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Community Pico Hydro in Sub-Saharan Africa: Case Study 2
Site: Thima, Kirinyaga District, Kenya
Background
This was the second of two schemes installed as part of a program implemented by The Micro Hydro Centre at
Nottingham Trent University to demonstrate Pico Hydro technology in Sub Saharan Africa. The cost of the
penstock, turbine and generator equipment was met by the project funders (European Commission) and all
other costs were contributed by the 110 households which the scheme supplies with electricity.

Technical Summary
This case study describes a pico hydro plant using a ‘pump-as-turbine’ directly-coupled to an induction motor as
generator which has an electrical output of 2.2kW. The penstock consists of 90 metres of 160mm diameter PVC
pipe. The net head is 18m and the flow into the turbine is 28l/s. The electrical output of 2.2kW corresponds to a
turbine-generator efficiency of 45%. The water source is the Rutui River which has a flow rate of more than
100l/s during 90% of the year. The minimum flow, measured after an unusually long period of dry weather, was
84 l/s. The generator output is regulated by means of an Induction Generator Controller to ensure that the
voltage and frequency are held at the correct values during conditions of changing consumer load. Excess
power is fed to a ballast load. Two 1.8kW cooking rings connected in parallel have been used for this. There are
around 160 households within a 900m radius of the turbine house and 110 of these are being connected to the
generator using a single-phase distribution system with insulated copper conductors. Each house has a 230V
supply which is sufficient for one or two energy-saving lamps and a radio. It was not possible to connect all the
houses due the proximity of some to the grid lines which supply a tea factory and a local church. Areas in the
vicinity of the grid lines were avoided to prevent risk of conflict with the national utility. The locations of the
generator and consumer houses were recorded using a GPS system so that a distribution plan could be
developed. The average cost per house for all equipment and materials was $58 and more than 50% of this
cost was contributed by the consumers. In addition the consumers contributed their labour free of charge and
trees from their ‘shambas’ (farms) to make distribution poles.

Site Description
Kerugoya town lies 130km north of Nairobi on the southern foothills of Mount Kenya. Thima is approximately
4km north-west of Kerugoya. Travelling time from the town to the site is around 15 minutes with a vehicle. The
powerhouse can be reached after a further 10 minute walk down into the steep valley along which the Rutui
River flows. This river, which provides the hydro power potential, is formed at the conference of the Kangaita
River and a smaller tributary 500m upstream from the turbine. There are approximately 160 houses within the
vicinity, the furthest of which is 900m from the turbine house.

Community Organisation
The local community at Thima were organised
and motivated from the outset. They had
previously formed an association and
collected money so that a transformer could
be purchased because grid lines run nearby to
a tea factory. This is the only way of receiving
a connection to the grid in many rural parts of
Kenya. In many African countries it is quite
normal that grid lines pass over or very close
to houses but they often have little hope of
ever being connected. The relatively small
power demand is simply not sufficient for them
to provide a good return on investment for the
utility. Unfortunately the group did not manage
to raise sufficient funds for the transformer so
they were unable to get grid connected.
However, this group provided a good basis to
form an association for the implementation
and management of this project once the local
hydro potential had been recognised.

Community members outside the turbine house at Thima
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Intake
The design flow for this scheme was 28 litres per second. The lowest recorded flow, using the salt-gulp method
of flow measurement, was 84 l/s. This was taken after a particularly prolonged dry period caused by the failure
of two consecutive rainy seasons so there is a good degree of certainty that the design flow to the turbine will
always be available. For pico hydro schemes, the use of natural features and semi-permanent structures is
favored to avoid the high costs of civil works often associated with larger hydro projects.

Galvanised wire mesh prevents debris from
entering the penstock at the intake

Bolders have been used to form a deep pool
around the intake. Soil bags seal the gaps.

At this site, use was made of a natural division in the river to provide a more easily controlled flow of water to the
intake. Maize sacks filled with clay soil were used to re-enforce the channel leading to the intake and bolders
were positioned to form a pool with sufficient depth to ensure that the penstock is kept full. The edges around
the bolders were sealed with more stones and soil sacks. A flushing pipe was also added to enable the pool to
be drained quickly. The intake was formed from low-pressure PVC pipe fittings and 5mm galvanised wire mesh
rolled into a sealed tube. This acts as a filter to prevent any debris from entering the penstock and fouling the
turbine. Two filters are used to ensure that a sufficient flow rate was always maintained. A wooden fence at the
entrance to the channel reduces the risk of large sticks and leaves entering the channel to the intake. These are
swept away by the main river flow instead.

Penstock
A community effort transformed the landscape of the riverbank within a few of hours to provide a platform at the
correct level to support the first section of the penstock. Soil bags were used to secure the pipe in position and
cover it to prevent sunlight damage. Locally fabricated metal posts, set into concrete, secure a suspended
section of the pipe as it descends over a steep rocky slope parallel to the waterfall. A clamp lined with rubber
was welded to the top of the posts and bolted around the pipe sockets where risk of a rupture was greatest.

The penstock level is marked out with string
up to the proposed intake position.

A few hours later, a stone platform has been
constructed to support the pipe.
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The length of penstock required at this site was 90m to gain 20m of head. Class B (6bar) PVC pipe with a
nominal diameter of 160mm was selected. This gives a head loss of about 2 meters with a flow rate of 28 l/s, so
the net head at the turbine is 18m. This pipe was manufactured in 6metre lengths with each length joined to the
next by means of a socket at one end. No PVC cement was required at the sockets, as a rubber ‘O’ ring was
fitted which gives a pressure tight seal. One disadvantage of PVC pipe is that it is quite rigid and therefore
potentially more difficult to install at a site where the landscape is uneven and rocky as in this case. Two 45º
elbows were used to obtain the correct slope for the pipe down the steepest section. Other sections were
carefully molded around a former after heating over a fire to give more gentle radius bends where required. A
large wheel hub, securely anchored in the centre, provided a suitable shaped former. During this process it is
important to fill the centre of the pipe with hot sand (plugged with maize sacks) to ensure that it does not buckle.
Softening the pipe is easier over embers because the heat supplied is more even. Nevertheless, it is still
important to keep the pipe moving during heating by constant rotation to prevent the plastic from burning.

Sockets enable the 6m pipe lengths to be
fitted together. An ‘O’ ring fits in the socket
recess and provides a pressure tight seal.

Small bends were made by heating sections and
then shaping around a former. Embers rather
than flames (as above) should be used to avoid
the risk of melting the pipe completely.

Since PVC is quite rigid, 45º elbows joints were
cemented in at two points to enable the penstock
to follow the shortest path to the turbine house.

The entire penstock was supported by soil
bags wherever possible and covered to
prevent damage by sunlight.
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