4)  Operation Data on PV Systems for Houschold

The expected enctgy use and the actual energy used from each of the two houschold
systems which included a data logger are listed below. The data analysis methodology
vsed to generate these figures are the same as those for the systems designed for use in
clinics and schools.

For the houschold PV sysiems, Table 4-15 shows the results compiled from the
operation data collected continuously at onc home in the Turf together with the design
valucs. The values in the "PV System Design” section are the basis of the design values
vsed. [En other words, each system uses one 25W PV module, and the design assumes
5.41 kWh/m?*/day (the figure for December, when the amount of solar irradiation on the

tilted surface is lowest) as the amount of energy that would strike the PV module.

Table 4-15 Operating Characteristics of llousehold PV Systems

. Aclual Value Actual Value
Item Design Value Turf Sanyali
Irradiation on a tilted 5.41 6.37 6.95
surface (KWh/m) i
Storage balt(:ry chargmg 8.87 8.81 6.78
current (Ah) . .
Planncd supply capable 4.61 -
cutrent (Ah) '
I.oad current {Ah) 4.60 4.3 7.31
l.oad duration (h) "~ 4.0 5.3 7.2
Maximum storage (14.5) 14.40 13.20
battery voltage (V) |
Minimum storage ba!tery (11.5) 12.58 11.97
voltagc (V)
Delalls on the expecled load is repeated below.
Planned load: 4.61Ah

Breakdown : Type Spec. Lighting Currenl

o o hour (h)  consumption (Ah)

Fluores. lamp FL7W #1 4h 2.36
Fluores. lamp FL 7W #2 0h 0
Radio 9V /5SW 4 h 2.24
Total 4.60

a}  Charging of the Storage Battery

Table 4-15 shows that the average daily charging of the slorage battery was B.81 Ah,
which is close to the design value. The storage battery charging pattern for the houschold

PV syslems was completely different from that for the clinic systems. One reason for
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this is that the load was much greater relative to the panel size, so the storage battery was
not normally in a {ully charged state each day and it thus readily accepted the charging
current from the panel.  Another reason is that the charge coatroller installed in the
system was faulty and had been bypassed.  This meant that the PV module was never
disconnected from the slerage battery.

Using Equation 3-6 to verify the charging current a value of 6.37 kWh/m?/day was
assumed for the amount of solar irradiation (Q), to calculate the maximum possible
charge, 8.36 Ah/day. Since the charging current falls as the battery voltage rises, the

actual figure of 8.81Ah for the charging encrgy is reasonable.

b) Load Energy Use

According to the information from‘ the data logger, the household energy usage was
higher than that of the public facilities. Table 4-10 indicates an average daily cnergy
usage of 4.3Ah, or 93% of the available energy supply. The average daily energy usage
duration of around 5.3 hours also shows that the syslem was ﬁscd as designed.

Also, from Table 4-10, it is indicated that daily average s_:iéclriéiiy consumption
between August1l997 to May 1998 was 2.83 Ah when the PV system was initiélly
installed and December. This value is about 61 % of the maximum possiblé design
electricity supply. Daily average electricity consumption time was 3.38 hours and
shows a good consumption characteristic.

We note that when the system was first installed, the household sometimes. rén the
lamps or TV six or seven hours a day. We believe that this is the level of usage that they
would actually wish 1o have, if possible. Since the 25Wp sys!erﬁs could not sﬁpp]y this
level of energy, after initially running the battery down and having the controlter
disconnect the load for several days, the users began to heed the instructions gi\;'en and
limited their time to around 4 hours. _After' the initial oﬁeruse of the system, the users
managed the system sufficiently well to avoid nany disconnécls by the controller.

Running a TV with the 25W system was not assumed in the initial design.
However, it is now clear that people have a strong desite to watch TV and we cannot
ignore this even with our small system of around 25Wp.

In the household in Sanyati where data collection was starled from November, the

load demand was extremely high when compared to the Turf household analyzed above.
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As shown as Table 4-11, the average load demand during December, 1997 was 7.3 Ah/day
and far above the design value. According to Table 4-11, the average load from
November, 1997 to April 1998 was 4.64Ah which exceeds a design value a little bit but
that is stil significantly larger than the design valuc. The average load consumption
time was about 4.64 hours per day,which is limite of 25W system.

Considering that the toads arc high for the houschold systems in relalion to the size
of the panel, it is esseatial to minimize the power consumption of the charge controller
while insuring proper charge control and over-discharge contrel is casried out to prevent
damage to the battery. Many designs for charge controllers are not acceptable for these
small 25Wp systems though they may be entirely adequate for larger systems. Therefore,

a charge controller specially designed 10 suit the characteristics of a small system necds

to be used.
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5)  Behavior of Storage Ballery Voltage

Methods for determining the operating characteristics of the storage battery in a
small-capacity PV system are a)} measure the specific gravity of the battery's electrolyte
and b) measure the battery's voltage.

Specific gravity is measurcd by BUN personnel as part of the system's routine
maintenance but is very difficult to use for an automatic control of batlery charge and
discharge. Measuring the voltage is the easiest way (o cstimate battery charge level and
can be accomplished by using an automated measuring device, Virtually all charge and
discharge controllers in use rely on voltage measurements to determine battery charge
level.

However, variations in opcrating parameters, such as the charging current, the
temperature of the clecirolyte and the history of the battery can affect the relationship
between terminal voltage and charge. [In practice it is difficult to accurately determine
the battery state of charge from the battery voltage alone.

Table 4-16 shows values for the maximum and minimum battery voltage obtained

from the data loggers for 10 day periods.

From Table 4-16, it 3ppears that the working voltage of the battery in cach system
is reasonable. The working voltage of the batlery is different for the Iwo types of
contrallers used and also is affected by the level of electricity consumption. Fig 4-33 1o

Fig.4-36 is graphical image of Table 4-16.

Battery voltage of the Turf Clinic system:

The maximum average value was 14.35 V (range13.99 V to 14.51 V) for the entire
test period. Before replacement of the locally made charge controller by the improved
JICA one, the maximum baltery charge voltage was 14.12 V {range 13.99 to 14.21V).
After replacing the controller, the maximum voltage increased to 14.39 V (range 14.1t to
14.51 V)'in November and December. Before replacement of the tocal charge controller
with the improved one from JICA, the maximum battery ‘voliagé was 14.1 V, considerably
lower than the design value of 14.5 V even though the cut off set point was 14.4V. The
reason is that the controller did not reconnect the battery once the cut off voltage was

reached and the average battery voltage could not reach the design value. After
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replacement with the JICA controller, the voltage increased to 14.4 V or as intended in

the design.

The average minimum value for the entire test period was 12,49V (range 12.86 to
1£.53 V). The load was fow during the period analyzed and the protection level of 11.5 V
was not reache'd. Before November, 11 when a locally made charge controller was used,
the average minimum battery charge voltage was 12.48 \Y {range 12,43 to 12.52 V), bul,
after November, 12 when an improved JICA charge controller was installed, the average
minimum voltage increased to 12,75 V (range 12.64 to 12,86 V). This indicates that the
charge controller is recharging the batiery more completely than the tocally made
controller.

Fig. 4-33 shows the Turf Clinic's battery valtage. The data shows that the battery’s
maximum voltage is controliecd at 14.5V in December, 1997 which is after the installation
of the JICA-improved type charge.

From August 1998, when one year has passed from in.slailing s'yslerﬁs, voltage of

batteries were decreasing, which means the life of local-made battery is almost over.
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Table4-16  The Maximum and Minimam Battery Voltage

) Turf Clinic_ Tongwe Clinic Turf Household Sanyati Houschold |
Term Max Volt | Min Volt | Max Volt | Min Velt | Max Volt | Min Volt | Max Volt | Min Vot
Aug/l-10 142] 1248 14.14 12 21 12,18 10.65 ——
| Aug/11-20 1421] 1248 14,17 12.34 12.48 19 -
Aug/21-30 142 125 14.18 12.24 128 ol 1
~ Sep/l-10 14.19 1252 1417 1227 12.84 12.06 B
| Sep/11-20 14.02 1243 13.93 1231 1321 1214 ]
‘§ | Sep/21-30 1399 1249 14.14 12.25 14.21 e4al
' Oct/1-10 14.17 12.49 14.14 1229 14.47 1248
~ Oct/11-20 1411 1246 14.18 122  1446] 1251 -
| Oct/21-30 14 1248 14.14 1224 14.65 12.55
Nov/1-10 14.17 1247 13.97 12.24 14.56 1259 - 1051
| Nov/11-20 14.35] 1268 14.06 12070 143 1259 - 1379
Nov/21-30 | w4mtl 127 14.01 12.1 14.44 1263 134
Dec/1-10 14451 1282 14.12 11.99 14.7 12590 1339
Dec/11-20 1451 - 12386 i4.11 11,86 1438 1258 13.04]
Dec/21-31 1444] 1281 14.13 11.65 14.1 12570 1307
Jan/1-10 1442|1271 14.06 12] 1444 1260 . 13350 .
Jan/11-20 - 1447] 1264 14.07 11.96 1460] 1264 - - 1308]
Jan/21-31 14431 1270 13.99 10.88 1475 270 4 |
Feb/1-10 - 1449 1281 14.11 12.22 1477 12720 0
Feb/11-20 c i 14.46] 01276 14.04 3221 14.73 12590 1433[ . 1214
Feb21-28 | 1449} 1277  1409]  12.11 1464]  1255] . 1440{ 71216
Mas/1-10 1449 e 14.12 1200|1443}  1256]  T14M) 1216
Mar/1120 | - t444] 1259  1392)  1202) 1452 a2s1)c 1407 1247
@; Mar/2131 | - 1447] 12621  14.14] 1191 t461] 1249 1437 1248
Apr/1-10 . 14.45] 1260 1435 1247} - 1438] 1219
Apr/11-20 - - 14.44) " 12353 14.04 1249] - 1438] 1218
Apr/21-30 | 1446|1247 14.56 1256 1440 1220
May/1-10 14.46] - 1247 11406 12.51
May/11-20
May/21-31
Juv1-10
Juli11-20 _
Jul21-31 . 14.48] 1233 14.15 11.96 14.16] 1099
Aug/l-10 1 1430 1172 14.14 1193 1381 . 197
Aug/ti-20 | 1446 - 11760 1419 1193 1376] - 1194
Aug/2131 | - 1446] - 11.98] 1420f 1196 1378 119
Sep/1-10 14431212 14.18 11.88 1361|1184
Sep/11-20 1446] 1221 13.96 11.59 1397 11.97]
Sep/21-30 714430 01233] 1416 12.03 13.66] . 11,90
Oct/1-10 1441 12441 1405 11.94 376 - 1174
8 Octi20 | 1433[ 1248 1416|1188 1399] . 1166
Oct/21-34 S 1436 . 1243 14.17 1083 1407 - '10.76
Nov/1-10 14420 1252 1408 1007 13850 1064
Nov/t1-20 | 1441 1243 14.15 9.57 1401] 1045
Nov/21-30 14.48 9.86 oan 1043
Dec/t-10 1467 9.71 14.17] 1016
Dec/11-20
Average 14.32 12.61 14.09 1207 1415 1242 13.66] 11.88

iE) means the use of JICA-improved charge controller
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Battery voltage of the Tongwe Clinic system:

The maximum valug: average maximum voltage over the period of analysis was
14.13 V (range 13.92 to 14.67 V). Al this clinic, charging and discharging contrel are
performed by a locally made charge controlier.  The charge cut off voltage of the locally
made charge controller is 0.3 to 0.4 V lower than the specification value of 14.5 V and
conscquently the maximum battery vollage is below the design value. At present, there
is no particular problem regarding maintenance and control of the system since the load
is not large, but some problems concerning the recovery of charge in the battery may
appear if the load becomes much larger.

The average minimum battery voltage for the analysis period was 11.76 V (range
9.57 to 12.34 V). The load level was much lower than expected and the LVD voltage of
11.5 V was not rcached. Thus the LVD cutoff value was not a problem wilh the system
operation in the same manner as the Turf Clinic system. However, the maximum
voltage is considerably lower than the design value and battery charge may be
insufficient when the load increases. That will also lower the minimum voltage and load
disconnect may occur more frequently. Fig. 4-34 shows the Tongwe clinics’ battery
voltage. The battery maximum voltage controlled by local-made charge conltroller is not
only 0.4V lower compared to targeted 14,5V, but also the value varies as well.

¥rom October 1998, when one year has passed from installing system, battery

voltage became abnormally low and the battery life seems (o be almost over.

Ballerf voltage at the Turf Houschold system:
" The maximum value: average maximum voltage during the analysis period 14.15V
(range 12.18 10 14.77 V)
The minimum value: average minimumn voltage during the analysis peried, 12.42V
(range 10.65 to 12.72 V)
A locally made charge controller was installed at this houschold. Immediately
following the installation of the charge controller, a malfunction of the charge controlier
was experienced and the battery was connected direcily to the parel, bypassing all charge

control. We note that with the small 25Wp pane!} used in this system, overcharge damage
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could not occur with the battery used and clectrolyte loss was not obscrved to be higher
than for systems with operating charge controls.

Initially, the average maximum bailery voltage was quite low compared to the
design voliage level of 14.5 V. The cause was the malfunction of the charge controller
component, After connecting the panel directly to the battery, the battery voltage
recovercd and the makimum voltage increascd up to 14.77 V which is somewhat higher
than the design level but not damaging to the battery.

Initially, the minimum battery vollage decreased to 10.65V, much lower than the
protection level of 11.5V. This was due to the failure of the charge controller not
allowing the batlery to properly recharge after each day's use. After connecting the panel
directly to the battery, the average minimum voltage rose to 12.72V which is well above
the LVD setting. Since the load is high for this household system, it is important to

determine how much the minimum battery vollage decreases as solar irsadiation

decreases during the rainy season.

Battery voltage of the Sanyati Household system:
The maximum value: average maximum voltage during the analysis period 13.78V

{range 10.51 10 14.41V)

The minimum value: average minimum voltage during the analysis period 11.61V
(range 8.50 to 12.20V}

At this houschold system, operational data acquisition began in November, 1997
when an improved JICA charge controller was inslalled. The average maximum b’a‘ller'y
voltage is recognized to be very low. One of the causes is that the v.ollage:just after
commencement of data acquisition was extremely low due to problems with the lécal
controller which apparently did not properly disconnect the load at 11.5 V and allowed
the ballery voltage 1o drop to unacceptably low values. Even after replacement by an
improved JICA one, the voltage did not recover to desigﬁ values and remained close to
the LVD value.

The main reason why recovery of battery voltage did not occur was simply that the
load consumption of this houschold system consistently exceeded the design value. Two
months load consumption of this houschold system in November and December showed

5.97 Ah average daily energy use which is about 30% morc than the design value of 4.61
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Ah. The average solar ircadiation during the same period was 6.23 kWh/m?*/day which
is about 15% greater than the design value of 5.41 kWh/m?*/day making the actual cxcess
demand around 15%. The average electric power consumption time was 5.8 hours an
average which was also significanlly greater than the design value of 4 hours.  After
April 1998, the demand is stable because of the household learning how to use the load,
and the load Ie\{el has been malched to the supply level of the system. So, the battery
maximum voltage from February is raised to 14.36V and the system had no further
trouble.

We can say that from August 1998, when one year has past from installing systems,
the battery voltage became low in all sysfems.

For the countermeasure for it, JICA is now preparing to change the local-made
battery with better quality imported one.

This sample houscheld is relatively wealthy with income from a large stand of
cotton and has the means and desire to use more e¢lectricily than the small system
instalied ij JICA can provide. They have reguested a sysiem size increase and arc able
and willing to pay an increased amount for morc clectrical service.

Fig. 4-36 shows the Sanyati Household batlery voltage.

4.6 Monitoring by BUN

Monitoring was assigned (0 a non-government organization (NGO) named Biomass
Users Network (BUN). In addifion to once-a-month monitoring work, BUN is also
expected to provide for the maintenance of the systems. The first monitoring
assignment, pfimari!y planned for checking the completion of system installation, was
conducled joinlly.with the JICA study team. Léler, BUN carried oul monitoring work
on their own and produced a report in August, 1998, Findings of the completion
inspection and BUN’s rhonilming visits, including both problems found and the state of

system utilization, are described below.

4.6.1 lnspectioh of PV Installation

(1) Installation work
It was found the method of making the holes needed to mount PV array support

masls were so rough that the walls were often seriously damaged. Without having
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proper tools, the workers tricd to punch the holes through the soft brick wall with a
hammer and screwdriver, chisel or other inappropriate tool. The walls of Zimbabwe
houses arc easy to drill for mounting holes but using a percussion tool to make the holes
lcads to serious damage around the holes. Some workers repaired such damage with
mortar after they instailed the system, while others teft damage untouched.  Making the

holes for PV array poles or conduit pipe should be done with a hand drill,

In many cases the PV arrays were mounted with too much tile and the tilt angle had
to be corrected by removing the mountings and reweld them to the proper angle.  Also,
it was difficult for the installation workers to direct the arcays precisely toward the north.
Though these errors usually were not large, uncvenness was visible. It was found that
some crews had neither compass nor inclinometer and were given a guidance by the
inspection team. Those who install the arrays must have al leasl a compass, an

inclinometer, and a leve! or plumb bob to check that the pole is vertical.

(2} Charge controller

A number of charge controllers were found to be prone to malfunciion.  In part
this can be attributed to tack of post-installation inspections but, the fundamcﬁ:ai cause
lies in the manufacturing process. Locally-made charge controllers are manufactured
by assembling parts procured from abroad. A visil to an assembly plant revealed that
the plant workers touched the p'ans directly with their bare hands,- and assembled them by
manual sdldering. Touching the parts directly with bare hands leaves.body oils on the
parts which can lead to poor soldering results and, ultimately, to bad connections.  Also,
if touched directly, some integrated circuits (IC) can be destroyed by static electricity
carried with the worker. Thus, assembling the parts by touching them indiscriminately
with bare hands is poor practice, because it can lower product quality and increase the

rate of product failure.

A commonly used method to avoid touching the parts directly with the fingers is to
have the workers use insulated tweezers for parts handling. Also, to prevent IC
destruction by static electricity the workers need to wear anti-static working uniforms or

wear writs grounding straps. These improvements cost little and need to be introduced
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immediately by the relevant manufacturers.  Also, it is essential for good quality control

to scparate the functions of manufacture and inspection.

The other causc of malfuaction was that the locally-manufactured charge
controllcrs, employed at the beginning of the pilot project, consumed too much
clectricily by themselves to be used with a system having only 25Wp of panel capacity.
To eliminate this problem, the charge conirolicrs for all of the 25Wp systems installed in
the 100 houscholds have been replaced with MICA improved models, then monitoced from
November 1997 through Janvary 1998, Eatering the rainy scason, load cutoffs
attributable to lack of sunshine, as well as external noise induced by lightning, often
triggered erroncous load cutoff of the first-gencration JICA improved model, and many
syslem oulages were reported from January through February.  As investigation results
showed these troubles stemmed largely from a lack of noise resistance of the charge
controlless, it was decided to improve their noise resistance. As a resull, the first
installation of the JICA charge controllers was replaced by a second-generation model

which features outstanding noisc resistance while retaining it’s advantages over the local

controller.

(3) DBatteries

The primary concern about the local batteries used is the uneven quality of the
battery cells. A battery consists of six 2V cells. Normally these battery cells have an
electrolyte specific grévily in the 1.2-1.3 range. Aa examination unveiled that onc out
of ‘every six had baltery cells with lower than normal specific gravily. When the
Spebific gravity is low, the voltage of the battery cell can rise quickly with limited
charging at which point the electric current from the panel will be cut off by the charge
controller even though the cell is not actually fully charged. - As a result, lights were cut
off within an hour at night by the conlroller due the limiicd charge available. The
monitoring results showed thal, in regard to the households, 32 balteries (29 by BUN, 3
by the study team) were removed for appareat failure in a year. Subsequent tests by the
battery manufacturer indicate that not all the ballerics had acivally failed but at least 20

could not be restored to service. To solve this problem requires upgrading of the qualily
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of the tocal manufacturing process to a level comparable to that used for good quality

imported batterics. This will be expensive and take a long time to accomplish,

A primary maintenance requirement is to replace lost electrolytle with distilled
water. During this pilot project, two types of batteries, dcép cycle and automotive, have
been installed at houscholds for evalwation. According to the reporls by ficld
technicians since December 1997, the automotive batteries required distilled water once

a month, while decp cycle batterics every other month.

(4} Fleorescent tamps and switches

Fluorescent lamps and wall switches were also found to malfunction in service.
The failures of fluorescent lamps are due to the use of an inferior electronic ballast.
Even the HCA study team found two defective lamps during its brief observation. Even
a 1% defect rale is synonymous with poor product reliabiii!y. and the defect rate for the

fluorescent lamps was much higher than that. Many of the malfunctions of wall

switches were caused by the fact that the installation workers lefl a loose wire connection.

Another cause of wall switches trouble is contact failure because of poor quality of

spring in the switch box.

4.6.2 Evaluation by Users

By August 1998, about one year after installation, the state bf syslem.u(ilizélion has
become clearer. The users in Turf;'Maﬁyoni and Sanyati Districts both said they were
very much satisfied with their PV sy'stems, though most felt the System capacity too
small.  Survey results showed that 47 houscholds in Sanyati and 21 in TurffM:’mfoni
desired capacity expansion. Table 4-17 shows operating conditions of the PV systems,
which were summarized from the information gathered by ficld technicians during their
monthly maintenance sesvice visits. The graphs in Figs. 4-37 and 4-38 illustrate the
averége of the data contained in the aforesaid Table 4-17. Figs. 4-39 and 4-40 give
updated data gained in April 1998. Nine months after installation, the April data
confirmed that the early problems were cured and that 90% of the installed system have

become completely trouble-free.
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According to Fig. 4-37, which illustrates average conditions of PV-system
operation, about oneg fourth of the houscholds have cxpericneed some trouble.  As
shown in Fig. 4-38, about half of the problems were system outages causcd by an
abnormal vollage drop in the battery duc to a peorly functioning charge controller er
poor-qualily battery cells.  Wiring and switch problems represented some 20% followed
by the troubles with the lighls and blown fuses. The cause of blown fuses is lack of
knowledge about clectricity. Fuses blowing in most instances were caused by
uninsulated radio and TV wires. In most home people use wires as swilches instcad of
actual wall switches. Ficld technicians are encouraging to insulate any wires used on
clectric appliances and user training.

The reported system outages included a few cases where charging became
impossible as the charge controllers worked erroneously during a thunderstorm.  Most
of these problems can be attributed to the poor quality of the locally-manufactured parits
such as controllers, battery celis and lights, as well as pcor installation quality. In
addition, some of the first-generation JICA improved medel (OCD-02Z Model}
controllers, which *seplaced the locally-manufactured charge controllers, also
malfunctioned due to lack of electrical noise resistance and caused problems in many
howseholds. Based on such operating records, the initial JICA improved mode} was
replaced with a mass-produced model {OCD-03Z Model) which was less intluenced by
noise. With regard 1o the battery cells, which are as important as the charge controller
for a PV system, JICA judged that the locally-manufaciured ones proved too unstable to

keep the system running normally, and decided to replace the battcries with imported

units.
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‘Table 4-17 Monitoring Results of Houschold PV Systems
December 1997~ April 1998 1 All system-equipped houscholds covered

<Expressed in househotd numbers >

F 2 ——— _ 1-.

Mem ] Dec. [Jan. [ Feb. | Mar. | Apr. | Ave. | Total

Favorablc, satisficd | a4 | s3] 25 1 69 | 84 ) 55 | 275

_’1‘60 small system capacity | 13' :3 - v?i 13 2 | 62 | 31 §
Having some troubles 27 p 34 a5 8 [ 19 1 95

W‘_ﬁg(fﬁ_uscséft;gybl‘éé;:_
(Charge controller & battery cells | 12} 2371 72

Rj2ay 2 e [ 2 j 9| 4
Vol'tagc drép i 010 10 0 0.2 1
‘Fluorescent lamps or fuse I T I S 1 1 2 |26 13
IWall switches or plugs T R T R S (R 2 1 2 1 16 |
Loosccomnection [ s [ 2 11 1 0 0 |16 | 8
Cavses atiributable tousers | 3 ] S | 4 1 4 | 2 |36 | 18 |
No. of cffective respondents | 84 | 92 | 42 | 89 | 94 [80.2 | 401 |

On top of the regular monitoring results provided by BUN technicians, the state of
PV system utilization has been obtained from other sources, including downloading of

data from data loggers, syslem completion tests, and surveys conducted al meetings held

for tocal citizens. Those findings are summarized below.
All clinics are very grateful for having PV systems installed.
Many institutions are afraid that their panels will be stolen.

Clinics find lighting very useful, nol merely for consultation and treatment rooms
where lights may be used for hours at a time, but also in stockrooms, toilets, ete.

which are briefly in use from time to timme.

Benvhra School hopes to have all of its storerooms equipped with electric lamps.
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MONITORING RESULT
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Fig. 4-37 PV System Operating Records (Average)
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Cases a Month
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Fig. 4-38 Causes of Trouble (Average)
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Monitoring Result
April, 1998

Total Effective Data
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Fig. 4-39 PV System Operating Records (April 1998)
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25%
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Fig. 4-40 Causes of Trouble (April 1998)
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Monitering Result
April. 1993

Total Effective Data
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Fig. 4-39 PV Systein Operating Records (April 1998)
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* While 25Wp systems have been installed at houscholds for the pilot project, many of
the system-cquipped houscholds, wealthy in relative terms, complained of the small
capacity. The majority of the houscholds had or wanted TVs. Few of the
houscholds appeared to be satisfy with lighting alone. In case PV systems are
promoled by iatroducing a smaller capacity system first, it is recommended to also
offer several higher capacity-variable options, easily possible in technical terms by
making larger systems multiples of the basic small one, {(e.g. 25Wp, 50Wp, 75Wp
¢ic).

In regard to the PV panel mounting, almost all the houscholds preferred to have their
system mounted on the roof in order to make theft more difficult. (Indeed, a panel
was stolen from a pole in Turf while the family was out for a few days.)

The amount to be paid under the JICA approach proved to be favorably accepted by
the local people. In particular, many are farmers and have seasonal income so
welcomed the opportunity to pay for their systems a year in advance.

Also because the monthly payment is much lower than the GEF project, the local

people prefer the JICA approach even if though it involves a much longer paymernt

period.

4.6.3 Activities of Field Technicians

In order to maintain the PV systems installed for monitoring purpose, BUN trained
six local young pedplc in maintenance work and employed 1wo of them as field
technicians. One of them is responsible for Sanyati, and the other for Turf and Manyoni
(Ngeji District).  The field techaicians visit the system-equipped households at least
once a month, and record their findings as a daily record in a log book. Travelling by
bus, they visit BUN’s office in Harare once a month to make a report on the maintenance
service tour.  The items recorded on their daily log include the name of the houschold
visited, date and time of the visit, outdoor temperature, weather on the day of the visit
and the day before, specific gravily of battery electrolyte in cach cell, efecirolyte level,

electrolyle temperature, baltery voltage, batlery lerminal conditions, sunshine conditions,

and user’s comments.
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The focal technicians are provided by BUN with a Kit of necessary tools with a tool
box, as well as a bicycle for touring. The range of touring is about 25km (about
300km®) in Sanyati and Turf alike. In the casc of the technician resident in Turf, he is
touring not merely Turf but also Manyoni, about 3Skm away from Turf. To get to
Manyoni, he takes a bus with his bicycle tied on its roof.  Accerding to the daily reports,
the field technicians tour the district, visiting all S0 systems scattered in the 25km-wide
arca in about a week (abaut 40-50 hours) if there are no problems.  Naturally, more time

is involved where troubleshooting and repair is involved.

The ficld technician in charge of Ngeji Dislrict has been touring reliably and has a
good reputation among the users.  Also, he is competent enough to solve most common
problems. On the other hand, the female field technician in charge of Santyali is not so
well liked by the users who complained of too infrequent visits. To make it worse, she
caused technical problems, such as incorrect wiring after a voltage measurement.

Additional training in her technical and general cesponsibilities appear needed.

4.6.4 Income and Expenditure of BUN

BUN earns its income from the connection charges  (Z$750/household) co.llccted
from the users prior to the installation of the PV systems, and the annual electricity fees
set at Z$900(Z$75/month)/year per houschold. The connection charge is collected
before installation from local households which hope to be equipped with PV systems,
This partially pays the installation cost and confirms their will and ability to pay.
Government employees who are forced to move from time to time, such as policemen and
teachers, were exempted from the coanection charge on the grounds that they were not
permanent residents. ‘These users are required to pay Z.$9'0 a month. Of 101
houscholds, those special cases numbered only nine. If callections are 100% from the
users, BUN’s income should amount to Z8161,520 in the first fiscat year, and 2$92,520 a
year from the second fiscal year onward. The coliecied money is to cover the

maintenance cost, including that of battery replacement.

The balance sheet as of November 1998 is as shown in Table 4-18. While the

installation of systems began July 1997, it was in December of that year before all the
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systems were instalied.  The collection rate of the PV conacction fee was 100% (except
government c¢mployees).  Because PV osystem is installed to the uwser who paid
conncction fee. The connection fee is very important from the aspect of the stable
income. On the other hand, the result of annual income was Z2.857,225 to the plan of
7592,520 aund the collection rate was 63%. The resulis of collection rate by area were
Sanyati with 47% and Turf/Manyoni with 79%. In the social survey before installation,
the income of Sanyati was higher than Tucf/Manyoni. However, the result for one year

was opposite to our expcctation.

As for this cause, many System troubles were reported on January and February in
1998 because of lack of noise resistance of the charge controllers. At that time, ficld
technician in Tucf/Manyoni visited each household enthusiastically. Hc was making an
effort toward the solution and repaired the failed system. On the other hand, ficld
technician in Sanyati arca changed two times within one year and in case of the trouble,
he could not repair the system due to a lack of experience.  The users in Sanyati refused
io pay for this period because they could not use the system for long. Thus, fee
collection rate does not depend on users’ income and depends on the reliability of the
system and the ability of ficld technician. As for these solutions, needless to say, the
system should be consisted ‘of the reliabilily components. In addition, it is very
important to train many trouble shooting concerned for field technician in the training

course and on the job teaining.

Tolal expenditure for one year reaches Z$116,000 and this amounts excecds the
income plan. One of these cauée_é was quality problem of battery and charge controller.
Therefore, senior technician visiléd PV installation sites from Harare many times due to
the solution of the problem. As the result, costs of senior technician and traﬁsporlation
exceeded the plan.  Another cause was a problem of battéry it:self and BUN changed 64
batteries for only one year. Some of these batteries could be replaced by the maker
guarantee, but the batteries damaged by a fault of the charge conlrolicr were replaced'by
the money that was collected from the user. Change of 64 baitteries was a big
miscalculation because we expected the battery lifetime of 2.5 years before installation.

As this countcrmeasurse, the JICA study team improved a charge controller and replaced
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all batteries from local battery to import oine. The battery quality which was used in
this study was very poor and its lifetime was extremely short.  Hereafter, sclecting the
battery which has experience of long life, it is possible to manage the installed systems

by using collected money from users.

Table 4-18 Balance Sheet of BUN (as of November 1998)

Income Ptan Z8 | Result 2§ . _Expenditure | _Result 2%
Conngclion charge | 69,000 69,000 | Field technicians’ salary 25,498.42
Anaualbill | 92,520 57,225 | Communications 2,386.56
Interest 13,926 | Consumable supplies 33,580.76

_ Field technicians” transportalion expenses 5,205.70
Scnior engineer's transportation expenses 26,326.04

e Seniotr enginecr's cost 14,000.04 |
i Administration expenscs 3,000.00
e Other costs 6,220.056
161,520 140,151 | Total _ 116,717.58

Table 4-19 shows the five year-cash flow of the monitoring system which the BCA
study team entrusted BUN. The income stated in the cash flow includes additional
charges imposed on the users for their system capacity expansi'on done by the study team
in August 1998, The charges for system rﬁéinlenance service rendered to 12 public
facilities by JICA study tcam are also taken into account. In Februafy 1998, BUN
visited the public facilities and recommended an appropriation for maintenance service
in budgeting and a maintenance service agreement with BUN, though none of them has
yet done so.  On the cash out side, pay increases for the ficld technicians arc assumed at
a certain pace. Also, inflation is taken into consideration. A 10% non-payment rate
and 15% contingencies are assumed on income and spending sides, respectively. If
operated as prerequisite, the project should be financially stable as far as the first five
years are concerned.  However, the ’presenf charge collection rate was low with 03%. In
arder to raise collection rate, BUN will send a letter of reminder to the unpaid users. If

the unpaid user does not pay money, the system will remove to new user who hopes the

system.
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Table 4-19  Projected Cash Flow for the First 5 Years

] {Univ: Z%)

Item o Year1l Year 2 Year3  Yeard  Year5  Total
Income
Initial Fee 67,500 67,500
Periodic Fee (Standard) 82,300 82,500 82,800 82,800 82,800 414,000
Periodic Fee (Civil Servants) 9,720 9,720 9,720 9,720 9,720 48,600
Periodic Fee (Institutions) 12,000 15,600 18,720 22,464 26,957 95,711
Expansion Fee (Initial) 51,100 41,162 11,100 106,662
Expansion Fee (Periodic) 33,000 58,200 65,100 65,100 221,400
Unpaid Peviodic Fee (10%) 9,252 -0,252 -9,252 9,252 9,252 16,260
Interest Income 14,238 66,746 18,6595 10,025 2,817 112421
Total Income 177,006 253,014 219945 191,957 178,142 1,020,064
Expenses ‘
Battery Replacement 14,063 67,718 44,691 18,510 145,072
Controller Replacement 4,672 10,516 14,722 29,810
Panel Replacement : 8,250 19,800 32,670 22,869 83,589
Miscellaneous Expenses 4,000 1,600 8,000 1,600 7,000 34,100
Field Technician Salary : 24,000 26,400 29,040 31,914 35,138 146,522
Senior Technician Application: Househol 10,000 24,000 24,000 30,000 36,000 124,000
Senjor Technician Application: Institution 4,000 4,000 4,500 5,000 5,500 23,000
Administrative Overhead Application 2,000 8,000 9,000 11,000 13,000 43,000
Transport Cost 15,000 24,000 28,800 34,560 41,472 143,832
Projected Expendilures - 59,000 116,313 195490 207,881 194,241 772,925
Centingency 15% of projected expenditures 8,850 17,447 29,324 31,182 29,136 115,939
Net yearly Balance 109,156 119,251 -4, B69 -47,106 -45,235 131,200

{Source} Biomass Users Network

4.7 Evaluation of Monitorfng Resalts

The approach emp.loyed in JICA pilot project features that PV systems are owned,
not by the uscrs, but a managing organization, BUN in this case, and that the users pay
the charge for electricity produced by the PV system. BUN is responsible for the
maiﬁlenance and control of the PV system. If necessary, BUN replaces the system parls,
while the replacemem.cosl is covered from the electricity charge.

BUN emplofs local technicians who visit cach installation at least once per month.
In addition, to support the local lechnicians, a senior engineer is regularly seat from the
Harare office.

This pitot project is designed lo determine what problems will occur if this
approach is employed in a larger scale future project for household rural electrification.
It is not, however, intended to evaluate this approach from the monitoring results alone.

With almost a year having passed since the first syslems were installed and the
major problems peculiar to the initial slage have been solved. Aclually, about a half
year or so has passed since the PV-sysicm operation has become stable.  This point need

to be taken into account in making the overall evaluation.
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4.7.t  Management-related Subjects

(1) Managing organization: With this pitot project, management was entrusied to BUN, a
NGO not only deeply involved in rural areas but also having technical expericnce in PV
system installation through its participation in the GEF project.  Through its
involvement in the biomass effcctive utilization and PV system instaliation 'projects, ¢ic.,,
BUN has rich knowledge about the rura! situations in Zimbabwe, and is superior in such
points as local technician selection, employment, training and guidance, as well as the
management of collected funds.

On the other hand, because BUN is a non-governmental organization and is often
perceived as being an aid group for rural residents, it is hard to expect BUN to impose
the same discipline on customers as official agencies. In the casc of warnings,
disconnects and removals for user éontmcl violation, BUN lacks the respect afforded to
an official agency. Also, partly because it knows so well about the actual financial state
of farming villages, BUN is less likely to be cold blooded about collecting the user fees.
In the case of GEF project, virtually no problems have been reporied in the éollcction of
charges for the 500 systems for which ZESA was responsible.  With this pitel project,
the rate of uwnpaid charges is assumed at 10%,; partly because BURN is short of the

compulsory power that ZESA or the Government can wield.

{2) Monitoring areas: Two areas, located some 200-250km away from Harare where BUN
has its office, were selecied as the moniloring areas. The two areas are aboul- 100km
from each other. One of them is Sanyati district, a communal land with commercial
farms, where a relatively high income can be expected.  The other is a farming village
named Ngeji (Turf/Manyoni), a resettlement land, where settlements are relatively new,
farms are not well established and are small and the expected income is lower than
Sanyati.

Sanyati district has many more applicants for the JICA PV-system installation project
than available systems. In .Sanyati, the geographical distribution of the users is dense
enough to pcrmit easy access for mainlenance service. On the other hand, because
Ngeji (Turf area) could not raise a sufficient number of applicants carly in the project,
the monitoring arca was broadened to inciude Turf and Manyoni. As a resull, the

geographical distribution is such as to require the local technician to take a bus when
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moving from onc village to the other.

The relatively affluent Sanyati district also has some GEI-project pacticipants, which
means the residents were already informed of PV clectrification before the JICA project.
Accordingly, many hoped to have the lower cost JICA system installed. A problem was
that few of them clearly understood that the capacity of the JICA system is about half
that of the systems installed under the GEF project. Many users, having expected that
they could usc the JICA system in the same manner as its GEF counterpart, requested
capacily expansion after the JICA system was installed.

With few GEF-project participants living in the resettlement area, Ngeji residents were
poor in PV information and knowledge. Most of the experience was with poor quality
amorphous systems bought at a low price and installed by the users so their experience
with PV was both limited and not good. This lack of confidence made it difficult to get
sufficient users for the JICA pilot project and a wide geographic area had to be included.
This means that the local techaician has to take considerably more lime to complete the
monthly visits than in Sanyati.

These two areas with different cconomic and social character were selected for the pilot
project in arder to help understand what economic and social factors would effect large
scale PV based rural electrification. The results indicate that even with relatively low
fees, the conditions in the area have a large enough effect that one area can have a long

waiting list while another in the same district could be slow in responding.

(3) Number of users: Judging from the monitoring results, the number of users that a
local technician can cover with a once-a-month inspection is 100-150 houscholds.
Because the cxpense incucred in providing the local technician change little with a
greater number of users involved, it is desirable that the local technician cover the largest
possible number of users. In carrying out full-scale PV-based rural clectrification, it is
recommended to secure, or develop, as many users as possible in a geographical range
that a single local engineer can cover for maintenance service. Since this was not fully
tested by the pilot project, it is proposed lo start with 50 users per techaician, then
gradually increase the number of users covered by a local technieian up to the maximum

for each area technician.
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(4) Office: The arcas monitored in the pilot project are about 200-250km from Harare
where BUN’s office is located. This requires a 2.5-3-hour drive one way. In addition,
the two project arcas are located some 100km away from each other. Depending on road
conditions, it usually took about lwo hours to visit one of the monitoring areas when
starting from the other.

Conditions in the project areas are cxpected to be determined by the local technicians,
who visit the users once a month who then report their findings to the office in Harare.
However, to give management and technical guidance and to solve more complicated
system problems required sending a senior cngincer many times.  The stocks of parts
(batteries and charge conteollers) are kept at the BUN office in Harare, then transporied
10 the project areas when necessary.  Idue to the distance between the project areas and
the office, the transportation cost represents a large portion of BUN’s cash flow.

When a full-scale project is implemented, it is recommended to open a local office near
the project arcas. The local office must be staffed with resident senior engineers and
retain a stock of suppliers, so that they can be ready for taking swiﬁ responses in

cmergency and delivered with minimal cost.

4.7.2  Staffing-related Subjects

{1) Local technicians: The local technicians assigned in the pilot project were chosen
among four final candidates, two each from the Sanyati and Ngeji districts after they
participated in the JICA PV technology training class at the Kwekwe technical.

The first local technician appointed for the Sahyati district resigned in four moaths for
the reason of toe low pay. Later, a female local technician was appointed and is
curtently in'service. Because the work of the local technician is directly linked to the
operational quality of the PV systems, to select a qualified local technician is a matter of
vital importance. Experience in the pilot project confirm that serious and patient
persons are most desirable.

Local technicians are provided with a bicycle cach for visiting the users. But, they
faced difficulties in performing their duties, particularly during the rainy season when
roads get muddy and are sometimes flooded. Also, a bicycle appears inadequate for
carrying a battery and a tool box simultancously. As a result, focal technicians would

like to have a motorcycle. This desire cannot be met for various reasons, inciuding initial
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cost, a fear of thefts, and the high fuel and maintenance cost involved. In many
developing countrics, a popular means of transport is the donkey, which appears optimal
because it requires no fuel and can handlc poor roads, yet can carry heavy objects as
batteries. The problem is that few but the otd and very poor people use the donkey as a
transportation means in Zimbabwe and this is considered less attractive than the bicycle

to the technicians.

(2} Senior enginecrs: During the pilet project, a staff member of BUN was assigned as
the senior engineer, expected to instruct assist and supervise the local technicians.
Under GEF project, he received his basic technical training in PV systems, then he joined
the early stages of the JICA study cffort during which the PV systems were installed.
Also, when post-installation problems occurred, he collaborated with the JICA team in
determining the causes and finding solutions.

Scnior engineers are e¢xpected to instruct, assist and supervise the local engincers.  They
are expected to teach the local technicians how to render preventive maintenance and
how to respond to the users needs. On the job training of the local techaicians in
troubleshooting and more complicated repairs is also a task of the senior engineer.
During the latest pilot project, the senior engineer had few opportunities to instruct and
supervise the local technicians partly because of the distance between his office and the
monitoring areas made visils.quile expensive. Once a full-scale projectl starts, the
senior engineers are expecied to be located at a local office near the project area, so they
can effccti\;'ély instruct and supervise the local technicians.

In implem'enling a full-scale project, the technical capability aﬁd experience of senior
engineers can have a great influence on the usable life of system components, in
particular -the battery. Accordingly, the experience of the BUN’s senior engineer is

valuable, and should be put to best use.

(3) Administrative staff: BUN’s Harare office is staffed with a manager, an accountant, a
secretary-clerk, and the senior engineer introduced above.

The manager is responsible for the negotiations with the oultside, including the JICA
study teami, DOE, RDC and ZESA, as well as liaison work with the secretariat of BUN

(in London). The accountant is responsible for accounting project by project, and is
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engaged in the management of BUN’s funds.  The secrctary-clerk is in charge of other
office work.

In Zimbabwe, the market interest rates and inflation crates arc so high that to usc available
funds effectively is essential in keeping a project afloat.  In the latest project case,
interest receipts accounted for 10% of the revenues.

With the approach employed in the pilet project, the monthly collections for PV system
use includes the parts replacement cost for the future, particularly the baulery
replacement cost.  This portion of the collected charge is deposited for each collection
period and placed at interest, so that the necessary funds will be available when needed
for buying new balteries for replacement.  Because a full-scale praject involves a much

larger amount of funds, this form of fund utilization is expected (o play a crucial role.

4.7.3 Technical Subjecis

What technical characteristics of the PV systems installed in the pilot project are
elsewhere detailed. Here, lessbns learned in this arca valuable for full-scale

implementation is summarized.

(1) System capacity: Of the 100-houschold users, three fourths wanted capacity
expansion. This clearly showed that 25Wp was too small. In order to meet the users’
expeciations, a PV system with a capacity of around 50Wp is desirable. At least if a
smaller system is installed, it should allow ¢asy capacily expansion. Other approaéhcs

may be practical but in any case the system size needs to be such as to fit the user’s

necds.

(2) Quality of PV system parts: During the pilot project, dome’sticalls' manufactured parts
were used as much as possible.  Of the locally manufactured parts in use, the charge
controller and battery were involved in most of the technical problems encountered.
The problems related to the charge controller are now expected to be solved with its
replacement by an imported uait which could be manufactured locally. As for the
battery, the local baitery makers are required to improve their manufacturing

technologies and upgrade quality control efforls before their balttery can be considered

useable.
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(3) System installation technologies: During the pilot project, several problems were
learned out about the system instatlation. DBefore full-scale project implementation, it is
necessary to tocate qualificd installation firms who receive adequate training and are
examined through a practical test to be sure they are capable of providing the nccessary
installation quality. Workers should have access 1o the proper tools as well as know

how to use them,

(4) Maintenance technology: In the beginning of the pilot project, the inexperienced local
tcchnicians did not have the confidence of the users but as the systems have become more
stable as problems have been worked out, the fevel of experience has ircreased and
confidence risen, Because a full-scale project has a much larger number of local
techuicians, it will be necessary to preparée a standard maintenance manual and establish

some system to provide refresher and on-the-job training (OJT).

4.7.4 Financial Subjects

(1) Most recent balance: The five-year balance sheet prepared by BUN (Table 4-19)
shows that some profit would remain in five years if capacity expansion is taken into
account. Because this monitoring project assumes no increase in the number of users,
the revenues should remain constant without capacity expansion. On the other hand,
spending keeps growing due to inflation, which cventually erodes the profits.  Thercfore,
after continuing for five years, this pilot project will ctose and the users will be expected
to sign new contracts under different conditions than the pilol project. The preferred
option would be for them to be included in a full scale projecl proposed on the basis of

the results of the pi!ot' project.

(2) Revenues: Given that interest receipts represent 10% of the total revenues, the battery
replacement fund management can greatly affect the overall revenues.  Also, while the

rate of unpaid charges is estimated at 109, the collection goal should still be 100%.

(3) Spending: Spending on expendable supplies, including panels, accounts for one thicds

of total spending, which should be reduced during full-scale implemeatation by improved
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system design and maintcnance.

The remuneration for the local technicians and senior caginecrs is not high and should
not be reduced.  But, it is possible for one technician cover a larger number of users at
the existing salary rate.  Also, transportation cost represents nearly 20% of spending,
which can be reduced by locating a ltocal office necar the target arcas when a full-scale
project is under way.

When combined, the administrative cost and office supplies cost totals about 10% of
spending. This appears smaller than is the true case, because BUN divides these costs
over other projects as well as the JICA pilot project. If the full-scale implementation is
organized as an independent PV project, these costs are expected 1o pose heavier burdens,

but can be subsidized by ZESA or the government in the carly years if necessary.

4.7.5 Other

(1) Prevention of theft: Once an ESCO installs a PV system near the house of a given
user, the contract specifies that the user is responsible for preventing theft and damage to
the system.

During the pilot project, a panel theft occurred showing that there is some grounding in
the fear. It is necessary to take some preventive measures and, if cconomically
reasonable, insure the systems against theft. One of the lowest cost and most effective

theft preventive measures is to install the system on the roof whenever possible.

{2) Mcasures for government officials not permanent residents: The users include nurses
at medical clinics, government officials and 6lhcrs, who hope to install a PV system
while they temporarily live in unelectrified areas. Laler, if moving to an elcctrificd area,
they no longer need the PV system. But, if moving to another unelectrified area, they
hope to bring the PV system with them or at least have access to a similar system in the
new area.

Under the pilot ‘project, these users were not required to pay the charge for initial
connection. Instead, a fee system was employed which requires them to pay an extra
amount of monthly charge, which, over a total of five years would cover the wiring cost.
None of the vsers in the pilot projecl areas have left the area yet but this will be a

problem in larger scale implementation, which must be faced.
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(3) Anti-inflation measurcs: In  Zimbabwe, inflation is high, cxcceding 20%.
Particularly recently, the Z$ has fallen as much as 50% against the US dollar which is
fikely to furthcr fuel the inftation problem. Under the electricity supply scrvice
approach, the remuneration of the engincers, the purchase cost of expendable supplics,
and the administrative costs of the office, ¢tc. can dicectly be hit by inflation. The
charge for usc collected from the users should therefore be reviewed from time to time.
In this light, the contract terms for large scale implementation should include & provision

that the charges may be reviewed, perhaps annually, and changed if necessary.

4.8 Review of the Systems based on Monitoring Results
4.8.1 Power Expansion of the Existing 25\ System

BUN, during its monitoring of the systems, found that most houscholds expressed
dissatisfaction due to the insufficient capacity of the 25W systems. In-response, JICA
was asked to consider raising the power to S0W for lhbsc households who wanted it.
JICA agreed to provide 50 panels of SOWp each for increasing system capacity. The plan

was to change only PV panels and it was executed on August 1998,

{1) Existing PV system composition

PV module: 25W

Battery: 40 Ah, 12V (for 5 days use without any solar irradiation)
Charge controller: improved JICA type, rated current 10A

Permissible load energy use: 4.6 Ah/day

(2) The system composition after increasing panel capabily 1o SOWp
a) System composition afler capacity increasc

PV module: 50W

Battery: 40 Ah, 12V (for 5 days use without any solar irradiation)

Charge controller: improved JICA type, rated current $10A

b) Review of permissible load amount
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‘The condition assumed for solar irradiation on the slant surface (Total irradiation)
is: 5.41kWh/m?, coefficicnt Ksys: 0.409 {the same as in the exisling system design), (the
breakdown is: Ki=09, K2=0.8, K3=0.95, K4=0.95, K5=0.92, K6=0.95, K7=0.8 and
K8=0.9), and then the design calculation is performed by applying the cquation 3-t
{Chapter 3).

PL = Pmod x Tq x Ksys=50 x 5.41 x 0.409=110.6(Wh/day)
Converting this into Ah delivered to a 12V baflery,
Plah = P1/12 = 9.21(Ah/day)

The toad can, of course, double over that available in the original 25Wp system.

The problem is whether the existing battery can be used or not. The required batiery

capacity is calculated applying equation 3-3 (Chapter 3).

c) Calculation of required battery capacity

The assumed condition for requircd battery capécily is sct forth as Kdod=0.3, load
amount {(PLah); 9.21, days without ény solar irrédialion: 5 days{Ksun=5).

Using these values then the requircd battery capacity, B is:
B >= Ksun x PLah/Kdod = 5 x 9.23/0.8 = 57.0Ah
And thus, B is beyond the B of existing baltery, 40 Ah. Calculation is repeated by
setting days without any solar irradiation to be 3 days,
B »>= Ksun x Plah/Kdod = 3 x 9.21/0.8 = 34.6Ah

And thus, the 40 Ah battery can be used vnder that condition.  The charge
recovery characteristic is determined by applying equation 3-4, and the result is the
allowable number of days effectively without solar irradiation wouid be 2.3‘days. This
means with the 50W modules and existing components should be adequate under

Zimbabwe conditions of sotar radiation.

d) Estimation of days without any solar irradiation

No long term data on the frequency of days with very low solar irradiation is
available in Zimbabwe, but the data recorded by JICA data loggers shows only one
period of 3 continuous low solair' irradiation days. Even in a low solar irradiation day,
solaf irradiation of 2 kWh/m?/day or so still remained. A system configuration with

assumpﬁon of days without any solar irradiation to be 3 days, probably is reasonable.
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¢) Current capacily of charge controller
The improved ICA charge controller has a charge current-carrying capacity of 10A,
Out put current of the SOWp PV module to be used is 3A, therefore there is no problem

wilh controller charging capacity.

(3) Operational characteristic of the system after power expansion

With a capacily increase to a SOWp module, the following characteristic can be
expected in case of the design condition of solar irradiation into slant surface found in
December, 5.41 kWh/m¥/day,
.+ Maximum permissible load energy: E10Wh/day (9.2 Ah/day)
- Examples of available load equipment:

Simultaneous use of a 7W fluorescent light, 4 hours (2.36 Ah)

and a 20W TV set, 4 hours {6.68 Ah), or

Simultaneous use of a 7W- fluorescent lights, 3.5 hours each (4.1 Ah)

and a 20 W TV set, 3 hours (5.0 Ah), or

Simultancous use of a 7W fluorescent light, 3 hours (1.77 Ah), -

a20W TV set, 3 hours {3 Ah) and a 5 W radio 4 hours (2.24 Ah),

and other similar combinations, are possible.

When solar irradiation is much larger, longer lime usage is possible but battery life

may be shortened because charging and discharging depth increases accordingly for the

higher loading.

4.8.2 Future Programs for Local Electrification

It was clearly demonstrated that both the 25W systems for household use and 83W
sysicins fof public use as used in tﬁe JICA Pilot Project monitored in Zimbabwe, can play
an effective role in rural e!ectriﬁcaiion..!l was also clearly shown that there exist
numerous issues of concern for fulure projects such as making systems larger than 25Wp
available, improving the unexpectedly poor quality of the locally made controllers and
improving the very variable quality of the batteries. Other issues found where that the
electrolyte supplies was inconsistent in quality, baltery cells in new balteries often

showed unacceplable variation in hydromelter readings, and finally several batieries are
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suffering from much larger voltage {luctuations than appropriate for their relatively new
state. Additionally there is concern about liquid leakage due to inadequate design of the
cell filler cap structure,

In order to resolve such issucs cited above, to slabilize component and equipment
supply, to provide for case of maintenance and to promote local electrification, it scems
most effective to design a basic system and 1o use components appropriate for case of
upgrading rather than to prepare specific designs for cach user’s requirements. To best

meet a wide range of user needs, more than one standard design could be prepared.

(1) Preferable sizes of standard system

As many as 3 nominal sizes of systems 25Wp, 50Wp and 75Wp should be
considered. The panel size need not be exactly that of the nominal value but should not
he smaller. For instance, an 83Wp pancl can be considered as being in the nominal 75Wp
class. The system actually installed would be selected from’the 3 standard systems in

accordance with the load demand and ability of the recipient 10 pay.

(2) Specification of major components
Specification for major components in the standard systems is dcsc.ribed below.
a. Charge controller
The improved JICA charge controller is designated as a standard one for all three

standard systems. The features and specifications are as follows:

PV disconnection voltage (VD) 14.5V
i.0ad disconnection volltage (LVD): 11.5V
PV reconnection voltage (HVR): 13.0v
L.oad reconnegction voltage (LVR): 13.0V-
Seclf-consumplion current: 15mA

Controlling rclays are set as Normally closed at the charge control side and Normally

open at the load side.

In this specification, the panel reconnection voliage (I1LVR) is set forth to be 1.5V
lower than the IVD and the load reconncction voltage (LVR) is set at 1.5V higher than

the LVD. This level of HVR is set to prevent chattering of relay contacis as well as
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providing for a stable controi of the charge conditions. The fevel of LVR is also intended
to prevent chatter of the relay contracts duc to rapid switching while permitting the

carliest reasonable reconnection of the load for customer canvenience.

b. Battery

In the case of sites where regular maintenance is not available, low maintenance
battery installation is importanl. Even the use of expensive sealed balleries may be
appropriate. In the case of the system used in the Pilot Project where regular professional
maintenance is available, conventional deep discharge, open cell batleries are the most
cconomic type. To usc an automobile battery is not recommended unless their short life is

offset by very low cost in comparison to deep cycle batteries.

¢.  Fluorescent light
High efficiency and long life of both the electronic ballast and the bulb are very
imporiant. Safety is an important consideration alsoand a device, such as an integral fuse,

should be included in the ballast to prevent damage should failure occur.

d PV mbdule mound

The PV module mount used by the local installers for the Pilot Project was very
poor. The mount is importanl in several ways to the proper acceﬁlance of solar energy
by the PV panel. It shouid be of strong design and not affected by common wind speeds
and in the east-west direction it should be precisely horizontal. The angle of ils
inclination is preferably 17.5° |, if not, should stay within an allowable range of 15 to

20° . The panel and mounting should be sccure and very difficult to steal.
(3) System size of standard systems

For the proposed three standard systems, the specification is reviewed.

Please refer Table 4-21.
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4.9 Content of Technology Transfer

The capabilily to provide training in the installation, maintenance and operation of
PV sysicms as uscd for rural electrification has been developed at Kwekwe Technical
College. The College will provide short courses for technicians working in the ficld and
will include PV technology in its standard electrical trades curciculum.

Technology transfer covering system design, monitoring, and system components
has been accomplished though an “on-the-job-training” (OJT) approach through joint
work with our counterpart technical personnel.

A workshop was held in conjunction with the sccond survey in Zimbabwe to
introduce basic technical themes to interested individuals. The main technologies that arc

being transferred to our counterpart engineers arc described below.

4.9.1 System Plans
1)  Basic System Design Concepls

The basic equations and the loss coefficients used in system design were explained.
Methods for processing the solar irradiation data needed for the above calculations, the
methods for délermining the characteristics of the main component parts and how 10
integrate them as a syslem weré e_xplaincd.

This was done in conjunciion with the actual design of the systems for the Pilot
Project. Since basic data on the characteristics of two of the main component devices that
are particularly im'porlam for system design, the PV modules and the storage batteries,
could not obtain in Zimbabwe, measures for oblaining this data theough the use of locally
available equipment were introduced and evaluated. Photo 4-24 shows how a data
logger is set up.

. Measuring the current and vollage characteristics of PV modules:

The counterpart technical personnel were given guidance and hands-on cxpérience
in building a measuring circuit, setting up mecasuring equipment, performing actual
measurements, and analyzing the data.

. Measuring the charge and discharge characteristics of slorége batteries:

The counterpart techaical persoanel were given guidance and hands-on experience

in building the necessary measuring circuil, setting up measuging equipment, performing

actual measurements, and analyzing the data.
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2)  Characteristics of Compaonent Parts

There was an cxchange of idcas on the necessary characteristics for charge
controlters.  Guidance was provided on the use of PV IV curves and the charge-
discharge characteristics of storage batteries, and ideas were exchanged.
3)  Recommendation for PV system Installation

The accuracy of tilt angle of the PV modules has a big influcnce on maximizing the

amount of electricity gencrated, and ideas were exchanged on topics such as methods for

installing modules accurately.
4y Operation and Maintenance of PV systems

Regarding the operation and maintenance of the PV systems, ideas were exchanged
on items that should be taught to users. The basic items to be taught 1o clinic staff were

conveyed. Photo 4-25 shows one of our counterparl cngincers cxplaining items

requiring cauwtion to clinic staff,

4.9.2 Monitoring

Mecthaods for installing data loggers and evaluating method of data were explained
to our counterpari technical personnel via OJT. Photo 4-26 shows one of our
counterparts learning how to download data from a data Jogger.

Some of the actual items included in the technology transfer were the {ollowing:
. Basic theory of the data logger
: Sciup and usc of the data logger

Hands-on training in designing and producing data logger interface circuitry, and
installing it in a PV system
. Hands-on training in collecting data

ands-on training in analyzing and producing graphs frem data with the Excel

spreadsheet software.
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Photo 4-25 Explanation of Equipment Handling To Clinic Staff
By Counterpart

Photo 4-26 Experiencing Data Down-Load
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RESULTS OF SOCIAL INVESTIGATION

5.1 Objectives & Scope

In order to meet this Study’s main objective of formulating a master plan
promoting the electrification of rural areas in the Republic of Zimbabwe using
photovoltaics, it was necessary lo conduct an investigation of current socio-economic

conditions in the country. In doing so, it was particularly necessary lo identify the

" current electrification needs of both unelectrified and electrified houscholds and

public institulions in the rural areas, as well as forecast future demand for electricity
in the same.
To forecast future demand of electzified households/public institutions (whether

by PV or gr'id electrification), some of the specific data requirements included general

‘living conditions, current consumption level/patterns, and levels and sources of

income. For dclezmi‘nin_g the affordability of PV systems, it was necessacy lo gather
data on gross a_nnual'_incomc, disposable income, expendilur_e patterns, and savings.
For the PV-electrified households and institutions, in particular, it was also essential
to gather data on actual experiences using the technology. To get data on unelectrified
arcas, meanwhile, a field survey was cgrried out by Southern Cenire for Energy and
Environmenl, a Harare-based NGOfresearch organizalion, using as a basis the

information on the characteristics of rural Zimbabwe descrived in the next section.

5.2 Characteristics of Rural Zimbabwe

Agriculture is one of the major sectors of Zimbabwe’s cconomy. Its value added
produclion in 1996 totaled Z$ S.i biflion {current prices) and accounted for the third
largest share in GDP, following manufacturing (Z$11.2 billion, or 25% of the total),
and fin.ance & insuraance {Z$5.3 billion, or 12% of the total). Export value of the

country’s agricultural products comprised roughly 30% of the national figure for the



same year. The scctor currently employs an estimated 1.22 million people, most of
whom work in the communal land farms,

Zimbabwe is a high-lying country seme 900-1,200 meters above sea levet. The
~amount of rainfall can be described as modesi, but agricultural produclion,
particularly in the rural areas, is extensive (except for periods of drought), making it
self-sufficient in terms of food supply. Il also supplics food to neighboring countries.
The national tand is divided into 5 regions based on land characteristics and annual

rainfall volume as shown in Table 5-1.

Tabte 5-1 Regional Classifications in Zimbabwe

Regional Rainfall Velume Suitable Type of Area (%)
Classification (mm) Agriculiure (km?)
1,000 (1,700 m or | Special crops, -
Region 1 higher) Multilateral 7,050 1.8
900 (betow 1,700 m) |agriculture '
Region II 760-1600 Intensive 58,570 15.0
7 farming
Region HI 650-800 Semi-intensive 72,900 18.7
: farming ‘
Region IV 450-650 demiTough 149,700 37.8
arming
Region V Less than 450 Rough farming | 104,500 . 26.7
TOTAL 390,720 100.0

Source: N. D. Mutizwa & Mangiza (1985) Community Development in Pre-

Independence in Zimbabwe University of Zimbabwe.

Soil in Region [ is very rich, making it suitable for the cultivation of special
crops and multi-crop farming. Along with Regions Il and 111, soil in Regions I has high
concentrations of lime and kaolin, facilitating relatively high agricultural
productivity. Soil in Regions 1V and V, on the other hand, has high concentrations of
either regosol (which is 90% sand and roughly 10% silt) or lithosol (which is basically
made up of low-resistance gravel or rock). These regions suffer from low agricultural
productivity.

Around 600-700 mm per year of rainfall is necessary for cultivation of maize, the
matn agricultural producl of Zimbabwe. As shown in Table 5-1 above, ar¢as classified

under Région I receive a generous amount of rainfall every year, facilitating the



cultivation of this important crop. Region 1 arcas, which run mainly along the eastern
border scparating Zimbabwe and Mozambique, are also suwilable for multi-crop
farming, pomiculture, forestry, intensive livestock raising, and special crops such as
tea, coffee, and macadamia nuts.

Arcas classified under Region H, which receive about 750-1,000mm of rainfall,
are suitable for intensive farming as well as intensive livestock farming. This region
covers Harare City jand peripheral areas. Meanwhite, areas classified under Region Ili,
which receive about 650 - 800 mm of rainfall, are suitable for semi-intensive farming
{mainly fced crops and cash crops such as maize and tobacco). It mainly covers the
Midlaads Province. -

Region IV arcas, ‘whi'ch receive about 430-65C-mm of rainfall every year, are
suitable only for semi-rough farming. They are also suilable for stock farming, and
cultivating drought-resistant crops. Agricultural productivity in these arcas is not so
high. Region 1V mainljxr covers Matabeleland Norlh Province, surrounding Region 1.
Meanwhile, Regioh V arcas, which receive around 450-mm of rainfall or less, are
suitable only for rough farming. Roughjslock farming is the major activity in these
areas. This region mainly covers the Matabeleland South Province, in the southern

part of Zimbabwe. (See Figure 5-1)
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Figure 5-1 Agricultural Distribution Map of Zimbabwe
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5.3 Classification of Zimbabwe’s Favmlands and Characteristics

Most of rural Zimbabwe has a so-catled double farming structure, where
scttlement farming (passed on by the English colonizers) co-cxists aleongside
indigenous farming. There are five classifications of farmlands in Zimbabwe, namely:

large scale commercial farms (LSCF), small-scale commercial farms (SSCF),

communal land fafms (CLF), reseitlement area farms (RAF), and parastatal

govcr'nment farms (PGF), Table 5-2 summarizes some basic information about each
farm type, including land area, the proportion of cultivated land to the total area, the

number of individual farms, and average farm size for each farm type.

Table 5-2 Classification of Farmlands in Zimbabwe

LSCF SSCF CLF RAF PG
"(':‘B‘S:) ’Q;Ef‘ares) | 10,740 | 1,380 16,340 | 3,200 420
Farming land (%) 33.4 43 50.8 1.2 1.3
No. of farms | 4,835 8,500 | 1,000,000| 56,800 55
H;cragc size (ha.} 2,220 160 16 60 7,540

Source: Ministry of Agriculture (1995), Zimbabwe’s Agricultural Policy
Framewerk 1995-2020

(1) Large Scale Commercial Farms

1.SCFs in .Z.i_mbabwe total around 10,740,000 hectares, or 33% of the nalional
farm land area, and are owned by some 4,800 people (mostly Caucasian). Some
3,880,000 hectares of LSCFs are classified under Regions I and 11, and thus have high
agricultural productivity. In Region I alone, 59% of the LSCFs are occupied.

About 59% of LSCF’s fall under Regions I-I1I, higher than the national ratic of

36% (See Table 5-3). The average size of LSCF’:S in Zimbabwe is larger than other

farm types at 2,200 hectares {See Table 5-9).



Table 5-3 Division of Farming Land by Scctor and by Region

(In %)

[ LSCF | SSCF CLF RAF PGF:
Regions T and 1 35 19 9 19 4

Region 111 22 35 17 38 32

Regions 1V and V 43 406 74 43 64

TOTAL 100 100 100 100 100

Source: Minislry of Agriculiure (1995) Zimbabwe’s Agricultural Policy Framework

1995-2020

Table 5-4 Trends in the Scale of Commercial Farms in Zimbabwe

(In 1,000 ha)

" Total Area :

, No. of farms Average Farm Scale
Year LSCF SSCF LSCF SSCF__| LSCF SSCF
1982 5,915 8,549 ] 13,516 -1 1,066 2.29 0.125 .-
1983 5,481 8,653 12,347 1,075 2.25 0.124
1993 4,835 8,500 10,740 1,380 2.22 0.160
Sources: Warld Bank (1995) Zimbabwe Achieving Shared Growth

General Institute of Agriculture (1988) Agriculture in Tanzania and

Zimbabwe

Most LLCSFs are backed up by an organized labor force, a 'dévetuped irrigation
system {irrigation systems in LCSFs make up 84% of the national total of 150,000
hectares), and more than adequate funding. In spite of these, however, utilization of
LSCF's remains disappoihtingly low at 4.2%. Currently, only 450,800 out of the total
10,740,000 hectares are being farmed by some 310,00G workers are farming.

Table 5-5 Trends in Irrigated Areas in Commercial Farms

3 s Irrigated Area Average size Irrigated Area
No. of farms " (ha) (ha) . (%)
LSCF | SSCF | "LSCF SSCF | LSCF | SSCF LSCF SSCF
1991 | 4,461 | 8,994 | 184,554 | 289 | 107.5 8.0 38.5 0.40
1992 | 4,396 | 8,369 | 125,972 | 212 98.4 8.6 29.1 0.29
1993 | 4,541 | 8,981 | 137,394 | 300 | 103.8 7.9 29.1 0.43
1994 | 4,601 | 8,981 | 172,886 | 277 | 108.3 8.3 34.7 0.37
1995 | 4,394 141,845 105.6 30.6

Source: Ministry of Agriculture (1997), Agricultural Sector of Zimbabwe:

Statistical Bulletin
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Table $-6 Trends in Crop Yield (1993-95)

1993 ‘ 1994 1995

Arca Yicld Arca Yield Arca Yield

B (‘000 ha) | (Ton/ha) | (‘000 ha) | (Ton/ha) | (‘000 ha) | (Ton/ha)
Maize 1,238 1.63 1,401 t.66 1,409 0.60
Wheat 39 7.03 43 5.61 40 2.08
Millet 255 0.37 00 0.26 258 0.08
Sorghum 149 0.60 175 0.70 131 0.23
Cotton 170 1.10 170 ©1.00 150 0.67
Soybeans 52 1.93 s1 2.13 71 1.08
Groundnut 114 0.59 134 0.50 164 0.32
Sunflower 118 ‘ 0.41 119 0.41 140 #.16
Coffee 4 1.05 6 1.72 5 0.88
Tea 5 3.00 5 2.86 S 3.19

Source: FAO Yearbook (1995) Production (Vol. 49)

(2) Small Scale Commercial Farms

'SSCFs total 1.38 million hectares, or about 4% of the national farm land area.
There are about 8,500 individval SSCF’s throughout the country, mosily owned by
indigenous farmers, with the typical farm size averaging 160 hectares. About 19% of
SSCF’s are classified under Regions 1 and [k, 359, Region III, and the remaining 46%
under Regions IV and V (See Table 5-2}.

(3)  Communal Land Farms

Many Zimbabwe farmers are given the right to cultivate CLFs (which beloag to
the slaté) through the Communal Land Act (whose predecessor was the Tribal Land
Act during the Britiéh colonial period). Farmers are not allowed to posscss these
lands, but are given the right to use them subject to strict control by goverament-
appoianted rural committecs, partiéularly'on matters of land use and transfer of
inhabitants. However, the succcssioﬁ of the right to use land is approved by notice by
the heir.

There are about 16,340,000 hectares of communal lands in Zimbabwe,
representing 51% of the national farm land arca. They are classified under Regions [V
and V, thus having low agricultural productivity. The yicld of agricultural products
per unit size of land, in fact, represents only 1/6-1/10 of the yield of commercial farms,

due matnly to differences in the quality of the soil. To illustrate, in the cullivation of
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maize, L.SCY¥s (where soil is rich) have an average yicld of 4.5-5.0 t/ha, while CLFs
produce only 0.5-1.0 t/ha. For the cultivation of sorghum, meanwhile, LSCFs have an
average yield of 0.9-2.0 t/ha while CLFs produce only 0.2-0.5 t/ha. Some 10,000,000

farmers reside in CLFs, with each farm having an average size of 16 hectares.

{4) Resettlement Arca Farms

The total arca covered by RAFs in Zimbabwe ié 3.29 miliibn hectares, with the
average size of an individual RAF being 60 hectares. About 43% of RAFs fall under
regions 1V and V, while 38% fall under Region H1. The number of the resettled
farmers as of 1996 was 62,000.

There are two basic types of resettiement in Zimbabwe. The first one involves
granting a farmer the cight to privately operate a farmland, at his owa risk, but sharing
the usc of the pasture with other farmers. The second one involves the creation of a
cooperative type of arrangement where a number of fﬁrmcrs share residence and in the
tasks of cultivation and pasturage in a pariicular farmland, Currently, aboul 95% of
RAFs are of the first 1ype of reseitlement, while the remaining 5% are of the latter

type.

One basic government policy is to lend national farmlands to indigenous farmers.

This is being done partly as a form of assistance to landless farmers and partly to
decongest the overcrowded CLFs. Regarding the latter, the government usually offers
compensation to the (mostly European) owners of CLFs 1o give up a portion of their

land which it will then convert into resettiement areas for indigenous farmers.

{(5) Parastatal Government Farms -

PGFs, which are controlled by the goverament through the Agriculture and Rural
Development Authority {ARDAY}, total some 420,000 hectares. About 64% of all PGFs
in Zimbabwe belong to Regions 1V and V, and thus have low agricultural productivity,

The average farm size is rather big, however, at 7,640 hectares, with the total number

of farms being 55.
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Distribution of Agricultural Products

There are scveral organizations in Zimbabwe involved in the distribution of

agricultural producits.

follows:

“Grain Marketing Board (GMB)

Organization

Dairy Marketing Board (DMB)

Cotton Company of Zimbabwe

(Colloco)

(formerly Cotton Marketing Board or

CMB)

Cold Storage Commission (CSC)

Purchase, storage, domestic sales, and

Activity

cxport of grains
Purchase, storage, packaging of milk,

manufacture,

domestic sales,

Their names and respective activities are summarized as

and

export of dairy goods such as butter,
cheese, and ice cream

Purchase,

winding,

and

spinning of
cotton, domestic sales and exporl of
finters and colton seeds

Purchase, slaughter of cows, goats, and
sheep, domestic sales, and export of
_fresh meat

Table 5-7 shows trends in crop production volume, sales volume, and sales value

for the period 1993-1996, Interestingly, sales \.folumes. of the various major crops

range from 10 to 100% of actual production levels. Of the total sales figures of the

various crops during the 3-year period, some 74-95% were cultivated in commercial

farms, while 5-25% were cultivated in smatl farms.

Table 5-7 Trends in Psoduction, Sales lo/through Marketing Organizations

and Sales Value of Farm Products

ltem Unit 1993 1994 1995 1996
Product : ' : '
Maize Production 1000 tons 2,002 2,320 840 1609
Sales Volume " | 1000 tons 1,350 L1171 84 932
Wheat Production 1000 tons 276 239 83 N.A.
Sales Volume ? | 1000 tons 276 203 2 N.A.
Sorghum Production 1000 tons 101 109 - 77 108
Sales Volume "' | 1000 tons 25 23 13 4
Total crops | Sales value 7% million 4,130 5,575 53524 10024
Commerciai? 73 million 3,075 4,549 5,07% 8474
Small size” 2% million 1,655 1,026 282 1550

Notes: 1) Annual sales volume and sales value figures cover periods beginning April

& ending in March
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2) Commercial = LSCF + SSCF + PGF
3) Small size = CLYF + RAF
4) Production in 1995 dropped sharply due to a drought. Sales were not
drastically affected, however, as prices simultancously rose during the
same year.
Sources: CSO (1996} “Quarterly Digest of Statistics”, CSO (1995) l'acts and
Figures 1995, FAQO Yearbook (1995) Production (Vol.49)

5.5 Contents of the Socio-Economic Survey

§.5.1 Survey Targets

(1)} The survey will be administered 10 the following samples:

a. Two hundred (200} unelectrificd, low-income households (with a monthly income
of Z%$2,000 or less) located in unelectrified villages. Of the 200, 100 were selected
by the }.ICA Study Team for the installation of 25.watt PV systems for its pilot
project :

b. Two hundred (200) PV-clectrified households located in eleclr'i_fied vill'ages;

c. Fifty (SO)Iunelectrified public institutions {i.e. cliniés and school.s) in unélé_ctrified
villages. From the 30, twelve (i.e. 10 clinigs and 2 secondary schools) were
selected by the Study Team for the installation of 165-watt PV systems;

d. ¥Fifty (50) PV-electrified public institutions located in electrified villages.

{2) Sclected Study Areas _

For items ihe Study Team selected a and ¢ above, Kadoma in Mashonaland West
Province and Gokwe South :in Midlands Province. For items b and d, meanwhile, the
selected areas were the disiricts of Bikita, Bindura, Chimanimani, Gokwe South,
Goromanzi, Gutu, Kadoma, Madziwa, Makoni, Mﬁrewa, Mutare, Mutasa, Shamva;
and'Zimunya} in the provinces of Manicaland, Mashonaland Central, Mashonaland

East, Mashonaland West, Midlands, and Masvingo.

(3} Survey Melho'dology
The socio-economic survey was cafried out by Southera Centre, which utilized

a number of masteral students from the University of Zimbabwe Faculty of Social
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Science to conduct the interviews. A questionnaire preparcd by the JICA Study
Team’s social analyst and a DOE counterpart was ntilized for said interviews, which

were conducted face to face. Specific items studied are listed by category below:

a. Survey to the household and clinic

a) Unelectrificd Households

Composition of family

Annual and monthly cash income
Disposable income

Lighting and heating expenses
Gther expenses

Level of savings

Moathly payments for PV system
Demand for electricity
Willingness Lo purchase PV system

b) Electrified Households

Composition of family _

Aanual and morthly cash income

Disposable income

Lighting and heating expenses
Other expenses

l.evel of savings

Monthly payments for PY system

Repayment conditlions

System configuration

Extent of daily PV use

Maintenance system

Experience with system breakdown or trouble

Level of satisfaction with PV system

Future extension plan for PV systems

c) Un-Electrified Public Institutions

Operating costs

Lighting aad heating expenses
System configuration

PV purchasing will

d) Electrified Public Institutions

Operating costs
Lighting and healing expenses
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Mainlenance managemenl expenses for PV system
System configuration

Extent of daily PV use

Maintenance system

Experience with system breakdown or trouble
Level of satisfaction with PV system

Future extension plan for PV systems

b. Operating costs

Lighting and heating expenses

Maintenance management expenses for PV system
System configuration

Extent of daily PV use

Maintenance system

Expericace with system breakdown or tsouble
Level of satisfaction with PV system

Future extension plan for PV systems

(4) Survey of PV household in Kadome area by JICA team
Apart from the above mentioned interviews, a separate survey of areas'éeleclcd

by JICA for system installation was conducted by Southern Centre again using a

questionnaire prepared by the HICA Study Team’s social analyst and approved by DOE.

Some of the items included were: composition of study area, residents’ lifestyles,
clectric appliances being used, and PV electrification requ'iremenls; Figﬁfe 6-2 gives
a clearer picture of the major items to be surveyed aad theif inlerrélalions,
Moniloring survey by interview of PV ¢lectrified houscholds in Kadoma district
was carried out between January and February 1998,
Further monitoring by the JICA Study Team of increased capacity PV system

houscholds in Kadoma district was carried out in December 1998.
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5.6 Survey Results
5.6.1 Targets Surveyed

A total of 492 targets (i.c. 441 houscholds and 51 public institutions) were
surveyed. Broken down, the total figure for households included 195 unelectrified,
185 PV-clectrified, and 61 grid-clectrified. An almost equal number of PV ¢lectrified
and unelectrified houscholds were surveyed.

Of the 51 public institutions, 31 were clinics (consisting of 18 uneiectrificd, 8
PV-clectrified, and 5 grid-electrified) and 20 were schools .(con.sisling of 18
unelectrified and 2 grid-clectrified), The targets were located in six different
provinces including Mashonaland West where 107 JICA PV systems were installed
and Midlands where 5 JICA PV systems were instalied. Roughly 82% of the targets
were located in communal land farms.

A breakdown of the target households by province, sector, and level of
electrification is shown in Table 5-8. 85% of unelectrified households were located in
commun:al land farm areas while 9% were in fesetllemem farm areas. Meanwhile, of
the PV-¢lectrified households, 85% were in communal land farms while 169 were in
resettlement areas. Half of grid-electrified houscholds were in R;\F:areas, while the

other half were located in urban areas.




Table 5-8 Distribution of Households by Province, Scctor, and Model of

Electrification

Mode of EBElectification

Un- PV- Grid- Sub-total
electrified | electrified | connected
Manicaland 1. LSCF 2 0 0 2
2. RAF 4 1 0 5
3, S5CF 1 0 2 3
5. CLF 41 33 (§} 85
| 6. Urban 0 0 2 2
Sub total 48 34 15 97
Mashonataad 3. 8SCF 1 0 0 1
East 5. CLF - 19 25 3 47
6. Urban 1 1 8 10
Sub total 12 26 11 58
Mashonaland 1. LSCF 1 0 0 1
Central 2. RAF 1 2 O 3
: {5.CLE. 18 11 3 32
Sub total 13 3 36
Mashonaland 2. RAF 13 17 0 30
West 5. CLF 26 44 3 73
' Sub total- 39 61 3 103
Midlands 5. CLF 32 28 4 64
6. Urban 2 0 9 11
Sub total - 34 28 13 75
Masvingo 2. RAF 0 1 0 1
3. SSCF 2 1 0 3
5. CLF 30 21 6 57
6. Urban 1 0 10 il
Sub total 33 23 16 72
Total 1. LSCF 3 0 O 3
2. RAF. 18 21 1)) 39
3. SSCF 4 1 2 7
4. PGF 0 0 0 0
5. CLF 166 162 30 358
6. Urban 4 } 29 34
Grand total 195 185 61 441
Note:

LSCF = Large Scale Commercial Farm PGF = Parastatal Government Farm

RAF = Resettlement Area Farm

CLF = Communal Land Farm

SSCF = Small Scale Commercial Farm

Source:

Zimbabwe field survey (1997)
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5.6.2 Results of Houschold Survey
N Houschold size & income source{s):

The average number of people in households was 7.1, Table 5-9 gives a clearer
picture of how this figure is distributed among l.he ltargets surveyed, along with a
summéry profile of the houscholds’ source(s) of income.

It was determined that most household heads and members engage in farming
as Lheir main source of income, accounting for 36% bf thé suwcycd targets, The rest
c.ngaged in different kinds of salaricd professions such as teaching,
clerical/secretarial work, centralflocal governnﬁe_m jobs, etc. Most households
surveyed were found to engdge exclusivély in farming, i.¢. household heads as well as
members are farmers. A number of households, however, had 'mémbcrs engaging in a
combination of occupations, i.e. farming/salmied jobs. A few houscholds, meanwhile,
had all members carning income as salaried individuals, .

Majority or 35% of the houscholds Sur_veyed: had two income earners -- the
thouschold head and one other me‘ﬁlber of family. This was followed By hovseholds
with only onc income earner -- the houschald head -- accounting for roughly 26% of
the sample, and thén householdé_wilh three income earners — the household and two
household members, accounting for 21%. It was also obscr%d that for almost half or
48% of the suwcyed households, all members wc;rked within the vicinity of the
household, i.e. no member had to go .fa‘r from the house to earn income. Abm;lt 20%;

had one member going to the town/city to earn income, while 14% had two members,

‘ Table 5-9 Job Profile of Households 'Surveyéd
(1) General Job Profite

Rank | Household head % Household member %
1 Farming 37.0 Farming 31.2
2 Teaching S 21.5 Teaching 15.5
3 Serpvice: 9.1 Secvice 4.2
4 Business/Finance - 1.5 - | Manufacturing 59
5 | Transporiation 3.9 Busianess/Finance 5.1
6 | Government 3.2 Machine Operation 3.6
7 Office 2.9 Clerical/Secretarial 3.6
Director/Manager




@

(2) Job Profile of Household Heads (According to Mode of Electrification)

Rank Uncertificd % PY clectrificd % . | Grid electrified | %
1 Farming 49,7 | Farming 32.4 | Teaching 21.3
2 | Teaching 16.4 | Teaching 27.1 |'Business/Finance | 16.4
3 Service 7.2 ] Busincess/Finance 9.2 | Farming 9.8
4 Transpmtation 4.1 gifzzz‘iorfh‘lanagcr 4.3 | Transportation 8.2
5 Manufacturing 3.1 | Government 3.2 | Service 6.6
6 Busincss/Finance | 3.1 C'I'crle'ccrctary 1.6 Machiqc 4.9
Operation
7 lg)l;::];t‘]izn 1.1 | Manufacturing 1.1 | Manufacturing 4.9
(3) Job Combinations (Household Heads and Members)
Rank |Job of Household Head | YOV of Household No. of (%)
. Member samples
1 Farming Farming 93 15.2
2 Teaching Service 37 6.0
Teaching Teaching 37 6.0
4 Own Agriculture Teaching 28 4.6
5 Teaching Farming 26 4.2
6 Service Farming 23 3.8
7 Own Agriculture Machine Qperation 15 2.4
8 Service Service 12 2.0
9 Teaching Service 10 1.6
Business/Finance Teaching 10 1.6
-} Farming Governmenl 10 1.6
TOTAL 301 49.1
{4) Number of Income Earners per Household (5) Job Location
o | No. of househald | -
Number of P members Compositio
samples % of Total workin'g far from pn
household (%)
Head oaly ~ 116 26.3 0 48.6
Head + 1 member 155 35.1 1 20.4
Head + 2-memberss " 92 20,9 2 13.6
Head + 3 members 48 10.9
Head + 4 members 20 4.5
Head + S members 10 2.3
Total 441 100.0

Source: Zimbabwe field survey (1997)




(2) Housing Characteristics and Sources of Encrgy

The gencral characteristics and sources of ¢nergy houscholds surveyed are
shown in Tables 5-10 to 5-13, There are basically two types of housing in the rurat
Zimbabwe. Onc is the modcern type consiéling of a square shaped Building with
plastered cement and/or brick walls, a slate roef, and about 3-4 rooms. The other is the
traditional round-shaped house, with brick walls and a grass roof. Half of the
surveyed households have both types of buildings in theic compound, while 45% have
exclusively modern type structures. The remaining 5% live in purely traditional
structures (see Table 5-10).

Table 5-11 shows the kinds of appliances used by the surveyed households,
their respective sources of energy, and the average length of usage per day. 90% own
radios and use them from 3-6 hours daily. 45% own tclevision sets, which they use for
2-4 hours, while only 10% own refrigeraters. Majority of households surveyed also
owns firewood stoves, candles, and wick lamps.

Energy sources utilized by the surveyed households are shown in Table 5-12.
Average consumption of {irewood was pegged at 310 kilograms per month. For
unelectrified houscholds, this figure was 337 kg/month, while fqr PV-electrified
households, it was 326 kg. ¥For grid-connected houscholds, meanwhile, it was 113 kg.
In terms of cosl, the average for all surveyed households was Z$30.8/m. 61% of the
houscholds surveyed were found to be consuming firewood at no cost. This figure was
slightly higher at 69% for unelectrified households. 55% of PV-electrified
households consumed firewood at zero cost, while 43% of grid-conaected houscholds
enjoyed the same.

Average monthly consumption volume angd cost for paraffin was pegged at 14,1
liters and Z828.7, respectively. Food was regarded as the most important priority,
followed by money, water, health and education. Electricity pllaced sixth. In terms of
energy source preferences, PV came out on top as most households regérded it as

being the most easily available and the least-cost option to them. (See .Téble 5-13}.
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Table 5-10 Housing Characteristics & Types of Structures per Houschold

Traditional ‘Modern structures Traditional &
__slructures only only Modern
(%) 3 45
Rank Modern ~ Traditionatl Shate of Total (%)
1 1 -0 29
2 L - 2 13 ]
3 1 - 1 9
4 2 - g 8
5 2 - 1 8

Source: Zimbabwe ficld survey (1997)

Fable 5-11 Appliances Owned by Surveyed Households

Appliances {%) I(:’ﬂ“i‘:ﬂ%i:]z?ghcggig Source(s)
Radio 90 3-6 Battery, PV, grid
TV 45 2-4 PV, battery, grid
Refrigerator 10 3-6 Paraffin oil, grid
Wick lamp 90 2 Paraffin oil
Candle 90 2 Candle
Lighting 56 3 PV, grid
firewood stove 99 6 Firewaood
Mill 1 Diesel oil
Pump Rare 24 PV, wind
Gencralor Very rare 2 Dicsel oil

Source: Zimbabwe field survey (1997)

Table 5-12 Light and Fuel Expenditures of Surveyed Households

Electrification Units UE PY Girid Average
Expenses for light and fuel | Z$/m 61.3 117.9 162.3 97.3
Firewood Z3%/m (27.3) (35.4) (30.6) {30.8)
Diesel and other fuel Z8/m (17.2) (36.2) (121.6) {37.8)
Paraffin 28/m (16.8) | 463y | (10.) | (28.7)
Lighting Z%$/m (16.0) (17.1) (0.7) (11.6}
Others Z$/m {6.8) (29.2) (9.5) (17.0)
Dry battery Z8/m 47.2 15.5 15.2 28.6
PV ‘ Z3/m 0 34.8 0 -
Grid electricity Z5/m 0 0 122.3 ---
Wood consumption Kg/m 337 329 . 113 310
Paraffin consumplion 1/m 7.2 22.0 4.2 14.1
Lighting I/m 4.3 8.1 0.3 5.7
Others 1/m 2.9 13.9 3.9 8.4

Source: Zimbabwe ficld survey (1997)




Table 5-13 List of Houschold Priorilies and Preferences for Encegy Source

Rank General . Energy Source
I Food Photovoliaic electricity
2 Money Firewood
3 Water Paraffin oil
4 Health Grid eleclricity
5 Education Generator electricitly
6 Elcctricily

Source: Zimbabwe ficld survey (1997)

(3 Income and Expenditures

Gross Total Annual Income (GTAI) in ¢nd-1996 of rural houschelds surveyed
{according to mode of ¢lectrification) arc shown in Table. To come up with a more
realistic figure for average, six samples with income hfghcr than Z8200,000/y were
excluded from the calculations. |

Average GTA[. for unelectrified houscholds in 1996 was 7$26,121. .This
figure was clearly lower than PV-eleclrified households, which posted an avcrégc of
Z342,196. For grid- -conneeted households memwhlle it was Z8§48, 941. The
dlffcrencc of GTAI between UE and for PV electrified households is accounted for by
the big number of households with income lower than ?$10 000. Some 62.7% of
unelectrified households fell under this category, while it was 60.2% for PV-
electrified households. Less than half, or 47.5% for grid electrified had incomes
falling below Z$10,000. No relation between provincial GTAI and electrification
ratio of each province was observed.

Averagt_ﬁ monthly expenditures of unelectrified households was 781,624,

while PV-electrified households spent an average of Z$82,577 a month. This figure

was shightly higher for grid-connected households which posted an average of
232,807. "The average for all households surveyed was Z$2,178. To arrive al this
ffgure,: samples with monthly expenditures over Z816,700 werc excluded from the
calculation (see Table 5-17).

Average accumulated savings at the cnd of 1996 was Z$4,246 for unelectrified
houscholds, 256,246 for PV-electrified households, and 285,988 for grid-coﬁnected
houscholds. The overall average was 255,354, It should be noted that these figures
dropped 1o 781,654, 733,320, 72$1,805, 732,352 at the end of May 1997 when

preparations for the planting season began (see Table 5-18).
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Table 5-14 Gross Total Annual Income* of Houscholds in 19926

Mode of 3 .
Electrification UE PV Gm! Average Mode
GTAL (Z%) 26,121 42,196 48,941 - 35,798 10,000
*Exciuding 6 households with income higher than 25200,000
’i“- Source: Zimbabwe field survey (1997)
Table 5-15 Number of lncome Sources of Rural Households
Number of income 1 9 3 4 5
sources
% 335 : 39 i8 5 1
Source: Zimbabwe field survey (1997)
Table 5-16 Major Soucces of Income of Rural households
Rank )] 2 3 4 5
. . . Small Income in .
Job Agriculture | Salaried Enterprise kind Borrowing
% 38 34 8 7 3
Source: Zimbabwe ficld survey (1997)
- Table 5-17 Monthly Expenditures of Rural Houscholds
Mode of Electrification UE PV I Grid Average
Z$/month 1,624 2,577 | 2,807 2,178

Source: Field survey in rural Zimbabwe in 97




Tabic 5-18 Savings of Rural Households

Mode of Elcetrification UR PV: Grid Average
End,-1996 (Z8) 4,246 6,246 5,988 5,354
End-May 1997 1,654 3,320 1,805 2,353

Source: Zimbabwe ficld survey (1997)

§.6.3 Survey Results for Houscholds with PV Systems

() PV Systems Installed

table 5-19 shows the number of PV systems installed beginning 1989

(according to capacity). These figurcs are shown graphically in Figure 5-3, WHere a

nolable increase in number of instatlations can be noted beginning 1993 (increasing at

an annual rate of 60% until 1997, when the GEF project started. 1t should be noted that

the total figure for 1997 was based on the rate of installation for the first 7 months of

that year. Figure 5-4 shows the number of systems installed under the GEF project

alone.

Table 5-19 PV Systenis Installed (1989-1997)

. Year | oeo | 1990 | 1991 | 1992 [ 1993 | 1994 [ 1995 | 1996 | 1997+ | Toray
Capacity {(watls)
Less than 20 0 0 i 0 0 1 3 4 0 9
20-39 0 3 0 i 4 6 13 22 39 88
40-59 2 1 3l o 3| 3 71 15| 8 a2
a0-79 2 0 0 4 3 5 il 11 S 41
120 and above 0 0 0 )] 1 0 0 0 0 i
Total 4 4 4 s | 11 | 15 | 34 | 52 | 52 | 181

*Projccted annuval total based on installation rate between January and July

Source: Zimbabwe field survey (1997)
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Figure 5-3 Trends in number of PV installed in study arcas

Note: Figure for 97 is an annual base one converted from actual result obtained during

the first seven months

Source: Field survey in rural Zimbabwe in 97
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Nincty-three of houscholds with PV systems had clectric lights (fluorescent
tubes/incandescent bulbs). Around 89% owned radios/radio cassetie players, while
78% owned black and white television sets. Most households normally begin using

their system from six in the evening and usc it for an average of 3.5 hours (see Figure
5-5).

Hours used

Figure 5-5 Distribution of hours PV used

Source: Field survey in rural Zimbabwe in 97

(2) System Cost and Payment Terms
A little over half of_t_he houscholds surveyed Eought their PV system on
installment, making an initial down payment and theﬁ paying thé balance over an
agrecd upon period of time. The other half bought their systems via one-time paymenL
About 35% of the households that bought the systems on installment had to pay the
balance for 5 years, while 31% had a 2-year repayment period. 77% of the h_ouseh'olds
who bought their systems on installment made their payments on a monlhly basis,
while the rest paid annually and semi-annually, This is explained by the fact that most
of the household heads who boughl PV systems are salaried persons.
About half of the PV systems bought cost less than Z$5,000 while the other half
cost between 285,000 and Z$10,000 resulting in an average Z$7,070. Average
rcpayment amount was calculated as being Z35290/month. The lowest annual income

of among all the households that purchased PV systems was pegged at Z$10,000.




(3) Maintenance Fees and Problems Encountered

Maintenance of the PV system is typically carricd out by a member of the
household, with the average annual maintenance fee being Z8100. This is roughly
equivalent to the fee charged for repairing a broken system. Number of system

shutdowns (after installation) averaged around 1.5, and the average period for cach

i shutdown was 10 days.

Major problems encountered {listed according to frequency) include: low water
level in the battery, voltage fluctuations during use, inoperable of system due to lack
of sunshine during daytime, wrong inclination/ breakdown of pole, breakdown of PV

pane!, corrosion of the battery terminal, and shorter available hours for use.

(4) Change in Daily Life after Installation of PV System

Following are the changes in daily life noted after the PV systems were

installed (listed according to rank):

§ o ST T R

e Changes in Lifestyle . . %
1. Entertainment hours became longer 23.1

2. Completing homework became easier for school ¢hildren 16.3

1. Knmmg, sewing, and similar activities could be done at night 15.4

4. Interest in the outside world became greater 14.1

5." Dinner time became more enjoyable 10.4

6. Cooking al night became easier 5.7

7. Increased safety against intrudersfanimals at nighitime 5.6 _

Items 1 and 4 are the natural results of having access to radio/television,
while the cest can be attributed to lighting during nighttime. A separale interview of
school teachers revealed that the frequency and vaolume of homework in rural schools
in Zimbabwe is quite considerable — with assignments given out 4 or 5 days a week for

g secondary school students, and 3 to 4 days a week for primary school studenls. it was
estimated that it takes aboul 3 hours a day for secondary school students lo complete
their assignments, while it half of that time or 1.5 hours for primary school students.
The instailation of PV systems thus contributes significantly to studenis’ improved

performance.
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(5) T.evel of Satisfaction with the PV Systems

Roughly 63% of PV-electrificd households expressed satisfaction with theic
decision to buy the PV systems. Roughly 22% showed satisfaction with PV while
commenting that the benefits of wsing the PV system were offsct by the limited
capacity of the systems and the burden of repaying the loan. Less than 10% expressed
dissatisfaction with their systems. No correlation between level of satisfaction and
amount of disposable income was noted. On the whole most rural houscholds seemed

to regard the PV systems as having brought them substantial benefits.

{6) PV Expansion Plans

It was tearned that most PV-electrified and unelectrified houscholds would like
in the future to use the following appliances (listed according to popularity):
refrigerator (19%), TV {15%), fluorescent light (13%), radio cassette (9%), radio
(9%), battery charger (7%}, electric frying pan (5%), incandescent light (5%), electric
fan (5%), food processor {3%).

There is a rather obvious desire by most households to use refrigerators, which
cannot be run on a small-capacity PV system. Currently, aboul 38% of grid-connected
households own refrigerators, white only $% of PV-electrified households, and 3% of
unelectrified houscholds do. For the latter, the refrigerators are run on paraffin,

For small, say 25-watl systems, most (roughly 66%) of unelectrified and
PV-electrified households prefer 10 use them for 1 fluorescent light and 1 oullét'for

radio/TV. Only a small percentage wanted 1o use the system exclusively for lighting,

i.e. 2 fluorescent lights.

5.6.4 Price Seﬁsitivity Analysis of PV Systems in Rural Areas

A Price Sensitivity Analysis was conducted to determine the aﬁpropriate FY
system price in rural Zimbabwe. 'Suwey targets were asked what price level they felt
was: (a} payable; {b) phyable (but rather cheap), (c) too expensive; and (d) 1oo cheap.
The responses were then collated from low price to high price: (a) and (¢), from high
price to low price : (b) and (d)and plotted as curves on a graph. The minimum

acceptable price (P,) is the intersection of curves (a) and (d) while the maximum




acceptable price (P,) is the intersection of curves (b} and (c}. Bascd on these, the
acceptable price range, i.c. between Py and P, can be established.
Calculations yiclded the acceptable price range for small PV systems as being

between Z%142/month to 78 258/m. Table 5-20 summarizes the results of

calculations both for househalds and public institutians,

Tablc 5-20 Price Sensitivity Analysis Results in Unelectrificd and PV-Electrificd

Atcas
~ Unit Households Clinics Schools
Highest acceptable price (P,) | Z$/month 258 740 786
Lowest acceptable price (P;} | Z$/month 142 340 446
Payable price Z$/month 306 326 550
Payablc investment yA 945 1,050 4,310

Source: Zimbabwe field survey (19%7)

For households, the acceptable range is below the payable price of 28306 -
presumably due to the lack of awareness about PV of the unelectrified houscholds
surveyed. For clinics, meanwhile, the acceptable price range is between Z$340 to
78740, higher than the actual figure of Z$326. This is again presumed to be cause of
the lack of awareness by unelectrified clinics, Unlike houscholds and clinics, the
payable price of PV systems for schools is within the computed range.

No relalionéhip was found among a)} GTAI and fees considered “acceptable”
for PV systems, b) monthly expendilures and acceptable fee, and c¢) monthly

expenditures and fuel expenses.
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