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Solar powered cooling for
enhancing milk value chains

Insufficient cooling systems are among the chief constraints many small-scale dairy
farmers in the Global South are faced with. Quite frequently, milk is rejected by
collecting centres or processing plants. Germany’s University of Hohenheim is testing
the efficacy of an environmentally friendly cooling system in Tunisia and Kenya.

In many African countries, milk is
produced mostly by small and medi-
um-sized dairy farms. These groups
are mostly constrained by a lack of
cooling systems and inadequate or re-
duced hygiene standards, which often
leads to high microbial contamina-
tion of the milk. Under warm climatic
conditions, raw milk can exceed the
maximum bacterial count prescribed
by food safety laws after only two to
five hours. During the hottest periods
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of the year, a lack of quality can lead to
high rates of rejected milk at collection
centres or dairy processing plants. Milk
cooling is essential to inhibit bacterial
growth and stabilise milk until process-
ing. In this context, an innovative ag-
ricultural solar-powered milk cooling
system was developed to refrigerate
and store milk on the farm and cool it
during transportation. Since 2015, the
system has been undergoing tests in
two projects in Tunisia and Kenya (see
Box on page 42).

B Easy to handle and resource-
friendly

The system consists of PV panels,
a commercially available DC freezer
equipped with a smart control unit

(adaptive control unit, charge control-
ler, data-logger and batteries), and
two insulated milk cans with a 30-li-
tre capacity each. The milk cans were
designed with an integrated ice com-
partment which replaces the conven-
tional lid and an external removable
insulation. Twenty-five plastic contain-
ers of 2 litres volume each are filled
with water and placed inside the freez-
er, which is 100 per cent solar-pow-
ered, to form ice blocks. When solar
energy is available, the freezer works
at maximal power, while it goes into
a “sleep mode” at night to conserve
the ice produced. The freezer is able
to store 50 kg of ice, assuring 4 days of
autonomy. Thus, a single smart freezer
allows the production between 12 kg
and 16 kg of ice a day, cooling around
60 litres of milk a day all year round.
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The insulated milk cans that have
been developed are filled with a maxi-
mum of 30 litres of milk, after which
the ice compartment is placed inside
the can. Up to four ice blocks fit into
the compartment. The use of a remov-
able insulation for the milk cans offers
a flexible handling of the system. In
the case of the morning milk, 30 li-
tres of milk can be cooled down with
6 kg of ice (3 ice blocks) and preserved
up to six hours. In the same milk-can
model, 20 litres of the evening milk
can be stored for up to twelve hours
with the help of 8 kg of ice (4 ice
blocks). Furthermore, it is possible
to fill a clean insulated milk can with
ice the night before and give it to the
farmer to cool the morning milk. This
also allows more farms to use the in-
sulated milk cans without owning the
solar cooling system.

B Tunisia — more flexibility for
the milk collector

The Tunisian dairy sector is rela-
tively advanced. Usually, someone as-
signed as “The collector” is in charge
of a number of farms in the region and
follows a route to collect the milk from
the farms and bring it to the collect-
ing centre. The milk is collected twice
daily, in the morning and in the eve-
ning. As yet, with no cooling system
in the car, the collector has to reckon
with the milk being rejected, and if he
wants to arrive at the collecting cen-
tre with milk of good quality, he usu-
ally tries to speed up the collection
and transport. Therefore, the cooling
system offers the collectors more flex-
ibility in transporting the milk without
the current pressure they are under to
avoid spoilage.

The first evaluation of the solar milk
cooling system was performed in Sidi
Bouzid in central Tunisia. Ten systems
were assessed at seven farms. The farm-
ers were eager to co-operate and en-
gaged in testing the technology. They
monitored the pH and temperature
levels of the milk from the milking to
the collecting centre.The assessments
of the system in Sidi Bouzid show the
system’s potential to provide fast cool-
ing of raw milk from 35°C to less than
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The system consists of PV panels, a commercially available DC freezer equipped with a smart
control unit and two insulated milk cans with a 30-litre capacity each.

15°C within the first hour after milking
and then maintain this temperature
during transport until arrival at the
collecting centre. This hampers bacte-
rial growth during transportation. The
farms testing the system are located
up to 40 km away from the collect-
ing centres, which means that the milk
transport can take up to five hours.
The cooling system is currently show-
ing its ability to limit bacteria growth,
preserve milk quality up to four times
compared to un-cooled milk and en-
sure payment to the farmers.

The original milk-can prototypes
introduced in the field had an incor-
porated insulation fixed to the milk-
can walls. The farmers criticised this
approach because of the increased
weight and volume, which lowered
handling comfort. Therefore, a new
model was developed and introduced
to the field in October 2016. Since the
insulation is removable, this model
can accommodate conventional milk
cans. It allows better handling during
milking and cleaning, which is often
done by women in the region.

Background

The solar-powered milk-cooling system was conceptualised by the University of
Hohenheim, Germany, with funding support from Deutsche Gesellschaft fiir In-
ternationale Zusammenarbeit (GIZ) on behalf of the German Federal Ministry for
Economic Cooperation and Development (BMZ).

Implementation in Tunisia was embedded in the GIZ programmes ‘Innovation
Transfer into Agriculture — Adaptation to Climate Change’ (ITAACC) and ‘Sustain-
able Energy for Food — Powering Agriculture’. The International Center for Agricul-
tural Research in the Dry Areas (ICARDA) and the National Agricultural Research
Institute of Tunisia (INRAT) coordinate the project at national level.

The pilot testing in Kenya is funded by the Programme of Accompanying Research
for Agricultural Innovation (PARI) while the coordination is carried out by the GIZ
programmes ‘Green Innovation Center for the Agriculture and Food Sector’ and
‘Sustainable Energy for Food — Powering Agriculture’.

Besides the aim to assess the potential and acceptance of the system under real
conditions, business models are studied which would allow the introduction of the
technology with locally produced components.

For detailed information on the project, see online version of this article at:
> www.rural21.com
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The system was adapted to facilitate transportation by bike and motorcycle.

B Kenya: adapted to small
farmers’ needs

In rural areas in western Kenya, milk
production per farm usually ranges
between one and ten litres. Owing
to this low level of production, milk is
handled by small farmers that organ-
ised themselves in co-operatives. Bikes
and motorbikes are used to transport
the milk from the farm to the co-op-
erative, which is used as a collecting
centre, but when the farms are located
7 to 12 km away from the centre, in-
termediate collection points (satellites)
are established. At the satellites, milk is
bulked until it reaches 50-60 litres and
then is transported to the collecting
centre on a motorbike. Thus, the first
modification of the system was to use
specially designed plastic milk cans in
order to facilitate transportation by
bike and motorcycle.

A pilot system was installed at the
SAM Malanga dairy co-operative lo-
cated in Siaya County. The group of
farmers showed an interest in the sys-
tem and participated in the project
right from the start. They responded
very quickly to individual issues such
as the transportation of the milk cans,
and were willing to adopt the tech-
nology. For example, they built an
adaptor to carry two milk cans on the
motorbike. In 2017, two more systems
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will be installed and evaluated in a se-
lected farm and satellite respectively,
covering all stages of the milk value
chain before processing. The installed
cooling system is already showing
great potential to significantly reduce
bacterial growth during transport and
ensure the payment to the farmer. The
activities planned are based on differ-
ent business models that will focus on
the overnight storage of evening milk
and the evaluation of the system in the
early stages of milk handling (satellites
and farms). Private sector involvement
in the country- and region-wide up-
scaling of the system is a long-term
goal of the project.

B A potential to boost market
access

The solar milk cooling system is
showing a great potential to overcome
the challenges posed by short-term
on-farm storage of milk and cooling
during transportation. In addition, the
pilot testing in Tunisia and Kenya has
shown that this technology is a user-
and environmentally-friendly solution
for remote regions not connected to
the grid. The scheme offers the oppor-
tunity to support the milk value chain
at any stage by increasing productivity
and giving access to premium prices
or opening additional markets.

Imprint
Rural21-

The International Journal
for Rural Development

Published by:
DLG-Verlag GmbH
Frankfurt, Germany

Advisory council:

Felix Fellmann, DEZA

Dr Reinhard Grandke, DLG
Louise Luttikholt, HELVETAS
Dr Stefan Schmitz, BMZ
Christel Weller-Molongua, GIZ

Editorial committee:

Dr Michael Briintrup, DIE

Dorothea Hohengarten, GIZ
Karl-Martin Lith, DLG

Prof. Dr Matin Qaim,

University of Géttingen

Dr Detlef Virchow, Plan International

Editor in chief:
Silvia Richter, s.richter@dlg.org

Editorial staff:

Olive Bexten, o.bexten@dlg.org
Ines Lechner, i.lechner@dlg.org
Angelika Wilcke, a.wilcke@dlg.org

Editorial assistance:
Michael Gardner

Editorial office:
DLG-Verlag GmbH
Eschborner LandstralRe 122

VA

60489 Frankfurt, Germany EW;SCQ
Translated by: Pa:::’f(mm
Chl’istopher Hay responsible sources

. . . FSC® C051249
Tazir International Services

Distribution, advertising:
DLG-Verlag GmbH
Eschborner Landstralle 122
60489 Frankfurt, Germany

Design & Layout:
Andrea Trapani, DLG-Verlag

Printed by:

Briihlsche Universitats-
druckerei GmbH & Co KG
35396 GieRen, Germany

Rural 21 is published four times per year.
The subscription rate is 33.— Euro
(Germany), 37.— Euro (EU countries),
51.- Euro (non-EU countries) and

8.30 Euro per issue, plus postage.

All rights reserved. The contents may not
be translated, reproduced in whole or in
part, nor may information be passed on
to third parties without permission of the
publisher. Please direct all correspondence
to the editor in chief.

The opinions expressed by the authors are
not necessarily those of the publisher or the
editor. The editor retains the right to make
editorial changes.

43



