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RESEARCH KEY
STRATEGIC AREAS

Water Resources and Ecosystems
well as through process improvements with relevant stakeholders.
The strategic objectives of the Water Resources and Ecosystems key
strategic area (KSA) include the following:

Water Resources and
Ecosystems
Water assessments
Alternative water resources
Aquatic linked ecosystems
Climate change

The strategic objectives have embedded in them all of the elements
of the WRC’s Knowledge Tree and at the same time aims to enhance
the development focus to ensure higher resource security and
improve livelihoods in and around water and related systems.
Fostering research and implementation partnerships at all levels
will ensure that we create not only a robust science system but also
a customer base for our research, development and innovation
outputs. High-impact, outcomes-based projects will form the basis
of the portfolio while funding R&D projects that are complementary
to existing products and solutions for maximum impact. Solutions
exchange will be encouraged through a complementary model as

•

To establish better governance models aimed at facilitating
equitable, productive and sustainable use of water resources
and ecosystem goods and services.

•

To improve our understanding of hydrological and ecosystem
processes that will enable efﬁcient management and decisionmaking.

•

To improve environmental and climate change resilience and
disaster and risk mitigation through improved understanding of
the atmospheric, water, land and people interactions.

•

Converting natural assets into societal, economic and
environmental beneﬁts whilst maintaining healthy trade-oﬀs.

•

To provide innovative solutions for water and ecosystem
degradation and depletion and its impact on public health.

•

To provide applicable and marketable technological solutions
that will enable improved management of water and land
resources.
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Water Use and Waste
Management

Water Utilization in
Agriculture

Water Use and
Wastewater

Water Utilisation in
Agriculture

Drinking water
treatment and use

Water use for crop, tree
and animal production

Wastewater treatment
and use

Water use for poverty
reduction

Sanitation

Water protection and
restoration

Smart water

The Water Use and Waste Management KSA focuses mainly on
the domestic, industrial and mining sectors. It aims to proactively
and eﬀectively lead and support the advancement of technology,
science, management and policies relevant to water supply, waste
and eﬄuent management, for these sectors. This KSA also supports
studies on institutional and management issues, with special
emphasis on the eﬃcient functioning of water service institutions
and their viability. Research on infrastructure for both water supply
and sanitation are included.

The strategic focus in this KSA is on increasing the eﬃciency and
productivity of water use for production of food, forage, ﬁbre, and
fuel crops; improving food security; reducing poverty and increasing
the wealth of people dependent on water-based agriculture;
and ensuring sustainable water resource use. The needs and
requirements of present and future generations of subsistence,
emergent and commercial farmers is addressed through creation
and application of water-eﬃcient production technologies, models
and information systems within the following interrelated subsectors of agriculture, namely:

A further focus is on water supply and treatment technology serving
the domestic (urban, rural, large and small systems) as well as the
industrial/ commercial and mining sectors of our economy. This KSA
also focuses on waste and eﬄuent as well as reuse technologies
that can support the municipal, mining and industrial sectors and
improve management in these sectors with the aim of improving
productivity and supporting economic growth while minimising
the negative eﬀect on human and environmental health.

•
•
•
•
•
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Irrigated agriculture
Rain-fed agriculture
Woodlands and forestry
Grasslands and livestock watering
Aquaculture and ﬁsheries

The challenge for applied research is contributing to ﬁnding
sustainable solutions for water use in agriculture, with priority given
to innovative new products which support economic development
and inform decision-making for private business and public policies.

In the process of undertaking these research projects, the composition of research teams endeavours to broaden representativeness of Black
and female researchers; post-graduate students are trained to improve the expertise of human capital, with research empowering individuals
and groups in rural communities.
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TECHNOLOGY
CATEGORIES
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Category

Definition

Guidelines

Knowledge products developed to assist in various areas of water challenges

Decision Support Tools

Information systems which enable and support various water-related decision-making activities

New Method/ Device

Novel methods or devices used for the purpose of monitoring water quality in diﬀerent environments

Sanitation

New generation sanitation technologies which would allow for the provision of proper and water
eﬃcient sanitation

Energy Generation

Technologies which facilitate the generation and provision of electricity through hydro power

Water Eﬃciency/ Loss Reduction

Technologies and methods which facilitate the saving of water resources and/or reduce water loss

Wastewater Treatment

Innovative technologies and processes for the treatment of wastewater from various sources

Tools/ Models

Software-based systems used to perform various actions, or measure/ calculate certain parameters

Databases

Datasets which are developed to feed into a separate application such as a tool or model

Desalination

Innovative technologies and processes used in the desalination of saline water sources
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Technology Readiness Levels
TRL 1

Basic research

An innovative principle was observed and reported on. The innovation is an idea. The
observation cannot be reproduced or applied as yet.

TRL 2

Proof of principle

The innovation concept and/ or application has been formulated and it is possible to
demonstrate parts of or the entire innovation.

TRL 3

Early lab scale demonstration

Partial proof of concept achieved. A laboratory-scale demonstration was possible. May not be
reproducible yet.

TRL 4

Late lab scale

Lab scale validation of proof-of-concept through a trial, and/or input received from an external
source. Innovation is reproducible.

TRL 5

Validation

Broader trial or validation of the proof of concept is achieved. Can include early stage
commercial demonstration

TRL 6

Early prototype

The early stage prototype can be fully or partially demonstrated in its relevant environment of
use (possibly in a commercial setting). It is not a complete prototype. Learnings and iterations
still ongoing.

TRL 7

Late prototype

The prototype can be demonstrated in its relevant environment of use (possibly in a commercial
setting). The prototype is nearer to completion. Fewer learnings and iterations are needed.

TRL 8

Early stage commercial

Innovation being tested or has been completed in its commercial environment. Learnings and
iterations applicable to its commercial use are still generated.

TRL 9

Market ready application

Innovation is being used in its intended commercial setting. There is proven commercial use.
Fewer iterations are being done, if so then they are minor
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TECHNOLOGY CATEGORIES
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INNOVATIONS PER
CATEGORY

Decision Support Tools

7

Desalination

2

Guidelines

5

Hydro-Energy Generation

2

Database

1

New Method/ Device

3

Sanitation

4

Tool/ Model

6

Wastewater Treatment

7

Water Eﬃciency

1
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INNOVATIONS
Water Resources and
Ecosystems
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Wetland Resource Quality Objectives (RQOs)
time. This is core to reporting on attainment of the Recommended Ecological
Category/Management Class, and also to report on SG:6 which deals with
wetlands degradation extent and restoration.
Technology Category
Tool/Model.
Technology Readiness Level
The tool was developed through consultations and tested through case studies. It
is therefore at TRL 5.
Innovation Description
Determining RQOs forms a vital part of the
water resources management cycle, as only
when managers of the water resource have clear
objectives for their work, will protection of the
resource become a reality. To date the focus has
predominately been on the determination of
RQOs and as such little emphasis has been placed
on investigating what will be required to ensure
eﬀective implementation of RQOs. A review of the
‘Procedure to Develop and Implement RQOs’ (DWA,
2011), highlights the emphasis on determining
RQOs. The manual provides a detailed procedure
for developing RQOs, however, it only addresses
implementation aspects at a broad level. While
the concepts are applicable, more information is
required to demystify the implementation of RQOs.
Water resource managers will need clear guidance
(i.e. a step-by-step approach to implementing RQOs)
to ensure they are able to eﬀectively implement,
monitor and review RQOs.
The proposed tool is a GIS-based method on how
to determine and implement RQOs which is geared
towards wetlands. It provides data/information to
Gazetting of wetlands RQOs which has been missing
for many years. The procedure is based on 5-steps,
from wetland identiﬁcation/delineation to a manual
on how to measure changes to the benchmark over

10
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Benefits/Impacts
Prior to the development of this tool, there was no standardized Wetland RQOs
method as there was for rivers and estuaries. Consultants and practitioners would
use whatever was available to the best of their knowledge, opening the RQOs to
litigation. The proposed tool has the potential to mitigate against this by providing
a credible scientiﬁc approach.
Research Partner
Institute of Natural Resources NPC.
Next Steps
The proposed tool is targeted at wetland management and protection agencies.
The incorporation of remote sensing into the tool is currently underway.

Water Resources Accounting Method
Technology Category
Tool/Model.
Technology Readiness Level
The proposed tool has been developed and tested at a small scale in the relevant
environment. It is therefore at a TRL 7.

Innovation Description
The fact that water demand outweighs
supply requires better information about, and
understanding of, water resources to inform better
water management practices and also more
eﬃcient use and allocation of water resources. A
multidisciplinary approach is also required so as to
provide a systems perspective for the development
of integrated water resource management solutions.
Water resource systems are complex, making them
diﬃcult to understand and describe, even for
practitioners in the ﬁeld of water resources. This is
especially true when projecting future development
and negotiating trade-oﬀs between users and uses
for water resources planning.
The proposed solution is a combination of
hydrological modelling and water accounting
using datasets not commonly used in hydrological
modelling to develop a water resource accounting
methodology for the purpose of producing
catchment-scale water resource accounts for South
Africa. Water resource accounts are intended to
provide a standardized summary for the purpose of
quantifying, describing, understanding, comparing
and communicating the status of water resource
systems. These accounts are intended for use in
water management resulting in more eﬀective and
eﬃcient use of water resources in a water scarce
country. The water Accounting Plus (WA+) water
accounting framework was modiﬁed to better suit
the objectives of the water resource accounts for
application in South Africa.

Benefits/Impact
One outcome of the project will be a reﬁned methodology for the quantiﬁcation
and accounting of water use and availability in South Africa. The assessments
based on this methodology are expected to be more accessible, easier to
understand and more up-to-date than existing water resources assessments.
A second outcome of using the proposed tool will be greater conﬁdence in the
accuracy and application of the methodology through wider application and
testing. A third outcome is expected to be the demonstration of the usefulness
of the accounts through working with CMAs, Departments of Agriculture,
Departments of Water and Sanitation, Departments of Environmental Aﬀairs,
SANBI and Ezemvelo KZN Wildlife in the study areas and widening the application
beyond water quantiﬁcation to include aspects such as water productivity and
river ecosystem health indicators. Some of these stakeholders have already
committed to either a collaborator or advisory role within this project proposal.
The wider and longer-term impact of this research is expected to be better
management and more sustainable use of water resources in South Africa.
Research Partner
University of KwaZulu-Natal.
Next Steps
The water resource
accounting tool has
been developed and
tested. The tool now
requires implementation
and testing of the
methodology at a
national scale.
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Dynamic River Routing Predictions
Technology Category
Tool/Model.
Technology Readiness Level
The proposed tool has been implemented in a operational environment and is
therefore at a TRL 8.

Innovation Description
The El Nino-Southern Oscillation (ENSO) is strongly
linked to South African mid-summer climate - El
Nino events are often associated with hot summers
with little rainfall while La Nina events are likely
to be associated with summer seasons inundated
with rain and cooler conditions. However, a perfect
relationship between ENSO and South African
climate variability does not exist and on occasion
El Nino events have been associated with average
to above average seasons and La Nina events with
unfavorable rainfall outcomes. Notwithstanding, it
has been shown that seasonal forecasts tend to work
best when a season is associated with either an El
Nino event or with a La Nina event.
The proposed solution is the ﬁrst application of a
dynamic river routing scheme in South Africa as an
integrated early warning forecast system for wet
seasons and their relationship to ﬂooding events.
The model employs a stability-dependent boundary
layer scheme based on Monin-Obukhov similarity
theory. CCAM runs coupled to a dynamic landsurface model CABLE (CSIRO Atmosphere Biosphere
Land Exchange model). The cumulus convection
scheme uses mass-ﬂux closure, as described by
McGregor (2003), and includes both downdrafts and
detrainment. CCAM may be employed in quasiuniform mode or in stretched mode by utilizing the
Schmidt (1977) transformation.

12
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Benefits/Impact
Use of the proposed tool for forecasting purposes can provide accurate guidance
on the spatial occurrence and timing of occurrence of major ﬂood events induced
by landfalling tropical cyclones.
Research Partner
Council for Scientiﬁc and Industrial Research.
Next Steps
The proposed model has been adapted for and applied to the Limpopo region. An
upcoming project will explore the model’s application to a wider scope, starting
with its application in Cape Town for drought forecasting.

Predictability of Hydroclimatic Variability
(WCRP). This became the ﬁrst African contribution of projections of future climate
change to CORDEX which is an important long-term legacy.
Technology Category
Database.

Innovation Description
Southern Africa’s climate exhibits a great deal of
natural variability and is prone to the frequent
occurrence of droughts and ﬂoods. Moreover,
the region is thought to be highly vulnerable
to anthropogenically-induced climate change.
Temperatures are projected to rise rapidly over
southern Africa under the enhanced greenhouse
eﬀect, at about twice the global rate of temperature
increase. Climate change may not only aﬀect
weather patterns over southern Africa, but also
their predictability. The skilful prediction of weather
and in particular extreme weather events over
the region, at both short-range (days ahead) and
seasonal timescales (months ahead), is therefore of
the utmost importance as an adaptation tool within
a changing climate.
The proposed solution involved the development
of a database which feeds into a tool/model that
generates high-resolution projected climate change
futures over Southern Africa. It generates a large
ensemble of 50 km resolution global projections
of future climate change as a contribution to the
Coordinated Regional Downscaling Experiment
(CORDEX) of the World Climate Research Programme.
During testing, the proposed model generated
high-resolution projected climate change futures
over southern Africa. This involved generating a large
ensemble of 50 km resolution global projections
of future climate change as a contribution to
Coordinated Regional Downscaling Experiment
(CORDEX) of the World Climate Research Programme

Technology Readiness Level
The developed solution has been incorporated into the climate change projection
tool. It is therefore at a TRL 8.
Benefits/Impact
The primary motivation for pursuing this computationally expensive model
conﬁguration lies in the fact that this level of detail (if rigorously skillful) is
vital for various climate change impact studies. It also results in increased skill
in predicting rainfall over regions of steep topography such as the eastern
escarpment. The high-resolution probabilistic forecasts for the austral summer
season for daily accumulated rainfall were found to be fairly precise. The model
was able to discriminate signiﬁcantly wet and dry summers over southern Africa.
Climatologically, the dynamical downscaling was also found to further improve the
rainfall pattern simulated by its driving global climate model (GCM). This tool has
provided the ﬁrst African contribution to the CORDEX of the WCRP.
Research Partner
Council for Scientiﬁc and Industrial Research.
Next Steps
The generated database has been incorporated into the climate change projection
tool (i.e. the CORDEX). A project is currently underway to explore how this
projection tool can be utilized in the South African context.
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Method to identify Continental Tropical Lows (CTLs)
Technology Category
Tool/Model.
Technology Readiness Level
The tool/model has been adopted by SAWS forecasters. It is therefore at TRL 9.

Innovation Description
Continental tropical low (CTL) pressure systems
over the interior of southern Africa are low pressure
systems which are responsible for widespread heavy
rainfall and are often associated with ﬂoods as they
are particularly slow moving. Some of the most
noteworthy ﬂood events over South Africa have
been associated with CTL. These include the ﬂoods
over the Free State in February 1988, over northeastern South Africa in February 2000 and January
2013. Due to their location over subtropical southern
Africa the heavy rainfall occurs commonly in the
Limpopo River catchment. CTLs occur infrequently
over southern Africa and not every summer.
The proposed tool/model is created to accurately
create a climatology of CLTs over Southern Africa
as well as to quantify the rainfall; contribution of
CLTs to South Africa. In order to accurately create
a climatology of TLs over southern Africa as well
as to quantify the rainfall contribution of CTLs to
South Africa, an objective identiﬁcation method
was created. The objective identiﬁcation method
is broadly based on Model for the Identiﬁcation of
Tropical Weather Systems (MITS).

14
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Benefits/Impacts
The proposed tool/model which was developed is a unique and strict set of criteria
to objectively identify CTLs and then created a synoptic climatology of CTLs over
South Africa. Furthermore, it contributes to the understanding of synoptic scale
circulation over southern Africa as it introduces and describes the character of CLTs.
CTLs weather systems can now be objectively classiﬁed and their contribution
to rainfall over South Africa determined. As an overall beneﬁt, the proposed tools
allow for more accurate weather forecasting.
Research Partner
University of Pretoria.
Next Steps
This tool has been adapted by the intended end-user; which is the South African
Weather Service (SAWS).

Fluorescence Sensors
Benefits/Impacts
A ﬂuorescence probe monitoring approach utilizing quantum dots oﬀers an
alternative sensing technique to traditional methods, with clear advantages
including easy operation, low cost, a fast and simple experimental process, and
high sensitivity towards diﬀerent molecular structures with diﬀerent emission
wavelengths.
Research Partner
University of Pretoria.

Innovation Description
Emerging chemical pollutants (ECPs) are chemicals
which do not have a regulatory status (speciﬁcally in
this case with respect to water quality legislation in
South Africa), but which may have an adverse eﬀect
on human health and the environment. Reliable
and robust screening and analytical techniques are
needed for the detection of ECPs in surface waters.

Next Steps
The proof of concept behind the proposed technology has been completed, and
now requires further development and testing at a larger scale.

The proposed innovation utilizes an optical concept
in order to determine the presence and relative
concentration of certain compounds in a water
sample. The ﬂuorescence emission of the material
may be enhanced or quenched upon interaction
with the target analyte. The change in ﬂuorescence
intensity is related to the concentration of the
analyte, therefore the amount present in a given
water sample can be determined. It is based on
quantum dots and molecularly imprinted polymers.
Technology Category
New Method/ Device.
Technology Readiness Level
The proposed quantum dot sensors have been
validated at a laboratory scale and are therefore at a
TRL 4.

INNOVATIONS PORTFOLIO 2018/19

15

Portable Immunoassays
Technology Category
New Method/ Device.
Technology Readiness Level
Components of the proposed innovation have been tested in the relevant
environment. It is therefore at TRL 5.
Benefits/Impacts
Currently, there are no lateral ﬂow immunoassay strips that are designed for the
detection of molecular genes from selected enteric bacteria which commonly
cause diarrheal disease in Southern Africa.
Innovation Description
A great cause for concern in Southern Africa is the
infection and spread of diarrhoeal disease amongst
rural communities. Bacterial detection technologies
for water sources is a critical tool in monitoring for
improving the water quality. Current technologies
largely rely on screening at laboratories thus limiting
its use during outbreaks and ﬁeld work. Tests are
time-consuming, selective media is not available
for many pathogens and there are many processing
steps required for organisms such as Vibrio and
Salmonella species hence the tests are laborious.
These factors lead to an increase in the output time
for results.
The proposed device is a lateral ﬂow immunoassay
(LFIA) which is able to detect up to three bacterial
pathogens in a given sample of water. The basis
for the test is that each bacterial gene linked to a
speciﬁc dye during the polymerase chain reaction
(PCR) process, and that thee dyes then bind to
antibodies developed speciﬁcally in order to
collect them on a speciﬁc point on the “pregnancy
test” strip. Colloidal gold is then used to bind the
collected DNA from the water samples, creating a
red line that would be visible if the given bacterial
pathogen is present.

16
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Existing LFIA strips were altered such that the conjugate pad now contains
colloidal gold nanoparticles and the nitrocellulose membrane contains anti-dye
antibodies to the respective bacterial pathogens. These changes ensure that the
LFIA’s produce more accurate, rapid results, are easy to use and have an extended
shelf life.
Research Partner
University of Johannesburg.
Next Steps
The WRC-funded project has
been ﬁnalized, and the information
gathered during the testing of the
proposed material will be used in
the synthesis of various detection
material for water contaminants.
Further development and validation
of the proposed device is currently
underway.

Delineating Water Source Areas
Technology Readiness Level
The knowledge has been included in the DWS’s Water Master Plan and
engagement with DEA on declaring SWSA as protected areas are ongoing. The
innovation is therefore at TRL 8.

Innovation Description
South Africa is among the top water scarce
countries per capita in the world, and this is further
confounded by the uneven distribution of water
resources across the country. South Africa’s recently
mapped surface-water source areas reﬂect this
situation, showing that 8% of the country’s land
surface area contributes 50% of its runoﬀ. These
areas, occupying only a small fraction of land, make
the major contribution to the country’s supply
of water, supporting growth and development
needs that are often a great distance from source.
Water Source Areas should therefore be regarded
as strategic national assets that are vital for
water security, and their importance needs to be
recognized at the highest level across all sectors.

Benefits/Impact
The beneﬁts of the proposed innovation are listed below:
Information from the proposed innovation will equip planners and decision
makers with new information for assessing development and management
options in the Water Source Areas and associated ‘beneﬁt-sheds’.
Research Partner
Council for Scientiﬁc and Industrial Research.
Next Steps
Plans are in place to work with key stakeholders to assess if Strategic Water Source
Areas (SWSAs) can be declared as protected areas using information from the tool.

The proposed is a method for spatially delineating
Strategic Water Source Areas (SWSAs) for surface
water and groundwater (linking to both use and
societal dependence on that water) and the
identiﬁcation of critical ecological infrastructure (EI)
for national water security which is to downstream
engineered infrastructure in the form of water
supply schemes to deﬁne beneﬁt-sheds and the
quantiﬁcation of the proportion of the population,
economic activity and irrigated agriculture sustained
by this EI.
Technology Category
New Method/Device.
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Water Use Scenario Builder (USB)
and rainfall. The tool has three main scenarios:

Innovation Description
It is widely recognized that accurate quantiﬁcation
of the water balance in catchments is fundamentally
important in the planning, management and
allocation of water resources, especially in arid and
semiarid regions. Although water uses by domestic
population and industry are fairly well-documented
(e.g. Municipal and Department of Water and
Sanitation records), the quantiﬁcation of water
used by diﬀerent land use types (e.g. agriculture
and natural vegetation) is often problematic over
large spatial and temporal scales. Ground-based
measurement and modelling methods are available.
However, they are resource-demanding and limited
in space and time.
The proposed tool is an interactive tool for projecting
future water use changes as a function of land cover
change and designed scenarios of climatic variability.
The tool estimates mean water consumptive use
(mm) and cumulative water use (Mm-3) for each land
cover and for each month of the year based on the
historical 13-year monthly dataset analysed. Monthly
estimates are then summed to give an estimate of
annual totals.
Impacts of land cover changes can be estimated by
changing the area of each land cover class. Impacts
of climatic variability are estimated from increase/
decreases in vapor pressure deﬁcit, ai temperature

18

INNOVATIONS PORTFOLIO 2018/19

1. Land cover change scenario – The user changes land class area(s) to observe
changes in water use;
2. Climatic change – The user selects climatic scenarios (increase/decrease in
rainfall, temperature and vapor pressure deﬁcit) to observe changes in water
use for all land cover classes; and,
3. Land cover and climatic change – The user changes both land cover class
area(s) and selects climatic scenarios to observe the combined eﬀect on water
use.
Technology Category
Decision Support Tool.
Technology Readiness Level
The proposed tool has been adapted by two catchment management areas
(CMAs). It is therefore at a TRL 9.
Benefits/Impact
The proposed tool simulates future scenarios of land use as opposed to those
which only input climate change data without parameterizing projected change
in land use. In addition, the use of the proposed tool will result in a better
understanding of the linkages between land use and water use.
Research Partner
Council for Scientiﬁc and Industrial Research.
Next Step
The proposed tool is currently being utilized by the aforementioned catchment
management areas (CMAs). It is however intended that the tool be used on a
broader scale, and thus eﬀorts to increase the uptake of the tool are underway.

Greening the Catchment Guidelines
Technology Readiness Level
The proposed guidelines have been tested at Tsitsa schools in the Eastern Cape,
and with the community in the selected study area. They are therefore at a TRL 7.

Innovation Description
Various political and administrative hurdles in the
rural areas of South Africa have meant that land
ownership, and inherently land use has been an
important issue in managing the landscape. The
initial forced removals resulting in the creation of
homeland areas, concentrating racial groups of
people onto speciﬁc land parcels e.g. the Transkei.
This meant that the limited land is used way beyond
its carrying capacity leading to severe soil erosion
and unproductive land, forcing people into urban
areas for livelihood. Furthermore, it is diﬃcult for
poverty-stricken people to feel motivated to improve
their land-care practices when the eﬀort brings few
perceived immediate beneﬁts.

Benefits/Impact
There are many technical guidelines to manage soil erosion, but most of these
were developed without involving communities, i.e. through a top-down
approach. Additionally, a long-term goal is to incorporate these simpliﬁed tools
into educational geography curricula, making them part of the curriculum that
students study in the catchment. Furthermore, the proposed guidelines are simple
to interpret, and not test-intensive (i.e. they are dominated by pictures).
Research Partner
Aurecon South Africa (Pty) Ltd.
Next Steps
Plans are underway to include the catchment management information from
the proposed tool into the Geography teaching material at several teaching
institutions across the country.

The proposed guideline was developed to
manage soil erosion in catchments, developed
in consultation with the relevant communities.
It is a set of greening the catchment guidelines
prepared in a graphical and illustrative way ﬁt for the
community and review of Geography curriculum for
Grade 7 – 9 through Fundisa for change partnership.
The guideline is essentially a decision support tree
which was produced to provide an easy guide as to
which “How to handbook” must be used for what
challenge, ranging from inhouse water saving,
through to village and ultimately at catchment
level, such as Livestock management and landscape
restoration.
Technology Category
Guideline.
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Technology Category
Decision Support Tool.
Technology Readiness Level
A case study was conducted at the Olifants WMA to test the updated guidelines
and decision support system. The innovation is therefore at a TRL 5.

Innovation Description
The Water Resource Classiﬁcation System (WRCS)
is used to determine the management class of
catchments. To date, numerous Water Management
Areas (WMAs) have been classiﬁed by diﬀerent
private service providers (PSPs) on behalf of the
Department of Water and Sanitation (DWS) at
considerable expense. However, there have been
several concerns raised over the following:
•
Inconsistent methodology;
•
Inadequate linkage between ecosystems and
the economy;
•
Logical order of methodological steps;
•
Confusion among stakeholders; and,
•
Evidence availability and legal defensibility
of the socio-economic component of the
classiﬁcation process.
The Socio-economic Classiﬁcation Tool (SeCT)
was developed at the request of the DWS in
order to update the 7-steps of the water resource
classiﬁcations process, following a standardized
method which is transparent and comparable across
South Africa. It is an excel-based decision support
tool which ensures standardized inputs and outputs
to simplify the water resource classiﬁcation system.
Before this innovation, DWS received diﬀerent water
resource classiﬁcation categories, making informed
decision impossible.

20
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Benefits/Impacts
The proposed tool simpliﬁes the classiﬁcation process and ensures that
classiﬁcations are transparent and comparable, thus allowing for more systematic
and transparent support and decision making.
Research Partner
Prime Africa Consultants.
Next Steps
Various workshops have been held with the relevant stakeholders regarding the
proposed tool. It is envisioned that in future the tool will be tested on diﬀerent site
speciﬁc areas and the guidelines further simpliﬁed ensuring that they do not lose
their objectivity.

Hydropedology guidelines
hydropedology) are critical in sustaining wetlands, beyond simply allocating buﬀer
zone around it. The guidelines ultimately allow for better protection of wetlands.

$5&/15
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Innovation Description
Wetlands are key elements of the catchment
landscape and can be considered a signature of
the hydrological dynamics of the surrounding
catchment. Current buﬀer zone guidelines have a
shortfall in that they only deal with surface threats
such as sedimentation and pollutants, but do not
consider changes in underground water ﬂows. As
a result, these current methods used for wetland
delineation and buﬀer zones cannot protect the
wetland that is subject to streamﬂow reduction or
trenching around the wetland catchment.

Technology Readiness Level
The guidelines have been developed but require piloting. They are therefore at a
TRL 5.
Research Partner
Agricultural Research Council (ARC).
Next Steps
The next steps with regards to the proposed guidelines is to pilot them and to
provide training to the relevant users and stakeholders.

The proposed solution consists of guidelines
for the management of wetlands by including
hydropedology and land type data at catchment
level. Additionally, these guidelines will change the
prospecting, mitigation and rehabilitation of mined
sites around wetlands.
Technology Category
Guidelines.
Benefits/Impact
The proposed guidelines are the ﬁrst instance where
hydropedology is taken into consideration in the
process of wetland delineation and protection in
South Africa. The guidelines also serve to improve
the wetlands management at catchment scale,
not isolated resources, but as part of the landscape
ﬂow dynamics. These soil-ﬂow dynamics (i.e.
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PES-ZnO Membrane Desalination
acid) in order to increase mechanical strength and roughness, thus rendering the
membrane surface superhydrophobic.
Technology Category
Desalination.

Innovation Description
Superhydrophobicity can contribute to a great
extent in water treatment via membrane distillation
(MD) which is an membrane separation technology
in desalination. The most common hydrophobic
polymeric membrane materials (polyvinylidene
ﬂuoride (PVDF), polytetraﬂuoroethylene (PTFE) and
polypropylene (PP)) are normally fabricated via
expensive methods such as sintering and/or melt
spinning followed by stretching. A need therefore
exists to fabricate eﬀective desalination membranes
using cost eﬀective methods.
The proposed technology is a polyethersulfone Zinc
oxide (PES-ZnO) superhydrophobic nanocomposite
membrane for water desalination by membrane
distillation (MD); a process that utilizes diﬀerences
in vapor pressure to permeate water vapor through
a porous membrane and reject other non-volatile
constituents present in the water.

Technology Readiness Level
The proposed material is being tested and validated at a lab scale and is therefore
at a TRL 4.
Benefits/Impact
A superhydrophobic surface is a surface on which a drop of water settles as a
sphere and easily rolls oﬀ. In theory, this is a surface where the water contact
angle (the angle between substrate and water) on the surface is greater than
150° and sliding angle is less than 10°. From literature review of previous studies,
modiﬁcation with TiO2 has been reported. The superhydrophobic ZnO membrane
proposed in this report has demonstrated to be able to achieve a higher
contact angle and hydrophobicity, and therefore better performance than TiO2
membranes.
Research Partner
University of Johannesburg.
Next Steps
The proposed desalination membrane was validated at laboratory scale, and the
development and demonstration of an early prototype is planned. The WRCfunded project is still underway.

During continuous operation, the membrane surface
is susceptible to interact with reactive components
of the feed solution which makes the membrane
hydrophobic with its pores wetted by feed solution,
which greatly aﬀects the separation eﬃciency.
In addition, once the membrane pores are wet,
there is a greater possibility for fouling due to the
accumulation of species on the surface and pores
which causes lack of performance. The proposed
technology overcomes these challenges through
modiﬁcation of the surface of commercially available
hydrophobic PES with superhydrophobic ZnO
nanoparticles (after the modiﬁcation with stearic
INNOVATIONS PORTFOLIO 2018/19
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Basin Solar Still Desalination

•

the still due to the temperature diﬀerence between the water surface and the
cover temperature.
As the air comes in contact with the cover, water vapor present in the air is
condensed on the cover and collected using a gravity drain.

Technology Category
Desalination and energy generation.
Innovation Description
Water consumption is always increasing due to
population growth. South Africa has utilized virtually
all of its freshwater resources, so it is imperative
that alternatives be found. Seawater desalination or
brackish water recovery are very energy intensive
processes, thus instead of using renewable energy
to generate electricity to drive them, it makes sense
to rather look to ways of using renewable resources
directly. Because desalination is such an energy
(electricity) intensive process, it is not ideal for rural
oﬀ-grid communities where electricity is not always
available. An eﬀective solution which eliminates
the need for electricity and is constructed from
aﬀordable material is therefore needed.
The proposed innovation provides a means of
purifying water using solar-generated heat and the
process of condensation. It is an improved design
for a basin solar still for water puriﬁcation through
desalination with materials to ensure increased
eﬃciency and decreased cost. The proposed
technology functions through the following steps:
•
The saline water is placed inside the airtight,
insulated basin covered with a transparent
cover.
•
When the still is exposed to the sun, its rays
get transmitted from the cover to the absorber
surface at the bottom, thus heating the water.
•
The water then evaporates and saturates the
surrounding air which is being circulated inside
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Technology Readiness Level
Components of the proposed technology have been demonstrated at a small
scale and is therefore at a TRL 5.
Benefits/Impact
A number of basin solar stills have been designed and commissioned varying
in materials of construction and eﬃciencies. The proposed design, however,
underscores the importance of achieving a maximum possible condensate yield
through the use of speciﬁc materials, as well as improving the cost and durability
of the basin stills to 8 SA cent per litre, over a usable lifetime of 20 years.
Research Partner
University of Pretoria.
Next Steps
An early prototype unit of the proposed desalination system has been developed
and demonstrated at a small scale. From the demonstration results, the design of
the unit is currently being improved. The WRC-funded project is still underway.

Affordability of Water
•
•

•
Innovation Description
The cost of water is rising, and water tariﬀs are
increasing at levels well above inﬂation. This has
certain implications in terms of aﬀordability of water,
particularly because we live in a country where more
than half of the population is classiﬁed as poor. The
aﬀordability of water is currently not well understood
by municipalities, who are tasked with supplying this
service. Tariﬀs are designed without fully assessing
the impact that they will have on aﬀordability.
This is in part explained by limited research in the
country on the various approaches for measuring
and testing water aﬀordability at the municipal level
and this in turn is partly due to a lack of datasets that
contain the water bills, consumption and income
information required to assess aﬀordability.
The proposed solution is a dataset which contains
three crucial variables for understanding aﬀordability
of water: income, bill, and consumption data. The
study focused on the ability to pay aspect of water
aﬀordability and develops an analytical framework to
assess aﬀordability. “More importantly, the innovation
linked to matching billing data with census data,
making the dataset highly relevant.”

Ratio approach using a 3% threshold i.e. water is unaﬀordable if the bill to
income ratio is above 3%;
Residual income approach with the upper bound poverty line as a threshold
i.e. water is unaﬀordable if the remaining income after paying the bill is below
the poverty line; and,
Under-consumption i.e. water constraints are present if the household
consumes less than 20 lpcd, the minimum required for short term survival.

Technology Category
Tool/Model.
Technology Readiness Level
The dataset was successfully developed and included in the relevant guidelines.
The TRL is therefore 7.
Benefits/Impact
The proposed tool provides a means of identifying the most suitable interventions
to the diverse challenges and diverse types of vulnerability faced by diﬀerent
municipalities, particularly in the setting of tariﬀs from a viewpoint of aﬀordability
rather than simply revenue generation.
Research Partner
Palmer Development Group.
Next Steps
The database of information was developed and incorporated into the tariﬀ
guidelines by the Department of Water and Sanitation (DWS). The guidelines have
also been used during planning activities by the case study municipalities.

The study’s unit of analysis was the smaller area layer
(SAL). This is a geographic unit that typically contains
from 150 to 200 households. An analytical framework
was developed and comprised calculating three
aﬀordability measures at the macro and the micro
levels. The former is for the entire municipality and
the latter is at the SAL level.
The three measures are:
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Smart Bio-Nanocomposites Photocatalyst
Technology Category
Wastewater Treatment.
Technology Readiness Level
The proposed nanocomposites have been demonstrated at a small scale. The
technology is therefore at a TRL 5.
Innovation Description
Industrial water pollution is one of the major
setbacks of industrialization, with the textile industry
as large contributor, accounting for about 20 % of
industrial pollution. During the dying process, it is
estimated that more than 10 % of the dyestuﬀ used
is lost into the wastewater. Azo dyes are the most
extensively used dyes constituting over 60 % of all
dyestuﬀ produced. In the wastewater, these dyes not
only lower the aesthetic merit of the water but also
sunlight penetration which negatively impact on the
aquatic ﬂora and fauna.

Benefits/Impacts
The proposed nanocomposites have incorporated the rare earth metal Erbium
into the Titania matrix, which is a novel feature. The incorporation of Erbium
has resulted in the Titania becoming visible light active. This in turn resulted in
the increase of the Titania nanoparticles’ surface area, increasing the interaction
between the dye and substrate, and increasing the surface area of the
photocatalyst as well as acting as a photosensitizer because MWCNT inherently
absorb photons over a broad range of the spectrum as seen in the UV-Vis DRS
spectra and thus they can inject electrons into the TiO2 conduction band.

The proposed process involves the development
and synthesis of smart nanocomposites for the
remediation of organic dyes used in the textile
industry. The nanocomposites were based on
nanosized TiO2 particles modiﬁed with Erbium
oxide (Er2O3) and grafted onto multiwalled
carbon nanotubes (MWCNTs) and immobilized
onto a biodegradable blended cellulose acetate
polycaprolactone thin ﬁlm. The incorporation of
Erbium cations in the Titania matrix has rendered
Titania visible light active and increased the surface
area of the Titania nanoparticles. Grafting of the
Erbium modiﬁed Titania onto MWCNTs has increased
the interfacial charge mobility and decreased the
charge carrier recombination rate and thus increase
the photon utilization of Titania. The MWCNTs
functioned as both co-adsorbent and a charge
carrier, while the polymeric matrix functioned to
immobilize and support the photocatalyst.

Next Steps
The synthesized nanocomposite material has been validated at a laboratory scale.
Funding is now required in order to develop and test a full prototype for the
remediation of organic dyes used in the textile industry.
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Research Partner
University of South Africa.

Dicerocaryum Water Treatment
Technology Category
Wastewater Treatment.
Technology Readiness Level
Extracts from the proposed plant have been tested for their water treatment
function at laboratory scale. The innovation is therefore at a TRL 4.

Innovation Description
In most urban centers, measures are put in place to
reduce the risk of urban dwellers coming in contact
with contaminated water, but majority of these
measures are not in place in most rural areas. Even
the water treatment plants and boreholes put in
place in some rural areas lack proper maintenance
and as a result, they become damaged. Majority of
rural dwellers are still exposed to dangers of using
contaminated water, this in turn results to high
occurrence of water borne diseases. In addition, food
supply to urban center has been adversely aﬀected
as a result of water borne diseases occurring among
farmers dwelling in these rural areas.

Benefits/Impacts
This proposed treatment method is expected to overcome the challenges faced
with the current methods of water puriﬁcation such as the production of byproducts, alteration in taste and usage of high energy-driven processes. It will
also potentially address current disinfection methods on the issues of unknown
pathogenic bacteria, fungi, viruses or resistant bacteria that are currently not
screened for or are resistant to disinfectants, which could cause major health
related risk when exposed to humans. The new alternative technology for
water pathogens removal will aim to improve the screening process to reduce
waterborne disease outbreaks.
Research Partner
University of Venda.
Next Steps
The identiﬁed plant extracts are currently being tested and validated at a
laboratory scale for their ability to purify contaminated water.

The current invention is essentially a new application
for the Dicerocaryum in a water puriﬁcation
technology which uses nanoparticles and plantbased materials as absorbent. Evidence exists to
suggest that communities both less and highly
developed areas have used various plant-based
materials as one strategy for purifying drinking
water. For the current proposed application, eleven
extracts from diﬀerent parts of the plant showed
signiﬁcant antimicrobial potential against all the
selected microorganisms (including S. aureus, E.
coli, C. neoformans and C. albicans) at the tested
concentration.
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Acid Mine Drainage (AMD) Remediation Plant
oxidic compounds occurs and hydroxide ions are released into the AMD solution,
increasing the pH.
Sugarcane bagasse is hydrolyzed in weak acidic solutions, as well as under the
action of many microbial species. The carbohydrates that are released during
hydrolysis can be used as a substrate for sulfate reducing bacteria (SRB) which
reduce sulfate to sulﬁde. Any metal species in the AMD are able to precipitate as
metal sulﬁdes, lowering the sulfate and metal concentrations of the water.

Innovation Description
Various methods of acid mine drainage (AMD)
treatment and mitigation have been proposed;
however, most treatment options are either
inadequate or too expensive due to the volumes and
concentrations involved. Furthermore, because of
the high cost of treating AMD, a trend has developed
in South Africa in which mining companies submit
to the closure of an AMD-aﬀected mine rather than
incur the costs associated with treating the AMD.
Thus, a cost-eﬀective passive treatment system is
strongly needed within the SA context.
The proposed process is an acid mine drainage
(AMD) remediation system using a unique
combination of waste products from the steel and
sugar industries (BOF slag and sugarcane bagasse).
AMD is characterized by:
•
low pH levels,
•
high sulfate concentrations, and
•
high metal concentrations.
The designed system treats each of these aspects
through utilization of waste products from the steel
and sugar industries. Basic oxygen furnace (BOF)
slag is a waste or byproduct from steel production
and contains high concentrations of oxides. When
BOF slag comes into contact with AMD, hydration of
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Technology Category
Wastewater Treatment.
Technology Readiness Level
The proposed technology is currently undoing pilot testing in an operational
environment and is therefore at a TRL 7.
Benefits/Impacts
The proposed treatment technology provides a cost-eﬀective method for
remediating AMD. Furthermore, it provides a means of beneﬁciating waste
products that would otherwise have to be disposed of.
Research Partner
University of the Witwatersrand.
Next Steps
Currently, a small treatment pilot is being run at the university, and a larger pilot is
being operated in conjunction with a mining house.

Hybrid Linear Flow Channel Reactor (LFCR)
Technology Category
Wastewater Treatment.
Technology Readiness Level
The proposed system was demonstrated in a simulated environment. The
technology is therefore at a TRL 6.

Innovation Description
There exists a type of acid rock drainage (ARD)
which originates from diﬀuse sources, such as spoil
heaps, waste rock dumps and open pits, primarily
associated with the coal industry in South Africa.
These waters vary substantially in terms of volume
and composition and include circumneutral
wastewaters. While those discharges resulting from
rebound groundwater are better treated using
active treatment options, the nature of the diﬀuse
discharges makes them more amenable to passive
or semi-passive remediation options. However, these
are not as well deﬁned as active systems and the lack
of a successful ﬂagship projects in South Africa has
resulted in a degree of skepticism in the industry.
The proposed solution is a hybrid linear ﬂow channel
reactor (LFCR) for simultaneous sulphate reduction
and partial oxidation with biosulphur production
during the passive treatment of mine-impacted
water to recover both water and biosulphur in
support of reuse. The initial proof of concept study
showed that simultaneous sulphate reduction and
partial sulphide oxidation could be achieved in a
single, passive reactor. Partial sulphide oxidation
occurred within the ﬂoating sulphur bioﬁlm (FSB),
with deposition of elemental sulphur within the
organic matrix. The combination of the slightly
alkaline pH, absence of turbulent mixing and the
presence of the FSB eﬀectively controlled the
evolution of hydrogen sulphide gas.

Benefits/Impacts
The recovery of biosulphur from treatment of mine-impacted water has signiﬁcant
economic impacts in terms of stimulating enterprise development, job creation
and cost saving. Currently South Africa imports all its sulphur from Canada at a
huge cost. Furthermore, removal of sulphate from mine-impacted water promotes
reduced water resources pollution from high salinity in support of sustainable
environmental protection.
The eﬃcient retention of the sulphate reducing community, by attachment to
the carbon microﬁbres meant that hybrid reactor could be successfully operated
at hydraulic residence times as low as 12 hours, maintaining a sulphate reduction
eﬃciency of around 70% (1 g/ℓ feed concentration) under conditions where
washout was observed in conventional stirred tank reactors.
Research Partner
The Moss Group.
Next Steps
The proposed reactor
has been developed
and piloted in the
treatment of mineimpacted waste waters.
The results from the
pilot study are being
used to optimize the
reactor’s design.
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Capacitive Deionization (CDI) Electrodes
The proposed innovation focuses on producing CDI electrodes using two
diﬀerent manufacturing methods and various process conditions. The innovation
subsequently analyses key characteristics associated with successful use of CDI to
ﬁnd the electrode composition and the synthesis process that yields electrodes
with an optimal salt removal capability for use as a low energy desalination
technology.
Technology Category
Wastewater Treatment.
Innovation Description
While greatly increasing nation’s wealth and creating
thousands of new jobs, exploration of shale, Coal
Bed Methane (CBM) and other unconventional
natural gas production methods can have potentially
serious negative environmental eﬀects. One of the
most serious public sector concerns in this regard
is associated with ground water contamination,
primarily via two routes, A) by introduction of
organic additives which are routinely injected into
the well to increase the process eﬃciency and
B) harmful inorganic compounds, among them
radioactive isotopes, which are released during
drilling and fracturing processes.
The proposed innovation is a process for
synthesizing capacitive deionization (CDI) electrodes
with a higher eﬃciency removal of contaminants
introduced to groundwater through natural gas
exploration operations. CDI is a method used
to deionize water through the application of an
electrical potential diﬀerence over two electrodes.
CDI shows the ability to extract ionic impurities
(which are the minority) from solution unlike
conventional technologies such as reverse osmosis,
multi-eﬀect distillation and nanoﬁltration that
essentially remove the water (which is the bulk) from
the impurity.
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Technology Readiness Level
The concept behind the proposed process has been proven at a lab scale. The
innovation is therefore at a TRL 3.
Benefits/Impacts
The proposed electrode synthesis method accrued various beneﬁts in terms of the
resultant material; as well as the process itself. These beneﬁts are listed below:
•
Reduced energy demand, because the proposed process removes the
impurities from the water, rather than the water from the impurities.
•
Proposed synthesis process resulted in electrodes with higher speciﬁc surface
area and maximum salt adsorption capacity (mSAC).
•
Electrodes have consistently higher salt adsorption than those synthesized
using the spray method.
•
Results in less of the activated carbon surface being shielded by binder (and
ultimately higher eﬃciency of electrodes).
Research Partner
University of the Western Cape.
Next Steps
The concept underpinning the proposed innovation has been proven at
laboratory scale. A study exploring the upscaling of the electrode technology is
currently underway.

Algae Removal using Fish
Technology Readiness Level
The proposed innovation has been tested in an operational environment. It is
therefore at a TRL 7.

Innovation Description
High rate algal ponds (HRAP) are an alternative,
environmentally sustainable method of eﬄuent
treatment. However, the removal of the microbial
biomass that is suspended in the treated eﬄuent
remains a bottleneck in the use of this technology,
particularly if the recovered water is intended for
reuse or release into a natural water body.
The proposed innovative process involves the
optimization of conditions for the use of ﬁsh to
remove algae from post high rate algal ponds
eﬄuent from treatment of brewery eﬄuent. It
focuses on the harvesting of microalgae from
post-HRAP using ﬁlter feeding ﬁsh, where the ﬁsh
passively consume the algal biomass, essentially
converting algae into ﬁsh biomass. More speciﬁcally,
the innovation lies in the optimization of eﬄuent
conditions to ensure the survival of the ﬁlter ﬁsh
and the most eﬃcient algal removal. The use of ﬁsh
to passively consume algal biomass and convert
it into ﬁsh biomass coupled with the HRAP will
achieve complete removal of the microbial biomass
suspended in the treated eﬄuent thereby recovering
water for reuse within industries such as breweries or
release into natural water bodies.

Benefits/Impacts
The beneﬁts of the proposed innovation are listed below:
The adoption of use of ﬁsh to mop up suspended algae in HRAP-eﬄuent promotes
water reuse in industries such as breweries with signiﬁcant savings on water costs.
Enterprise opportunities do exist in terms of creation of a new industry based on
aquaculture.
The ability to remove suspended algae in the ﬁnal eﬄuent of the HRAP treated
wastewater ensures that the water discharged into the environment or water
bodies comply with general authorizations in support of environmental protection.
Research Partner
Rhodes University.
Next Steps
The conditions under which the ﬁsh would thrive have been optimized. Eﬀorts to
secure an implementation partner for the proposed innovation are underway.

Technology Category
Wastewater Treatment.
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Responsive Pipe Networks
lengths of pipeline at the University of Pretoria using discrete strain measurement.
The technology is therefore at a TRL of 5.

Innovation Description
A large amount of water throughout the country
is lost due to leakages from the aging distribution
systems. These losses amount to a large sum of
money; up to approximately R6 million in a single
day has been recorded for Rand Water alone.
The proposed technology provides a highly sensitive
means of leak detection on water pipelines or
conduits such as canals by making use of optic ﬁbre
as a means of passive leak detection. The type of
installation of the ﬁbre on or near the pipe is able
to accurately predict changes in deﬂection in pipe
and temperature of the soils surrounding the pipe.
The core technology required is a distributed strain
measurement readout unit of which various types
and manufacturers are available around the world.
In terms of the proposed invention value is added
at the concept stage, i.e. the fact that a water leaks
induce ground strain which can be measured to
indicate a leak. Comparable technologies measure
leakage induced temperature changes to identify
leaks.
Technology Category
Water Eﬃciency/ Loss Reduction.
Technology Readiness Level
The proposed technology has been proven on short
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Benefits/Impacts
The beneﬁts of the proposed innovation are listed below:
•
The system is a highly sensitive means of leak detection capable of detecting
very small leaks early after they ﬁrst occur.
•
Fibre optic cable is cheap and completely inert in that it is not aﬀected by the
electrical disturbances that electric monitoring systems typically suﬀer from.
•
Measurement of ground strain as a leak detection parameter provides
signiﬁcantly greater sensitivity compared to temperature measurement.
•
Ground strains are less prone to ﬂuctuation than temperature (which
ﬂuctuates daily and seasonally).
Research Partner
University of Pretoria.
Next Steps
An early prototype of the leak detection technology has been demonstrated at a
small scale. Plans to further develop and commercialize the proposed technology
are underway.

KwaMadiba Hydropower Installation
penstock, to generate 50 kW of electricity which is distributed by a transmission
line and distribution lines to the end user within the Kwa Madiba community in
the Mhlontlo local municipality.
Technology Category
Energy Generation (Hydro).
Technology Readiness Level
The proposed small-scale hydropower station is being tested in an operational
environment and is therefore at a TRL 7.
Innovation Description
The electriﬁcation of urban areas in South Africa
including many informal settlements reached its
culmination during recent years. However, the
electriﬁcation of rural areas has still a long way to
go before most of the rural communities will be
provided with reliable and sustainable electricity
supply. The primary electricity infrastructure (i.e.
coalﬁred power stations, major supply lines and
distribution of electricity within urban areas) is
becoming rapidly insuﬃcient and cannot sustain a
supply against the demand for electricity from the
existing and future users connected to the national
grid. Small hydropower can play a critical role in
providing energy access to remote areas in South
Africa, either in standalone isolated mini grids or as
distributed generation in national grids.
The Kwa Madiba small scale hydro-power (SSHP)
scheme is designed as a run-of-river scheme on the
Thina River within the Mhlontlo Local Municipality
in the OR Tambo District Municipality of the
Eastern Cape Province. The intake is located at the
top of the Thina Falls and the turbine room and
tailrace is located at the bottom of the Thina Falls
approximately 65 km downstream of the N2 Thina
River Bridge. The system is a closed system with no
exposure of the water resource to any chemicals or
lubricants other than in the event of a leak in the
system. The turbine and generator set installed in
the containerised turbine room utilizes the 150 l/s
of ﬂow along with the 50 m of head gained by the

Benefits/Impacts
Hydropower is not only a renewable source of energy, but it is non-polluting.
A high eﬃciency of energy conversion means that small-scale hydropower
plants produce about 60-80 % of the total energy consumed into power output.
Therefore, small-scale hydropower would be a suitable option to generate
electricity in rural areas.
Further, it has been shown to be the cheapest technology for rural electriﬁcation
over the lifetime of the system. The initial capital costs of such a project are high,
but with low operating costs. This is diametrically opposite to, for example, the
application of a diesel generator, for which the initial capital cost is low, but the
operating costs are high.
Operation and maintenance of a small-scale system is relatively simple and can
be undertaken by appropriately trained local community members. Furthermore,
it is an environmentally friendly, and sustainable solution, that does not consume
water and can be retroﬁtted to existing infrastructure, establishing a multipurpose
scheme. For example, SSHP plants could be retroﬁtted to existing dams, integrated
into a water reticulation network.
Research Partner
University of Pretoria.
Next Steps
Electricity from the system has
been reticulated from the turbine
room to the Kwa-Madiba
Community comprising of
55 households, and the system
continues to supply this
community with electricity.
INNOVATIONS PORTFOLIO 2018/19
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Technology Category
Energy Generation (Hydro).
Technology Readiness level
The proposed technology is currently generating electricity in an operational
environment. It is therefore at a TRL 7.

Innovation Description
Currently South Africa is experiencing problems due
to high demand for electricity and an insuﬃcient
supply capacity. The dilemma with the addition of
large-scale capacity is that there are long lead times
to build new coal ﬁxed and other large-scale power
stations. The increases in the prices of electricity are
starting to be felt by the urban as well as the rural
communities. The primary electricity infrastructure
(i.e. coal-ﬁred power stations, major supply lines
and distribution of electricity within urban areas) is
becoming rapidly insuﬃcient and cannot sustain a
supply against the demand for electricity from the
existing and future users connected to the national
grid.
Joe Gqabi District Municipality located in the Eastern
Cape Province where a site with a decommissioned
hydropower station at the Aliwal Water Treatment
Works (WTW) was selected for the installation of
a small-scale hydropower plant. The innovation
makes use of a modiﬁed Smart Hydro Kinetic Turbine
instead of siphon turbines. The modiﬁed system
was designed to ﬁt within a steel pipe to force
ﬂow through it, a shroud inlet upstream to provide
smooth (and equal distribution) ﬂow into the steel
pipe, and a steel gate downstream which would
provide hydraulic control of the ﬂow.
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Benefits/Impacts
The beneﬁts of the proposed innovation are listed below:
•
Rural electriﬁcation has the potential to improve the standard of living of
people in a developing country such as South Africa.
•
Innovation generates electricity through the natural ﬂow of inexhaustible
energy, thus negating the need for harmful fossil fuels.
•
Small hydropower can play a critical role in providing energy access to remote
areas in South Africa, either in stand-alone isolated mini grids or as distributed
generation in national grids.
Research Partner
University of Pretoria.
Next Steps
The electricity generated by the proposed system is currently used to generate
power to the the Aliwal Water Treatment Works (WTW). Partners to take up the
proposed innovation are currently being sought.
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Technology Readiness Level
A prototype of the proposed technology has been demonstrated in the relevant
environment. It is therefore at a TRL 6.
Benefits/Impacts
The proposed system is a low-technology system which is low-cost and can
easily be operated within the local community. Additionally, it also allows for the
production of biochar from sewage sludge which (i.e. the beneﬁciation of an
otherwise waste product to produce a potentially commercially viable product).
Innovation Description
The collection and disposal of faecal sludge in the
country has often proven to be challenging and
costly. In various instances, the disposal of untreated
or inadequately treated faecal sludge directly
into the environment has inevitably resulted in
environmental and community health risks. Faecal
sludge collection and transport as well as faecal
sludge itself presents the opportunity for business
models by way of social franchising.

The process allows organic waste to be included into feedstock and thus opens
opportunities for organic solid waste removal from households. As carbon is
sequestered, the proposed technology oﬀers beneﬁts over traditional incineration
technologies. The mobility of the unit allows the system to be transported on the
back of a bakkie compared to conventional sludge treatment technologies.

The proposed technology is a faecal sludge
beneﬁciation system which converts sludge into biochar. During operation of the proposed technology,
sludge is collected from latrines and allowed to dry
on beds. Thereafter the pre-dried sludge is placed
inside a kiln furnace where the heat pyrolyzes the
sludge into biochar. Collected and pre-dried sludge
(sludge placed on drying beds) is placed in kilns
where the sludge undergoes pyrolysis which is
thermal decomposition of materials at elevated
temperatures in an inert atmosphere. The process
kills pathogens because of high temperatures and
the feed (sludge) changes chemical composition; a
process that is irreversible.

•
•

•
•
•

Potential cost-savings for municipalities in terms of landﬁll disposal
(dependent on distance).
Link pit emptying services to local fuel production in the form of bio-char.
Bio-char is known to be good soil conditioner and therefore be used in rural
food gardens.
Faecal sludge is sanitized.
Reduction in waste generation through pyrolysis.

Research Partner
Amanz’ abantu Services (Pty) Ltd.
Next Steps
The proposed faecal
beneﬁciation system has
been demonstrated within
the relevant environment.
The project now requires
further funding for up-scale.

Technology Category
Sanitation.
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Non-Stick Toilet Bowl
Technology Readiness Level
The proposed technology has been tested and validated at a laboratory scale and
is therefore at a TRL 4.
Benefits/Impacts
The proposed technology reduces the amount of potable water used to ﬂush
toilets.
Innovation Description
Toilets in domestic and commercial environments
typically use 9-12 liters per ﬂush, resulting in an
enormous usage/loss of potable water per day in
South Africa (a country which is often in a state of
drought). This potable water which is lost through
ﬂushing could be better utilized for drinking, cooking
and irrigation. Faeces and other debris can stick onto
the surface of a toilet bowl, increasing the amount
of water needed for ﬂushing. Non-stick coating can
limit the adherence of faeces onto the bowel.
The proposed innovation is a non-stick coating for
a toilet bowl comprising of hydrocarbon-siloxane
copolymers. The non-stick coating applied to the
toilet bowl limits the volume and the number of
ﬂushes required to remove faecal material past the
toilet pedestal P-trap. The core technology involves
the use of hydrocarbon-siloxane copolymers. Such
copolymers when correctly formulated, undergo
a phase separation with a low surface energy
polydimethyl siloxane (silicone) outer surface of a
few microns thick and an inner, underlying hard layer
at the surface.
Technology Category
Sanitation.
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Research Partners
Cocossolutions Technology (Pty) Ltd.
Next Steps
The proposed technology has been tested and validated at a proof of concept
stage, and now requires funding for further development.

Vapoorise Toilet
to ﬁll the pit to be increased by a factor of 20 or more. This will eliminate the need
for pit emptying.
Technology Category
Sanitation.

Innovation Description
Sanitation still remains a challenge in various
communities which are not in close proximity to a
sewered network. Providing conventional reticulated
sanitation systems comes at a high cost due to
infrastructure requirements, including excavation
for new sewer lines. Availability of water is also a
challenge in South Africa as a whole which makes
the conventional ﬂushing toilet an unsustainable
technical solution in the long-term.
Vapoorise toilet is an advanced modern technology
urine diversion (UD) unit which collects urine and
faeces in diﬀerent compartments. The urine is
channelled to a collection tank while the faeces are
collected and conveyed through a screw drying
tunnel to a storage and combustion / pyrolysis
pit. The drying tunnel comprises a screw conveyor
which dries and conveys the faeces to the storage
and in-situ pyrolysis pit. Drying is achieved by
blowing the solar heated air through the tunnel
which forces convective drying of the faeces. With
each use, the faeces is moved down the tunnel by a
rotating spiral screw.
The dried faeces from the screw conveyor gets
deposited into the pit and on to a mesh which
allows for smoldering from the bottom – up. For
complete combustion, air is allowed to enter the
pit and sustain the process. To maintain pyrolysis
conditions, air can be cut-oﬀ once ignition has
occurred. If combustion is used as a treatment
option, the faeces will be reduced to less than 5% of
the original quantity which will make the time taken

Technology Readiness Level
The proposed proof-of-concept has been tested and validated at a laboratory scale
and is therefore at a TRL 4.
Benefits/Impacts
The technology combines various existing sludge treatment processes in an
innovative manner within a single toilet system to dry and pyrolyze faeces. The
toilet system is therefore able to treat faeces by households at point-of-generation
and does require water to function. In South Africa, two sanitation engineering
approaches are used. In urban areas, waterborne systems are used. Faeces (mixed
with ﬂushing and cleaning water) are transported using a sewer to a centralized
wastewater treatment facility where pollutants are treated and the resulting sludge
generation as a result of biological activity requires subsequent sludge treatment
and disposal.
Outside the sewered network, dry toilets such as pit latrines and their derivatives
are used. These systems do not require sewers or water to function. However,
sludge accumulates in these toilets and requires safe emptying and disposal. In
both approaches, sludge treatment and disposal are required. The innovation
developed is able to deal with faecal-origin sludges in situ. The pyrolysis step
enables the toilet to disinfect the sludge at point-of-source which conventional
systems cannot do.
Research Partner
Bass Consulting Group.
Next Steps
The concept behind the
proposed technology has been
proven at a laboratory scale.
It now requires further
development and testing
on a larger scale.
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Solar Toilet
Technology Readiness Level
The proposed innovation has been developed into an early prototype and tested
in a simulated environment. The technology is therefore at a TRL 7.

Innovation Description
The water scarcity crisis experienced in South
Africa has a huge impact on peri-urban and rural
sanitation in that infrastructure costs associated with
reticulated sewerage are often beyond the resource
(water and energy) and ﬁnancial capabilities of these
communities in developing countries. Furthermore,
the rapid pace of urbanization that resulted in many
planning challenges as conventional sewerage
infrastructure cannot be implemented as quickly as
desired.
The Solar Toilet makes use of a generic compound
parabolic reﬂector along with a 6-litre evacuated
tube to collect solar energy and deliver it to the
cooking surface. During pyrolysis, heat is transferred
to the cook box vessel. As the cook box vessel and
adjoining vacuum tube area are vacuum sealed, heat
loss in the heat transfer medium sodium chloride
is minimized. The system further comprises of a
patented-Hybrid-Solar-Chef Cooker which uses a
compound-parabolic-solar-concentrator to collect
solar-irradiation and concentrates it into a smallerdouble-cavity-tube ﬁlled with the heat-transfermedium.
Technology Category
Sanitation.
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Benefits/Impacts
The Solar Toilet, in addition to eliminating the need for large volumes of water for
ﬂushing, also produces the valuable by-product bio-char. Bio-char has a multitude
of uses, including improvement of soils for crop production, and to sequester
carbon by storing atmospheric carbon dioxide ﬁxe by plants in a stable form. The
bio-char could also be added to soils with the intention to improve soil functions
and to reduce emissions from faecal matter that would otherwise naturally
degrade to greenhouse gases. It also has appreciable carbon sequestration value
in a carbon emission oﬀset protocol. The produced bio-char therefore has the
potential to not only increase food security, but also boost the peri-urban and rural
economies by introducing a new stream of income to communities.
Research Partner
Congretype Pty Ltd.
Next Steps
An early-stage prototype of the proposed technology was demonstrated in a
simulated environment. The developed of a full-scale prototype and its subsequent
demonstration is in progress.

Water Reclamation through Bioenergy Production
Technology Readiness Level
The proposed innovation has been validated at a small scale and is therefore at a
TRL 4.

Innovation Description
The industries producing paper and pulp, and
fruit juices/products from plant biomass are two
important South African industries where large
volumes of water can be recovered from waste
streams, while onsite co-production of biofuels with
the latter can reduce dependence on fossil fuel
inputs. Current waste disposal practices of these
industrial waste streams result in water losses, with
increasing pressure to cease landﬁlling of these
wastes due to water-losses incurred. Combustion
of these wastes are not appropriate due to the high
moisture content, resulting in negligible energy
yields. Signiﬁcant application therefore exists for
pulp and paper industrial wastewater reclamation
through integrated bioenergy production.

Benefits/Impacts
The beneﬁts of the proposed innovation are listed below:
•
The innovation has the dual beneﬁt of reclaiming industrial wastewaters for
reuse while producing valuable and clean energy sources.
•
The proposed process, where fermentation is sequentially followed by biogas
production, would result in an overall improvement in proﬁtability for existing
pulp and paper plants.
•

•
•

Fermentation and paper sludge results in high levels of COD which is
subsequently decreased by anaerobic digestion as part of methane
production.
Produces biofuels which could potentially decrease dependence on fossil
fuels.
Has the potential to minimize/avoid the landﬁlling of high-moisture solid
wastes.

Research Partner
Stellenbosch University.
Next Steps
This innovative process has been proven at a laboratory scale, and now requires
further development and upscaling.

The proposed innovation addresses opportunities
to reclaim industrial wastewater from solid and
liquid eﬄuents such as paper waste sludge through
integrated bio-energy production. In this regard,
sequential application of fermentation for ethanol
production and anaerobic digestion for biogas
production are applied as appropriate bio-energy
technologies, both to produce valuable and clean
energy sources, while at the same time to process
and reclaim the waste waters in which these solid
wastes are produced.
Technology Category
Wastewater Treatment.
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Data Magic
Technology Readiness Level
The proposed innovation has been demonstrated and a prototype tested with its
potential market. It is therefore at a TRL 6.

Innovation Description
Water utilities are known for being data rich
organizations as they collect raw water and process
(treatment) data, chemical dosage rate data and
ﬂow records, operational monitoring data, treatment
plant data, compliance data for ﬁnal water reservoirs
and distribution systems, as well as water quality
data. Normally, the data collected is underutilized.
Emerging trends in data science have shown
that this data can be used to extract value from
information.
Data Magic is a tool/water quality data analysis and
visualization platform that has been developed
based on R and its associated packages. This tool
makes use of existing software for a relatively
new application; that is for water quality data
analysis. The innovation also includes a decision
support tool in the form of a manual which can
assist with the investigation and veriﬁcation of
future microbiological data. Data Magic has been
customized based on R, and it harnesses the modern
computing power now available, along with
advanced algorithms in order to identify hidden
trends in large water quality data sets spanning
over decades. Data Magic leverages trends to make
predictions, computes the probability of each
possible outcome and obtains accurate results
quickly.
Technology Category
Tool/ Model.
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Benefits/Impacts
The beneﬁts associated with the proposed innovation are listed below:
•
R and associated software are free to use.
•
R is supported by a huge online community.
•
R can access proprietary databases (usually directly) and then apply statistical
analysis such as nMDS and ANOSIM; producing a report directly into Word or
PDF.
Research Partner
CSV Water Consulting Engineers.
Next Steps
The proposed opensource tool was demonstrated in conjunction with the
proposed users. Plans are now in place to develop a stream at the Water Institute
of Southern Africa (WISA) conference for further market testing and to encourage
uptake.

Plant Wide Steady State Mass Balance Model
Technology Readiness Level
The proposed tool has been tested within an operational environment. It is
therefore at a TRL 7.

Innovation Description
Most Wastewater Treatment Works in South Africa
do not consider the return of sludge liquors back
to the main plant for further treatment or when it is
applied the whole infrastructure is not prepared to
deal with these additional loads and ﬂows. In this
regard, unsustainable measures such as the dosing
of costly chemicals for phosphate removal are
typically applied at overloaded plants, with capital
and operational costs for municipal wastewater
treatment plants running into billions of Rand per
annum.
The proposed innovation is a simpliﬁed decision
support tool for evaluating plant-wide performance,
based on scientiﬁcally sound mass balance
information. It provides a means to quantify the
impacts of additional streams on the operation of
treatment plants. It aims to deliver an evaluation of
the impact of returned dewatering liquor on the
overall plant performance speciﬁcally for South
African wastewater treatment plants. It is used to
evaluate the impact of recycled dewatering liquor
on the oval plan performance in the South African
context based on two indices, namely Eﬄuent
Quality Index (EQI) and Operational Cost Index (OCI).
The proposed tool also has the potential to assist
in decision making with regards to any treatment
technologies required for the return ﬂows.

Benefits/Impact
The beneﬁts of the proposed innovation are listed below:
Sustainable handling of return liquor ﬂows during wastewater treatment.
The adoption of the tool by the South African wastewater sector has the potential
of saving additional treatment costs associated with return ﬂows.
Potential revenue beneﬁts could be realized from the side stream treatment and
resource recovery, for instance struvite production.
The ability to predict and evaluate the negative impacts associated with return
ﬂows on wastewater treatment plants performance act as an early warning
system that allows relevant interventions to be put in place to minimize plant
performance failure, thereby ensuring discharge of compliant eﬄuent to the
environment and water bodies.
Research Partner
Royal HaskoningDHV (Pty) Ltd.
Next Steps
The developed tool was applied in an operational environment by way of
demonstration and plans to secure an uptake partner are currently underway.

Technology Category
Decision Support Tools.
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Water-Sensitive Design
Technology Readiness Level
The proposed guidelines have been developed and are being applied in several
regions. The proposed innovation is therefore at a TRL 6.
Benefits/Impact
The proposed guidelines introduce elements to a land use scheme that can be
used to enforce water re-use and ultimately lead to changed consumer behaviour.
Furthermore, the guidelines introduce element to the Spatial Development
Framework that protects scarce water resources.
Innovation Description
Currently water sensitivity is not addressed in any
form in Municipal Land Use Schemes or Spatial
Development Frameworks. This often leads to
development that is not sustainable, or severe
pressure on water resources.
The proposed innovation is a process which
entrenches water sensitivity in the municipal
products Spatial Framework and Land Use Scheme.
It is essentially a set of guidelines for the compilation
of water sensitive spatial plans. The proposed
guidelines provide a step-by-step guide on how
to determine the impact of land use decisions
(both current and future) on water quality or the
availability of the resource. The guidelines will
encourage planning practitioners to consider these
aspects of water sustainability before a land use
decision is made.
Technology Category
Guideline.
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Research Partner
i@Consulting
Next Steps
Several workshops and application endeavors for the proposed guidelines are
planned with regards to the set of guidelines developed.

$VK%DFNŅOOLQJ
backﬁlling is feasible based on the myriad of research and industrial knowledge
and providing a technical and regulatory framework on how to proceed with
the motivation for sustainable authorized implementation. The responsible
implementation of ash backﬁlling in cases where the net environment beneﬁt is
larger compared to surface placed ash and its unﬁlled mine compartment will
result in economic, environmental and societal beneﬁts especially for the closure
of disused and ownerless mines.

Innovation Description
The environmental impact of an ash backﬁlled
mine compartment is less than the sum of the
environmental impacts of an unﬁlled mine
compartments and equivalent surface placed ash
body. This talks to two motivations:
•
Firstly, existing abandoned unﬁlled mines or
mine compartments have a substantial local
and cumulative impact on the environment,
through the discharge of acid rock drainage
and mine-aﬀected waters. This is a legacy
of centuries of mining, which must now be
managed, mitigated and remediated by the
state, using the national ﬁscus, as the owners/
operators are long gone.
•
Secondly, disposal sites are required for ash
produced from power generation or from coal
gasiﬁcation, and these sites consume land
which could be otherwise put to productive
use. Furthermore, modern environmental
standards make new ash disposal sites/dumps
an expensive cost, thus a burden on the state
and upon the nation as consumers of electricity
and petrol/diesel fuels. Conventional ash
disposal thus can be readily be done so as to
safely and responsibly meet environmental
standards but at a cost.
The proposed innovation involves the packaging
of regulatory, research knowledge and practice
to develop an enabling guideline to implement
sustainable ash backﬁlling in mining voids. The
proposed innovation is a technical and regulatory
guideline detailing the conditions under which ash

Technology Category
Guidelines.
Technology Readiness Level
The proposed guidelines are still in the process of being fully development and are
currently at a TRL of 5.
Benefits/Impact
Backﬁlling using ash into disused mines has the potential to minimize water
ingress (and consequently the generation of neutral, saline or acid mine drainage).
The impacted mine water in many cases is in close proximity to surface water
sources and becomes a threat for contamination and building integrity. Ash
typically has high neutralization capacity which has the potential to address the
impacted mine water and potentially mitigate / minimize the risk of acid mine
drainage. Furthermore, certain ash exhibits pozzolanic characteristics and can form
cementitious material which has low permeability to limit the movements of ions,
such as sulphates. Additional beneﬁts of backﬁlling may include prevention of
illegal mining activities, stabilization of unstable landscapes, and decreased risk of
spontaneous combustion.
Research Partner
Golder Associates Africa (Pty) Ltd.
Next Steps
The proposed guidelines are still
under development through a
WRC-funded project. It is envisioned
that once they have been completed,
they will be workshopped and
launched to the relevant users and
stakeholders.

INNOVATIONS PORTFOLIO 2018/19

43

INNOVATIONS
Water Utilization
in Agriculture

44

INNOVATIONS PORTFOLIO 2018/19

Citrus Orchard Water Use
Technology Readiness Level
The proposed decision support tool has been adapted by the intended market. It
is therefore at a TRL 9.

Innovation Description
The citrus industry is the largest exporter of fresh
produce in South Africa in terms of volume and
is also one of the highest for earning of foreign
exchange with more than 100 million 15 kg cartons
exported annually. The 70 917-hectare citrus industry
depends quite heavily on irrigation as citrus requires
a constant supply of water in order not to limit yields
and returns on investment. Due to climate change,
established production areas are likely to become
drier, which will place increasing pressure on water
resources and irrigation management to maintain
productivity.

Benefits/Impacts
•
Reduced water losses due to evapotranspiration.
•
Will help farmers and their advisor in making better decisions helping them to
alter their production systems accordingly for optimum production as well as
reducing production costs.
•
Assists farmers in reducing losses during diﬃcult farming conditions.
•
Improved irrigation schedules.
•
Increased fruit yields.
Research Partner
Citrus Research International.
Next Steps
The developed tool has been fully adopted and incorporated into the processes of
the citrus industry.

The proposed innovation makes use of various
components such as temperature values, crop
coeﬃcients, evapotranspiration and humidity
parameters. The proposed innovation us a
reﬁned and improved Shuttleworth model and
Penman-Monteith equation for estimating both
evapotranspiration and temperature. The model was
parameterized using transpiration data that has been
adjusted for time lags between tree transpiration and
stem sap ﬂow on Mid-Knight Valencia and grapefruit
crops. Improvement of the Shuttleworth model
and Penman-Monteith equation was carried out by
incorporating temperature value, variable canopy
and soil resistance sub-elements and correcting the
model parameters for tree capacitance leading to
more accurate predictions of orchard water use and
its partitioning.
Technology Category
Decision Support Tool.
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Entrepreneurial Development Pathways

Innovation Description
Smallholder irrigation, both in schemes and
homestead food gardening, is performing below
expectation. There exists a need for improvement
of commercial viability of farms by ensuring that
farmers are on the most appropriate/relevant
developmental pathway towards the cultivation of
entrepreneurial spirit. The need for the proposed
innovation sits with rural/ peri-urban homestead/
smallholder irrigation crop farmers, as there is a need
for skills/professional development.
The innovation is the identiﬁcation of the diﬀerent
typologies of entrepreneurs and describing the
development pathways towards farming businesses
that are commercially viable. The purpose of this
project was to study entrepreneurial spirit and
development growth paths, within a sustainable
livelihoods’ framework. In order to develop
appropriate entrepreneurial development pathways,
it meant to establish sustainable businesses among
smallholders engaged in irrigation, it was found
imperative to develop and deﬁne the diﬀerent
typologies of farmers in the four irrigation schemes
in KwaZulu-Natal (Makhathini, Ndumo-B, Tugela
Ferry and Bululwane).
Technology Category
Guidelines.
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Benefits/Impact
The beneﬁts of the proposed technology are listed below:
•
More personalized, and thus relevant developmental pathways for smallholder
farmers should yield better results in terms of development.
•
Encouragement for farmers to gain the beneﬁts of greater specialization and
commercialization.
•
Smallholder irrigation schemes will beneﬁt from better planning and
productivity.
Technology Readiness Level
The development pathways and 6 typologies of entrepreneurs have been
mapped. The innovation is therefore at a TRL 6.
Research Partner
University of KwaZulu-Natal.
Next Steps
Plans to secure an implementation partner for the developed guidelines are
currently underway.

Apple Orchards Water Use
Technology Category
Decision Support Tool.
Technology Readiness Level
The proposed guidelines have been adapted by the intended market. It is
therefore at a TRL 9.

Innovation Description
Within the deciduous fruit industry, pome fruit
(apples and pears) is the largest fruit grouping, in
terms both of production volumes and area planted.
Generating, approximately R 5.45 billion per year,
apples are some of the most important deciduous
fruit produced in the winter rainfall areas considering
their contribution to GDP, foreign exchange earnings,
and employment creation. They contribute about
34% of the total gross value for deciduous fruit
(DAFF, 2011) and the industry employs about
27 800 workers who support approximately 111 200
dependents.
The average yield for apple orchards is between 60
and 80 tons per hectare. However, an increasing
number of orchards are recording yields in excess of
120 tons per hectare. This raises the need for detailed
information on water use by these high performing
orchards in relation to water availability given the
increasing pressure on the scarce water resources.
A decision support tool based on the Shuttleworth
and Wallace model for estimating evapotranspiration
for the apple industry. The original model uses
constant values of the stomatal and soil surface
resistances. The innovators of the proposed
innovation introduced new expressions wherein
the resistances vary with climate driving factors and
soil water deﬁcit. The innovators also parameterized
the model using transpiration data that has been
adjusted for time lags between tree transpiration
and stem sap ﬂow. This facilitated the identiﬁcation
of a unique set of parameters that can be applied
across apple orchards of diﬀerent age groups.

Benefits/Impact
The beneﬁts of the proposed innovation are listed below:
•
High apple yields can be produced sustainably without using excessive
amounts of water provided the canopy is managed optimally.
•
Reduced operational costs as less water will need to be pumped to irrigate
the orchards.
•
Increased stream ﬂows which can beneﬁt downstream water users and avail
more water especially to emerging fruit growers.
•
Increased fruit production, income, and more employment opportunities for
the farm workers as the saved water can be used to support larger areas under
fruit orchards.
•
Increased resilience of the fruit industry to water shortages e.g. due to the
increasing water demands and climate change.
•
Reduced leaching of agro-chemicals into groundwater sources thereby
reducing the risk of diseases to vulnerable communities due to poor water
quality.
Research Partner
Council for Scientiﬁc and Industrial Research.
Next Steps
The developed tool has
been fully adopted and
incorporated into the
processes of the apple
industry.

INNOVATIONS PORTFOLIO 2018/19

47

Luvhuvhu Agroclimatological Risk Tool (LART)
Technology Readiness Level
The proposed decision support tool has been tested in the relevant environment
during completion of the project. It is therefore at TRL 6.

$5&/15

([FHOOHQFHLQ$JULFXOWXUDO5HVHDUFKDQG'HYHORSPHQW

Innovation Description
The agricultural sector is the most aﬀected sector
by climate change in South Africa due to its reliance
on climate variables such as air temperature and
rainfall. The reliance of farmers on rainfall, which
varies annually, makes them vulnerable to rainfall
variability. Rainfall variability poses a threat to farmers’
livelihoods and agricultural production as food
production in Africa is one of the most vulnerable
sectors due to extensive reliance on rain-fed crop
production.
The proposed decision support tool is used to
provide agroclimatological risk information to
various farmers in a selected catchment to assist
in the determination of the best planting dates
based on the risk associated with the onset and
cessation of both rains and frost, droughts and
ﬂoods. It was created in response to issues faced
due to climate variability and change, as these issues
have a direct impact on the productivity of many
socio-economic activities. It will be used to provide
agroclimatological risk information important to
the production of rain-fed maize in the catchment.
The tool is a web-based application programmed
using PHP/MySQL functions. The LART has two
main components; namely climatological risk and
forecasting.
Technology Category
Decision Support Tool.
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Benefits/Impact
The beneﬁts of the proposed innovation are listed below:
•
Will empower farmers in the research areas in understanding the climatology
and future climate change implications of the area in relation to crop
production.
•
Information from the proposed tool will assist resource-poor farmers in
making informed choices on activities like timing and planting and also the
appropriate cultivars.
•
The tool will assist farmers to maximize productivity through utilization of
weather and climate knowledge.
Research Partner
Agricultural Research Council.
Next Steps
The tool has been tested within the relevant environment, and plans are underway
to go live with the tool once it has been fully developed.

Status of Water-Energy-Food (WEF) Nexus in South Africa
Technology Category
Decision Support Tool.
Technology Readiness Level
The proposed decision support tool is being adapted for use by a consulting
company. It is therefore at a TRL 7.

Innovation Description
The regulatory custodians of water, energy and
agriculture often reside in separate departments.
With a lack of coordination between them, these
departments can (and do) promote conﬂicting
programmes that inadvertently threaten the
security associated with an adjacent sector. One
of the reasons for this lack of coordination is that
a general understanding of the nexus dynamics
is limited. There are multiple models, tools and
indices available to evaluate and quantify the WEF
nexus; most of these tools may however require
modiﬁcations to be applicable to South Africa.
The developed tools evaluate and quantify the
water-energy-food (WEF) nexus, to assist each sector
in WEF nexus to make developmental decisions that
will not negatively impact their adjacent sectors.
Developing an integrated model to assess the WEF
nexus in South Africa, and creating a WEF nexus
database, a model or tool needs to be developed
(or utilised or adapted) that will consider temporal
and spatial scale diﬀerences of data, in addition to a
WEF nexus database for South African information
that should provide open access to the data. The
information that may be added to the database
could range from policies, standards and guidelines
to quantitative data and published articles related
to the WEF nexus. The WEF nexus approach is still an
emerging approach, with scant literature available
for describing WEF nexus relationships for South
Africa and the region.

Benefits/Impact
The beneﬁts of the proposed innovation are listed below:
•
The framework considers the importance of livelihoods and human wellbeing.
•
Will provide a resource which will facilitate the addressing and solving of
•

complex problems such as sustainable development.
Will enable concerned stakeholders to fully understand and appreciate the
WEF nexus in the context of sustainable resource management in South
Africa.

Research Partner
University of KwaZulu-Natal.
Next Steps
The proposed tool has been demonstrated in the relevant environment and is
currently being adapted for use. It is envisioned that once this adaptation has been
completed the tool will be marketed for uptake.
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