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Introduction 
When the world was entering the new century, the need 
to increase energy production to meet rising demand 
and environmental protection became important issues 
in many countries. Active development of renewable 
energy resources became an important task of national 
energy strategies for many nations across the world. 
Globally, development of renewable energy resources is 
one of the most important directions for implementing 
alternative energy strategies. High carbon dioxide (CO2) 
emissions from fossil fuel combustion activities such as 
generation of energy from coal-fired power stations 
sparked the call to switch to renewable energy sources 
and other methods of clean energy technologies. 
However, other economic activities such as agriculture 
also result in increased CO2 emissions into the 
atmosphere. Reducing and mitigating the effects of high 
atmospheric CO2 concentrations are topical issues in the 

international community. 
It is estimated that fossil fuel (oil, coal and natural gas) 
combustion accounts for at least 70% of global CO2 
emissions. Therefore, a focus on replacing fossil fuels 
with renewable energy resources could bring significant 
changes in reducing atmospheric CO2 concentrations. 
Apart from complete replacement of the fossil fuels, 
there are fossil fuel utilizing technologies that can still 
potentially reduce CO2 emissions to the atmosphere such 
as high efficiency low emissions (HELE) coal technologies. 
This group of coal technologies includes underground 
coal and integrated gasification, carbon capture 
utilization and storage, ultra-supercritical and 
supercritical power plants, and similar technologies. In 
addition to atmospheric CO2 concerns, financial 
constraints imposed by lenders on coal-powered energy 
plants are making renewable energy technologies the 
more favourable option for generating power. 

 

A word from the Editor … 
 
Greetings to you our dear readers. 
Welcome to the 7th edition of our external newsletter, Agring Bulletin. This is also the 
last edition of the year 2021. We would like to inform our readers of the merger of 
the ARC-Agricultural Engineering and ARC-Soil, Climate and Water campuses into one 
division under the name ARC-Natural Resources and Engineering. 
We also take this opportunity to thank you all for reading our newsletter, which 
appears twice per annum. We strive to keep publishing articles with information that 
you will always find helpful in this era where clean energy resources and high 
efficiency in water use are topical. We wish you a merry Christmas and a prosperous 
2022. Please be safe over the festive season. Also, keep adhering to all Covid-19 
protocols for your own safety, and that of your families, friends and colleagues. 
Best regards 
Dr Macdex Mutema 

 Editorial Committee members: 
* Dr Idan Chiyanzu (Snr. Researcher) 
* Dr Tingmin Yu (Snr. Researcher) 
* Ms Elmarie Stoltz (PRO: layout/design) 
 

 

Dr Macdex Mutema 
Editor (Snr. Researcher) 

Shift to renewable energy: Solar energy as a resource for 
agriculture – by Mr Erence Manyako, Dr Idan Chiyanzu, Ms Primrose Magama and Ms Manoshi Mothapo  

                                                                        

 Decreasing the carbon footprint in agriculture through 
use of solar energy  
Many industries, especially agriculture, can benefit from 
solar thermal technologies. This would be critical as a 
strategy to reduce CO2 emissions into the atmosphere. 
Developing countries generate more atmospheric CO2 
emissions from agriculture than developed countries. In 
2005, developing countries contributed 74% of the 
global agricultural CO2 emissions.  
Agro-processing is one of the agricultural activities that 
generates a lot of CO2 into the atmosphere, which can 
get a significant share of the benefits from solar power. 
Furthermore, the entire agro-food chain absorbs about 
one-third of global energy production, with crop 
production accounting for 12% and manufacturing, 
distribution, retail, preparation and cooking accounting 
for nearly 80%. When it comes to resolving the energy 
crisis and reducing agricultural emissions, it is clear that 
the agricultural sector in developing countries must 
become part of the solution.  
Solar energy has been used for food processing since 
ancient times, when food processing and preservation 
were important in nutritional and aesthetic applications. 
Today, solar energy is used in applications such as 
pumping of water, distillation of brackish water and 
cooking. Technological advancements achieved over the 
past years of research in solar energy development offer 
more opportunities for the agricultural sector to reduce 
its carbon footprint, while realizing huge savings. 
As one of the South African organizations with goals to 
help in resolving societal problems, the ARC is currently 
engaged in various projects that promote high efficiency 
in energy use and solar energy development. 
 



  

Figure 1: (A) Solar thermal system for essential oil steam distillation (installed by ARC-NRE); (B) Solar food drier (installed by ARC-NRE for 
client); (C) 19.8 kWp Photovoltaic system with 38.5kWh lithium ion battery bank (installed by ARC-TSC). 

Shift to renewable energy article continued from previous page … 

Recently, tours of the ARC campuses at Irene, 
Onderstepoort and Nelspruit were organized, during 
which walk-through energy audits and discussions on 
plans to migrate to renewable energy took place. Some 
of the discussions resulted in cooperative efforts among 
campuses, whereby solar energy developments were 
initiated and are currently under procurement (e.g. at 
ARC-AP, Irene). 
 
 
 
 

Availability of solar resources 
It is anticipated that if energy efficiency and renewable 
energy sources are widely adopted, global CO2 emissions 
will be reduced to 75% of 1985 levels by 2050. Wind, 
hydro, geothermal, solar and other renewable energy 
sources abound for deployment. However, because of 
the desirable environmental and safety aspects, it is 
widely believed that solar energy should be used instead 
of the other alternative energy forms because it can be 
supplied in a sustainable manner without harming the 
environment. South Africa is one of the developing 
countries with areas suitable for solar energy 
development.  
All areas with at least 1800 kWh/m2/year direct normal 
irradiation (DNI) are good for solar energy development, 
particularly for concentrating solar thermal (CST) 
technologies, whereas a minimum of 1000 kWh/m2/year 
global horizontal irradiance (GHI) is suitable for PV 
systems. Levels of technology suitability to distribution 
or intensity of solar energy can be defined. For example, 
areas with 1800-2000 kWh/m2/year DNI are classified as 
suitable for concentrating solar thermal (CST) 
technologies, whereas areas with 2000-2500 and 2500-
3000 kWh/m2/year DNI are classified as highly suitable 
and excellent, respectively, for CST technologies. For PV 
systems, areas with a solar resource potential of 1000-
1500, 1500-2500 and 2500-3000 kWh/m2/year GHI are 
classified as suitable, highly suitable and excellent, 
respectively. 
 
          Enquiries: manyakoke@arc.agric.za 

In Figure 2 it can be seen that South Africa has a high 
potential for solar energy. Therefore if all the solar 
energy technologies are utilized, huge cost savings and 
the reduction of CO2 emissions can be realized. 
 
 

Figure 2: Global distribution of GHI (top) and DNI. 

 

Some projects are still under consideration such as the 
aquaculture system at ARC-AP, whereby the heating of 
water at 25℃ is proposed to be jointly supplied from heat 
pumps and a solar photovoltaic (PV) system. If the project 
is successful it would promote 100% clean energy during 
the day. Figure 1 shows some of the work that the ARC is 
already doing in the solar energy field. 
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Irrigation water losses across the major irrigation 
schemes in the country are unacceptably high with 
some reports estimating them at over 43% of the water 
supplied. Smallholder irrigators contribute significantly 
to the irrigation water losses. Unfortunately, 
smallholder farmers utilizing state of the art irrigation 
systems such drip and micro-sprayer technology also 
sometimes experience high water losses. The article by 
Dr Macdex Mutema et al. in AgrIng Bulletin 1 (6) of 2021 
highlighted the water loss related challenges that 
smallholder irrigators operating in Agri-Parks of the 
Gauteng Department of Agriculture and Rural 
Development (GDARD) face. In that article the authors 
called for a drive to equip smallholders with the skills to 
combat unnecessary irrigation water losses. 
GDARD has continued to take improved water use 
efficiency in its Agri-Parks very seriously. Over the years 
it has organized the training of smallholder farmers who 
operate in the Agri-Parks and other farmers operating 
in neighbouring facilities and areas of land on “Water 
Saving Technology”. This year, GDARD engaged ARC-
NRE to train smallholder irrigators from Gauteng on 
“Water Saving Technology”. The training took place 
from 22-24 November 2021 at the ARC-NRE Agricultural 
Engineering campus in Silverton.  
 

Training in water-saving irrigation technologies 
- by Dr Macdex Mutema, Ms Manoshi Mothapo, Mr Stephanus Vorster, Ms Judith Seopa and Mr Milton Peterson 

                                                                        

A total of 60 smallholder irrigators attended the course, 
accompanied by 13 officials. The trainees were divided 
into three groups with each group attending the 
training course for a full day. The morning session, held 
in a classroom environment, covered a general 
introduction to irrigation, different irrigation systems 
emphasizing descriptions and important factors, 
practical water-saving techniques applied to small-scale 
farming and irrigation scheduling. In addition to the 
presentations, the participants each received a module 
handout containing all the information presented and 
more. They would always be able to refer to this after 
they returned home.  
The main objective of the morning session was to 
impart theoretical knowledge to irrigators on: 
i. important factors to consider when deciding or 

planning to install an irrigation system;  
ii. practical techniques they can apply in their irrigation 

systems to save water and to reduce losses from the 
pipes, emitters and soils on their farms; and 

iii. irrigation scheduling techniques applicable in the 
different farming contexts. 

 

As the day when water demand is expected to exceed supply looms in South Africa, calls for continued 
improvements in water use efficiency in irrigation systems through reducing wastage of water get louder. 

Figure 1: Morning classroom sessions in progress during the training course. 



Training in water-saving irrigation technologies article continued from previous page … 

The afternoon session was devoted to practical trouble-
shooting in drip and micro-jet systems at the 
demonstration site. The objective was to impart 
practical skills to the participants on care and 
maintenance of irrigation equipment and infrastructure 
in order to improve water use efficiency and to reduce 
wastage on their farms.  
 

 
 

Some of the issues discussed and demonstrated include 
unblocking of emitters, flushing dripper lines, closing 
the end-caps of dripper lines, mending broken dripper 
lines, cleaning of filters, different mulching options, 
irrigation scheduling and nutrient management using 
the wetting front detector and chameleon.  
 

Figure 2: Afternoon training sessions at the demonstration site. During these sessions, the theory that the participants 
learnt during the morning classroom sessions was put into practice. 
 
 



The main expected outcome of the training course was to 
produce smallholder irrigators who are conscious about 
the looming water crisis at national level and are better 
equipped with knowledge on how to deal with wastage of 
water on their farms. The aim of including GDARD officials 
in the training was to create a group of resource 
personnel who will be closer to the farmers for technical 
backstopping during implementation of the knowledge 
they gained during the course. All the participants were 
issued with certificates of attendance. 
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Training in water-saving irrigation technologies article continued from previous page … 

Figure 3: An enthusiastic participant demonstrating how to put 
into practice some of the knowledge he gained during the 
course. 

 

 

Figure 4: Day 1 participants showing off their certificates after 
successful completion of the training. 
 

Figure 5: Day 2 participants showing off their certificates after 
successful completion of the training. 
 

Figure 6: Day 3 participants showing off their certificates after successful completion 

of the training. 



It is common knowledge that agriculture consumes the 
bulk of water used in countries that strongly depend on 
agriculture for food, jobs and poverty reduction. Most 
of this water goes into irrigated crop production. 
Unfortunately, irrigation systems waste a lot of water. 
In South Africa, they are estimated to waste around 43% 
of the water supplied. It is now mandatory in this 
country that irrigation systems report on water usage 
and losses. Irrigation water losses occur at different 
levels of the irrigation systems, but there is growing 
interest in losses that occur during conveyance and at 
the field level. 
 
 

Conveyance water losses are those losses that occur 
when the water is in transit from sources (e.g. dams and 
rivers) to the intended destinations (i.e. farms, where 
the water is used to irrigate crops). A significant number 
of big irrigation schemes in South Africa use canals to 
move water from the sources to the farms. Water is lost 
along the canals through seepage, leakage, evaporation 
and other means. Most canals at the irrigation schemes 
are in a deteriorated condition due to inter alia old age 
and poor maintenance, exacerbating the water losses.  
 

 

 

 

 

 

 

 

 

 

 

 

  

  

Quantifying irrigation water losses is important for improved 
water use - by Dr Macdex Mutema 

 

       
                                                                        

Figure 1: Photos illustrating the condition of some sections of the canals at Vaalharts and Loskop irrigation schemes. 
Sections showing deteriorated conditions were found across all canal levels, i.e. main, secondary and tertiary canals. 

 



While most South African irrigation scheme canals are 
acknowledged to be aged and probably losing a lot of 
water, there is no initiative tracking these losses 
continuously. The Water Administration System 
(www.wateradmin.co.za) that reports water losses 
from irrigation systems in South Africa only records the 
total losses, i.e. lumping together transit losses and 
those at the farm level. That makes it difficult to allocate 
the canal share of the losses, which only succeeds in 
keeping the water managers at the irrigation schemes 
relaxed because any losses observed can easily be 
passed on to the water users. Unfortunately, with that 
relaxation also comes a lack of knowledge on priority 
canal components to target for upgrading and/or 
maintenance. The current practice is to target 
dilapidated sections for repairs. 
Information on canal water losses is not only important 
to water managers, but also to farmers and other water 
users who pay for the water losses, either directly or 
indirectly. 

ARC-NRE is implementing a project at the Vaalharts and 
Loskop irrigation schemes, funded by the Water 
Research Commission. The project aims to develop a 
framework for reporting water losses from irrigation 
scheme canals. As already alluded to, data on water 
losses from canals is not readily available, which stifles 
the process of developing the framework. The Water 
Administration System cannot provide the data 
required. Therefore, ARC-NRE is engaged in an ongoing 
campaign to perform manual flow measurements from 
the canals with a view to generating information that 
will shed some light on the quantitative water losses 
from the different canal levels at the irrigation schemes. 
A water balance approach will be adopted in 
determining the water losses. 
Manual measurement of water flow in the canals using 
hand-held flow meters faces some major challenges. 
The first hurdle is to find a way of dealing with the 
strong water flows occurring at some points in the 
canals. Flow depths can be greater than 2 m in the main 
canals, where flow velocities can exceed 2 m/s which 
creates a very strong force on the measuring 
equipment. 

 

 

 

  

Quantifying irrigation water losses article continued from previous page … 

Figure 2: Photos showing an improvised support system to the flow meter pole (left) and the broken wooden support 
(right). The breakage was caused by the strong water flow in the main canal at Vaalharts irrigation scheme. The flow 
depth was greater than 2 m and the flow velocity was almost 2 m/s. 

 

 

http://www.wateradmin.co.za/


Even the shallower canals, especially the secondary 
canals, also exhibit strong flow rates at some canal 
locations. In addition to damaging the measuring 
equipment, this also makes it difficult to hold the flow 
meters in stable positions. 
Another nagging problem is the high level of algae in the 
canals across all levels, i.e. main, secondary and tertiary 
canals. In addition to affecting the water flow, especially 
in the smaller canals, the algae also frequently clog the 
flow meter propeller, thereby hindering the 
measurements. Therefore, considerable time is spent 
cleaning the propeller to ensure free rotation. Too 
frequent unscrewing and re-screwing of the propeller 
might compromise the lifespan of the machine. 
The other important challenge relates to quantification of 
the illegal use of water, which might constitute significant 
losses especially along the main canals. Figure 5 shows 
illegal water use scenarios prevalent in the irrigation 
schemes. 
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Quantifying irrigation water losses article continued from previous page … 

Figure 3: A member of the research 
team using a short wooden pole to 
assess the depth of a secondary canal 
where the flow rate exceeded 3 m/s.  

 

Figure 4: A member of the 
research team unscrewing 
the propeller of the flow 
meter in order to remove 
algae that stopped it from 
rotating. 

 

Figure 5: Photos showing young boys and girls from communities located along the main canals coming to swim in them 
(top left) and fetching water from them when they are done playing (top right). Also shown are cattle that come to drink 
from the canals (bottom left) and serious water poaching (bottom right). 

 



 

New publications 

The Agricultural Mechanization, Agro-Processing & Renewable Energy and Irrigation & Agricultural Infrastructure 
Engineering research teams of ARC-NRE published the following new publications in October and November 2021: 

“Recipes for Processing of Achar” 
authored by Ms Theresa Siebert 
 
Summary of the publication: 
This short publication focuses on the equipment needed and 
process/recipe for making achar in the household kitchen or on a 
small scale. Achar made from green mangoes is one of the most 
popular achar products, but as green mangoes are only available for 
a short time each year, the use of other crops to produce the achar, 
such as cabbage, has been considered. The same equipment is used 
as in the production of mango achar. 

        Enquiries: siebertt@arc.agric.za 
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Processing of 
mango and cabbage 
achar 

“Guidelines for the Maintenance of Irrigation Systems” 
authored by Mr Fanie Vorster 
Afrikaans edition also available titled “Riglyne vir die 
Instandhouding van Besproeiingstelsels” 
 
Summary of the publication: 
South Africa is a water scarce country. The pressure on our water 
resources is growing. In addition, energy costs are very high. 
Therefore, it is crucial that irrigation systems apply water as 
effectively and uniformly as possible. 
Available resources can only be used optimally if the equipment 
functions as effectively as possible. Regular maintenance has an 
important influence on maintaining optimal performance of the 
equipment and reducing breakdowns. As with any equipment, this 
also applies to irrigation systems. It also has a significant positive 
impact on the useful life of the system, the running costs and 
ultimately the yield in irrigation farming. It is therefore very important 
that the performance of the equipment used be maintained as 
specified in the system design. 
There are several factors that cause an irrigation system not to 
function optimally, including one or more of the following: 

 Faulty or poor design 
 Problems with the equipment or supply system 
 Management and maintenance 

In this publication the focus is on the maintenance requirements of the different types of irrigation systems as 
well as pumps. Filters and water quality are also discussed in the chapter on micro and drip irrigation systems.  
A producer usually only approaches an irrigation expert when problems with their irrigation system are observed. 
By following a regular maintenance programme, a farmer can prevent damage, crop losses or wastage of resources 
due to a system that does not function properly any more, after it has initially worked satisfactorily. 
Each type of irrigation system has unique maintenance requirements, although there are universal aspects that 
apply to all types of systems. In addition to doing the basic maintenance yourself, it is recommended that an 
irrigation system be evaluated by experts every 3 years to determine if its performance is still in line with the 
design specifications. 
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For enquiries on purchasing these manuals, kindly 
contact Ms Elmarie Stoltz: stoltze@arc.agric.za 
 
 

Leakages have a detrimental effect on the uniformity 
with which the centre pivot applies water 

 

Obstructions in micro and drip systems 


