE
DISCHARGE
VOLTAGE

Battery

LOAD

A2 Awp. meter for discharge curreni
¥2 Voltmeter fn_r discharge voltage

Fig 4-7 BATTERY DISCHARGE TEST CIRCUIT
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A voltage of 11.5 V was confirmed as the proper LVD for the targeted batteries
from the results of the 1est.

During the discharge period, which took 8 hours to fall to 11.5V no unusual voliage
changes were recorded as the voltage fell consistently with time.

Refercing to the data obtained, it was confirmed that the tested bauteries were
satisfactory to use when the LVD is set at 11.5V on the charge conteoller. The result was
consistent with what would be expected fdr standard grade lead acid batteries.

To get sufficient data to accurately estimate the actual batlery life, il‘coul'd takes as
much as 3 years to collect the data as well as using instruments intended for that
patticular purpose not available in Zimbabwe. However we are able to make a reasonable
prediction of battery life from the data which has been obtained from the data loggers

installed in clinics and houses.

(3) Charge Controllers
Several types of locally-produced charge controllers were available in Zimbabwe,
and after studying charging and discharging methods, the Study Team determined that

locally-produced charge controllers can be divided into the following twao categories:

1} Semiconductor Type (Photograph 4-6)

This type of charge controller uses a non-contact control method that utilizes a
semiconducior to control charging and discharging. In older chasge contsoller models,
automatic electric current contact and openings were perform'ed b)" relay eontact, and in
many cases contact was poor and the relay coil consumed power. To rectify these
problems, semiconductor type charge controllers ha\;'e been adoptied in many countries.

Semiconductor type charge controllers have the advantage of lower power consumption

than relay type controllers, but usually cost more (in Zimbabwe, Z51,368). This is one

problem that needs to be addressed in the foture.
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2)  Magnctic Relay Contact Type {Photograph 4-7)

Usually, a magnetic relay is used to automatically turn the glectric current on and
off. Charge controllers for PV system battery charging and discharging have long used
magnelic relay contact control methods.  Such charge controllers cost less than non-
contact types {in Zimbabwe, Z$700), but consume 10-20 times more power than the
semiconduclor type,

The Study Team chose to use the contact-type charge controllers (which are often
uscd locally) for monitoring because of the low cost of the equipment, reliability, and
simpler repair procedure in casc of breakdown.

There are two local companies that manufacture and sell magnetic relay type charge
controllers—Battery World and Sollatek. The Study Team decided to adopt the Batlery
World products since their basic design allows for lower. power consumption during use
(Photograph 4-8), Characteristics of ¢ach charge controller is as follows:
Characteristics data from Sollatek Charge Cﬁnlrollcr Evatualion

Model: SFCC 20-5
Specifications: DC12V 20A

Internal Power Consumption During LED Lamp Displays

LED Display Lamp Vollage Lamp Current Lamp Voltage Lamp Current
(H-L) (V) (H-L) {mA) (L-H} (V) {L-H) {mA)

BATT FULL 16.73 213.0 16.40 195.5

BATT GOOD 12,90 - 186.2 13.25 180.0

BATT LOW 12.85 177.1 12.93 177.1

LOAD OFF 12.80 116.0 12.80 120.0

Note: H-L is the figure at the time the battery voltage is decreasing from a high value.

L-H is the figure at the time the battery voltage is increasing from a tow value.

Power Conéumplion and Cusrent oﬁ Supply Voltage

Battery Voltage - Consumption Current Consumption Curremt
(V) (H-L) (mA) _ (L-H} (mA)
17.0 176.0 174.2
16.0 161.6 225.2
15.0 147.3 208.2
14.0 132.0 192.4
13.0 175.6 122.3
12.0 108.9 108.9
11.0 96.6 95.6
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CHARGE CONTROLLER

CHARGE CONTROLLER

EY
B
PV Battery FLoad
+ - 4 - + -
Al
Test lamp Test lamp
Vi
+ _
BC power
g2
source 5

DC power source, variable DC O (¥)~30(v)

V 1: Voltmeter {Charge controller operation range)
HVD 14.5 (v}
VR 13.0 (v)
LVD 115 (v)
LVR 12,5 (v)

A 1: Amp.meter to measure the circuit current use.

Fig. 4-8 CHARGE CONTROLLER CHARACTERISTICS TESTING INSTRUMENT DIAGRAM
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Photo 4-4  Storage Battery Rated at 12 V, 40 Ah Locally Manulactured
By Battery World for automotive use

Photo 4-5  Storage Batlery Rated at 12 V, 40 Ah Locally Manufactured
By Battery World For Deep-Discharge Photo Voltaic Systems

102



103

Photo 4-6  Charge Controllers,

a.
b.

5.

Sohd-State Type

4. Markcted by Solarex

"

752.399
! 731,100
! AR
" 731,100

Photo 4-7  Charge Controllers,
Relay-Controlled Type

0. Manufactured by Battery World

£% B30
16. Manufaclured by Sollatek
73 357

28 131
11. Manufactured by Sollatek



Improved/prototyped version of Batlery Wosld-made charge controller

SOLAR REGULATOR
L c'Hgagg'

Photo 4-8  Designing and Prototyping of Improved PV-system Parts

Front View: Standard Unil before Modification

Photo 4-9  Printed Circuit Board (PCB) Housed in the Standard Unil
Designing and Prototyping of Improved PV-system Parls
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Overcharge and over-discharge conteol operation characteristics
Overcharge voltage operaling range
Voltage at which charging cuts off: 15.1V
Voltage ai which charging resumes: 12.8V
Over-discharge prevention voltage 6peraling range
?’ Voltage at which load is disconnccted: 11.85V

Voltage at which toad is re-connected: 12,3V

Based on the consumption anrd current figures above (with the highest at
225.2mA), a small-capacily PV system (e.g. 25W) can not be expected to have high

internal power consumption, but limited power for actval lighting.  Such kind of unit is

clearly not desirable.

Power consumption per day is as follows.
At maximum curgent; 0.2252A x 24h = 5.4Ah/day
g At average current: 0.1756A x 24h = 4.2Ahfday
= This. pm;vér consump‘lioln is equivalent to operating two fluorescent Jamps {PL7W)
for fdﬁr hours. Fora sma]l-scaie; s.y'slem', it is advisable to select charge controllers that

have low internal power consumption.

Characleristics data from Battery World Charge Controller Evaluation
Model: Solar Regulator
Spcciﬁéations: DC12V 20A

‘lnt'cmél Power Co‘nsumption'[)uring LED Lainp Displays

LED Display Lamp Vollage Lamp Current Reference
‘ (L-H) (V) (L-H) (mA)
Red 10,00 92.60
@ Red 10.93 113,20
" Yellow 12.00 122.00
Green 12.72 12.27 Load on
Green 13.01 . 11.42
Green 14.00 11.41
Yellow 14.20 145.60 Charging stopped
Yellow 15.00 150.10

Note: L-H is the figure at the time the battery voltage is rising from a low value,
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LED Display Lamp Voltage Lamp Current Refercnce

(YY) AEL) (mA) e

Yellow 15.00 150.10

Green b 14,00 125.20

Green 12,77 1260 Charging started

Green 12.00 11.32

Green 11.00 11.31

Red 10.90 109.30 Load off .

Red 10.00 93.00

Note: H-L is the figure at the time the battery voltage is decrcasing from a high value.

Overcharge and over-discharge control operation characleristics
Overcharge voltage operaling range
Voltage at which charging cuts off: 14.2V
Voltage at which charging resumes: 12.77V
Over-discharge prevention voltage operating range
Veltage at which load is disconnected: 10.9V

Voltage at which load is re-connected: 12.72V

The overcharge and over-discharge relay on the Battery World charge controller is
the type that is on only when necessary, resulting in low internal power consumption.
One problem with this particular charge controller, though, is that the relay coil is on

when the protecting overcharging cven voltage of battery becomes lower.

(4) Fluorescent Lighting quipment (Photograph 4-10)
Fluorescent lighting equipment used with PV systems are manufactured and sold
domestically. This equipment has a built-in inverter to produce the high frequency

alternative current necessary to turn the lamp on.  The products tested in Zimbabwe are

as follows:
1) Sollatek ~ Fluorescent lamp direct current {12V)
Lamp: 4-pin PL lamp 7 and 9W fluorescent tube
2) Solarex -- Fluorescent lamp direct current (12V)
Lamp: 2-pin PL lamip 7 and W {luorescent tube

3) Solarcomm -- Fluerescent lamp direct current {12V)
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Photo 4-10 Fluorescent-lamp
Lighting Fixtures for PV Systems
1. Solarex-made 2-pin PL rated at
11 W selling for Z3420
2.Sollacomm-made 4.pin PL rated at
7 W selling for Z8$365
3.8¢latek-made 4-pin PL rated at
8 W selling for 28330

Photo 4-11 Voltage droppers
14.Sollatek-made droppers
15.Scllacomm-made droppers






Lamp: 4-pin PL lamp 7 and 9W fluorescent tube

Measurements were made using direct current constanl power supply. Power
consumption at a voltage of 12V was measurcd.  In addition, by using an oscilloscope to
examine the wave form at the alternating cureent side of the inverier, the Study Team
checked for noise. The material of the print circuit board was also inspected (glass
epoxy is the most desirable).

‘The test result shows that the products of Solarex consume a slightly higher current
than lﬁe others tested.

- A1l of three suppliers praducls provided sine wave curcent to the bulbs and appear
to operate satisfactorily.

For the lamp fixture chosen for use in the JICA project was the Sollatek product
because their product has a very stable sinc wave for bulb operation and lower current
consumption that the other tested units. An additional factor in their sclection was their
use of a high quality glass-epoxy resin printed circuil board where others use a phenolic
type which is less strong and has lower resistance to electrical leakage.

Photographs 4-21 show examples of the sinc wave shape delivered from the

electronic ballast which is the most irf'lpOrtant factor in determining the life of the PL

light bulbs.

Table 4-2  Results of Fluorescent Lamp Evatuation

Maker Lamp  Direct Current Side Alternating
Specificalions Current Side
Voltage (V) | Current (A) | Powes (W) Frequency
- (kHz)

Sollatek PL 7W 4 pin’ 12 0.58 6.96 45.24
PL 9W 4 pin 12 0.63 7.56 45.20

Solarcomm PL 7W 4 pin 12 0.52 7.44 35.08
PL 9W 4 pin i2 0.73 8.76 35.08

Solarex PL 7W 2 pin 12 0.91 10.93 18.41
PL 9W 2 pin 12 1.19 14.28 18.41

(5) Direct Current Voltage Reducers (Photograph 4-11)

A direct current voltage reducer is necessary for operating a 9V direct current radio
or cassette player from a 12V current, while a series regulator is used to drop the curreat,
usually from 12V 10 9V or 6V.  As both products are sold in the local market, the Study

Team purchased samples from two local companies for evaluation.
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The basic method of evaluation was to connect a direct current constant power
supply (12V) to the direct current voltage reducer, conacet a SOW variable load to the
output of the reducer (9V), and measure the voltage of both the input and the ouiput
currents of the reducer. Internal loss of the reducer was also checked. _

1) Sollatek voltage reducer: 14 in Photograph 4-11 (without an LED vollage
indicator)
2) Solarcomm voltage reducer: 15 in Photograph 4-11 (with an LED voltage indicator)

It is recommended that the LED indicator included in the Solarcomm vollage
reducer be eliminated as it is not necessary and consumes additional current without
benefit.

The evaluation shows that there is not much deference between the two units tested
as they use same internal semiconductor component. The only real difference is that there
is a LED indicator in the Solarcomm which consumes power without real benefit lo the

user. For this reason the Sollatek product was selected for this project.

Table 4-3 - Results of Direct Current Voltage Réducer Evaluation

Model .. Source .. “Dropped Voltage Summary
Voltage | Current | Voltage | Current.
(V) (mA) V) (mA)
Sollatek M1014 12 4.8 8.96 0} No load
12 163.4 8.02 159.1 | Load
12 303.71. -7.15 - 300 | Load
Solarcomm 12 16.5 3.90 0| No load
12 217.0 8.02 200 | Load
12 319.5 7.21 300 | Load
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PL fluorescent lamp
(4 Pin)
9 (%)

DC POWER
SOURCE
Variable Voliage

ELEGTRO-
NIG
BALLAST ]
for F/L

=)

POLARQID CAMERA o Q0 O

OSCILLOSCOPE

Ab: AMP. METER
¥I: ¥OLT. METER

Fig 4-9 DIAGRAM FOR ELECTRONIC BALLAST CHARACTERISTICS EYALUATION TE
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Deseriptions for the DC voltage reducer characteristics test circuit

The DC voltage dropper allows a 12V battevy to operate 9V appliances like a radio
or radio cassette, stepping down the 12V to 9V.

The voltage reducer consists of a semi-conductor device enclosed in a aluminum box.

The circuit uses a "3 pin [C regulator” which has a capacity of 130 mA adequate to

power Lypieal radio or radio cassette operations.

The device is popular used for this purpose because of its stable output characteristic
and low price.

Voltage Step down system ]
DC source  12(v) 3 pin regulator Adjustable resistor

Ve '

DC voltage reducer

Fig. 4-10 Diagram of performance test system

SPECIFICATIONS OF THE MEASURING INSTRUMENTS
1. DC SOURCE: OUTPUT/YVoltlage 0(v) lo 30(v)
/Current 0(4) fo 58

2. Al: DC Amp. meter for supply side/300 (mA)
3. YI: DC Volt. meter for supply side/Max 30 (v}
1. DC Voltage reducer complete kit:
3 pin IC Voltage reducer installed
DC INPET/Vollage DCIZ(Y) o 20(V)

/Current DC 2(4) _ _
A2: DC Amp. Meter for the oelput/ DC 2(A)Max.
¥2: DC Voll. meler for the output/DC 9(v) Comslant
6. Adjustable resistor to vary load current.

[
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4.1.3 Improving the Component Pavts of PV System

(1) Charge Controller
1)  Overview

In accordance with the instructions to use locally manufactured equipment in the
Study Installations, an evaluation was made during the first field study visit of the
pcrfofmance of charge controlless prodﬁccd by Iwo companies. Specifications for the
charge controller were drawn up from this lcvaluation,.and an order was placed with
specifications appended (Table 4-4) for the 100 charge controllers to be used in the JICA
project. Serial numbers were attached to all of the charge controllers. It was also
requested that an actual operating voltage data for the charge and discharge protection
sellings be submitted. A long lead time of 3 months was required between placement of
the order and delivery. During the sccond field study visit, these charge conltoliers
were installed in houschold PV systems. Unfortunately, there were many problems with
these charge controllers involving an unacceplably large number of faulty units, and
improvements were clearly necessary.

Charge controllers - basically determine the battery voltage level of PV
systems and to perform this function, they require power at all times. For small
capacily systems like the ones used in JICA’s pilot installations, the Study Team deemed
it mos! appropriate to use equipment that has minimal power consumption.

For the Bautery World-manufactured charge controllers adopted for the project,
some modifications had to be carried out 10 make them more energy-efficient. In
par!icular; since they were not equipped with a separate battery-voltage sensing circuit,
that is, voltage was sensed by the controllers using the main wiring rather than special
wires for sensing battery voltage, a practice which in some cases can cause serious errors
in voliage sensing. To allow separate sensing wires, the printed circuit boards had to be
medified to have a exclusive battery sensing circuit because the sensing circuit is not
attached now and the battery voltage sensing level is affected by load current, not just 1o
enhance operating precision, but also to incorporate a function that allowed for easier

monitoring.
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Table 4-4 Set Voltage of Charge Controller

Name L¥D (v} | LRC(v) | HVD {v) | HYR (v} {Remarks - Quantity |
11,7 *122 14.2 126 {Car Batlery with LED 25
108-110]  *122 “ 4.2 126 iDeep Cycle Baltery with LED 25
1.7 *)2.2 14.2 12,6 [Car Batiesy without LED 25 Bt
JI0R-11.0]  *122 14.2 - 126 |Deep Cycle Baltery without LED 25 g
For Reference: Set Voltage of Other Charge Contioller
GEF : 1.5 125 145 135
lca 117 12.7 4.5 135
Sollatec 11.4 123 145 | 126
TRACE il.5 130 14.0° 135
SAFT 11.3 13.1 14.3 -12.2 - .
Moraingstar (Prostar) 114 125 15.5 14.1  {For Seal Baltery

* Check if can be Raised to 12.6 (v)
LVD Load Disconnect
LRV Load Reconnect
HVD Charge Disconnect
HVR Charge Reconnect

Actual modifications are described in more detail as follows (with the modified figure

shown in Figure 4-11):

1} The number of indicator LEDs was reduced from 10 to 2 (red LED indicates over -
discharge while yellow LED indicates s'tatc-of-chargc).
2} The indicator LED lamps were separated from the main unit and installed in a separate

box to allow mounting of the LED lamps in a‘highly visible location separate from the

controller location which needs to be near the battery.
3} Modifications were made in the PCB (in places marked "x" on Figure 4-11)
These modifications were carried out primarily to reduce the LED count, thereby
reducing the amount of power consumed by the charge controller.
After monitoring the performance of the modified charge controllers, the Study
Team asked Battery World (0 manufaciure the modified version.
Later, it was found out that aside from high internal power consumption, there were §
some othes problems with the locally-manufactured charge controllers:
1}  Order of charge coﬁlro!ler‘s wire connection
There is a certain wire-connection sequence that must be foltowed at the time of

installation — and unless wires are connecled correctly in this sequence, the charge
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coniroller may not operate as intended, Figure 4-12 shows the correct wire-connccting
sequence, which can be summarized as follows:

Step 1: Connect the wires from the photovoltaic (PV) module

Step 2: Connect the wires from the load

Step 3: Connect the ballery vollage sensor

Step 4: Fiaally, connect the battery

In the actual installation process, the correct connection sequence was not always
strictly followed by installers. Of the 100 charge controllers that were installed an
unacceptably large number of upits either failed to opcrate properly ot were totally

inoperalive, probably because of this problem.
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Over Discharge
Refay

= 11.4V: Disconnect
* a. Contact

P.C8

10k
33k
Cut Point
- Ow)ercharge RJ!ay
/ 14.7 V : Disconnpgt
( a. Contact)
L » — N -
-2 "><'Ji Cut Point
i; ] - vl
FaX
4 | |
@ <, Fuse 9
To Load From PV, ———  To Battery
v Battery Cable
@ Common
\O,To Battery
LN hd
@ Battery Sensor 4 e
To Battery @
To Battery

Figure 4-11 Modified Battery World Charge Controller
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1. Connect wire to PV panel

2. Connect wire to load

3. Connect wire to battery voltage sensor
4. Connect wire ro battery

PV . LED |

Remote indicator

Sereerrrrbarassasian

Charge Controtler

PV BATT LOAD SENS

T
@ ~

L

Load

@

BATTERY

Fig. 4-12 Wire-connection sequence for charge controller
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2}  Minimum rcquired battery voliage

The charge controller does nat operate properly if the battery voltage is lower than
1) V. "The battery voltage should, therefore, be higher than 11V to 12V when making
wiring connections.  Even though batteries may be dclivered under fully-charged
conditions, their voltage may drop to 10 V or lower due to self-discharge during storage
before installation. [In some cases, it was nccessary for the Study Team to dircctly
charge the batteries by bypassing the controller in order to recover the batiery voltage
and make the controller operative.
3) Manufacture of non-standard components

Local PV equipment manufacturers do not usually carry extra components in stock
and make it a rule to place orders for components with their suppliers or parent
companies in the mintmum quanltitics possible (apparently due largely to lack of funds.

For this recason, when a modification involving components, the printed circuit
board, the enclosure, an overlay panel, ¢tc. is requested, the local manufacturer does not
carcy such articles in stock and cannot quickly honor the request unless the parts required
to make the custom-designed modifications are casily available.  If the manufacturer is
forced 1o make such modificalions, they have been found to make stop-gap modifications

by making do with available butl improper parts and to deliver poorly crafted products

which do not meet specifications.

The Study Team ordered the following modificd versions: a remote-1.ED-indication-
type model from which battery-voliage status indicator LEDs were separated by wires
approximately 2 meters (See Photos 4-12 to 4-14) and a model which was stripped of ali
its LED indicators (Sce Photos 4-15 and 4-16). Because the above models were made
using only what was immediately, locally available (e.g. boxes and electrical

componenlts), there was no guarantee of stable operation over an extended period of time.
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Photo 4-12 [mproved Charge Controller

Remote LED indicator unit: This is a wall-mount-lype unit incorporating the battery-
voltage status LED indicator porlion that has been separated from the cabinet of the
charge controller via a cable measuring approx. 2 meters in length.

118



The LED indicator portion has been fashioned
into a wal-mount unit for increased viewability.
Since the manufacturce’s off-the-shelf box is

used, the size is of the box is relatively large.

Photo 4-13  Improved Charge Controller

Photo4-14  Charge Controller

(The LED indicator portion is not mounted)
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Photo 4-15  DBauecry World-made

Charge Controller
Model Devoid of LED Indicator

Portion

Photo 4-16 Charge Coatroller
Proper Under Wall-Mouated

Conditions

{Devoid of LED Indicator

Portion)
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4)  Charge controller's internal consumption cursent

The locally-manufactured charge controllers require approximately 120mA to
130mA of current for their own consumption when relays are energized.  On a 24-hour-
a-day basis, this amounts to a daily consumption of 2.9 Ah to 4.3 Ah, while the average
daily amount of current gencraled by a 25-watt photovoltaic system slands at
approximately 1.5 A x S hrs or 7.5 Ah/day. What this means is that as high as 40% to
604 of the total power generated is consumed solely by the charge controller.  Using a
single 9-wait fluorescent lighting flixture, this current draw is equivalent to 3.6 to 5.4
hours of lighting time. As this represents a significant amount of current consumption,

this problem requires an immediate solution.

{2) Battery

There are 2 local battery manufacturers in Zimibabwe and onc of them is
selling a battery advertised for solar usc. The Study Team bought this battery for the
systems to be installed. As it found several problems for this battery, the Team asked the
manufaciurer for its improvement. However, the manufacturer replied that it is

impossible to do due to all parts are imported and other type of paris as requested by the

tcam were not available for that batlery.

The observed major problems were its being easily contaminated by dust or
insects due 1o a loosc scal at the cover.  The use of round terminats which did not allow
the prefesred screw type connection and being oppositely arranged for the polar
characteristics of electrodes. This can result in burning out the appliances connected to
this battery through the charge controlier due to charging of reverse polarity of the
electric voltage. The totally sealed type battery specifically designed for solar use would
be preferred if it could be provided at an acceptable costs since it is totally leak free,
does not require maintenance and uses flat terminails intended for screw type connections.
[t is, needless to say, necessary for the local manufaciurers to improve their production
technology including importing components to produce such types of solar battery as for

future projects. {Refer 1o Photograph 4-17).
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Phota 4-17

Maintenance-free Batteries

e
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4.2 PV Installation
4,2.1 !nstallalion of Household Systems

Household systems were installed in the Geja area by Munyati Solar Distributors, a
company based in Sanyati which is less than 10 km from the project area. Houschold
systems in Tuif and Mahyoni were installed by Enercare Blectrical Consultants, a Harare
company with an agent in Kwekwe, Both companies were contracted to install 50 systems
each with completion by 31 July. Due o the late delivery of components by Battery
World, houschold systems could not be completed until late October at the eacliest
creating numerous problems for the installation companies including added cost due to
extra trips to sites and delayed payment since under the contract final payment was tied
1o completion of all installations.

Installer quality control was poos. Some inslallations werc very well done, others
from the same company were inadequate with twisted wire connections, damage lo the
house walls, crookéd wiring runs and battery connections that consisted of wire wrapped
around the posis. Although specifications for the installations were provided, they were
often ignored. ‘Tilt angles for the panels were particularly a problem in all three
companies with some exceeding 45 degrees instead of the nominal 17 as specified. Upon
invesligation it was tearned that the installers had no idea what 17 degrees actually meant
and had just had the panel mounts made like the ones they had used before for the GEF
project whose inspectors were accepling very steep angles for panel mountings. Although
pole mounts were specifically required for all houses, the Sanyati installer used wall
mounted panel supporls as in the GEF project. When asked why, the installer stated that
the poles were 100 expensive and the wall mounts better anyway.

Several sites were visited by the JICA study team during the iastallation process.
Workers had few tools and those that they had were often incorrect for the job being done.
Screws were seeh to be installed using knives instead of screwdrivers and pliers used
instead of wrenches for lightening nuts on panel mouats. Drills were dull and of the
wrong size so holes were made then reamed to the more or less correct size by wriggling
the bit in the hole. When the correct tools were provided, the workers did not know how
to use them properly. It was also common to find that one or more components had been

teft behind at their warehouse so many delays resulted.
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Panel location was in several cases such that as the seasons shifted severe shading
would occur due to the change in the sun's path from north to south over the year.
Installers did not seem to understand this problem even after careful explanation,

All sites were inspected after installation by a JICA siudy tcam member and the
senior technician from BUN. Nearly half were rejected due to problems ranging from
incomplete installations to failure to patch plaster where holes in the walls were made.
The installer has had to make corrections in order to receive final ‘payment on the
contract. The Turf/Manyoni installation company used technicians based in Harare and
was very slow in returning to the sites to make corrections since they were also heavily
involved in installing GEF systems. In many cases, BUN technicians ended up having o
make the necessary corrections in order to have the systems completed énd accepiable
within a rcasonable time.

User instruction by installers was not satisfactory. One installation company told
users that if the battery was fully charged, as indicated by the top green light being on at
the controller, that they should turn on the lighls'a]l night to keep the battery from heing
damaged. This, of course, ran the ballery down and ﬁctivated the-Li’D shutting the
system down for several days while the battery recovered. In actual fact, the charge
controller prevents batlery damage due to overcharge and damage due to overcharge is

impossible with the 25Wp pane! in any case so long as the electrolyie level is monitored

and water added when necessary.

The clinic and school installations were by JOTPAV Solar Systems, a Kadoma
company representing a Harare instailation company.-'l"he instailations were generally
better than those providcdllb houscholds but ‘agéin quality control was poor. As in
house¢hold sysléms, panel tilt angles of over 45 dcgiees were initially installed. Proper
connectors for batteries were not used initially and wire was just wrapped arcund battery
posts until the proper connectors were obtained.

The installer 1old clinic users not to use the system unless absolutely necessary
which resulted in most of the energy from the 83Wp panels going to wasle. The data
loggers at two of the clinics showed that as a result of this instruction the actual energy

use at the clinics was less than at the households and systems were being poorly utilized,
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4.2.2  Tmproving the Instaliation
(1) Instatlation Matcrials and Equipment
1) Frames for PV panel mounting: Present Status

The frames are made of L-section steel angle which are welded together by welding
shops in nearby towns or in Harare. The finished product varied substantially in
dimensions and quality. I[n many cases, it is doubtful that the workers have followed the
design drawings. For this reason, there is almost no control over basic and essential
frame fealures such as strenglh, tilt angle in the north-south dircction, and horizontal
mounting in the east-west direction.

Some of the comﬁanies used a triangular jig to set the tilt angle and make sure it
was approximately 22.5 degrees, which is within the ideal tilt angle range for Zimbabwe.
The frames from these companies were well made and posed no problems in that respect.
However, even these companies did not use any jig to ensure horizontal supporl in the
east-west direction and an angle to the support pole of 90 degrees. At present, some

further improvement is desirable.

2) Improvement Measures:

In order to ensure that the basic frame requirements are met, we emphasize the
importance of controlling the tilt angle. To do this, a triangular jig for angle selling
should always be used. We recommend using an angle of about 20 degrecs as this
matches the average latitude of the entire country. A right-angle jig should be used to
ensure consistent horizontal support in the east-west direction. This jig should be used

during the welding process to make sure the support pillar is at %0 degrees to the frame.

(2) PV Module Installation

Thé foltowing three methods are used in Zimbabwe to support the modules,
depending on the type of building in which the system is to be installed:

a) A straight support pitlar is bolted 1o a side wall of the building

b) An L-shaped support pillar is bolted to a side wall of the building

¢) A support pole is set in the ground near 1o the house

Method {b) is only useable in the case of buildings with comparatively strong walls,

such as clinics. For houses which are not of such sturdy construction, method (2) or (¢) is
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appropriatc.  Photos 4-18 and 4-19 show cxamples of supporls on which PV modules are

installed.

Regardless of the installation miethod used, it is important to make sure that the
support pillar is vertical.  One way to do this is to drill a hole for inserting a single bolt
in the support pillar before drilling all of the mounting holes and to temporarily mount
the PV module on it.  After aligning the module a 1ilt meter is used to position the
module property and this then delermines the position of the second bolt hote.  Next, the
module’s cast-west axis is turned approximately 90 degrees, and a spacer is used along

with the tilt meies, as above.  Using this method ensures that the support pole is vertical.

After this, the module is turned so that its surface faces north and is then secured in place.

Finally, a tilt meter should be vsed to check that the tilt angle of the module is between

L5 and 20 dogrees.  Spacers can be used for adjustment.
When making the bolt holes, the drill must be perpendicular to the surface of the

wall. It is not acceptable to make holes in walls by driving them through with a hammer

since this method may seriously damage the wall.
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Photo 4-18 PV Array Mast {C)

Photo 4-19 PV Array Mast (A)
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Fig.4-13 Procedure of PV array setting
(3) Orientation of the PV Module

The installers use a small compass to check the orientation of the modules, but it is
difficult to orient 2 module on a roof accurately with this method. As a resull, there is a
great -deal of variation in the orientation accuracy. The Study Team devised a
supplementary tool to make it easier to make accurate orientation settings. This tool is
suitable for local manufaciured. Once the marker line has been aligned with nosth as
indicated by fhe compass, simply aligning the edge of the module with it specifies the
correcl orientation.

An exampte is shown in the following figure. For individual installers, il is

worthwhile studying/devising various other methods.
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Figure 4-14 Example of PV cell array orientation gauge
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{4) Wiring Installation

The GEF project has properly sized the wire sizes lo be used by local contractors in
the solar PV systems. However, an ¢xamination of the wiring installations reveals some
nced for improvement. A basic problcrﬁ is that there arc almosl no identification

markings on the wires, [If there were markings on the wires, installation could proceed

faster and with fewer mistakes.

(3 Precautionafy measures when making battery connections

When it is necessary 10 change PV pénel connections with the storage batlery
conneciced, either the battery terminals should be disconnected or the battery or charge
controller's fuse should be removed before disconnecting the PV module's wires. The
reason is because in small PV system, blocking diode normally mounted on charge
controller is cut for more efficiency, so shortening of wires causes accideat.

If this is not done damage can result to the system should the PV pancl wires
accidentally be shorted together., During this project, we have observed some cases
where an installer made connection changes on a PV module with the battery connected
and accidentally shoried the removed wires. Since the installation was not complete and
no fuse had been installed al the battery, the controller was damaged by the high current
through the HVD relay. Since "hot-wiring” work don¢ while the battery is cqnnecled

can cause serious short circuit problems (leading to fire) it should be avoided at all costs.

(6) Battery Connections

There are two main types of baltery configu‘ra:ion's: open cell and mainienancc free
or sealed types. Two widely used types of open cell batteries employed in PV systems are
automobile starting batteries and deep cycle bauerie.s. Automotive batteries usually
have round terminals for clamp type connectors while deep cycle baiteries have square
ones for bolted connections. Clamp lype connections are nrol good for use with solar
systems. Therefore we recommend the square terminal configuration over the round
one.

A large amount of grease is presently being applied to prevent corrosion after

connections have heen made to the terminals. Such Jarge amounts are not necessary and it
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is not good practice o apply more than a thin {ilm of grease to terminals. It is also
nccessatry to teach installers not to allow clectrolyte to come in contact with the terminals

and to kecp everything clean,

(7Y Mounting the Charge Controller

Under GEF standards, the mounting position the charge controller is quite high to
prevent it from being meddled with by children.  The disadvantages of having to use
long wires between the battery and the controller are overcome by using large-pauge
wire.

for small capacity systems such as the JICA systems, it is important to reduce the
power consumption by the system itsclf and to reduce the cost in order to reach the low-
income families. The JICA improved controlter was made smaller in size and
¢liminated the special terminals for the battery voltage sensors.  When this was done, it
became difficult to find space on the controller for terminals big enough o accommeodate
the large-pauge wires used by GEF standards.

To keep the wires short and losses small, it is necessary either to mount the charge
controller on the batlery box, or to mount it on a wall very near the battery. The biggest
problem with this method, which is ideal from an electrical standpoint, is the possibifity
that the system will be meddied with by children.

Te eliminate this concern, several approaches are possible. One is the GEF-
prescribed installation method in which the charge controller is installed 1.5 meters
above the floor and thick wires about the twice the required size are used to make
connections to the bau'ery, or the JICA Study Team's method wherein the charge
controller is placed _in a locked container on the battery box. Although both these
.melho'ds have disadvantagcs in terms of the system's usability, they satisfactorily address

the goal of preventing/minimizing tampering.
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4.3  Improved Prototypes

Initially, the charge controlier and fluorescent lamp electronic ballast components
of the locally manufaciured PV systems were programmed for improvement by the Study
Team. However, since it proved very difficult to obtain the parts required by the Team
in Zimbabwe within the allowable time and it was deemed best to producé improved

prototypes in Japan and (ake those parts to the Zimbabwean manufacturers for

technology transfer.

4.3.1  Charge Coniroller

Of the various parts making up a PV system, the charge controller plays a very
important role in terms of the system’s operatling characteristics.  The Study Team,
unable to find any charge controller which satisfied its requirements, decided to use the
one manufactured by Battery World as it had the lowest iaternal power requirement
(when compared other locally-available products). Some improvements were still
necessary, however, since they still consumed a refatively targe amount of power.  Since
the designing of circuits to reduce power cohsumplion, compohent layout, and a contact-
protection circuit to pfolong the life span of relay contacts was found to be 100
forinidable a task to be carried out locally, as was the task of procuring parts for the

improved design in Zimbabwe, most modifications had to be done in Japan.

(1) Design and specifications
The design philosophy behind JICA’s improved charge controller was to provide
equipment suited for use by end-users who have limited knowledge of PV. Charge-

controller specifications and details of improvements made based on this design principle

are as follows:
1)  Charge conlroller's wire connection chuencc

When JICA’s improved charge coniroller is installed, ouiside circuit can be

connected at your optional order.
2)  Minimum required battery vollage vatue
Circuit operation was designed to go into standby mode with the panel connected to

the battery and load disconnecied to prevent the battery vollage drop to abnormally low

levels.
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3)  Charge controller's internal power consumplion was minimized

Al charge controllers made in Zimbabwe were observed to draw unacceplably large
currents for their internal consumption.  The reason is that the coils of relays used for
charge/discharge control in the Zimbabwe controllers consumed large currcnls (ranging
from 120 to 180 mA).

In the case of JICA's improved model, the relays used have very low power
consumption in the range of 20 mA, and power consumplion is much less than that of the

locally made controllers.

This type of chaige controller is well-suited for the small-scale PV sysicms (20-25

watls) utitized by JICA.

(2) Evaluation of the improved charge controlier

During the fourth field study, the improved charge controller prototyped in Japan
was installed in the JICA PV systems, and their performance was recorded on a data
logger. It was observed that the system's operating hour count increased duc to the
lower internal power consumption, and that the battery's maximum voltage were higher
than levels normally rcached by the conventional, locally-manufactured systems. A

more detailed explanation is given under Section 4.6 of this chapter.
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Photo 4-20 Improved charge controller
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4.3.2  Ballast for Fluorescent Lamps

As with the charge controller, the fluorescent lamp ballast is an impertant
componcnt of a PV systemn.  Improvements in efficiency and quality prolong the life of
the fluorescent tube saving PV users the trouble and expense ol frequently changing
fluorescent tubes and improving customer satisfaction with the PV systems. JCA’s

fluorescent-lamp ballast was designed with the following main considerations;

. Because of the small scale of the PV system, significant encrgy savings and high
luminous intensity should be achicved;

. Circuits should not be damaged cven if a power source with reverse polarity is
inadvertently connected;

. Circoit components should be easy to procure, and the fluorescent-lube circuit
should be easy to assemble;

. Citcuitry should be stable and have long life.

. Safety measures should be incorporated in the design.

Details of the individual specifications are as follows:

1)  Energy savings and high-lumirous intensity

The Study Team selected a high-luminous intensity fluorescent tube available in the
world macket and designed a circuit with discharge characteristics specifically tailored to
that tube (i.c. able to oscillate at a discharge frequency of 25 kliz) so that the highest
possible luminous intensity could be obtained.
2)  Measure to protect against reverse-polarity connection of power source

The circuil was designed specifically to prevent the semiconductor circuitey from
being damaged cven when a power source is connected with reverse polarity.
3)  Procurement of circuit components and assembly

The Study Team adopted sysiem parts thal are marketed in most countries
worldwide and made assembly simpler in order to lower production costs.
4)  Stable circuit conducive to increased life of fluorescent tube

For the high-frequency oscillator circuit, the Study Team used radio-frequency-
grade components that can withstand high voltage for more stable operation.  We also

provided a gap in the corc of the oscillator transformer in order to fashion the oscillator's
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frequency waveform (which determines the life span of the fluorescenl tube) into a

sinusoidal wave shape (considered ideal for the fluorescent tube).

5) Safely measures

As a safety mcasure, an appropriate fuse was installed in the input portion of the

ballast circuit.

(2) Evaluation of improved ballast

By incorporating the above-mentioned improvements, members of the Team
proiotyped the improved ballast in Japan and made evaluations. By using radio-
frequency-grade parts for the high-frequency oscillator circuit, it became possible for the
unit to generate an ideal AC-sinc waveform at no additional cost. It was also observed
during the performance tests that the crests of the sinusoidal wave became rounded off
which should prolong the life of the fluorescent tube.

In Photo 4-21, the upper image shows the ideal waveform while the lower one
shows the wave shape recorded before modificalions were made. The original sine
wave had sharp-pointed crests, indicating that a high voltage is applied to the fluorescent
tube for a short time in ¢ach cycle. This causes shorlening of its life. Since the
improvenment of this particular component would greatly improve the system’s overall
performance, the Study Team sought to transfer this techrology to our couaterpart at

workshops and at its assembly facilities,
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4.3.3 Evaluation of Improved Charge Controller and lavervter Assembly

For the sake of technology transfer, the Study Team designed the ciccuitry of the
improved charge controller and fluorescent-lamp baltast, determined the patts 1o be used,
prepared physical designs and supplied all required parts but relegated the work of
asscmbling the parts to local manufacturers. Following are the results of cvaluations
which the JICA study team has performed oa the charge controllers and fluorescent-tamp

ballasts that were assembled by the individuval local manufactuerers,

(1) Charge controllers

The Team asked three local companies to assemble the JICA-designed improved
chargé controller by providing them documentalion called "Technical Litcrature for
Assembly of JICA Improved-type Charge Controller and Fluorescent-Lamp Inverter"
{Reference material 4-2) along with all the sequired parts. We instructed them to return
finished and adjusted charge controtiers for testing. The completed assemblies
delivered 1o the team were then subjected to cvaluation tests, the results of which are as

follows:

1) Company A

This company delivered the requested items in semi-finished conditions, meaning
that parts were simply soldered to the printed circuit board, and no voltage adjustments
had beemn made, - Since the units were not to specifications, we instructed our
counlerpart how to make operating voltage set point adjustmeﬁls, and asked them to
bring all seven items to the specification needed. The study teamn was able 1o visit the
company's subcontracting factory and inspect the factory’s finished-product adjustment
area. We found out that the facility was not equipped with thé proper DC power sources
and meters necessary Lo adjust the controiler, and was therefore only capable of

assembling printed circuit boards.

2y Company B
All seven charge controllers which we asked the company to assemble were
delivered to us in a fully finished state. Since this factory operates based on an

assembly-line, division-of-work method of manufacture in its production processes, it
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manufactures good products that compare favorably in quality with those manufactured
in industrialized couniries. [ts final set-point adjustment facilities are well equipped
with mcasurement equipment where well-trained workers make voltage set point
adjustments to specification.  This factory appears to be a good candidate for local

manufacture of the improved controllers in the future.

3} Company C
Unlike the above two companries which were operating in cooperation with foreign
companies, this company is a 100-percent Zimbabwean-operated company on which the

GEF project was also pianing expectations.  Within four days of our assembly request,

this company delivered finished products, considerably ahead of the other two companies.

The results of performance evaluations were also good. Although this is a small
company, the company is considered to be a good candidate factory when to cdmmission
production in the future since transferring PV-related manufaf.luring technologies and
providing the materials and equipment required for manufacture 1o such a'company can

help lead to the proliferation of PV lighting systems in Zimbabwe.

(2) Fluorescent-lamp bailast

Just as was tLhe case with the charge controller, the task of assembly of the JICA-
designed improved fluorescent-lamp ballast was given to the above three companies.
By virtue of the small paris count and the easy-to-assemble printed circuit board {PCB),

all companies submitted goods that werc satisfactory and were comparable in terms of

finished condi'lion.
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4.4 Project Operation following Instaliation

4.4.1 louschold Systems

Although the majority of instalialions were made by August, 1997, some systems
were dc.layed in instattation and all syslems were completed by the end of September,
1997 Prior to that tlmc, each houschold cluster area was being sceviced by two
tcchmcxan trainces under BUN lollowmg the techmclan training course held at Kwekwe
Technical Lollege BUN placcd under full time contracts 1wo of the technician trainees,
one for the Sanyati area cluster and one for the Turff/Manyoni cluster of houscholds.
Although monitoring chcck§ had been made irrcgularl.y both by BUN technicians and the
JICA Study Team prior to that time, with fhc hiring of the technicians, regular monthly
visits 1o each syslem for prevcmwc maintenance and monitoring were begun by the
newly hired iechmcmns Each monlh a report of the monitoring findings was forwarded
to BUN in Harare for analysis and forwarding to the JlCA Study Team.

Each field techn{cian‘_has bet.:n‘pr(‘yvided a tool kit, technical training, record
kécping méterials énd administrativg‘trainiﬁg. A bicycle was provided for (ransporl
wi@hfn the lservice ar¢a. To reach the ﬁ\ore disiant houSes, particularly a probtem in the
Turf}Man'yoni aiea the techaician carries lﬁe bicycle on the local bus between areas then
makes hlS local ma;ntcnance rounds with the blcycle The teol kit and bicycle were
prowded by BUN at no cosl to thc fcchnician bul should tools be lost they would be
rcplaced by BUN and the full cost deducted from technician salary payments. If tools are
broken, a percentage of the replacement cost will have to be borne by the technician
thrdugh sélary deductions, The bicycle is maintained by the technician and may be used
for personal as well as business PUFPOSES,

At the time of the visit, the technician cleans all components excepl the panét
which is not cleaned unless cleafly dirly ('due' to problems of access and possibile damage),
checks battery clectrolyte level, measures cell clectrolyte dénsity with a hydrometer and
measures ballery valtage. H the battery charge level is‘ unusually low, the system is
checked for loose conneclions, controller malfunction and abuse. The user is interviewed
about the system, particularly about problems with power cutage or unusuai occurrences
since.lhe last maintenance visit. Additiona! information included in the report to BUN

covers the weather conditions for the previous two days (lo help ascertain if low battery
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charge levels are due to cloudy conditions), the temperature of the battery clectrolyte and
the general condition of the system as observed by the lechnician.

Where repairs are needed, the technician will attempt to effect a repaic on the spot.
In the case of charge controller failure, the battery will be connccted diréctiy_ to th.e panel
until a réplacémcnl controller can be brqughl to the Silc. Some spare cohﬁollcrs,_ light
bulbs and l.ig_ht fixtures are held in stock by'lhc technician andz thosc wilt be used to
cffect rcplacem.enls where necessary. Items replaced are returned to BUN in Harare for
repair and to determine the reason for their fallurc

Baucncs and pancls are not kept in stock by the technicians, Panels very rarcly fail.
Should a panel be broken or slolcn a replacemem must come - from the Harare stock.
When a battery fails, one musl be sent from Harare to Kadoma, Sanyau or Kwekwe for
pick up by the technician who then takes it to the site for replacemenl The falled baitery
will be kepl by the technician until the next vxslt of the BUN Senior Techmc:an when it
will be returned Lo the manufaclurer for recycling and credit if still under warranly

During the start of momlormg by the lcchmcnans, an average of lhree to four
household systems were not opcratmg properly at the time of each visit. For most cases,
repairs were made on the spot by lhe technicians. The system problems were usually
related to a controller malfunction or battery, in the case of the Manyoni Civil Scrvant
households, failure was due to serious abuse of the systems leading to unacceptably low

battery charge levels and power loss to the system.

As part of ih'e monitoring process, useré weré interviewed regarding their use of‘the
system and lheir'salisfaclion. In almost all cases, the level of s'ali_sfaction Wés high'wilh
the only common problem being a desire for increased capacity to allow lOnger periods
for watching TV and more Iighls connec.ted to the system. One customer in Manyoni
asked that thé system be removed because the capaci:ty was too small. |

Another indicalor of customer satisfaclion is !he collection of fees. In other
projects when customer satisfaction has been low, fee collection has also been poor. In
the case of this projcci; the colleciion rate has been virtually 100%. Approximately 90%
of the users prefer paying annually at the time of harvest so fee collections on a monihly

basis is not a problem and at harvest time, annual fees were collected as expecied. The
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remaining 10% of the users arc largely salaried employees of the Government {teachers,
civil servants or health workees) and payment has generally been prompt.

Also showing gencral customer satisfaction is the fact that there is a formal waiting
list for the JICA systems which is kept by the Sub-District Officer in Sanyati. As of June,
1998, 60 houscholds had signed up in that cluster area. In Turf/Manyoni there is no
formal waiting st but nine households have asked the BUN technician for systems when

they become available.

4.4.2 Clinic Systems

In addition 10 the 100 household project, five clinics in Kadoma District
(Nyamatani, Geja, Jondale-Bumbe, Turf, Nyébango) and five clinics in Gokwe South
District (Msita, Tongwe, Chilave, Gawa and Chemahororo) were electrified using solar
energy. The capital cost was paid by JICA but maintenance is expected to be paid by
government, the comrﬁﬁnity or the RDC according to the spensor of the clinic. The
system was designed for low maintenance by using oversized panels and deep discharge
batteries, Therefore, mainlenance is expéclcd to be simple and minimal so basic
maintenance should be easily handled by clinic staff.

On behalf of the JICA Study Team monitoring effort, the BUN Senior Technician
made spot checks of the clinic systems during the first half of 1998 and in May 1993, he
made a complete tour of al} clinic and school installations to determine how well the
systems wete Bcing maintained by institutional staff and to gain information about the

manner in which the systems wete being used.

The visit confirmed that the systems all were working satisfactorily with minor
problems such as defects in some lights and switches. However from about t year later,
the problem of local-made battery has brought. The battery is degrading so fast.

The visit also made clear that the hour of use of the systems lended to be shorster
than expected but in all cases, the staff stressed the value to them and the community of
having the improved lighting and the adequate capacity that lighting can be relied on for
enough hours in the case of a serious health problem or injury that requires immediate

treatment at night,
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The quality of maintenance carricd out by clinic staff has been found to be very
variable, Most clinics have provided excellent maintenance while in a few there has been
some abuse the systems such as leaving lights on all night when not required, using the
systems for non-health related private and social aclivilies, 'c'harging batteries for private
usc¢ and ignoring basic mainlcnance chores such as réf.i‘ll of electrolyte when levels are
low. As an example of improper use of the systems, an early morning visit to the Tongwe
clinic by the BUN Senior Technician in May, 1998, found private batteries connecled to
the panels for charging and a TV operating in the treatment room, There does not scem to
be a pattern for correlating the quality of maintenance to clinic ownership, it appears to
be mainly a function of the quality of clinic management,

Following the completion of the JICA Study Team’'s aclivilies in Zimbabwe, BUN
intends to provide maintenance visits to clinics at approximately 4 month intervals unless
a specific and serious problem arises with a clinic system requiring an immediate visit,
With the basic maintenance expectcd. to be carried out by clinic staff and the low
maintenance required with the clinic system dcsign‘, this matntenance- visit fre'qucncy
should be adequate, However, visits caanot be made.by BU_N without cost recovery and

arcangements for the clinics to pay for the labor and transport cost of the technician.

4.4.3 School Systems-

Two secondary school lighting systems were installed with one in cach of the area
selected for houschold systems. The St. Charles Secondary school near Geja clinic is a
RDC sponsored school selected for system installation by the JICA 'Sludy' Team. The
Benhura Sccondary School in the southern area of Kadoma District is a privately
sponsored secondary school also selected by the ][CA Study Team for system installation.
The capital cost for both school installations was paid by JICA with maintenance
expected to be paid by the RDC, the community or the private organization sponsoring
the school. Monthly maintenance is handled by the field technicians serving the nearby
household clusters.

The observed use of the sy;slenls included severe abuse and failed operation of most
systems at St. Charles School to very good at Benhura School where systems were
working well and being used as expecled. In the case of St. Charles Secondary School the

severe abuse included charging teacher’s personal batteries from the systems, altering the
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wiring, discharging the batteries to damaging levels and failing to add water when

electrolyte level was below minimums,

4.5 Analysis of Data from Data Loggers

The original data loggers were installed at the Tongwe Clinic, the Tusf Clinic, and
the house of Mr. Cuthbert Murandu in the Turf region. An additional data logger was
installed in November 1997 at a house in the Sanyati region. The data loggers installed at
the Tutf Clinic and the Tongwe Clinic were equipped with pyranometers to measure the
amount of solar irradiation. Photo 4-22 Shdws one of the data loggers installcd. Photo 4-
23 shows a PV array with a pyranometer mounted on it.

The data loggers are used wheee a main power supply is not available for the data
logger, a personal computer, o1 a signal converler, therefore, éll the intcrnal data signals
are at extremely low power levels and they are provided from conventional dry balteries.
A shunt resistor is wsed for current dcleclion for the low-i'mpedance circuils, so it is
unavoidable that the main circuit current interfercs somewhat with the other signal levels.
It is necessary tb keep this relationship in mind whén evaluating the data,

The data obtained frem the first nine months (August 1997 through April 1998) and
the analyzed data arc listed in Tables 4-6 through 4-11. The special characicristics of

these results are described below_.
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1}  Solar Irradiation Dala
The actual tilted solar irradiation data for the ten months following the installation
of the PV systems, the global irradiation data obtained locally, and the calculated tilted

salar irradiation based on them are listed below.

Tabte 4-3  Actual Measurements of Tilted Solar Irradiation and

Fstimated Solar Irradiation (Example of Turf Clinic)

Month of Actual tilted solar Estimated tilted Global irradiation
measurement irradiation salar ircadiation kWh/ni/day
Clinic Name Turf Tongwe KWh/irfday _

| Avgust | 674 | 5.85 651 ]l 569
Scplember 5.95 5.60 6.77 6.39 ~
October | 6.26 625 | 653 6.65
November 578 | 585 6.03 6.50
December 6.32 6.96 34 591 o

 Janvary 5.45 562 | 571 6.20
February 6.75 6.52 5.53 5.78 |
March 6.48 6.10 | 5.79 5.71
April 671 [ 5.99 5.74

| May 7.01 5.95 5.05

Average 6.1 6.04 5.99 5.75

Though the actval measured values of the tilted solar irradiation were slightly
below the tilted solar irradiation estimated bascd on the local global irradiation data,
there were no large discrepancies between the two sets of figures.

The local fong-term statistical data shows that values around 6 kWh/m*/day and
consistent with the measured values have been obscerved. The measured solar irradiation
data confirms that the use of estimated solar irradiation based on Zimbabwe global solar
irradialion as corrected for a tilted surface seems to be appropriate.

As cxpected, the data from the rainy months of December and January show the

lowest tilted surface solar irradiation. They are significant to the design of future systems.

They prove that the estimated tilted solar irradiation of 5.4 kXWh/m® used for designing

the system was appropriate.
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Table 4-6 MONTHLY OPERATION DATA OF PV SYSTEM IN TURF CLINIC #1
PV moduls : 83 W

Month PV current Charge Discharge Discharge/ Load curvent  Maxipum Minimum Inclined Load on
Ak} current [Ah) current (Ah)  Charge {Ah) battery baltery iradiation Time (h)
voltage (V)  woltage (V) (kW/m?2)
Aug-91 LY 519 ~1.07 0.19 (.80 14.20 1248 6.4 062
Sep-97 6.73 6.97 -1.49 0.34 1.49 14.06 1248 585 0.79

Oct-97 845 837 -0.66 0.1 0.37 14.08 1248 6.26 0.31
Nov-97 13.23 13.18 Q.87 0.10 0.37 14.21 1262 518 0.34
Dec-97 1158 11.42 -2.04 019 1.61 14.47 1283 6.32 224
Jan-98 12.65 1217 -360 029 3.55 14.44 {268 499 394
Feb-98 131 71.31 -1.27 0.16 6.70 1448 12,78 6.15 082
Mar-98 12.34 11.68 ~5.85 046 585 1446 12.66 648 B8.93
Apr-98 12.36 1593 -8.79 0.58 981 14.45 1253 6.71 14.86
May-98 17.16 15.82 -89 0.57 986 14.46 1247 101 15.15
Jun-98

Jul-98 1929 1829 1205 0.67 12.80 1448 12.33 5.17 13.63
Aug-98 20,28 1890 -10.75 0.58 11.86 14.41 1169 6.00 12.30
Sep-98 2330 2252  -106% 048 1112 1444 1224 6.26 1095
Qct-98 2551 2420 -11.82 051 12.87 t4.36 1245 6.36 12.95
Nov-$8 23.36 2243 -1145 052 1242 1441 1247 667 12.39
Dec-98

Average 14.93 14.27 ~5.08 038 6.35 14.36 1248 6.27 135

Table 4-7 MONTHLY OPERATION DATA OF PV SYSTEM IN TONGWE CLINIC #i1
PV module : 83 W

Month Y current Charge Discharge  Discharge/ Lead current  Maximum Minimum nclined Load on
AR current (Ah) current (Ah)  Charge (Ah} battery battery aradiation Time (h)
) voltage (V) volage (V)  (W/m2)
Aug-97 12,53 1247 -2.72 0.3¢ 235 14.16 1227 585 258

Sep—97 10.51 1039 -3.0t 0.41 270 14.08 12.28 560 3.03
Oct-97 11.66 1161 -394 041 356 $4.15 1224 625 315
‘Nov-97 1178 1168 -4.00 0.40 360 14.01 §2.47 585 261

Dec-97 1332 1807 - -6.10 0.50 5.91 1412 1183 6.96 457
Jan-98 1223 1214 -318 028 286 1404 1161 527 2.80
Feb-98 1146 1122 -447 0.44 4.25 1408  12.18 6.52 4.30
Mar-98 1086 1066  ~552 0.56 525 1406 1201 6.10 487
Apr-98

May-98

Jun-98

Jul-98 6.94 692 -476 065 433 1415 1196 4.90 2.88
Aug-98 8.87 853  -592 069 5.82 1417 1194 526 3.68
Sep-98 322 1167  -720 0.61 832 1410  §183 567 1246
Oct-98 1323 1126  ~4.37 0.40 593 1413 1155 615 1313
Nov-98 2569 2562  -022 0.0t 008 1424 9.83 6.10 0.10
Dec-98 1822 1637 026 0.02 1.91 1467 971 507 260

Average - 1289 1240 388 0.40 4.06 14.15 11.67 583 448
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Moenth

Aug-97
Sep-97
Oct-97
Nov-97
Deac-97
Jan-98
Feb-98
Mar-98
Apr-98
May-98
Jun—88

Jul-98
Aug-98
Sep-98
Cct-98
Nov-98
Dec-98

Average

Month

Aug-97
Sep-97
Qot-97
Nov-97

Dec-97 .

Jan—98
Feb-98
Mar-08
Apr-98
May-93
Jun-98

Jul-98
Aug-98
Sep-98
Oct-98
Nov-98
Dec-98

Average

Tabla 4-8 MONTHLY OPERATION DATA OF PV SYSTEM IN TURF CLINIC #2
PV module: 83 W

PV current Charge Discharge  Discharge/ Lead current  Maximum Minimurn Inchined Load on
(AN) currerd {Ah) current {Ah}  Charge {Ah) baltery battery irvadiation Tirne (h)
voltage (V) voltage (V}  (WW/m2)
11.94 11.80 -2.56 2.45 1381 - 1244 6.26 247
1342 1333 -1.67 145 13.95 12.00 518 1.19
1.51 145 ~-1.16 017 0.86 14.15 1239 632 1.27

6.80 6.15 ~1.46 0.18 1.14 14.16 11.96 499 1.53
768 165 -1.07 0.7 0.72 14.14 1240 6.75 033
696 6.89 -1.35 022 1.08 1415 1228 648 147
11.83 11.83 040 (.03 0.05 14.16 1245 6.71 0.08

.01

448 441 -0.70 0.15 0.44 14,19 10.63 511 046
.17 1.1 -0.39 0.1¢ 0.04 14.17 12.11 6.05 004
118 1.18 -0.59 -0.13 023 1418 1197 6.26 0.15

154 749 -0.72 015 0.40 14.11 1202 6.36 043
9.85 9.75 -1.14 1022 o 1408 1210 667 0.96
503 4.85 -0.18 021 0.64 14.14 1224 0.68
835 8.29 -1.08 0.6 0.80 14.12 12.07 6.20 0.94

Table 4-9 MONTHLY QPERATION DATA OF PV SYSTEM IN TONGWE CLINIC #2
PV module: 83 W

PV current Charge Discharge Discharge/ Load cument Maxkmum Mimimum lnc.li ned {oad on
{Ah) current (Ah) current (Ah)  Charge (Ah) battery battery irradiation Time (h)
: voltage (V} voltage (V) (kW/m2) :
967 966 -2.64 0.28 236 - 1376 1237 - 585 234

163 162 -3.60 0.40 3.36 13.67 12.36 - 560 . 386

7.73 768  -349 857 321 1392 1234 625 400
1351 {273 -804 074 848 ~ 1391 1206 585 814
11.90 1172 -6.78 0.65 6.63 14.16 12.11 1696 683
19.50 1727 =121 0.72 13.58 1398 1097 527 1244
19.24 1801 -14.44 15.45 1398 1212 6.52 13.17
1503 1483 -12.29 0.86 1227 14.10 12.03 6.10 968
17.44 1694 -14.96 0.87 1448 1408 11.93 12.13
1767 1728  -14.02 0.7 14.15 1517 11.91 1051

483 483 © -1.36 0.3% 096 14.27 1222 480 0.89
§22 8.08 -4.75 0.49 4.54 14.25 12.14 5.26 3.69
691 - 689 -3.18 045 281 14.2¢ 12.19 58617 234

9.04 8.92 -558 013 533 14.17 £2.16 6.15 .54
9.83 048 -6.40 0.14 6.39 1407 i2.08 6.10 4.31
9.12 9.66 -199 681 - 175 14.18 1201 507 484

11.80 1144 -7.56 1.16 761 14.05 1206 6.09 642
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Month

Aug-87
Sep-97
df? Qct-97
Nov-§7
Dec-917
Jan-98
Feb—98
Mar-98
Apr—98
May-98
Jun-98
Jul-98
Aug-98
Sep-98
Oct-98
Nov-98
Dec-98

Average

Month

Table 4-10 MONTHLY OPERATION DATA OF PV SYSTEM IN TURF HOUSEHOLD

PV Gurent
(Ah)

Charge

Oischarge

cwrent (Ah) current (Ah)

596

~1.68
-2.49
-2.59
~248
~3.54
-2.24
-$.19
~249
-3.06
~4.50

=250

PV module :

25W

Iib-/Eiby boad current

0.15
041
0.32
0.33
0.46
0.31
0.14
0.32
044
084

033

(Ah)

243
2.54
261
268
4.31
243
1.20
2617
346
534

283

Maximum
battery
voltage(V)

12.49
1342
1453
1443
1439
1460
14.711
14.52
1432
14.06

1398

Mipmum
battery
voltagelV)

11.53
12.20
12.51
12.60
1258
1269
1262
12.52
1251
12.51

12.35

Inclined
irradiation
(kWh/m2/d)
6.74
595
6.26
5.78
6.32

6.21

Table 4-11 OPERATION DATA OF PV SYSTEM IN SANYATI HOUSEHOLD

Aug-97
Sep-87

Oct-97
Nov-97

Dec-97

Jan-88
Feb—-28
Mar-98
‘QEL Apr-88
May-98
Jun-98
Jul-98
Aug—98
Sep-98
Cct-98
Nov-98
Dec-58

Average

Discharge

current {Ah} curvent (Ah)

6086

167 138
8.99 812
8398 195
§5.80 8382
1.58 115
929 503
8.85 845
8.28 1.68
1.24 6.22
808 167

PV curent Charge
" {Ab}

102 6.15
842 6.79
-6.16 525
16% 733
794 153
8.56 804
536 4,66
143 6.32
7.81 7.08
9.27 868
8.66 843
4.76 4863
742 6.74

~4.19
- ~5.99
516
-493
-5.40
-4 81

-3.64
-5.25
-342
~3.85
-1.26
-243

-4.35

PV module :

25W

Iib-/ Lib+ Load curent

081
097
i.05
068
0.69
061

091
0.87
0.79
049
0.15
0.55

0.74
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(AR}

4.70
7.31
5.76
492
5.12
498

388
588
5.67
410
1.19
218

4.64

Maxiroum
hattery
voltage(V)

12.57
- 1320
13.22

1437

14.32
14.35

14.16
13.78
13.75
13.94
1399
14.17

13.82

Minmum
battery

Tnclined
iradiation

voltage(V) (Wh/m2/d)

1093
1157
1197
12.15
1217
1219

10.99
1194
11.90
i1.39
10.51
10.16

11.52

Lead-on
time (h)

250
3.10
319
3.16
528
303
2.18
3.44
4.46
6.38

338

Load-on

time (h)

4.11
722
506
498
520
4.61

4.13
5.74
5.34
3.97
125
237

460



Discussion of the Discrepancies found in the observed Data:

The solar irradiation data 6btainc_d shaws a discrepancy of about 7% betwceen the
two pyrometers that were instatled. Causes could be possible to consider as:

One is that there may be a difference in the actual solar irradiation in two lacations,
Another is that the difference is due to differences in the tilt angle or mouating position.
Yel another is that the discrepancy is caused by the data logger measuring the solar
irradiation and the 'vollage and current levels of the PV systems,

If the discrepancy was caused by signal interference, it might be possible te
climinate it by using scparate loggers to record the signals from these pyranometers.

There is almost no difference between the two measured solar irradiation data at
Turf and Tongwe in their average, and therefore it is considered that difference of the

data to be occasionally found may be caused by actual difference of solar irradiation at

cach measuring point.

2)  Overview of the PV System’s Operation
a}  Overall aspects of Operation
When the systems were first installed, some of the households were not able to

charge their batleries because the charge controllers did not operate properly.

As an emergency measure, the charge controller was bypassed, an acceptable action

because the level of current from the small 25Wp panel is not great enough to cause rapid
electrolyte loss. Since then, the demand for power was covered without difficull)} thanks
to the excellent solar irradiation conditions,

It would appear that there were few problems and that the systems operated
satisfactorily. Based on the information recorded by the data toggers installed, the PV
systems seem 1o have worked bul_well, ho.wever, the data does show some differences

between actual system operation and the expectations we had al the design stage.
b) Charge Controller Operation Characleristics

Examples of the design specifications and the operating characteristics of the

locally procured charge controlters thal were installed are provided below.
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The data on operating characteristics was taken from Figure 4-15 and Figure 4-16,

which were compiled by analyzing the collected data.

Table 4-12  Specifications and Operating Characteristics of

Locally Produced Charge Controllers

Setting item HvD | HVR LVD LVR
{High Voltage {High YoHage {Low Voltage (Low Voltage
Operaling Disconnection) Reconaccetion) Disconnection) Recoannection)
level SR ]
Spec 145V 13.5V nsy 125V
Locally MV-142V | 125V-127V 1.6V 127V
i produced unils

Not only are the voltage seltings observed significantly different from the
specification values, there is also unacceptable variation in the operating voltages of the
individual units. The voliage sctling designed to prevent overcharging (HVD) operated at
around 14 to 14.2 V in the case of Tongwe Clinic, which is listed above. This is between
0.3 and 0.5 V below the specification. The reconnection voltage (HVR) of the overcharge
prevention circuit operated at around 12,5 10 12,7 V. This is about 1 V lower than the
13.5 V of the sbecificalions. Furthermore, the operating level of the same controller was
not stable. The operation of the storage battery over-discharge prevention vollage setting
(LVD) was recorded oniy once in the case of the house in the Turf region. Though this
cannot be said lo be typical, the system installed at the house in the Turf region
disconnected the load at a level of approximately 11.6 V. This level is acceptable. The
reconnection vbltagc setting (LVR) operated at about 12.7 V. This is somewhat higher
than the 12.5 V of th.e specifications but not unreasonable.

In conclusion, the operation level of the overcharging control portion of the
controllers was tob low, making it difficult for the storage balteries to recover to full

charge. The operating voltage level was also somewhat unstable and shifted over time.
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¢}  The operational characteristic of an improved JICA charge controller
Specification of an ideal charge controller and an example of the operational
characteristics of lecally precured equipment initially installed are shown as following.
The operational characteristic was direcily obtained from actually measured data through
‘] analysis of the collected data. At Turf Clinic, the low voltage disconnection (VD)
voltage level and the low volitage reconnection {LVR) voltage level was not recorded

since the system was managed quite well and no shut-down of load was experienced.

Table 4-13  Specification and Operating Characteristics of

HCA improvcd type Charge Controller

Sctiing item HVD HVR LVD LVR
(High Voltage (High Voltage {Low VYoltage (Low Voltage
Operating Disconnection) Reconnection) Disconnection) Recanncclion)
level
Spec 145V 135V 11.5V 12.5V
of JICA .
improved C/C 143V -t40V —liiz—\’j 13.58V Y \Y

3

In the following data set, the HVD is recorded at a low level when compared to the
specification. The actual level is not necessarily different from the specification level
since there may exist some time lag belween the HVD actuation time and the data
recording time because the data sampling time was set to be at 5 minute 'imervals.
Therefore the measured battery voltage will average a slightly lower level than occurred
at the actual HVD cutoff point. Fig. 4-20 shows the contirol characteristics of the
improved JICA charge controller for Turf Clinic syslem. In comparcison to this, Fig. 4-
19 shows the control characleristics of the locally made charge controller previously used
in the same clinic system. Those tables also clearly show the that the improved‘JICA

controtler switches the PV power on and off during da)"lime thereby allowing maximum

o,
oy

charge, but the locally made charge controller disconnected the PV power at about the
same condition as the JICA controller but never reconnects the panel the rest of the day
unless a load is turned on and the battery significantly discharged.

As indicated by the Fig. 4-20, the improved JICA charge controller shows very

precise working voltage stability and provides an appropriate charge control.
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Fig. 4-21 An Example of Operational Characteristic of the Twif
Household PV System (8/1-8/10)
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Fig. 4-22  An Example of Operational Charactexistic of the Turf
Household PV System (8/21-8/31)
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An Example of Operational Characteristic of the Sanyati
Household PV System (12/01-12/10)
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An Example of Opcrational Characteristic of the Tongwe

Clinic PV System (12/01-12/10)
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3)  Opcration Data for PV Systems Installed in Clinics and Schools

With regard to the PV systems installed in the clinics and schools, Table 4-14
shows the results compiled from the operation data collected continuously at Turf and
Tongwe clinics using data loggers. The values used in the "PV Syslem Design” section
were the basis of the design values used so that ¢ach system used one 83 W PV module
and the design assumed 5.41 kXWh/m¥/day (the figure for Pecember, when the titted solar
irradiation is lowest) as the amount of energy that would eater the PV module. Table
4-14 is for each of the clinics in January 1998.

l.oad consumption for this month in the Turf Clinic system was several times larger
than other more ordinary months and was appareatly duc to the use of lights by the PV
instatlation tcam who were allowed to temporarily reside at the clinic while installing the
rest of the Turf houschold systems. Compared to this, load consumption in the Tongwe
Clinic system was somewhat.iowcr than the average month.

An improved JICA type charge controller was installed at the Turf Clinic system
and a locally made one waé installed in the Tongwe Clinic system so there exists a
difference in the type of the charge controllers used in the Tuef and Tongwe systems as
well as a different load consumplion pattern between the two

In spite of the méasured solar irradiation being almost the same as design value, the
ﬁleasured batiery charging current was measured as less than 50% of the expected value,
aé. shbwﬁ in thé fable below. The ceason for this apparent discrepancy is that the battery
stays very close 1o its full c?harge condition since the load consumption is very small (less
than 30 % of the design vélue), and thus the PV panel is disconnected much earlier in the
day than expected fhereby reducing the’ amount of energy senl to the battery. This
condilion means that this system is not being fully utilized by clinic personnel 3hd does

nol indicate a design method problem.

For the Turfl Clinic system, which is controlled by the improved JICA charge
controller, the measured battery maximum and minimum voltages werce as designed.  On
the othef hand, both the maximum and minimum voltages are lower than the design value
in the Tongwe Clinic system, which is controlled by the tocally made charge controller.

This is the result of the HVD of the charge controller being more than 0.4V lower than
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specified value of 14,5V and also that the battery can not be charged fully in spite of the
uvnexpectedly low load consumption because the reconnection vollage is too low to
recconnect the battery to the pancl the rest of the day.

Based on the data, it is concluded that wsing the locally made charge controller for
PV systems installed in public facilities docs not allow utilization of the potential
capacity of the system because the batlery cannot be charged to the intended level. Given
the current low usage of the PV system, there exists no particalar problem since the load
is small compared to the design value, but it is expected that battery life will be
shortened due to the insufficient battery charge level causing an increased su']phalion rate
and should the load increase in the fulure, the system may have inadequate ¢nergy
available,

This problem can be resolved by installing improved JICA charge controllers at
Tongwe clinic and the two schools as was done at Turf carlier. ‘The locally made charge
controller for the Turfl Clinic system was replaced by the improved JICA unit in
November, 1997, as a test.  The data indicates that the improved controller provides a

much more desirable battery charging/discharging characteristic.

Table 4-14  Operating Characteristics of Clinic PV Systems

. Actual value
3 ftem Planned value Turf Clinic Tongwe Clinic
Tilted solar irradiation (kWh/m) 541 5.45 5.62
| Storage battery charging current Ah) 29.5 13.46 11.66
Planned supply-capable current (Ah) 153 - —.
Load current (Ah) 14.53 3.95 2,51
Load use duration (h) 4.0 4.32 . 2.57
Slerage battery maximum vollage (V) {14.5) 14.45 14.07
Storage baitery minimum voltage (V) (11.5) 12.68 11.98

Details on the planned load shown once again below.

Planned load: 14.53 Ah

Type

(Breakdown): Spec Lighling. Current consumption
. . hour (h) capacity {(Ah)
Fluores. lamp  FL 11W #1 4 h 3.68
Fluores. lamp  FL 11W #2 4 h 3.68
Fluores. lamp FL SW #1 4 h 3.00
Fluores. lamp FL 9W #2 lh 0.75
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Fluores. lamp FLL 7W #1 1h 0.59

Fluores. lamp FL 7W #2 1h 0.59
Radio 9V / 5W 4 h 2.24
Total 14.53

Based on the monthly operation data information (Fable 4-6, 4-7), the following

commenlts can be made about system operation.

a)  Total Charging Current to the Storage Batlery

The total charge to the storage batlery was lower than the design value at both Turf
and Tongwe Clinics, At Turf Clinic, it was only 45.6% of the design value and at
Tongwe Clinic was 39.5%. Because the load at the clinics was much lower than the
design expectation, slorage batteries were frequeatly operating in the nearly fully
charged state. Therefore, during the day, the charge conteotler disconnected the PV
module from the storage battery much earlier than expected and remained disconnected
for longer periods of time than the design value. While this docs not pose any problems
with regard to system operalion, it is not appropriate in terms of making effective
economic use o_f the system.

For the future if the system load increases, it is anticipated that the different
characteristics of the controllers instalted in Tongwe and Turf clinics may result in the
Tongwe clinic batteries not receiving full design charge while those in service at Turf
clinic should receive the design lé.vel of charge. This would be caused by the local
controlier installed at Tongwe not reconnecting the balttery to the panel once it detccts
full charge voltage. This will result in lower effeclive capacity for the system and most
likely, shortened battery life. In case of the Turf Clinic system which is controlled by an
improved JICA charge controller, daily connection time of the PV panel to the battery is
prolonged because the controiler reconnects the PV panel to the battery many times a day

and thereby increases charging amouni accordingly as the lead increases

b)  Lload current

Load consumption levels of both clinic systems are small.  The daily average load
current at the medical treatment buildings is just 1.3 Ah/day in case of the Turf Clinic

system and 3.81 Ah/day in case of the Tongwe Clinic system, as indicated by the Tables
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4-6 and 4-7 which shows the daily average for first 6 months to January 1998 from
installing system. Those values correspond to 9% and 23% of the expected value of

15.3 Ah/day, at cach site.

Lighting time is also very sherl. The time when at least one electric light is lit is
around 1.4 hours per day for the Turf Clinic system and around 3.1 hours per day for the
Tongwe Clinic installation.  This situation is similar to the assumed use where time of
lighting cach room was expected 1o be around 4 hours a day, but load consumption was
less than 1/4 of expected. From the data, it seems like that not only is the ligh!ing time
very short, but also rarely are rooms bein'g 13t simultancously. Additionally, the load
consumption after 3anuary and in February and later on which half a year has past, is
quitc different in thal the load consumption during the later period is much larger than
that observed during the initial period. It is not clearly understood whether the Iéad
consumption increases due to changes in use patterns of the clinic‘l'slafl‘ as they better
learn how to use the systems, because of changes in the number of palienﬁ; being served

during the rainy season or a combination of both reasons.

After 10 ‘months since the system installed, the load consumption of Turf clinic
were 10.8 Ah/day in May 1998 and 12.6 Ah/day in December 1998, those of Tongwe
clinic were 4.5 Ah/day and 5.7 Ah/day respectively. '

At Tuef clinic, the load corsumption has been increasing from May, 1998, The
reason is they vse the light all night for the security since a thief had broken into the
clintc in April.

At Tongwe clinic, the load consumption increased compare to the beginning,
however the increase is not so large as Turf ciinic.

It is predictable that an increase in consun:iplion may occur as the staff get used 1o
using the lights, but it remains'unlifcc!y that many lights will be used at the same time
due to the manner in which the clinic is used at night.

Turf clinic has been increasing the current consumption from May 1998 for the

clear reason that they have lighting their outdoor security-light against theft which once

they experienced.
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As Table 4-8 and Table 4-9 show, there are clear ditferences on the consumption
between the bedroom building and diagnostic building for both of the clinic.  In case of
Turf ¢linic average consumplion was 0.8 Ah/day and Tongwe was 7,6Ah/day accordingly,
which counted 5% and 50% of the planned capacitics.  Tutf clinic use the bed rooms
only for the patients and its consumption is low, while Tongwe clinic have stated from
January 1998 to use the bedrooms for their guests accommodations as well as patients
use, and made the consumption extremely high. During this period power consumption
of Tongwe clinic was 14Ah and it was counted more than maximum light of over 91%.

As above example show il is clear that there are no sel power consumption patterns for

clinic bed rooms.

Regarding management of the clinic systems, clectricity usage management, battery
maintenance and general aperation of the systems at ‘Turf Clinic system has been handled
well but maintenance at the Tongwe Clinic system is not good. Batteries are not checked
regularly and electrolyle levels have been observed well below minimums and general
cleanliness of the systems was not good. Interestingly, even with such poor management
of the PV system, the load consumption was small and slayed at a level comparable that
of ordinary houschold use. This has important implications for the sizing of future
systems for clinics.

Processing the clinic data sets on a daily basis, there were no days when the full
design load was present and it was vnusval to find total lighting time greater than 12
hours,

Fig. 4-27 and Fig. 4-28 show {both of the clinic’s load demand for lhe diagnose
buil&ing), Fig. 4-29 and Fig. 4-30 show load demand of the bedroom building.
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