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BIOGAS  
– the power of microbes

THEME | BIOENERGY

Sugarcane is South Africa’s most promising biofuel 
feedstock, so it comes as no surprise that a research 
group located in the centre of the country’s main 
sugarcane-growing area is exploring its bioenergy 
potential. But rather than trying to optimise processing 
technologies for bioethanol or biodiesel production – 
already well advanced elsewhere – the group at Durban 
University of Technology’s Department of Chemical 
Engineering is concentrating on the use of bagasse to 
produce biogas and other useful products, with the twin 
benefit of waste treatment.

“Our research focuses on integrated systems to produce 
biofuels and hydrocarbons from suitable industrial 
wastewaters, agricultural biomass, sewage sludge, food 
waste and algae,” explains Dr Maggie Chetty, a senior 
lecturer in the department and one of the project leaders 
of the Green Engineering and Sustainability research 
group.

Biogas is a type of biofuel that consists primarily of 
methane, with carbon dioxide making up most of the 
remainder along with small amounts of water vapour 

and other gases. Like liquid petroleum gas (LPG) purchased 
in cylinders for household stoves, geysers and heaters, it 
can be used for cooking and heating purposes, but also for 
electricity generation when burned in gas turbines or gas 
engines. When purified to biomethane, it can even be used 
in methane-fuelled vehicles (see page 15).

Biogas is one of two end products of anaerobic digestion, 
whereby organic matter is broken down by bacteria that 
live in oxygen-free environments. The other is the nutrient-
rich digestate, the solid and liquid organic matter left 
behind after this microbial decomposition process. The 
digestate can be used as fertilizer, so small-scale farmers in 
many parts of the world, including South Africa, are slowly 
adopting the use of anaerobic digesters to help meet their 
energy needs while improving their crop yields. Typically, 
the digesters are ‘fed’ regularly with livestock waste, such as 
cow dung or poultry droppings, along with some water, and 
the biogas produced is piped into the home for use in gas 
stoves, and sometimes lamps. 

On a larger scale, many wastewater treatment works 
(WWTW) use anaerobic digestion to treat sewage sludge 

A variety of biomass-based feedstocks can be used in digesters to produce biogas and digestate.
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– the solids that settle out during the treatment process. 
In some cases, the resulting biogas is used to heat the 
digesters to improve the efficiency of the process and kill 
pathogens. But many WWTW don’t exploit this energy 
source at all, and simply flare the biogas, which burns 
off the flammable methane but releases CO2. This is 
undesirable from a greenhouse gas emissions perspective, 
so a concerted effort should be made to maximise the 
production of biogas, which would make its recovery more 
financially viable. One way of doing this is to supplement 
the sewage sludge in the digesters with plant-based 
biomass such as sugarcane bagasse or corn silage – maize 
waste that has been shredded, then compressed and 
stored in a silo or pit for a few weeks, where it gets ‘pickled’ 
through natural fermentation.

“The co-digestion of these substrates with sewage sludge 
enhances the conventional digestive process and increases 
the yield of biogas,” says Chetty. Many WWTW already 
dispose of treated sewage sludge – the digestate – by 
making it available to farmers to use as fertilizer, so 
cooperative arrangements could be made to provide 
digestate in exchange for biomass feedstock. To date, the 
research has been conducted on laboratory-scale systems, 
and the results have been very promising, especially when 
nutrient-rich dairy or brewery wastewater has been added 
to the digesters too.

“In South Africa, several industries produce millions of 
cubic metres of wastewater annually, with large volumes 
treated on site before being either released into water- 
bodies or piped to municipal treatment plants. Industries in 
most parts of the world continue to battle against effluent 
discharges of poor quality, which affects ecosystems, but 
effluent with high carbon content and nutrients has the 
potential for transformation into valuable bioproducts.”

The research group has also been investigating what useful 
bioproducts could be developed from food industry waste 
such as vegetables, coffee grounds and used cooking oil, all 
of which are normally disposed of in landfill sites.

“Methane leaks from landfills are an ongoing problem,” 
says Chetty. “Spontaneous fires and explosions caused 
by build-up of gas have been recorded in many regions of 
the world, illustrating a major problem which needs to be 
confronted by waste management companies. When this 
gas is trapped, however, it can be made useful, instead of 
just being a nuisance.”

Preventing methane from reaching the atmosphere is 
important, because although it breaks down faster than 
CO2, it is much more effective in trapping heat, making it 
the greenhouse gas with the second-largest contribution 
to global warming. Municipal authorities and volunteer 
groups in many parts of the world have implemented urban 
food waste collection programmes to divert this waste 
from landfills. Typically, food waste from homes, hotels and 
restaurants is composted for subsequent use in gardens, 
but increasingly these programmes are installing digesters 
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too. Apart from improving the carbon footprint of the waste 
sector, these programmes can help reduce the transport 
costs and health hazards associated with waste disposal.

Chetty says that sugarcane bagasse and spent coffee 
grounds are also an alternative for high-value hydrocarbons 
that are normally produced from fossil fuels. Their 
transformation into such bioproducts is being investigated 
by the group, using green engineering principles that 
incorporate the use of green solvents, catalysts and 
sustainable chemicals like ionic liquids – salts that are in a 
liquid state.

“The next phase of the research is to scale up and carry 
out techno-economic studies,” says Chetty. “The treatment 
of large volumes of waste will mitigate ecosystem effects 
and prompt a culture of zero waste if the benefits show 
economic value. A lifecycle analysis will be incorporated 
into our projects, together with an economic analysis of 
implementing these interventions.”

Written by Quest Editor, Sue Matthews, based on information 
provided by Dr Chetty.

The 4.4 MW Bronkhorstspruit Biogas Plant, developed by 
Bio2Watt on the Beefcor feedlot 40 km east of Pretoria, is 
South Africa’s first industrial-scale biogas-to-electricity plant. 
It began producing renewable electricity from cow dung and 
other organic waste in 2015, and supplies 30% of the nearby 
BMW Rosslyn factory’s electricity requirements.

A rural household’s newly completed digester, constructed 
as part of the Waste-to-Energy South Africa Project, which 
is supported by the United Nations Industrial Development 
Organisation (UNIDO) and the Global Environment Facility (GEF).
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