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From Cane to Current:
Turning Sugar-Industry Wastewater
Into Energy

Boipelo Molate, Primrose Magama and Zikhona Buyeye
ARC-Natural Resources and Engineering

hen most people think about sugar  Every day, sugar mills generate wastewater

production, they picture sweet during cane washing, juice extraction and
treats - ?Ot wastewater. Yet e(\j/ery equipment cleaning. This wastewater is
tonne of sugarcane processe loaded with biodegradable organic matter

leaves behind large volumes of wastewater
that, for a long time, have been treated as an :
environmental problem. Now, researchers are <@ pollute rivers and dams as well as harm
exploring a technology that could turn this aquatic ecosystems. But instead of viewing it
overlooked waste into a valuable source of as waste, scientists are increasingly seeing it

clean hydrogen energy. as a hidden energy resource.

that, if discharged without proper treatment,

Figure 1 A sugarcane milling facility (Source: Vecteezy)
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Figure 2 General MEC schematic for wastewater treatment and hydrogen production (Author

generated).

Sugar mills typically produce between 0.4

and 1.0 cubic metres of wastewater for every
tonne of sugarcane crushed. Across the global
sugar industry, that amounts to hundreds

of millions of cubic metres of wastewater
every year. Rather than simply disposing of
this resource, researchers believe its stored
chemical energy can be recovered and put to
good use. This would support the growing shift
towards a circular economy where waste is
transformed into something valuable.

One reason sugar-industry wastewater is so
promising is its composition. It contains high
levels of biodegradable organic material,
giving it a high chemical oxygen demand (COD)
and biochemical oxygen demand (BOD). The
wastewater is often acidic, dark in colour

and contains suspended fibres and fine
bagasse particles. While these characteristics
make treatment challenging, they also make
the wastewater an ideal feedstock for bio-
electrochemical technologies.

Most sugar mills currently rely on conventional
treatment methods designed to reduce
pollution before wastewater is discharged.
These systems generally begin with screening
and equalisation, followed by anaerobic
digestion in Up flow Anaerobic Sludge Blanket
(UASB) reactors or pond systems that produce
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biogas. Aerobic treatment is then used to
polish the wastewater, so it complies with
environmental discharge standards.

Although these methods are effective at
cleaning wastewater, they recover only a
fraction of its energy potential.

That is where Microbial Electrolysis Cells
(MECs) come in.

MECs use naturally occurring electroactive
microorganisms to break down organic
compounds in wastewater. As the microbes
consume the organic matter, they release
electrons and protons. A small external
voltage—typically between 0.2 and 0.8 volts—
helps drive the reaction, allowing hydrogen gas
to form at the cathode. The result is a process
that treats wastewater while producing clean
hydrogen fuel using far less electricity than
conventional water electrolysis.

Hydrogen is attracting global attention as a
clean energy carrier. It can be used in fuel cells
to generate electricity, stored for future use,
or integrated into renewable energy systems.
Compared with biogas, hydrogen offers higher
energy efficiency and produces only water
when used in fuel cells, making it an attractive
option for industries seeking to reduce their
carbon footprint.



Despite its promise, MEC technology is still
emerging. Most systems remain at the pilot
or demonstration stage, with researchers
reporting encouraging wastewater treatment
performance and hydrogen production.
However, moving from laboratory-scale
systems to full-scale industrial applications
presents several challenges.

Maintaining stable microbial communities
over long periods can be difficult, while
electrode fouling caused by solids in
wastewater can reduce efficiency. In addition,
specialised electrodes and membrane
materials remain expensive, contributing to
high installation costs. Improving long-term
durability and reducing equipment costs

will be essential before MECs can be widely
adopted across the sugar industry.

Even so, the potential benefits are significant.
MECs can produce high-value hydrogen
while treating wastewater in a single system
and require relatively little external energy.
They could also be incorporated into existing
wastewater treatment facilities rather than
replacing them entirely, making adoption
more practical for many sugar mills.

Researchers believe MECs are likely to work
best alongside conventional treatment
systems. By targeting wastewater streams
with high concentrations of dissolved organic
matter, such as wash water and molasses
residues, these systems could recover
additional energy while reducing the load on
existing treatment processes.

As industries around the world search for
cleaner production methods, technologies
like MECs are reshaping the way wastewater
is viewed. What was once considered an
environmental burden may soon become

a valuable resource, helping sugar mills
generate renewable hydrogen, reduce
pollution and move closer to a more
sustainable, circular future.

The next time you stir sugar into your coffee,
it may be worth remembering that the
journey from cane to crystal could one day
produce something even more valuable than
sweetness: clean energy.

Inquiries: Buyeyez@arc.agric.za
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