Integrated Food and Energy
Systems for Climate Change
Mitigation and Improved

Food Security

Manoshi Mothapo, Zikhona Buyeye and Primrose Magama

outh Africa continues to face the

dual challenges of food insecurity

and the impacts of climate change,

particularly in rural communities that
rely on agriculture for their livelihoods. Rising
temperatures, prolonged droughts, and
erratic rainfall patterns are placing immense
pressure on water availability, energy access,
and food production systems. To address
these challenges, integrated food and energy
systems (IFES) have emerged as a holistic
approach to building climate resilience,
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improving food security, and promoting
sustainable resource use.

The IFES is designed to implement
practical, community-based solutions

that combine biogas energy generation,
rainwater harvesting, and sustainable
agriculture through drip-irrigated vegetable
gardens under shade net. The project has
been rolled out in six provinces of South
Africa: Masibekela and Sibange Villages in
Mpumalanga, KwaMbange in Eastern Cape,

Illustration of the IFES implemented in rural communities.
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Complete biogas digester connected to the gas stove

Gunjaneni Village in Mtubatuba, KwaZulu-
Natal, Masia Village in Limpopo, Rooifontein
Trust in Thaba Nchu, Free State; and Mokasa
1 and Mokasa 2, and Lokgabeng villages in
Taung, Northwest.

The figure below illustrates the interaction
between the core components of the system:
the biogas digester, rainwater harvesting
system, and drip-irrigated vegetable garden.
The closed-loop model exemplifies a
sustainable nexus between food, energy, and
water.

Mixing cow dung with water for feeding the
digester

AgriAbout No147 July / Julie 2025

Farmers received training in the operation,
maintenance, and benefits of the integrated
systems. Farmers were also supported with
agricultural inputs, technical advice, and
monitoring visits to ensure successful system
adoption.

SYSTEM COMPONENTS
Biogas Digester

The biogas system installed in each project site
consists of a 6 cubic meter (m?®) dome-shaped

Operational gas stove. Status at 18 months
post installation, indicating well fed biogas
digester with good pressure.
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Rainwater harvesting system connected to booster pump

digester designed to process livestock manure
and kitchen waste to produce methane gas.
The gas is used primarily for cooking and
heating, significantly reducing dependence on
firewood and paraffin. The digester supports
the anaerobic decomposition of organic
material, resulting in two main outputs: clean,
combustible gas and nutrient-rich slurry. The
slurry is an effective organic fertilizer that is
reused in vegetable gardens to enhance soil
fertility and crop productivity.

Rainwater Harvesting System

Each household was equipped with a
5000-liter storage tank that captures and
stores rainwater from rooftops. The water is
primarily used for househoild cleaning, feeding
the digester and irrigating the vegetable
gardens. The rainwater harvesting system

is equipped with filtration to ensure clean
storage, and booster pump for use when the
water level is below 25% capacity for irrigation
purposes.

Vegetable garden with drip irrigation
system

To enhance local food production, each project
site maintains a 72-square-meter vegetable
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garden equipped with a drip irrigation system.
The system is powered either by gravity from
the tank or a booster pump, depending on

the level of water in the storage/rainwater
tank. Crops grown include spinach, tomatoes,
carrots, onions, peppers, lettuce, beetroot and
other vegetables vital for household nutrition.
As part of encouraging income generation
from vegetable gardens, households sell the
surplus produce to the community. The use of
drip irrigation conserves water by delivering

it directly to the plant roots and reduces
weeding and disease incidence due to minimal
water contact with foliage and soil surfaces.

Impacts areas

o Reduction in greenhouse gas emissions
and deforestation
The project has contributed to climate
change mitigation by capturing methane
from decomposing organic waste through
biogas digesters. This not only prevents the
release of a potent greenhouse gas into the
atmosphere but also replaces traditional
cooking fuels like firewood and paraffin.
As a result, there has been a noticeable
reduction in deforestation and indoor air
pollution, promoting healthier households
and ecosystems.
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Vegetable garden fitted with drip irrigation system. Status at 14 months post installation.

¢ Improved soil fertility and reduced
chemical dependency
Application of bio-slurry from the biogas
process has enhanced soil fertility in
household gardens. The organic fertilizer
improves soil texture, moisture retention,
and nutrient content, leading to healthier
and more productive crops. This has
reduced the need for chemical fertilizers,
lowering farming costs and minimizing
environmental degradation from
agrochemicals.

o Enhanced food security and nutrition
The establishment of drip-irrigated
vegetable gardens under shade net
protection has enabled year-round food
production. Households are now growing
a range of vegetables such as spinach,
tomatoes, onions, and carrots, regardless
of rainfall variability. This has increased the
availability of nutritious food, diversified
diets, and improved household food
security.

 Increased water use efficiency
The integration of 5,000-liter rainwater
harvesting tanks and drip irrigation systems
has improved water management practices
at the household level. These systems
provide a reliable water source during dry
periods and minimize water loss through
evaporation and runoff. This has resulted
in more efficient use of water, essential in
water-scarce rural communities.

» Strengthened household and community
resilience
By integrating food, water, and energy
systems, the project has improved

AgriAbout No147 July / Julie 2025

households’ ability to withstand climate-
related shocks such as droughts and
energy shortages. The synergy among
system components supports a more self-
reliant and adaptive way of life, reducing
vulnerability and increasing community
sustainability.

o Economic savings and income generation
Households have reported a decrease in
spending on cooking fuel and vegetables
due to the availability of biogas and
homegrown food. Additionally, surplus
vegetable produce has provided income-
generating opportunities through
local market sales, supporting rural
livelihoods and fostering micro-enterprise
development, particularly among women
and youth.

The integrated food and energy systems
implemented across the six provinces in South
Africa demonstrate a scalable and sustainable
approach to addressing climate change
challenges while improving food and energy
security. The biogas digesters, rainwater
harvesting system, and drip-irrigated gardens
work in synergy to form a resilient rural
development model that can be replicated
nationwide. Continued support, community
engagement, and policy integration are vital to
scaling and sustaining this impact.

Enquiries: mothapom®arc.agric.za
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