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Abstract

South Africa has been identified as having a high potential for solar powered irrigation. However, there has
been a lag in the development of solar powered irrigation systems (SPIS) ther@lyr@ue to the high invest-

ment cost associated with solar technology. South Africa has frequently implemented load shedding, which has
affected many farmers. The work reported in this paper sought to determine the extent of solar powered irri-
gation and claracteristics of the system types in use. The extent of SPIS in South Africa was determined using
guestionnaire, and categorised in terms of farm size, SPIS configuration (storage of energy), type of irrigation,
and location of the system. These wereadished mainly from a literature search. The questionnaires were
administered on Survey Monk@&yThe sample size of the study was 138 755 potential respondents. The number
that participated and completed the questionnaires included a total of 18 SPIS reawyis, installers and de-
signers and 13 SPIS users (farmers). The main problem encountered with the distribution of the survey was
finding SPIS users to participate. Results from SPIS engineers, installers and designers showed that most SPIS
they implementel were in the Western Cape and the Eastern Cape, at 33% of the responses for both provinces.
The total area under SPIS was found to be 364 ha, while the area under irrigation is South Africa0@ @0

ha, indicating a high potential for SPIS developme8bme details on the extent of SPIS in South Africa were
determined in this paper, but more SPIS users need to be identified to determine the details of their SPIS.
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Highlights
1 44% of the SPIS engineers, installers, and designers implemented SPIS for smallholder farming.
1 Drip and sprinkler irrigation are equally the mosintegrated with SPIS (38%).
1 The water source mostlysed with SPIS is a borehole (61%)
1 77% of the SPIS user respondents stated that they have-poigtalline solar panels.

Journal of Energy in Southern Africa 32(2): 261 40
DOI: https://dx.doi.org/10.17159/2413-3051/2021/v32i2a9045
Published by the University of Cape Town ISSN: 2413-3051 https://journals.assaf.org.za/jesa
This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International Licence
Sponsored by the Department of Science and Innovation

Corresponding author: Tel.: +27 (0)76 621 4714; email: piwevp@gmail.com cell number

26


https://orcid.org/0000-0002-3575-1707
https://orcid.org/0000-0003-4095-5912
https://orcid.org/0000-0003-4142-4275
https://creativecommons.org/licenses/by-sa/4.0/
mailto:piwevp@gmail.com

1. Introduction

South Africa has a high potential for solar powered
irrigation, as it receives high levels of direct normal
irradiation. In the agricultural sector, irrigation is a
major consumer of electricity ©oE, 2013. The pro-
duction of electrical energy through solar photovol-
taic (PV) panels is one of the most environmentally
friendly, emission free and sustainable sources of
energy known. However, the main source of electri-
cal power in South Africa remains fossil fuels, with
most of its electrical power produced by coafired
power stations.
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the cheapest in the world. This was before 2008
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(Jumman and Lecler, 2010 This was the result of
the infrastructure, at the time, not matching the
maintenance requirements and the growth de-
mands of the country. Theesult was a decline in
OAOOEAANR
increase in electricity tariffs. A 25% tariff increase
effective from 2010 and for each of the following
three years was approved. The economic state of
the country, coupled with the taiff increases and
load shedding, was set to have a negative impact on
farm profitability sustainably (Jumman and Lecler,
2010).

Most of the irrigation infrastructure in South Af-
rica is on commercial farms, where the sourcefo
water is highly dependent on surface water re-
sources such as rivers and dams. Commercial farm-
ers are driven by energy efficiency and indepen
dence, while smallholder farmers are driven by ac-
cess to energy and the cost of fueHassan, 2015%.
According toHassan (2015) the area of arable land
in South Africa that is under solar powered irriga-
tion is estimated to be approximately 2 000 hec-
tares. Approximately 1.3 million hectares of land
was under irrigation in 2014/2015 according to
Bonthuys (2018). Apart from the Hassan report,
there islittle information and documentation on
the extent of solar powered irrigation systems
(SPIS) development in Sath Africa, and the infor-
mation available is mainly short articles on one SPIS
that has been implemented by a company for expo-
sure (Erasmus, 2013; van der Walt 2019). As a re-
sult, information and characterisation about SPIS in
South Africa is lacking. Thenain objective of the re-
search reported in this paper was to determine the
extent and characteristicsof solar powered irriga-
tion in South Africa. All types of SPIS were included
in the research.

2. Materials and methods
The study was conducted across the wile of South
Africa. The following sections describe the tools and
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procedures used to develop and distribute a ques-
tionnaire to determine the extent of SPIS in South
Africa. Before developing the questionnaire, an ap-
plication for ethical clearance was condcted
through the Research Office in the University of
Kwa-Zulu Natal and approved under Protocol Ref-
erence Number HSS/1039/017M.

2.1 Survey questionnaire

The questionnaire (see supplementary material)
targeted four groups of stakeholders: (i) SPIS users,
(ii) engineers, installers and suppliers, (iii) poten-

the questionnaire was developed as a MSWord doc-

OEA AT 01 Gd Uén@nt vherdtheee WereQlff@eddt séchosifor eBch

i AAGET ¢ OEA AT OlreSpondénOto dbplee. O\Onestoraire iak seh T A O

lected as the only tool for data collection due to
budget and time constraints. Due to the problem en-
countered of targeted stakeholders not participat-

ing in the survey, the approach was changed to an
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tion to participate on their desktops or mobile
phones. Survey Monkey® (SurveyMonkey, 1999)
was used to create and administer thequestion-
naire online. Survey Monkey is an online applica-
tion that helps users create and distribute surveys
and to collect and analysdhe data obtained. Two
questionnaires were designedz one for SPIS engi-
neers, designers and installers, the other for SPIS
users and farmers. A pilot test was not conducted,
as the sample size was unknown before the ques-
tionnaire was distributed, but the am was to cap-
ture all possible stakeholders involved in SPIS.

2.2 Data collection

Several approaches were implemented to try ob-
taining data for the questionnaire from the target
stakeholders. Calls were made to practising agricul-
tural engineers working in consulting companies
and government departments around South Africa.
Requests were made to the South African Irrigation
Institute and the South African Institute for Agricul-
tural Engineersto assist in the distribution of the
questionnaire by sending outlinks to the question-
naires to their members. The researcher attended a
training programme at Franklin Electric® where
companies that sell Franklin Electric products were
in attendance. The links to the questionnaires were
sentto& A O A O3 (Gnagazind herd requests
Al O OAODBITAAT 0O xAOA
Weekly Facebook and Twitter pages. Some follow-
ers on both platforms retweeted and shared the re-
quests, which helped spread the requests to a wider
audience. Internet searches were conducted to try
finding any documentation on systems imple-
mented in South Africa and related contacts. A sem-
inar on SPIS irPretoria was attended (Maslowaten:
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Large photovoltaic irrigation systems),where net- 54 years (29%); all respondents were male and the

working was done to try finding more participants | AET OEOU xEEOA8 &ECOOA p OET x
for the questonnaire. These efforts helped in get- level of educatimn. These ranged from matric to

ting the questionnaire out to the target participants.  postgraduate degree, with almost half having a

Key informant interviews and focus group discus- postgraduate degree.

sions were not done due to budget and time con-

straints. Table 1: Demographic profile of respondents

Vi Categories Number of Total response
2.3Analysis _ respondents rate (%)
The data obtained,which were the responses re- (N=18)

ceived from both SPIS engineers, designers and in-
stallers and SPIS farmer respondentsthrough Race
Survey Monkey were analysed by Survey Monkey .

. . ; White 13 81
and linked to Microsoft Excel, where tables, pie

charts and bar graphs with frequencies of the re-  African 2 13
sults obtained were p_od_uced. The data was ana-  |ugian 1 6
lysed to establish statistics such as most and least
common SPIS, highest and least number of SPIS per Coloured 0 0
province, total area covered by SPIS, the most com- Other 0 0
mon type of solar panel, etc. Arc GIS was then used Skipped 2 )
to provide a visual preseration of the location of
the SPIS systems that were identified through the Gender
guestionnaire. Male 18 100
3. Results Female 0 0
The results presented bglow are for_esponses from Age range (Years)
the SPIS engineers, designers and installeend the
SPIS farmersEighteen respondents participated in 18224 0 0
the SPIS engineers, designers and installers ques- 25734 4 24
tionnaire and 13 in the SPIS users and farmers.
35744 3 18
3.1 Responses fromSPIS engineers, designers 45754 5 29
and mstaller_s o _ 55764 4 24
3.1.1 Basic demographic information
The demographics of the SPIS engineers, designers 65774 1
and installers, such as race, gender and age are pre- .75 0 0
sented in Table 1. The age range of the respondents )
is 25774 years, and the dominant age range is 45  Skipped 1 -
a0y 22% Matric
Il bl b N
4404094 |
L i e e B
994 Diploma
44% \\
S Undergraduate degree
y
Sebbb bbb bl b+ ¥
Y ettty (amn +#+4{ Post- graduate Degree
b s sl A
T H
pesssi
. 1 0,
*2 == 28% Other (please specify)

6%
Figure 1: The highest education level achieved by the respondents.
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Figures 2 to 5 show the involvement of the SPIS en-
gineers, installers and designers with SPIS and their
opinion on its potential in South Africa.

Figure 2 shows the range of SPIS each respond-

ent has been involvedwith. Most are in companies
or institutions that have implemented @z5 SPIS
(61%). Figure 3 shows the type of farming where
participants have implemented SPIS. Almost half of
the respondents implemented SPIS for smallholder
farming. Smallholder farming, asopposed to sub-
sistence farming, is defined as farming which prac-
tises both commercial and subsistence farming and
the labour force is mainly the family (Cornish, 1998;
Gomo, 2010). The respondents were asked about
the provinces where they have implementedsPIS.
Figure 4 indicates that the respondents who imple

100 -
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60 -
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30 -
20 -
10 - 6

61

Number of responses (%)

0 R
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than one province. The Eastern Cape and the West-
ern Cape have the top SPIS implementation. Figure
5 shows the percentage of irrigation systems mainly
integrated with SPIS, and it is evident that sprinkler
and drip irrigation had the most integration.

When asked whether the SPIS they imple-
mented had been vandalised or not, 78% of the re-
spondents replied negatively, and 22% replied that
some of the SPIS lthbeen vandalised.

In response to the question about whether they
believe SPIS is feasible in South Africa, most re-
spondents (89%) answered that they did. Their
conclusion is credible since these respondents are
the ones involved in the design and implemetation
of SPIS in South Africa. One of their key implemen-
tation activities is to carry out feasibilities.

33
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Figure 2: The
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Figure 3: The main typeoffar mi ng f or
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Number of SPIS

Figure 4: The provinces where the respondents have implemented SPIS.

mml Sprinkler
33%
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Figure 5: Types of irrigation systems a company mainly implemented.

3.2Responses fromSPISusers (farmers) Categories  No, of respond- Total response
3.2.1Basic SPIS user information ents (N = 13) rate (%)
The demographics of the SPIS users agevenin Ta- Gender
ble 2. Most respondents were white, followed by Af-
ricans, and all of them were males. The respondent Male 13 100
ages ranged between 25 and 74, with the dominant Female 0 0
range being 45754. Age
18724 0 0
Table 2: The demographics of the SPIS users 25734 1 9
Categories  No,of respond- Total response 35744 2 18
= 0,
ents(N = 13) rate (%) 45754 8 55
Race 55764 1 9
White 10 77 65774 1 9
African 3 23 >75 0 0
Indian 0 0
Coloured 0 0 Figure 6 shows the highest education level obtained
Other 0 0

by each participant.
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3.2.2 Locationof the SPIS ure 7. Table 3 shows the province, the district mu-
The location of the SPIS users, such as the province nicipalities and metropolitans and the size of each
and district municipality, in which the farm is lo- farm. The largest SPIS system is in the Western
cated, and the area of the farm, is presented in Fig- Cape, with a farm size of 140 ha. The smallest SPI
ure 7 and Table 3. The Western Cape province had system is in Limpopo, with a farm size of 0.1 ha.
the highest number of SP$ (31%), as shown in Fig

% Matric

Diploma

Undergraduate Degree

Post- graduate Degree

% Other (please specify)

Figure 6: The education level of the respondents.
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Figure 7: South African map showing the location of SPIS that were determined.
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Table 3: The province, municipalities and farm sizes of the SPIS systems

Farmsize
Number of SPIS Province Municipality/Metropolitan (ha)
1 Free State Mangaung Metropolitan 4.3
2 Limpopo Capricorn District 0.1
3 Western Cape Eden District 41
4 Western Cape EdenDistrict 60
5 Western Cape Cape Winelands District 140
6 Western Cape Cape Winelands District 35
7 Eastern Cape Buffalo City Metropolitan 12
8 Gauteng Ekurhuleni Metropolitan 2
9 Western Cape Cape Winelands District 48
10 Gauteng City of Tshwane Metropolitan 4
11 Gauteng City of Johannesburg Metropolitan Not specified
12 Eastern Cape Chris Hani District 10
13 KwaZulu- Natal Zululand District 8
Total area 364.4
3.2.3Characteristics anccomponents of the SPIS a borehole, followed by river or dam. Figure 10

The characteristics of each SPIS were checked to de- shows that drip irrigation and sprinkler irrigation
termine whether a trend existed for the SPIS users. are equally the most integrated with SPISAs shown
Figures &12 illustrate the characteristics of the in Figure 11, the type of solar panel that is used for
AAOI AOOGS 30)38 &ECOOA (SPI®Iyithe @spoddersis mairilyl pbighyStaligeA |
farming is the most common type 6farming inte-  Figure 12 shows that most of the respondents have
grated with SPIS. Figure 9 shows the water source a submersible multistage centrifugal motor pump
that is dominantly used with SPIS by percentage is set pumping water.

g Commercial
’E Smallholder

=== Subsistence

o~

1

38%

. Other (please specify)

Figure 8: The type of farm the respondents?d
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Number of respondents (%)
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Figure 9: The type of water source for irrigation.
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Figure 10: The type of irrigation technique SPIS is integrated with.
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Figure 11: Thetypeof sol ar panel used in the respondent s
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