
* the defi ned upper power limit varies from country to country from 1.5 to 12 MW, but 10MW is becoming the 
generally accepted limit for SHP and has been adopted by ESHA and the European Commission.

Supported by

HYDROPOWER  
TECHNOLOGY

How it works
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HP schemes, considered as 
those with installed capacity 
of up to 10 MW *, generate 
electricity or mechanical pow-
er by converting the power 

available in fl owing water of rivers, 
canals and streams. The objective of a 
hydropower scheme is to convert the 
potential energy of a mass of water, 
fl owing in a stream with a certain fall 
(termed the «head»), into electric energy 
at the lower end of the scheme, where 
the powerhouse is located. The power 
of the scheme is proportional to the 
fl ow and to the head.

Hydropower produces high-quality electricity

Hydropower has the ability to generate electricity instantly to supply both, base-load and 
peak - load generation. Hydropower electrify is easy to predict and to manage, it can be easily 
adapted to unexpected increases in electricity demand.

   1 GWh supplies electricity for about 
220 European households

   One small hydropower plant of 1 
MW produces on average 5 GWh/
year in Austria, supplying electricity 
to 1100 households

   5 GWh/year supplies electricity to 
2200 households in a developing 
country.
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The basic principle of hydropower is to transform the potential energy 
of water into mechanical energy available at a turbine shaft and 

afterwards into electricity through a generator. 

Water can be piped from a certain level to a lower level.  Then the 
resulting water pressure and/or kinetic energy can be used to do some 
useable work. If the water is allowed to move a mechanical component 
then that movement involves conversion of the mechanical energy of the 
water into mechanical energy of this component. Hydro turbines convert 
water pressure and kinetic energy into mechanical energy, which can be 
used to drive an electricity generator. The main requirement is to have a 
‘head’ so that water, diverted through an intake channel or a pipe (the 
penstock) into a turbine, discharges back into the river downstream. 
Sometimes the river has a suitable drop in level and the head is geo-
logically given and available. In other cases it is necessary to create an 
artifi cial head. The head is the difference in altitude between the water 
intake and the lower water level. It is normal to achieve optimum energy 
conversion effi ciencies with all types of hydraulic turbines in the range 
of 80 up to over 90%.

The turbine

The purpose of a hydraulic turbine is to transform the water potential 
and kinetic energy to mechanical rotational energy. Various types of 

turbines exist to cope with different levels of head and fl ow. The two 
broad categories are: 

   Impulse turbines – notably the Pelton, Turgo or the Banki-Michell 
(cross-fl ow) - in which water impinges or enters the runner, which is 
designed to change the water’s direction and thereby extract the 
momentum from it with scarce change of pressure energy.

   Reaction turbines – notably Francis and Kaplan – which run full of 
water and in effect generate hydrodynamic “lift” forces to propel the 
runner blades, extracting thus the pressure energy of infl owing water. 

How do SHP plants produce electricity?

Main types 
of Turbines

Features

Pelton Impulse turbine suitable for high heads 
(from 100 to 1 000 meters and more) 
and small discharges 

Banki-Michell Impulse turbine suitable for medium head 
typically from 4 to 200 meters

Francis Radial-flow reaction turbines suitable for 
medium head from 10 to 100 –500 meters

Kaplan Axial or radial flow reaction turbine, generally 
used for low heads from 1,5 to 10-50 meters.

The generator

Generators transform mechanical energy 
into electrical energy. An electric generator 

is made up of a stationary part (stator) and 
a moving part (rotor). The electric current is 
generated by the rotation of the magnetic fi eld 
of the rotor through the coil of the conducting 
wiring of the stator. Once set in motion, the 
turbine drives the electric generator (either 
directly or through a multiplier), which then 

transforms the mechanical energy from the shaft into electrical energy. 
There are two categories of generators: the synchronous generators, and 
the asynchronous (induction) generators. Asynchronous motors in gen-

erating mode are commonly used as generators in micro power plants.

Speed increasers  
and control systems

The optimal rotation speed of the turbine 
depends at the same time on the type of 

turbine, on the head and on the fl ow.  In order to 
synchronise the work of the different equipments 
it is necessary to situate the speed increaser in 
between the turbine and the generator. Since small hydro schemes are 
nowadays unattended, control systems that increase the effi ciency of the 
plants, based on personal computers are commonly used. 

Planning a small hydropower scheme
The fi nal implementation of a SHP plant is the result of a complex and 
interactive process, where consideration is given to both environmental 
impacts and different technological options as assessed from the eco-
nomic point of view.

List of the studies that should be undertaken

   Topography and geomorphology of the site.
   Evaluation of the water resource and its generating potential
   Site selection and basic layout
   Hydraulic turbines and generators and their control
   Environmental impact assessment and mitigation measures
   Economic evaluation of the project and fi nancing potential
   Institutional framework and administrative procedures to attain the 
authorizations

(c) OFCL
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1. Flow calculation 2. Head Calculation

The calculation of the fl ow is essential for the project. The fl ow 
will infl uence the power of the SHP and its profi tability. In order 
to understand the availability of fl ow in a river section, it is 
very useful to plot  that stream fl ow records through the fl ow 
duration curve (FDC). This curves shows  the portion of time 
in which the discharge equals or exceeds certain values. In this 
way it is possible to estimate the medium number of days in 
a year in which a certain fl ow is available and to program the 
water use of the plant. In parallel necessary information on 
measuring the fl ow of the river is needed, and the catchments 
area should be evaluated. Information drawn from the stream 
fl ow records, statistical information on the weather forecasts 
and on-spot measurements are needed. In Europe, these can 
be obtained from national hydrological institutes. 

The gross head may be rapidly estimated, either by fi eld 
surveying or by orthophotographic techniques. The gross head 
is the vertical distance that the water falls through when ge-
nerating useable power, i.e. the difference between the upper 
and lower water surface levels. Having established the gross 
head available, it is necessary to take into account the losses 
arising from trash racks, pipe friction, bends, valves and unuti-
lized kinetic energy at the turbine outlet. The net head will be 
determined after having estimated the various head losses.

3. Approximated annual energy production 

Knowing the fl ow and the net head, the estimated annual energy production of the site can be calculated.

The output of a hydropower plant is given in terms of power [kW] and electricity production [kWh]. 
The result can be calculated as follows:

P (kW) = Q (m3/s) x H (m) x tot x 9,81 and approximately Q x H x 7,8
tot = total effi ciency (turbine x generator x speed increaser x trafo)

P = electrical power output
Q = rated discharge

H = net head
Electricity production - the thing we pay for - is electrical power supply during a certain time period. The annual electricity 

production of a hydropower (HP) station is approximately calculated as
E (kWh) = P (kW) x 4500 (h)

How the electricity is distributed?
In order to use the electricity produced by the SHP plant it should be transmitted to the fi nal user. 

Energy Transformer

The transformer allows electricity to be effi ciently transmitted over long distances. This makes it possible to supply electricity 
to homes and businesses located far from the electric generating plant. The transformer is a device, which through electro-

magnetic induction transforms alternating electric energy in one 
circuit into energy of a similar type in another circuit, commonly 
with altered values of voltage and current. The transformer situated 
inside the powerhouse takes the alternating electric current from 
the generator terminals and converts it to the current of lower 
value while increasing the voltage in the same ratio.

The Grid

Power travels from the power plant to the end user through 
the power distribution grid. Because of the European ef-

fort for the development of renewable energy sources, utilities 
have received a large increase in demand for the connection of 
decentralised plants. The European policy framework supports 
easy access to the grid for renewable energy producers.

Off grid
SHP systems can also be alone stand-alon installations, 
i.e not connected to the grid. Stand-alone micro-hydro 
does not need to have a battery bank.  The frequency 
of the electricity is controlled using a load controller. 
But, a stand-alone scheme can be used to charge a 
battery bank, if this energy service is required. Off grid 
small hydropower schemes are a suitable solution for 
electricity supply in developing countries and in moun-
tainous areas in developed ones.

Increasing automation
State of the art industrial automation components 
and excellent communication features ensure that an 
operator can identify the status of the plant at any time 
and anywhere, using computers, PDAs, cell phones or 
just a simple telephone and allows to respond remotely 
on problems, where applicable.
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