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Impact Objectives
• Develop and demonstrate a pilot-level integrated recirculating aquaculture system
• Develop a novel self-cleaning membrane bioreactor for recirculating aquaculture systems
and wastewater treatment
• Adapt the overall system to the environment of the Lake Victoria Basin to lay the foundation
for sustainable future aquaculture business and wastewater management in the region

Sustainable wastewater
treatment for rural regions

Cleaning up
Lake Victoria basin
The VicInAqua project is developing a novel, economically-sustainable pilot plant to filter water from
Lake Victoria for use in aquaculture and agriculture. The project addresses environmental degradation
of the lake and offers major socio-economic benefits to the region’s population

Professor Jan Hoinkis has been developing sustainable wastewater treatment processes for many years
and seized the opportunity to help revive Lake Victoria and supply clean water to locals for aquaculture
and agricultural purposes
What are the main
objectives of the
VicInAqua project?
VicInAqua is
developing
and building a
sustainable pilot wastewater treatment and
recirculating aquaculture system (RAS), to be
constructed alongside Lake Victoria, which
straddles the boundaries of Kenya, Tanzania
and Uganda. The objective is to filter
wastewater that would otherwise run into
the lake and for use in onshore aquaculture
and agriculture in an environmentallysensitive way. Such technology could radically
reduce stress on the sensitive ecosystems
of Lake Victoria and contribute to food and
health security in the region. The project
will also build knowledge and capacity in
the local population, while promoting the
empowerment of women.
The wastewater treatment unit includes a
novel self-cleaning membrane bioreactor
(MBR) that overcomes the problem of
biofouling and avoids the use of costly
chemicals. The filtered effluent water from
the MBR flows into the aquaculture system
and any surplus is used for irrigation. The
sludge filtered from the wastewater is codigested with local organic waste to produce
biogas, which, together with advanced
photovoltaic panels, produces renewable
electricity to bridge power outages. A remote,
app-based monitoring system enables an
operator to control the pilot plant with a

The overall concept promotes sound
approaches to water management and helps
lay the foundation for sustainable energy use
in aquaculture. The project addresses wider
socio-economic factors through job creation
and a better gender balance in decisionmaking.

food demand and supplement the lake’s
dwindling fish stocks. Our project will
support this sector, placing it on a more
sustainable and environmentally-friendly
footing for the future, as well as reducing
pollution flows into the lake. We will also be
training the local population in the concepts.
At present, there is a lack of knowledge about
the environmental impact of lake fisheries,
fish farms and wastewater disposal and little
capital and available technology to address
these challenges.

What are the problems VicInAqua is
attempting to address?

What is your background and how did you
become interested in the VicInAqua project?

Lake Victoria is the second largest freshwater
lake in the world and supports a population
of around 30 million people in three
countries who use its waters for fishing,
irrigation, tourism and industry. However, the
lake waters and ecosystems are deteriorating
due to over-fishing and very high levels of
pollution, mainly from industry and raw
sewage inflows. Fish stocks have greatly
decreased and locals are affected by rising
fish prices and difficulty in catching sufficient
fish to make a living. Despite many efforts
to ameliorate the situation, many challenges
remain. The environmental pressures on
the lake are exacerbated by rapid local
urbanisation, extreme population density,
high rates of poverty, poor sanitation and
weak law enforcement.

I am a professor, lecturing in chemistry,
thermodynamics and environmental process
engineering. My research and development
work has mainly been on water treatment
and water re-use with a special focus on
membrane technologies. I have been the
project coordinator of several national
and international research projects in the
past years, including the development of
improved drinking water treatment plants in
Tanzania. During this work, I became aware
of the enormous challenges facing the Lake
Victoria basin, in particular eutrophication
of the lake waters. I felt that I could use my
expertise to help this region and worked
with other partners to develop the VicInAqua
proposal, which aims to improve both the
socio-economic and environmental situation
in this region while being easily replicable in
other regions with similar challenges.l

smartphone. The RAS will produce highquality tilapia and Nile perch fingerlings to
supply the burgeoning local aquaculture
sector.

One recent positive has been the rise in
onshore aquaculture seeking to meet local

K

arlsruhe University of Applied Sciences,
Germany, is coordinating a multinational
consortium of public institutions,
researchers and private companies to
develop an integrated demonstrator plant
to filter and clean raw sewage and industrial
wastewater using renewable technology for
use in aquaculture and agriculture. The pilot
plant is being installed in Kisumu, Kenya,
in the Lake Victoria basin region, which is
home to a large population suffering from
poverty and food shortages, largely due
to high population density and depleted
fisheries. Project Coordinator Professor
Jan Hoinkis explains: ‘We are addressing
many problems with VicInAqua. Plants like
ours will reduce the flow of pollutants into
the lake, supply clean water to locals for
multiple uses, use low emission technology
and create economic opportunities for the
region.’
The consortium is both multinational
and multidisciplinary, comprising eleven
partners from seven countries. Hoinkis
says: ‘One of our biggest and most exciting
challenges has been fostering a mutual
cultural and technical exchange between
partners. What unites us is the pressing
need to help people in the Lake Victoria
region and tackle the massive pollutant
levels in the lake.’ The three-year project
is funded through the European Union’s
Horizon 2020 programme and includes a
large technology transfer effort aimed at
building awareness and capacity in the local
population and creating management and

policy frameworks with the governmental
authorities responsible for managing the
region into the future.
SOCIO-ECONOMIC PROBLEMS OF
POLLUTION
The Lake Victoria basin is beset by many
issues, including major degradation of
the lake waters through pollution, rising
population densities on its shores and
poverty. He says: ‘Close to 50 percent of the
population are living on less than one dollar
a day, which is well below the poverty line.’
The population is dependent on the lake,
an extraordinary body of water akin to an
inland sea, covering nearly 70,000 square
kilometres and comprising the headwaters
of the Nile. The lake once teemed with fish
and was home to 4500 native species. Now,
the main fisheries comprise the introduced
Nile perch and various species of tilapia that
are favoured both by the fishermen and by
the large local and export markets. There is
a lack of awareness of the ongoing damage
being inflicted on the lake by allowing raw
sewage and industrial run-off to enter its
waters, over-fishing and an under-capacity
to deal with these issues.
Fish populations in the lake have decreased
rapidly owing to the extreme levels of
pollution, climate change, over-fishing
and illegal takes of under-weight fish. This
directly affects the entire population who
work as fishermen, in onshore processing
plants, selling fish in markets or who
are otherwise dependent on the export

trade. The price of fish has risen sharply,
meaning people find it harder to feed their
families. Hoinkis says: ‘Scarcity of food
and clean water has particularly impacted
women, who have traditionally sold fish
in markets, grown subsistence crops and
been responsible for fetching water for the
family.’ The consortium aims to ensure
women are involved in the demonstrator
plant and understand the benefits of the
combined technology to their way of life.
WASTEWATER TREATMENT AND
RENEWABLE ENERGY
The project objectives are wide-ranging,
including the technical challenges of
developing a membrane bioreactor (MBR)
that is not subject to biofouling, increasing
the productivity of photovoltaic panels with
thermoelectric generators and creating
a simplified recirculation aquaculture
system suited to the needs of low-income
countries. Hoinkis adds: ‘These linked
technologies are fitted with remote sensor
capabilities to enable real-time monitoring
by smartphone. Early detection of problems
is key, particularly if there is a failure of the
MBR that might lead to fish mortality in the
aquaculture system.’ Beyond the technical
objectives, there are many socio-economic
aims, including education and training of
the local population, developing an ongoing
regulatory framework and supporting
gender equality.
MBRs are a mature technology used
by municipalities around the world for

cleaning wastewater and supplying clean
water for irrigation and washing. They
contain membrane filters that use micro- or
ultrafiltration to remove harmful particles
and microbes from the water stream in
a passive way, without the addition of
polluting chemicals. Hoinkis explains: ‘The
biggest problem with the use of MBRs in
wastewater is fouling of the membrane that
needs regular manual or chemical cleaning
to keep it effective. In VicInAqua, the
membrane is coated with an antimicrobial
film that makes it largely self-cleaning.’
An important part of the process is a
biodegradation process using an activated
sludge in conjunction with membrane
filtration.
In developing nations, power supply is
sometimes irregular. Hoinkis says: ‘We want
to ensure the plant has a low environmental
footprint. In particular, we aim to keep
carbon emissions to the minimum. This
is why we have incorporated renewable
energy sources into the combined plant.’
High-efficiency photovoltaic panels will be
supplemented by thermoelectric generators
(TEGs) that convert a temperature
difference into an electric current. Hoinkis
says: ‘All solar cells produce waste heat as a
by-product, and this will be used to drive the
TEGs. Removal of this heat also makes the
panels more efficient.’
A further source of energy is biogas, which
is mostly methane produced by anaerobic
digestion of activated sludge left behind

by the filtration process, bolstered by the
addition of locally-produced organic waste
from industry and agriculture. Methane is
a greenhouse gas and an efficient source of
power for creating electricity. Hoinkis says:
‘The energy produced by the plant will allow
it to run continuously during mains power
outages.’
ECONOMIC AND ENVIRONMENTAL
BENEFITS
Clean water produced by the MBR flows
into a simplified recirculation aquaculture
system that can be built using locallyavailable equipment and expertise. As
Hoinkis noted, an entrepreneurial local
reaction to the declining lake fisheries
has been the development of onshore
aquaculture. The VicInAqua technology
provides clean water for this sector and each
plant will include a facility for the production
of young fish to supply local aquaculture
operations. The water from the RAS flows
back into the MBR for cleaning and re-use.
Hoinkis adds: ‘Surplus clean water can be
used to irrigate local crops that can also be
fertilised by the safe solid residues left after
water and biogas extraction.’
Hoinkis says VicInAqua will benefit the
locality as a: ‘Tailor-made response to
the local food, sanitation and water
supply needs of the region.’ The unique
combination of novel environmentallyfriendly technologies, together with the
transfer of knowledge, capacity and
ownership to the local population, is

expected to have a significant impact on the
health and economic well-being of the basin
and could lead to eventual rejuvenation of
the lake itself as well as benefitting areas
worldwide experiencing similar situations.
VicInAqua will be showcased during the
Kenya Water and Sanitation Week at the
Kenya International Convention Centre of
Nairobi and the project partners will be
hosting an event on the 21st of November
2018, including presentations, a panel
discussion and roundtables. l
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BIOS
Professor Jan Hoinkis holds a degree in
chemistry from University of Karlsruhe
(now Karlsruhe Institute of Technology)
and completed his doctorate in the field
of thermodynamics. He spent seven years
working in the chemical industry as head
of a group for process development.
Strongly involved in the field of
environmental chemistry and sustainable
process efficiency since then, he also
gained a rich experience in managing
various European and international R&D
projects in cooperation with research
institutes and companies.
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