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ABSTRACT

This study looks into the socio—economic impact solar home systems in Zimbabwe,
given that they have been disseminated in various ways over the last three decades. The
study first examines past solar photovoltaic projects across Zimbabwe and draws some
lessons from them. It then focuses on three geographical areas with extensive solar
home systems dissemination, and examines the impacts of the photovoltaic power
systems compared to automotive batteries, grid electricity, and fuels used in non—
electrified households. The necessary data was generated from mini surveys on
households and public facilities in the three study areas. Survey findings, project reports

and published literature contributed to the conclusions and recommendations.

Despite the three decades of dissemination of solar home systems in Zimbabwe, the
impact remains negligible. Often, the donor—driven welfare dissemination of renewable
energy technology leads to a top—down approach, marginalizing the role of the user.
Privately acquired systems were often bought piecemeal or as do—it—yourself kits, a

situation that led to poor component matching and poor installation.

Some solar home systems worked well and, in some cases contributed to income
generation, particularly where affordable maintenance service was available. The major
weaknesses of solar home systems dissemination were found to be inadequate project
planning, high costs, low power, user ignorance, poor maintenance and unavailability of

spares.

The study recommends that future dissemination of modern energy services should
encompass several suitable alternatives and focus on income-generating activities to
reduce poverty. Energy services that enhance agricultural productivity are most likely to
have the most impact because agriculture was found to be the key income generating
activity. Clarity of stakeholder roles should be attained early in projects, and users need
to be better informed to improve their choice of components and that standardisation
and labelling of components would simplify this task. Environmental impacts need to be
assessed more candidly, and it is important to plan for maintenance by clustering

installations and training local technicians.




































CHAPTER 1: INTRODUCTION TO RuURAL ENERGY POLICY AND RURAL £: ECTRIFICATION IN ZIMBABWE

By 1997, the functions of the Department of Energy had evolved to explicitly
encompass policy, planning and conservation as reflected in the structure in Figure 1.2.
This structure has not changed significantly since then. The Department of Energy was
upgraded to full Ministry status in late 2002, becoming the Ministry of Energy and
Power Development. The new structure was not available at the time of writing of this

Thesis.

The 1999 final energy supply chart for Zimbabwe in Figure 1.3 illustrates the

importance of biomass in national energy supply.
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Figure 1.2 Structure of the Department of Energy in the Ministry of Transport and Energy in

1997

Biomass energy is especially important in the rural areas where households depend on
fuelwood. The main policy objective for biomass energy in the draft National Energy
Policy is to ‘to achieve a sustainable level of fuelwood production and utilisation’.
Demand side management measures are advocated, in particular the development of
appropriate appliances. Supply base widening through afforestation, and fuel switching
strategies are also specified. A key strategy of the Energy Policy is to implement the
findings of the national task force on the National Biomass Energy Strategy (NBES).
The NBES task force has however not produced a definitive strategy to date, because it

has not functioned continuously.
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THE SOCIO—ECONOMIC IMPACT ASSESSMENT OF THREE DECADES OF SOLAR ELECTRIFICATION IN ZIMBABWE

The Energy for Rural Development Strategy (DoE, 2001a) has recently been initiated to
specifically address rural development needs. The strategy document is in its early draft

form and still subject to internal discussion.

Total =294 370 TJ

Electricity
13% Biomass

Liquid fuels
21%

Figurei.3 Final energy supply by source for Zimbabwe, 1999
Source: DoF, 2002a

The most important element of the new strategy is to treat rural development as the
overall goal. This will force integration with the efforts of other arms of government.
This is in recognition of the poor delivery of services through the fragmented
approaches of the past where DoE tended to pursue a narrow technology-led agenda in

trying to address rural development needs.

1.3 Rural electrification through grid extension

Rural electrification through grid extension by the Zimbabwe Electricity Supply
Authority (ZESA) in Zimbabwe has always focussed on rural service centres. Rural
service centres (sometimes called growth points in Zimbabwe) are centres in rural areas
where facilities such as clinics, police stations and retail and service businesses are
congregated. The first phase of rural electrification by ZESA was up to 1984 when 23
rural service centres were electrified. By 1989 only an additional 13 rural service
centres had been electrified. There was a suspension in the programme due to escalating
costs and equipment shortages. It was noted that criteria for electrifying a given centre
were not transparent, leading to electrification of both economically viable and unviable
centres. An Electrification Masterplan Study was undertaken before the programme
could resume. Upon resumption, the programme focussed on centres deemed viable

according to economic and financial criteria. The rural electrification programme was

ENERGY AND DEVELOPMENT RESEARCH CENTRE, UNIVERSITY OF Caps TOWN. 2003



financed through a 1% levy on ZESA sales revenue. In 1991 the number of centres
electrified had risen to 134. The number of district and rural service centres identified

for electrification between 1997 and 2010 is 415.

Clearly targeting rural entrepreneurs, a ZESA rural electrification brochure states:

‘Electricity stimulates growth. Increase your productivity through the use of electricity in your
shops, grinding mills and bottle stores. Electricity will enable you to venture into new
business such as welding and manufacturing of farm implements for rural communities’.

The following schemes were put in place to enable communities help themselves to
initiate grid electricity projects (Department of Energy, 2001c):

* Rural Electrification Funds Matching Scheme provides 50% of project
funding requirements for rural communities who have identified their own
projects and are able to raise the other 50% of total project costs. The loan is
payable over five years at an annual interest rate of 35%. This approach has

succeeded to the extent that more community—initiated projects have been
completed than the Masterplan projects.

* Rural Institutions Electrification Revolving Fund (RIERF), which was
seeded with Z$1 million of GTZ funding. The revolving fund provides loans for
wiring of rural clinics and schools, and in cases of shortfalls of connection fees
that need to be paid to ZESA for grid connection. The revolving fund loan is
repayable over two years at an annual interest rate of 17%.

1.4 Renewable energy initiatives in rural energy policy

There has been a mixed collection of players in the effort to disseminate Renewable
Energy Technologies (RETs) in Zimbabwe’s rural areas. The earliest organised efforts
involving RETs were in the late 1970s when the office of the Energy Resources Advisor

was established. A brief account of the growth of interest in solar energy in Zimbabwe

is given in Appendix 1.4.

Initial efforts at implementing renewable energy projects included biogas, solar crop
dryers, photovoltaics (PV), and vegetable oil fuel trials. Following independence in
1980 the government led the way with programmes to demonstrate improved
woodstoves, biogas digesters, solar crop driers, solar PV systems, liquid fuel blend
testing, and ethanol vehicles and appliances. Improved woodstoves and biogas digesters
were subsequently widely disseminated through the governments own funding while

solar PV systems were disseminated through donor funded projects and private sales.

A summary of selected renewable energy technologies disseminated since 1990 is

shown in Table 1.
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The total number of biogas digesters installed since the late 1970’s is around 250. The
total number of woodstoves since the late 1970’s is more difficult to determine because
many community builders became active after being trained, and records of their

activities are not available.

It has become increasingly clear that despite the considerable efforts to disseminate
renewable energy technologies, the impact is still insignificant. Most improved

woodstoves and biogas digesters have been abandoned (DoE/GTZ, 1997).

Table 1 Renewable Energy Dissemination Numbers in Zimbabwe 199099

Category 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | Total
gt‘(’)‘:;‘:m'd 500 | 600 |579 | 1277 | 1850 | 2051 | 1360 | 1290 | 1811 | 1965 | 9872
giiggztsers 3 28 10 ° 4 4 > 8 ° ° i
gsHtiSmiithP 15 000 by 1993 85 000 estimated by 2000

Source: DOE project files, and ESMAP (2000a)

The efforts continue but are unlikely to be more successful unless lessons are drawn
from past failures to inform future efforts. Available information (ESMAP, 2000b)
seems to point to the top—down approaches and heavy subsidies as some of the
weaknesses of past initiatives. Some individual entrepreneurs have taken up renewable

energy by themselves.
Evolution of solar electrification

The fact that households were not targeted in the grid extension efforts led to the
implementation of solar electrification initiatives to bring electricity to remote
households. Private sector sales and do—it—yourself (DIY) installations played a major
role in dissemination of solar home systems (SHS). Donor—funded projects, especially
the Global Environment Facility (GEF) / United Nations Development Programme
(UNDP) / Government of Zimbabwe PV Solar Project', and the Japan International

Cooperation Agency (JICA) Study on the promotion of photovoltaic rural electrification

' The GEF/UNDP/Government of Zimbabwe PV Solar Project will hereinafter be referred to as the GEF Solar
Project.
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examines the impact of the three decades of dissemination of SHSs in Zimbabwe with
the following objectives:
1. To document the progress made in solar electrification of households and public

facilities in Zimbabwe. Lessons will be drawn from the outcomes of the different
solar photovoltaic electrification dissemination modes.

2. To gain basic understanding of the socio—economic status and income—generating
activities of the areas where solar home systems have been disseminated.

3. To determine the comparative impact of solar home systems on energy use, and
expenditure on energy, in households. An understanding of existing energy use
patterns and the preferences that the energy users have can be useful in identifying
potential demand for specific energy services, and would be valuable guidance for
policy.

4. To examine the overall effectiveness of solar photovoltaic systems by first
comparing solar PV electrification with grid connection and paraffin, then comparing
different SHS dissemination initiatives, and finally by examining user views and
preferences.

5. To make recommendations to address the issues affecting existing solar photovoltaic
systems, and for improving future dissemination of these systems.

1.6 Research Methodology
The research work can be divided into two parts. One was the review of literature
covering the dissemination of solar PV systems in Zimbabwe, and the other was a
survey to explore in greater depth the characteristics of selected areas where solar PV
systems have been disseminated. Surveys were conducted in three areas of Zimbabwe.
The areas were selected because they have had different projects disseminating solar PV
systems, as well as private acquisition of solar PV systems. For comparison, a further
ELA categories of households were also looked at. These are grid electrified,
unelectrified, and households using only automotive batteries for their electricity in the

selected areas. n [kv"’ 7

Questionnaires were designed for each of the categories of households. All
questionnaires had a common section for background data, income generating activities
and incomes, fuels used, fuel costs, and fuel preferences. Subsequent sections of the
questionnaires were category—specific. The questionnaires are presented with the
common background section first, followed by the category—specific sections, in

Appendix 1.6.
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The data analysis explored the socio—economic characteristics of the households in the
three survey areas by first establishing the overall income trends and then dividing the
households into three income groups, each comprising roughly the same number of
households. The income groups were then analysed by geographic area, electrification
category, and SHS dissemination mode. The analysis of income generating activities
was preceded by a brief overview of national trends in medium and small and medium
enterprises. The relevance of solar PV power was assessed on the basis of its ability to

contribute to the prevalent income generating activities.

The impact of SHSs on household and public facilities was examined by looking at the
major energy service requirements, and the energy sources used for them. The trends in
the desire to switch to different energy sources gave an indication of the level of
satisfaction with SHSs and other energy supply options. The energy burden on
household incomes was assessed by comparing total household incomes against

expenditure on energy.

The effectiveness of solar PV installations at private homes was assessed initially by
comparing SHSs with the grid electricity and paraffin, using accessibility, service level,
and environmental impacts as indicators. Different SHS dissemination modes were then
compared on the basis of financial viability, maintenance provision, flexibility in
service level provided, ownership and payment, battery and light replacement, subsidy
requirement, design, theft risk, and impact on energy use. Finally, user views on

maintenance, and their attitudes towards SHS were compared.

The analysis concludes with a summary of the main findings of chapters two, four, five,

and six. Policy recommendations were formulated from these findings.

1.7 Chapter Outline and Scope

The first and second introductory chapters of the study are largely based on a literature
survey, which establishes the background on solar electrification in Zimbabwe. Chapter
One of the study provides background information on Zimbabwe, and its energy
institutions and rural energy policy. The chapter also gives a brief overview of past
renewable energy initiatives, indicating the place of solar electrification among the other

options. It further outlines the objectives and structure of the Jllre/sis.
wnlC
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CHAPTER 2: PHOTOVOLTAIC ELECTRIFICATION INITIATIVES iN ZIMBABWE: OUTCOMES AND LESSONS

and DIY systems (48% and 50% respectively). This pattern was explained by the
general lack of charge/discharge controllers, especially among the DIY systems, and

poor system condition.

Because the JICA systems are generally in good working condition, and in constant use,
the higher fault rate among the lights is understandable; these components face heavier

usage in operational systems.

It was also noted that the use of incandescent flashlight and automotive bulbs among
DIY systems was significant. These are cheaper, and readily available, and are far
simpler than the fluorescent solar lights, which have electronic ballasts. Failure of the
incandescent bulbs is of less concern to the owners, because of the relatively

insignificant replacement cost and ready availability.

222 GEF Solar Project

The GEF Solar Project was disseminated countrywide. Figure 2.1 summarises the
overall GEF Solar Project approach. The structure of the GEF Solar Project clearly
shows the limited emphasis on maintenance when compared to the JICA Study Project
Energy Service Company (ESCO) approach, described in sub—section 2.2.2. The project
did not impose a specific size of system on customers. The range of solar module sizes

available in the project was 25Wp to 83Wp.
The three delivery modes used by the GEF Solar Project were:
* Through the national electricity utility, the Zimbabwe Electricity Supply

Authority (ZESA), which was allocated a quota of 500 equivalent systems.

* Non-governmental organisations (NGOs), allocated a total quota of 600
equivalent systems.

* Private companies registered with the project, whose allocation was not fixed,
but had to be at least 7 900 equivalent systems in order to meet the project
installation objective.

None of the above delivery modes was confined to a specific geographical area, because

there was no deliberate attempt at clustering of installations in the GEF Solar Project.

Two key indicators of the GEF Solar Project success were number of equivalent
systems installed, about 12 000, and the number of new companies formed, around 50
by 1997 according to the GEF Solar Project Annual Report for 1997 (GEF PMU, 1998).
The number of physical SHSs installed by the GEF Solar Project has been estimated in

19
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CHAPTER 2: PHOTOVOLTAIC ELECTRIFICATION INITIATIVES IN ZiIMBABWE: OUTCOMES AND 1 ESSONS

repaired components from BUN. Clients pay the repair costs to the facilitator for

banking into the BUN account, thereby reimbursing BUN the amounts paid for repairs.

The facilitator approach has the following advantages:

® There are minimal administrative overheads on the installing company or NGO,
because the facilitator is not on contract.

* C(Clients do not to pay a regular maintenance fee, which they may feel is not
necessary if their systems are not failing. Payment is only necessary when the
client calls the technician.

* The problem of system ownership does not arise since the clients own their
systems.

The disadvantages of the facilitator approach are:
* Quality control is more difficult to ensure since facilitator is freelance.

* A good relationship is necessary between the facilitator and NGO to ensure
backup support such as that provided by BUN (facilitation of repairs and spares
acquisition). If this relationship breaks down, the approach will become less
effective.

* Facilitators need to have diverse income sources because calls for assistance
may be erratic; the amount of work, and therefore income, partly depends on the
number of clients in the facilitators operating area.

The facilitators earned income in two ways; by getting a commission from the NGOs on
instalments collected and banked, and from client payments for repair work on SHSs in
their areas. Since there was no competition for the facilitators’ services, BUN negotiated

a schedule of charges with its facilitators to avoid profiteering.

The future of the GEF Solar Project

There is a balance of about Z$50million in the project revolving fund held by the
Agribank. DoE is planning to implement a successor project to the GEF Solar Project
(DoE, 2001b). This will focus on the rehabilitation of faulty GEF Solar Project SHSs. A
decentralised approach where rural district councils will have powers to licence
technicians to carry out the rehabilitation is envisaged. Details of the proposed approach
are still under development. The plan to focus on rehabilitation indicates awareness that

performance of the installed SHSs is not satisfactory at Ministry level.

22.3 JICA Study Project

The JICA Study Project is a bilateral project between the governments of Japan and
Zimbabwe, housed in the Department of Energy (DoE) in Zimbabwe. The project began
with a study phase that was intended to test the proposed approach, based on the Energy

27
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CHAPTER 2. PHOTOVOLTAIC ELECTRIFICATION INITIATIVES IN ZIMBABWE. QUTCOMES AND LESSONS

Financing

The Chinese government procured and delivered all the equipment. The Zimbabwe
government provided in kind inputs in the form of skilled manpower time for project
coordination, and logistics for locally transporting and distributing the solar equipment.
Post—installation efforts to arrange maintenance have also been handled by the

Zimbabwe government through DoE.

Payment

Beneficiaries were not charged anything, and no pre—installation negotiations to cover
future maintenance costs were held. When technical problems started to surface, the
need for maintenance backup was realised. DoE initiated negotiations with the villagers
to pay a fee to enable ZESA to maintain their SHSs. This has so far not been successful
because the villagers objected to the issue of fees being raised long after they had been
unconditionally given free systems, which they assumed would be looked after by the
donor. The maintenance fee would not be freely negotiable since there is a minimum

cost that ZESA would incur in providing maintenance support.

Quality control

Chinese technical experts participated in the installation of the SHSs, together with
ZESA and DoE staff. The technical level of this manpower is well above that of the
solar companies that participated in the private and GEF Solar Project installations. The
level of quality control during installation would seem to be beyond reproach. The post—
installation phase where local volunteer technicians are now carrying out basic
maintenance, and calling on DoE at their own discretion, is much more worrying. This
is because the volunteer technicians were not given formal training, and have already
requested payment for their services. The funds to ensure that they can be paid are not

in place.

Maintenance

There is a stalemate over who should meet the cost of maintenance as already indicated
above. The position at the end of 2002 was that five local technicians were trained by
DoE to do basic preventive maintenance, and refer any complicated problems to DoE.
Since the issue of maintenance fees remained unresolved, the local technicians are
working voluntarily, but have now requested remuneration. The five volunteer

technicians are too many for 110 SHSs if maintenance fees are to be introduced. In the
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THE SOCIO—ECONOMIC IMPACT ASSESSMENT OF THREZ DECADES OF SOLAR ELECTRIFICATION IN ZiIMBABWE

Table 3.2 Survey sample distribution

Category Sanyati | Makosa | Nzvimbo | Total

SHS 20 20 20 60
® Car battery only 10 10 10 30
ke Non—electrified 10 10 10 30
g Grid—electrified 5 5 5 15
()
3 | Total 45 45 45 135
I

PV—electrified clinic 1 1

Grid—electrified clinics 1 1
® Non—electrified clinics 1 1 2
§ PV—electrified schools 1 2 3
‘g Grid—electrified schools 1 2 3
L Non—electrified schools 1 2 3
o
2 Total 6 4 3 13
a

Only 13 public institutions out of the required 18 were located, but all 15 grid-
electrified households were located. The representation of the different SHS projects

and private initiatives in the survey sample is shown in Table 3.3.

Table 3.3 Representation of projects in the survey SHS sample
Project or Initiative Sanyati Makosa Nzvimbo Total
GEF Solar Project 6 6 — 12
JICA Study 9 - - 9
Chinese donation - - 20 20
Private 5 14 — 19
Total 20 20 20 60

A deliberate effort was made to exclusively target the donated systems in Nzvimbo;
therefore no SHS installed by other projects were surveyed in Nzvimbo. No quotas were
set for the different projects or initiatives in the sampling, thus the numbers presented
for Sanyati and Makosa are what enumerators encountered in the field. The inclusion of
areas with JICA Study Project clusters in Sanyati boosted representation of these ESCO
systems in the sample. This was not seen as a problem because useful lessons could be
learnt from the ESCO approach, which is new to Zimbabwe. Thus, even though

selection of households in each area was random, selection of the areas was not.
The twenty SHS for each area are spread among the different projects as follows:

* In Sanyati, six GEF Solar Project, nine JICA Study Project, and five privately
installed SHSs.
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* In Makosa, six GEF Solar Project and 14 privately installed SHSs.

e In Nzvimbo, all 20 SHS were Chinese donated SHSs.
The totals for each dissemination mode are 20 for the Chinese donation, 19 for the
privately installed SHSs, 12 for the GEF Solar Project, and nine for the JICA Study

Project.

3.3 Data analysis

The unit of analysis was the household, and comparisons were generally made across
different income groups and geographical areas. Grid electrified households were left
out of the discussion of energy burden because they generally could not give figures on
energy expenditure. This was likely to be a result of their bills being paid by urban
based relatives, in which case the billing address used by the electricity utility would be

the address of the payee.

3.3.1 Income data

Analysis was based on reported household income in the different electrification modes
across the different survey areas. Impact analysis of solar PV electrification was largely
based on (1) income groups, (2) means of access to electricity, (3) survey area, and (4)
mode of solar PV dissemination. The analysis explored the relationships between
income level and category of electrification, family characteristics, and income
generating activities. Comparison across areas was also used extensively to establish
patterns. This was necessary because analysis based on cash incomes alone may not
give a complete picture in rural areas, given the importance of the non—cash subsistence

part of the rural economy.

Since respondents specified their incomes according to the frequencies with which they
received it, all incomes were converted to the equivalent monthly amounts. For
example, annual incomes were divided by 12 and weekly incomes were multiplied by 4.
To convert daily amounts, 20 working days were assumed per month. This is because
most people go to church on Sundays, and there is usually one other day in the week,
called chisi, when people do not go to the fields. The specific day of the week on which

chisi falls varies from region to region.
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Statistical analysis was performed using Analyse—It software®, a commercial statistical

extension to Microsoft Excel. This was suitable for the relatively small sample size.

3.3.2 Income generating activity (IGA) data

Identification of the key income—generating activities (IGAs) in Sanyati, Nzvimbo and
Makosa was accomplished by calculating the percentages of households involved in
each IGA. The prevalence of income generating activities results were compared to
published national findings. Only the main IGAs were used for more detailed analysis.
The percentages of households involved in each of the key IGAs were also compared on
the basis of income group, survey area, electrification category and SHS dissemination
mode. The purpose of this was to check where SHSs contributed to the energy needs of
IGAs found in the survey areas. The roles of different family members were analysed to

highlight gender roles and parent/child contributions to income generation.

The contribution of SHSs to income generating activities was examined by first
compiling all activities that were powered by SHSs, batteries and grid electricity. A
comparison of the income-generating activities between grid—electrified, SHS—
electrified and non grid-electrified households was used as a way to highlight the

contribution of SHSs.

The number of public facilities was very small at 13. Missing data for some of these few
public facilities made it inadvisable to attempt statistical analysis on this small sample.
Data from project files, particularly reports on visits to institutions when problems were
recorded was used to supplement survey information on installations at public facilities.
The discussion of public facilities is therefore largely confined to sub section 2.2.1 of

Chapter Two.

3.3.3 Energy sources and end use data

Analysis of energy source data looked at grid—electrified, SHSs, battery only and
unelectrified categories of households. The links between electrification category and
appliance ownership were explored. The switching preferences of users were used as an
indicator of the level of satisfaction with existing energy sources. The proportion of
total household income spent on energy was compared across high, medium and low

income households to show the size of the energy burden on these different groups.

® See http://www.analyse~it.com

52

ENERGY AND DEVELOPMENT RESEARCH CENTRE, UNIVERSITY OF CaPE TOWN. 2003







































CHAPTER 4: SOCIO-ECONOMIC STATUS AND INCOME—GENERATING ACTWVITIES OF HOUSEHOLDS IN THE SURVEY
AREAS

breakdown of the SMEs is shown in Table 4.3. Manufacturing, commercial and service

SMEs were found to be more profitable than agricultural and mining SMEs.

Table 4.3 Breakdown of Small and medium enterprises in Zimbabwe

Type of enterprise Number Number of employees
Manufacturing, commercial and service 860 000 1 650 000
| Agricultural and mining 442 000 2200 000
Total 1302 000 3 850 000

Source: McPherson, 1998

The most common farming category activities were maize growers, poultry farmers and
multiple crop growers. A correlation between gross domestic product (GDP) growth
and the birth and death of SMEs was indicated in the McPherson survey of 1998. A one
percent drop in GDP was found to correlate with a 0.68% increase in the birth of new
SMEs, meaning that a net increase in the number of new SMEs occurs in times of

economic adversity, when the formal sector generally tends to shrink.

Because of the deteriorating economic climate in Zimbabwe, the level of female
ownership of SMEs had declined from 75% in 1991 to 58% in 1998. The SME sector
was found to act as a safety net for those with no other economic options, and to have
both economic and poverty alleviation components (McPherson, 1998; Helmsing,
1992). Poorer households tend to extend household activities to a commercial level to
earn income when opportunities for formal employment are limited (Dunnet, 2001).
This role of the SME sector partly explains the tendency for more new SMEs to be
formed during adverse economic circumstances, and suggests that this sector is

particularly important under the prevailing economic crisis in Zimbabwe.

422 General pattern of IGAs in the survey areas
Figure 4.12 shows the percentages of all households involved in the different IGAs
mentioned during the Thesis surveys. The pattern of IGAs in which all households are

involved shows overwhelming dominance by farming and employmentlo.

1% Employment here refers to both the formal and informal sectors. It can be regular (e.g. civil servants like teachers
and nurses, vegetable graders, packers, and transporters), or irregular/seasonal (e.g. cotton gin workers, cotton
pickers and packers).
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Employment provides the highest income on average, and dependence on farming alone
the lowest. Incomes for households combining both activities fall in—between these two
extremes. The mean income values for categories ‘Both’ and ‘Other’ are not identical,

the values shown in Figure 4.13 are rounded from Z$13 281 and Z$12 269 respectively.

The lower relative profitability of agriculture is in line with the findings of the national
survey of SMEs presented in the overview presented at the beginning of this section on

IGAs.

42.3 Nature of contribution of SHS to IGAs

Table 4.4 summarises SHS-related IGAs encountered in the Thesis survey, and also in
an earlier survey conducted by the author in April 2002. Service and handicraft type
IGAs seem to benefit more from SHS that farming related IGAs. Many household-level
IGAs can be operated without SHSs, batteries or grid power. The majority of the IGAs
can be carried out using manual tools and traditional energy sources such as wood (see
for example Tedd et al, 2001). A few IGAs are intrinsically dependent on electricity, for
example soldering, welding, and battery charging. These latter activities are normally

found at rural service centres where grid power is often available.

Solar home systems generally play a supplementary or secondary role in IGAs by
enabling an extension of the time for which an activity can be carried out. This is
through the provision of good quality lighting in the evening at home or in shops and
bottle stores. In shops and bottle stores, music and television can be added to entertain
clients, perhaps providing some competitive advantage over neighbouring shops
without these facilities. The limited role of SHSs in IGAs has also been observed

elsewhere, for example by Djamin et al (2001), and also AIT (2002).

Whether SHSs allow significant extension of operating hours for shops needs to be
verified because, in the absence of SHSs, rural shops still remain open after dark,
relying on paraffin lamps and candles. Some shops use high—pressure paraffin mantle
lamps, with light output of the order of 1400 lumens. These easily outshine SHS lights
whose output is in the range 150 to 500 lumens, depending on wattage (ESD, 2003).
Automotive batteries can provide the same functions as SHSs, but with the added cost
and inconvenience of frequent trips for charging. In practice, the use of batteries for

lighting is rare, as will be shown in Chapter 5.
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CHAPTER b: IMPACTS OF SOLAR HOME SYSTEMS ON ENERGY USE

5.4 Energy expenditure
The overall pattern of percentage of household income spent on energy for all
households in the Thesis survey is illustrated in Figure 5.14. The relatively heavy

burden placed on lower income households by energy expenditure is clearly apparent.
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Figure 5.14 Change in percentage of total monthly household income spent
on energy with rising income

In the Thesis survey, the average fraction of income spent on energy for the poorest
households was 19%, compared to 2% for the high—income group households. The
mean percentage of income spent on energy for each income group is given in Table

5.1

Table 5.1 Mean percentage of income spent on energy by different
income groups
income group % of income spent on energy
Low income 19%
Medium income 6%
High—income 2%

Table 5.2 shows that the actual expenditure on energy is not dramatically different
across all electrification categories. There is similarity in the size of the energy burdens
of the battery—only and unelectrified households because of their similar average

monthly incomes.
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comparison, because households changing from one lighting energy source to another
do not use this criterion to determine number of lights needed to obtain an equivalent

luminous intensity.

5.5 Chapter conclusions

The impact of SHSs on energy use among households is most pronounced on lighting
where it replaces paraffin lamps in the rooms where PV lights are installed and working.
The improvement in the quality of lighting is high when compared to paraffin or candle
lighting. This impact is limited by the low reliability of SHSs, which obviously forces
households to have backup paraffin lamps. Rooms without PV lights still have to be
illuminated with paraffin. The failure of SHS to make an impact on major energy
service needs including cooking and heating makes it necessary to also offer other

options; the energisation approach.

Grid—electrified households have no time constraints on use of their electric lights, and
for many other uses. These households have more electric lights on average than the
other electrification categories. Because the power consumption of electric lights is
insignificant in the context of a grid—electrified household, grid—electrified households
can install lights in every room, and outside security lights, without making much
difference to their bills. Cooking, water and space heating influence the size of the

electricity bill much more by virtue of their much higher power consumption.

Media applications (radio and TV) benefit considerably more from SHSs when
compared to automotive batteries. This is because the SHS battery is charged
automatically every day, and is able to give consistent output daily. Battery—only
systems have to put up with a slowly depleting battery, till the battery is too weak to
operate connected equipment. The battery must then be taken for charging, leaving the
household without electric power. Batteries exposed to this pattern of use will have a
short service life due to damage caused by the frequent deep cycling. Grid electricity
provides the greatest benefit for media applications by not placing any constraints on

usage.

The level of satisfaction with SHSs and automotive batteries is lower than with grid
electricity. The level of power and versatility of grid electricity removes the

inconveniences imposed by the other energy sources. These inconveniences include
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A SHS—electrified household would consume 289Wh (3 x 11W lights x 3 hours, plus 1 x
10 watt radio x 10 hours, plus 1 x 30W television for three hours). This means all the
estimated 288Wh available energy is used up. If the battery is a shallow cycle
automotive type, a 15% depth of discharge gives only 9Ah (108Wh at 12 volts), which
is just one third of the required amount of energy. Shortfalls like this cause

dissatisfaction with SHSs, causing a desire to switch to grid electricity.

A grid—connected household would normally use incandescent electric bulbs (60W
assumed, the closest equivalent to 11W fluorescent lights in terms of light output). The
energy used by the grid—electrified household would be 730Wh, which is about two and
half times that used by the SHS—electrified household. This is due to the less energy—
efficient lights generally used with grid electricity. In addition, most grid—electrified
households cook with electricity. Assuming a cooking time of two hours with a 2kW
hotplate, another 4kWh would added to the daily energy consumption, giving a total of
4.73kWh. This is only about 18% of the total energy potentially available from the SA
grid connection daily, and is more than 16 times the energy used by the SHS—electrified
household.

The above comparison underlines the much greater power that thermal applications

demand, well out of reach of the capabilities of any SHS.

In 1997 in the Japan International Cooperation Agency (JICA) Study Project, the
households having the option of one light and one power point, or two lights only, were
paying Z$75 monthly for the service. Based on the same year’s domestic tariff (see
tariff table in Appendix 6.1.3), a grid—connected household would be able to consume
over 225kWh of energy each month for the same payment of $75 per month. This is
apparent from the calculated monthly bills for grid electricity consumption shown in

Figure 6.2 (see the 1997 line, third from the bottom).

This is nearly 67 times as much energy as the 3.38kWh that each 25Wp module used in
the Japan International Cooperation Agency (JICA) Study Project would collect in a
month, assuming 4.5 peak sun hours daily (25Wp x 4.5hrs x 30 days). With the load—
limited five ampere connection, 18 x 60watt incandescent electric lights can be operated
with no time limits. Using a paraffin wick lamp for illumination, Z$75 would buy 41

litres of paraffin at the subsidised 1997 price of Z$1.82 per litre.
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One wick lamp consumes roughly 50ml per hour (IAEEL, 1999), which is equivalent to
4.5litres per month at three hours illumination per night. The quantity of paraffin bought
with Z$75 would therefore be able to run nine wick lamps (41 litres/4.5litres) for three

hours every night for one month.
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Figure 6.2 Variation of monthly electricity cost with increasing consumption, calculated

for 1995 to 2001 tariffs

For the monthly cost of Z$75 per month, the JICA Study Project was able to provide a
maximum of two lights per household, with time constraints. For this amount, a grid
connection would provide lighting for all rooms of a normal household, with power to
spare, as would paraffin using wick lamps. In terms of cost per light point, the grid
connection provides twice as many lights as paraffin and nine times as many as the
SHS. SHS fares worse that the two other options on the basis of number of light points.
The above comparison does not attempt to look at the same level of illumination
because, when households replace a paraffin lamp with a solar light, it is on the basis of

one lamp in place of the other, not on the basis of luminance.

6.1.3 Environmental impacts of solar electrification compared to grid electrification and use
of paraffin

The comparison of environmental impacts of solar PV electrification and other options
is not always balanced because the comparisons are often selective in what they choose
to include. SHS projects are often justified because of their replacement of paraffin, and
the consequent reduction in the emission of greenhouse gas emissions. This section also

highlights other less~commonly acknowledged impacts that may need to be considered.
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In private sales and DIY dissemination, the owners realise at the outset that
maintenance responsibility is in their hands, and can be expected to prepare for it. The
cost of calling out companies for repairs is prohibitive, with the cost of transport alone
sometimes outstripping the cost of spares and labour. Thus, even though maintenance
capacity exists, it may not be tapped and the outcome is equivalent to a situation where
maintenance support does not exist. Users are often not well informed about basic
maintenance procedures, particularly topping up of batteries. Topping up batteries with

acid instead of pure water is one of the serious mistakes encountered.

In the GEF Solar Project, post-warranty maintenance was the owner’s responsibility.
Another source of maintenance problems was allowing Agribank to enforce collection
of instalments from clients regardless of the state of their SHSs. Figure 6.3 shows the
fault response times during the GEF Solar Project, with only 20% of fault reports being
attended to within one month. Half of all faults were attended to between one and three

months after being reported.

over 6 monts

3-6 months
20%

1-3 months
50%

Figure 6.3 Fault response times in the GEF Solar Project
Source: GEF PMU, 1998

Figure 6.4 shows that the component found to have failed most frequently during
maintenance visits was the battery. This is not surprising given the long fault response

times.

The use of local ‘facilitators’ who were given basic training in system care and
maintenance by NGOs stands out as a particularly effective way to deal with issues of
money collection, information dissemination, and maintenance support. All systems in

each facilitator’s area have access to the facilitator, regardless of dissemination mode.
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On systems with controllers originally set up for solar batteries, automotive batteries
may not last long because they will not reach their optimum charging voltage (which is
higher than for deep cycle batteries), and will also be deep discharged, because they
need a controller set to disconnect the load at a higher voltage than for deep cycle

batteries.

Fluorescent lights used with PV projects have electronic ballasts that often need
repairs. This has generally been possible in Zimbabwe because some of the solar
companies manufacture solar lights and can repair them. These companies are in the
cities and are therefore far from the areas where SHSs are installed. Fluorescent tubes
are not made locally and need to be imported. These will be more expensive to procure
because of the smaller quantities compared to orders made for project supplies during
the dissemination phase. The scarcity of tubes and electronic components in Zimbabwe
has been exacerbated by the shortage of foreign currency, and the worsening exchange

rate of the local currency has led to exorbitant prices.

The result has been a tendency by clients to use flashlight, automotive and halogen
bulbs instead. These lead to much higher loading on the SHSs, which will lead to
shorter working hours before low voltage disconnection. For example, the load is tripled
where an automotive turning indicator (normally rated at 21W) is used to replace a 7W
fluorescent light in a SHS. This change means a 3 light SHS will be able to run one light
for the same number of hours. Another scenario is where all three lights are replaced
with automotive bulbs (total power 3x21W=63W). In this case the lights will burn for
one—third of the time they originally did, and the current going through the controller to
the load will rise from about 1.8A to about 5.3A. If this small system had a 5A
controller, the controller would be overloaded and the fuse would blow, failing which
the controller would be destroyed. It seems sensible to standardise on lights across all

projects so that repair and availability of spare tubes can be facilitated.
6.2.6 Subsidy requirement

The government finds it necessary to subsidise fuels used by the poor. The electricity
tariffs in most years have low rates for the first 50kWh and 300kWh to keep costs lower
for small users (see figure 6.4). Paraffin, when sold in small quantities, is subsidised
because of its widespread use for lighting in rural areas, and for cooking by low income

households in urban areas. On this basis, it would seem reasonable to subsidise SHSs if
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they are seen as an option for the poor. The GEF Solar Project successfully negotiated
import duty and surtax concessions with the Government of Zimbabwe. These
concessions benefited other projects, in particular the JICA Study Project, which
procured its modules and batteries from the GEF Solar Project warehouse. Any imports

of the same hardware outside the GEF Solar Project attracted full duty and surtax.

Private acquisition of SHSs components by households could not take advantage of the
subsidies on equipment sourced through the GEF Solar Project. Since poorer
households were less likely to qualify for the GEF Solar Project loans, they were forced
to take the more flexible option of acquiring components as and when they had

sufficient funds.

In the GEF Solar Project, the contribution of subsidies to poor households’ access to
SHSs was limited because the majority of the GEF Solar Project clients were rural—
based civil servants, especially teachers and nurses. The impact of the GEF Solar
Project on the overall number of installations is only about 10% of the total number of
physical systems installed in Zimbabwe to date. This fact, and the limited accessibility
of GEF Solar Project installations to the poor, brings into question the justification for

the subsidies.

The JICA Study Project sought out areas with identifiable sources of income to ensure
high level of repayment of maintenance fees. This process virtually ensured that the
really poor areas got screened out. The question of the need for the subsidy, given the

type of beneficiaries who got the SHSs, arises again in this case.

The Chinese donated systems in Nzvimbo were fully subsidised from the point of view
of the recipients. Where a project is intended to be a donation, this is obviously
unavoidable. The question that may arise is whether long—term costs like spare parts
and maintenance fees can and should also be subsidised. This is pertinent where the
recipients have been determined to be genuinely poor, and it directly impacts on the

sustainability of the service provision.
6.2.7 Design of systems

The major system design problem in design is with systems put together by clients who
purchase components as and when they can afford them. In many cases the

charge/discharge controller is not included, and amorphous modules may be selected
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because of their lower cost. Because a 12Wp amorphous module can be of the same
physical size as a 40Wp crystalline silicon module, clients may not realise that there is a
large difference in power output due to the different technologies used. This mistake
stems from the fact that the output of a solar module is related to its physical

dimensions, as long as modules being compared are of the same type.

The lack of charge/discharge controllers may explain the higher incidence of battery
failures among Private and GEF systems. All JICA project systems have
charge/discharge controllers, and have not experienced battery failure problems to the

same extent.
6.2.8 Theft of modules

Solar PV modules are valuable and not always readily available. For this reason they
can be targeted by thieves. In Zimbabwe theft of modules from households has not been
a major problem. In the JICA Study Project, not more than about five modules have
been stolen from households over the last five years, and the community has recovered
almost all the modules within a short time. Often, outsiders have come in to steal the
modules, and have been caught before leaving the area. The difficulty of accessing the
roof-mounted module without causing enough noise to be heard, and strong traditional
values in rural areas may explain this low rate of theft from households. In Zimbabwe, it
has become standard installation practice to bend the bolts holding the module, or to
damage the thread in some way, to make removal of the nuts securing the module more
difficult. A thief would have to resort to cutting off the bolt or using a lot of force, thus

causing more noise and attracting attention.

The experience with modules installed at public facilities has been different however.
All the modules installed at the communal water pump at Nzvimbo were stolen within
one year of installation. They were replaced by the Department of Energy, and the site
was fenced and an alarm system installed in 1999. The secured replacement modules
have not been stolen, and some of the stolen modules were recovered locally with the
assistance of the community. PV installations at schools and clinics have experienced
both abuse and theft of modules and other components. The lack of physical security
seems to be one of the major causes of theft of modules at public facilities. The past role
of communities in the recovery of stolen modules suggests that community structures

could play a useful role in safeguarding installations at public facilities.
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activities was most pronounced in Sanyati, which is not surprising given the higher
prevalence of income—generating activities (IGAs), and the involvement of more family

members in IGAs in that area.

Not specified More lights
12% 14%
Income T—
generation
21%
Larger
appliances
53%
Figure 6.9 Reasons for wanting bigger system

Generally there was a feeling that maintenance was satisfactory. This happy situation is
not reflective of the national situation, as shown by the wider BUN/JICA/DoE survey.
The factors leading to better maintenance situation in the survey areas are:

* The relatively new Nzvimbo donation systems have all been repaired under

warranty so far. Clients have not yet faced the consequences of not having
effective long—term maintenance cover.

* There is ongoing ESCO maintenance service in Sanyati

* There is a BUN facilitator who can attend to any PV systems in Makosa.

The finding that there is a surprisingly high level of satisfaction in Makosa, underscores

the importance of maintenance to clients’ attitudes towards SHSs.

Figure 6.10 shows that most households felt that SHSs had changed their lives,
particularly with access to news and entertainment via radio and TV. Again here it is
apparent that more households appreciate other benefits above lighting, in this case
access to media and entertainment, a better standard of life, and a healthier household
environment through the elimination of paraffin fumes and the soot and smoke that can

come from wick lamps. A total of 16 respondents out of the 60 households with SHSs
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did not want bigger systems. Four of these were in Sanyati. The reasons for not wanting

bigger systems are very different between Makosa and Sanyati.

Other Cheaper i
Study 10% 79% Better ligh'

5% | 10%

Healthy
20%

S of lie 36%
12%
Figure 6.10 Nature of reported change to life made by solar home system

Households not wanting bigger SHS's

In Sanyati, the four respondents who did not want larger systems had had disappointing
experiences with their SHSs.
* All said that maintenance had been poor; the systems were in bad condition, or
not working.

* All said that SHSs had not had a positive impact on their lives; they were the
only respondents to say this among the 60 SHS—electrified households in the
survey.

* Three of the SHSs had been installed under the GEF solar project, and one was a
private installation. The respondent with the private system reported adding acid
to the battery.

* Two of the four respondents would not buy SHSs again, but the other two would
be willing to buy again despite their disappointment.

* The educational status of the private SHS respondent was not disclosed, but the
three GEF SHS respondents had received secondary education

In Makosa, all 12 households who did not want larger SHSs were satisfied with their
systems. Four of these were GEF project installations installed through the NGO mode
by BUN; the remainder were all private installations. Out of all 60 surveyed SHS—
electrified households, only eight indicated they had received training, and five of those
eight are in this group. Two of the five trained SHS—electrified households in Makosa

had private systems, but had received training from BUN. The maintenance experience
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CHAPTER 7: CONCLUSIONS AND
RECOMMENDATIONS

This Thesis has looked at the socio—economic issues around the dissemination of solar
photovoltaic systems in Zimbabwe, and compared these systems with other rural
electrification options. It has been established that solar photovoltaic systems make a
contribution where the grid is unlikely to reach in the near future. Despite the numerous
well-funded projects that have been executed, the overall impression is that relatively
little impact has been achieved in the target areas compared to rural grid electrification
and the diffusion of diesel gensets for example. The sustainability of the dissemination
efforts were undermined by the top down approaches that sidelined the needs of the
users, and short—term goals that overlooked the need for long—term repair and
maintenance support. It seems likely that donors will continue to dominate project
dissemination of solar home systems. These efforts are likely to continue to be top down
and experimental, with little regard for lessons from past initiatives unless these fit in
with the donors’ objectives. Efforts to standardise components will suffer because each

donor is likely to specify the source of project hardware.

The private dissemination of solar PV systems seems to hold the greatest promise
provided the issues of sustainable financing, customer education, product quality,
component availability, and sustainable maintenance support can be resolved
satisfactorily. There are however numerous problems with the implementation of solar
photovoltaic system dissemination. Lessons were identified for future dissemination,

maintenance, financing, and payment options.

This chapter presents a summary of the conclusions drawn from Chapters Two, Four,

Five, and Six, and follows these with recommendations.

7.1 Summary of conclusions

7.1.1 Dissemination of solar photovoltaic systems in Zimbabwe

Inadequate community involvement leads to lack of long—term maintenance

Public facilities, especially clinics and schools have been the recipients of donated solar
photovoltaic (PV) systems, but the recipient communities and parent bodies of the

schools and clinics have not been adequately involved to ensure commitment to long
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term maintenance. The procedures by which the donations were provided were not
uniform; different donors have selected recipient public facilities on the basis of their
own specific criteria. The majority of schools and clinics are owned by either local
councils or government, and the plans of these parent bodies did not include the
requirements of the solar PV systems because of the lack of consultation prior to
installation. The lessons from the early installations of solar PV systems at public
facilities were not taken into account in subsequent installations at public facilities. This
failure to take into account lessons from past experiences can be partly attributed to the

dominance of donors in the planning and funding of almost all solar PV projects.

For example, in the Japan International Cooperation Agency (JICA) Study Project
installations at clinics and schools, and the community photovoltaic water pump
donated by the Chinese government at Nzvimbo, the responsibility for meeting future
costs of maintenance of the installed solar PV systems was not discussed and settled in
advance. A similar approach was adopted for the communal PV water pump at
Nzvimboj; the community benefiting from the pumped water was not consulted about
ownership and maintenance of the PV pump. When the pump broke down, there was no

maintenance budget to meet the cost of repairs.

Sustainable financing in solar PV projects remains inconclusive

Financing in solar PV projects remains inconclusive because project incentive support is
usually withdrawn at the end of each project, or project conditions do not simulate
commercial dissemination, thereby limiting the usefulness of lessons provided by such

projects.

For example the JICA Study Project energy service company (ESCO) trial did not
simulate a realistic commercial model because the solar PV equipment was donated to
the Department of Energy. The way the Chinese donated solar PV systems were
disseminated does not provide convincing positive lessons for future dissemination
using that mode. Instead it demonstrates that dissemination of donated equipment is not

viable.

Collection of payments in rural areas remains a challenge
This is due to the scattered rural settlement patterns amongst which solar home systems
(SHSs) are sparsely distributed. This sparse distribution of clients causes escalation of

collection costs and complicates logistics. Payment in commercial dissemination of
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solar PV systems is generally more reliable than in projects because the latter generally
offer lenient or innovative criteria for eligibility in an attempt to reach the poor. The
ability of rural farmers to pay reliably is compromised by frequent droughts that
unpredictably reduce farm yields and therefore incomes. Enforcing collection of
payments by clients under these circumstances is more difficult than with formally

employed clients earning fixed incomes.

In Zimbabwe, the severe deterioration in economic performance and exchange rates
have had a drastic impact on ongoing solar PV projects by imposing extreme conditions

that invalidate key initial project assumptions.

Quality assurance is critical but expensive

Quality control is better in project dissemination of SHSs, but this comes at the price of
greater expenditure per installation. The JICA Study and the Chinese donation projects
had to replace several unsatisfactory components on all their systems in the initial
stages. Close monitoring and data logging contributed to timely and accurate
identification of problems. These measures undoubtedly added to transport, labour and

hardware costs.

Quality control in private dissemination is variable, with the worst case being do—it—
yourself (DIY) installations, because of lack of adequate user information, and cost—

cutting by clients and suppliers.

Local trained technicians enhance maintenance support

Maintenance support benefits from the availability of local, trained technicians. This
arrangement reduces the cost of calling for maintenance and ensures that reliable advice
is readily available to users of SHSs. Such a situation leads to higher proportions of

SHSs remaining functional, and results in greater user contentment.

This is shown by the generally good operational status of SHSs in the Thesis survey
areas compared to the situation depicted by the Biomass Users Network
(BUN)/JICA/Department of Energy (DoE) survey where local maintenance support is
not available. Users were generally unhappy in the BUN/JICA/DoE survey areas where
80% of the DIY systems were malfunctioning.

The ESCO approach has maintenance built—in, but its financial viability has not been

demonstrated. The facilitators who act as local agents of non—governmental
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organisations (NGOs) are a variation on the ESCO approach. Because facilitators are
not salaried and charge only per service call, they have lower administrative overheads
and costs to clients. Clustering of installations is an important factor in the viability of
the approach for easy access to clients. Clustering is more difficult to achieve in
dissemination models where SHSs are sold or installed in response to client demand
without regard to location. Projects that target specific areas accomplish clustering more
easily, but can suffer from slow start—up where the required minimum number of clients
cannot be raised from the predefined target area at a rate required by the project
schedule. NGOs participating in the Global Environment Facility (GEF) Solar Project

successfully used facilitators, and some have continued beyond the end of that project.

The large investments in solar PV systems are not justified by their minimal impact

There is much greater donor interest and funding for solar PV systems than other energy
supply options. This is despite the very limited capabilities of solar PV systems. It may
be asked whether such investments could not have had better impact had they been used
to provide water for irrigation, grid extension or to meet other development needs like

provision of schools, health facilities, and roads.
7.1.2  Socio—economic and income—generating issues

Subsidies and incentives have not been targeted correctly
While carefully designed and targeted subsidies to improve access to SHSs for the poor

may improve their access to SHSs, the targeting of such subsidies is often difficult. It is
not useful to tie subsidies and incentives to specific projects, because such arrangements
are not sustainable unless the projects in question are trials, and a plan to implement

usable findings is in place.

Poor households are generally unable to acquire SHSs, and even if the SHSs are
donated, the costs of repairs and maintenance still have to be met. The GEF Solar
Project showed that the import duty and tax concessions made on capital equipment
benefited affluent rural households, while the Chinese—donated SHSs reached more

middle and high income households than poor households.

Solar home systems have not contributed significantly to poverty alleviation

The often—cited poverty alleviation aspect of rural PV electrification has not been borne
out by results on the ground because SHSs are not sufficiently prevalent to make an

impact on a significant number of households. The power level of SHS renders them
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APPENDICES

Median

Outliers

Solar module

Pumpset

Photovoltaic

Set points

Solar battery

Solar home system

Sulphation

Watt peak

appliances to be used with the 12volt dc power.

The mid—point in a sample; the point at which half the values are less
and half the values are more. Where there are outliers, the mean can be
misleading and the median is to be preferred.

Atypically high or low values in a sample.

A device for converting solar radiation to electricity. Normally a panel
of laminated solar cells. Module and panel are often used
interchangeably.

A water pump coupled to a petrol or diesel engine or electric motor.

The photovoltaic effect is the production of a voltage across the
junction of two different metals when they are exposed to light.

The voltages at which a charge/discharge controller will connect and
disconnect the battery or the load. Examples are low—voltage
disconnect (load disconnected to protect battery form over discharge)
and high voltage disconnect (battery disconnected when fully charged
to avoid over charging). These points are set differently for different
types of battery.

A battery designed for deep discharging. These batteries are often
sealed and cannot be topped up. This is why they are sometimes
referred to as low—maintenance. In contrast, automotive lead acid
batteries are designed for shallow discharging and will not last if
deeply discharged. Automotive batteries are designed for very high
current deliver for a brief period (starting a car). They have thin plates
in their cells to maximise surface area for chemical reaction. Deep
cycle battery cells have thicker plates which are suited to low current
delivery and deep discharge.

Photovoltaic power system consisting of a solar module, battery,
charge/discharge controller, and loads such as lights, radio, and
television. In this Thesis some DIY systems omit the charge/discharge
controller.

When the normally reversible reaction between sulphate ions (from
sulphuric acid) and the lead plates in a lead acid battery becomes
irreversible, often due to prolonged standing while discharged. This is
due to the formation of large lead sulphate crystals instead of the
normal small crystals. Battery capacity is lost as a result.

The unit used to denote peak watt rating, which is the power produced
by a solar module under standard test conditions, that is when subject
to incident radiation of 1kW per square metre at 25°C.
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TV

Lights

Stove

Fridge

User Comments

Are you happy with your ZESA connection?

Please explain why

Have you faced difficulties since connection?
Explain if necessary

Are there tasks for which you choose to use {Task

Choice fuel

Reasons for not using grid electricity

another fuel instead of grid electricity? Give
reasons.

What do you like most about your ZESA
connection

What do you not like about your ZESA
connection

ENERGY AND DEVELOPMENT RESEARCH CENTRE. UNIVERSITY OF CAPE TOWN. 2003

139


















APPENDICES

UN-ELECTRIFIED HOUSEHOLD (no solar PV, no car battery, no ZESA power)

. -y Power rating |Hours used
Appliance name Make & Model Description Power source (W or A) & er day
Radio
Torch
Dry batteries that are used
Type (e.g. PM9) Voltage (usually 6v or 9v)
Cost in 2002 Longevity (how many weeks it lasts)
Do you sometimes go without batteries due to lack of money? Yes |No (note any other reasons )

If yes, how often I |f0r how long on average [

Awareness of alternatives
Do you know about Yes
Solar home

systems? No

If yes, why don't
you have one?

Future plans

What other energy sources do you know and are considering acquiring?

Planning to get in next 2
years (Y/N)?

How did you come to know about this

Planned uSC(S) energy source?

Source of energy
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costs and charge utilisation table based on client house specification

Appendix 2.2.1a

Sample BUN quotation form for the GEF Project NGO mode, showing component

Date ol
GEF/BUN SOLAR SYSTEM QUOTATION quotation  1999/07/2
Customer :Kwdz Logistics
Company BIOMASS USERS NETWORK Quotation valid until 1999/08/23
P Bag 7768, Causeway, Harare
Tel. 793395/6 Fax 793313 ‘4 Lights Radio & TV
Nliltem Manufacturel Model Unit Total
1 |Solar Panel Siemens (German\)| |55W 11,000.0 11,000.0
1 |Charge Controller Steca (German\)| |Solsum 6.6 2,500.0 2,500.0
1 |Battery SEC (USA) 12-110AH 4,000.0 4,000.0
4 |Light Technosol  |(German\)| |13 CFL 800.0 3,200.0
1 [Voltage Dropper Nyamatsa  |Zwe 129v 150.0 150.0
1 |Battery Box BUN Zwe SB1 550.0 550.0
1 |Mounting Hardware BUN Zwe PM1 550.0 550.0
1 |Wiring Inputs Various Misc Various 3,000.0 3,000.0
Total Equipment 24,950.00
Note: All money for the BUN Solar Project MUST be made to an Installation CharSE
approvedBUN agent or the BUN office in Harare and a BUN receipt always
obtained Transport
Installed System
CHARGE UTILISATION TABLE
NRLOAD Amps Hrs per Day Amp-Hrs
1|13 watt light - sitting room 1.1 3 3.25
2|9 watt light - spare room 0.8 1 0.8
3|13 watt light - kitchen 1.1 3 3.3
3 watt light - bedroom 0.8 1 0.8
5[TV - small black and white 1.2 3 3.6
Total Load AH 11.7
SOLAR PANEL PEAK AMPS 3 4.5 13.
Charge Balance 15% 1.7
| have chosen this quotation for my solar electric system
{Customer Date
pproved (BUN Zwe) Date
This quotation is only valid for the period shown above.
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