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INTRODUCTION TO RENEWABLES 
 
Renewable energy is the term used to describe any naturally occurring, theoretically inexhausti-
ble source of energy such as biomass, solar, wind, tidal, wave, and hydroelectric power that is 
not derived from fossil or nuclear fuel. . Useful energy may in the form of heat, as with solar 
water heating or indirectly as electricity as with hydropower. 
 
Fossil fuels are in contrast, finite sources of energy. Their combustion releases CO2 which con-
tributes to climate change.  As the reserves of fossil fuels dwindle and demand increases, prices 
are tending to increase and security of supply is becoming an issue. Therefore the comparative 
viability of renewable energy is steadily improving. 
 
The key challenge in using renewables is to derive usable energy , in a practical and economic 
way.  
 
This guide covers the issue of small scale hydropower and how it can be generated and applied.  
 
HYDROPOWER 
 
The production of energy from water flows can be done in two ways:  
 
1. By directly driving machinery e.g. water wheels, pumps etc. 
By driving a turbine coupled to an electricity generator to produce electricity. 
 
Whilst the directly driven alternative is more efficient, electricity generation tends to be more 
popular because the electricity generated is more versatile and useable. In some situations it 
may even be possible to return the generated power to the grid for a premium price. 
 
Hydropower electrical schemes can be sized anywhere between 5kW and 3MW. In practice the 
limitation is the flow of water that is available. Electrical installations can be engineered to pro-
duce voltages from 12V (e.g. for leisure purposes) up to 415V 3-phase power for commercial 
situations. 
 
Hydropower can be used to provide direct pumping through simple mechanical devices, i.e. 
through the use of ram pumps or rotary pumps. These are most suited for remote situations for 
the delivery of water to livestock or communities. These technologies are useful in third world 
applications but are less useful for commercial sized operations.  
  
The primary considerations in the introduction of a hydropower scheme are: 
 

1. Flow and head data. 
2. Type of scheme (dam based or run of river based). 
3. Amount of power required. 
4. Form of power required. 
5. Environmental considerations. 
6. Economic considerations. 

 
One great advantage of small scale hydropower plants is the constant availability of power 
(assuming the water flow is stable). This is in contrast to wind and solar sources were power 
availability is variable. Hydro power is therefore good for ‘base load’ applications.  
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TECHNOLOGY 
 
A hydropower scheme for electricity generation usually comprises the following key elements: 
 

• A sustainable flow of running water. 
• A header tank or dam to provide a constant flow of water. 
• Ducting and piping to provide accurate water delivery from the header tank to the tur-

bine. 
• Flow control valve for closing down water flow in high flow times. 
• A turbine i.e. a bladed rotor that enables water flow to be transformed into rotary work. 
• A draught pipe to enable more pressure head to be gained from the water. 
• A connecting shaft onto which the turbine is mounted. 
• An electrical generator that is mounted in a safe location and is provided for by means of 

the shaft. 
• Power transmission lines (the viable length of these is dependant on the electrical power 

output of the generator). 
• Governing systems to prevent over run (could be either mechanical or electrical). 
• Control systems, especially necessary if connected to the grid to ensure there is no back 

flow of power. 
 
It is possible to self install much of this technology but it is recommended that a company is 
employed who will size, supply and fit the needed components. 
 
Hydroelectric power plant general schematic 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The schematic diagram shows the typical layout of a simple domestic/small business hydroelec-
tric power scheme. The draught tube maintains a constant head pressure available to the tur-
bine whilst allowing the turbine to be located in a suitable position. 
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TYPES OF TURBINE 
 
There are three main types of turbine available which can be used to tailor the need of an indi-
vidual hydroelectric scheme. 
 

 
 
SIZING 
 
The size of a hydroelectric power generator is dependant on the energy requirements of the site 
and the power that can be usefully extracted from the water source. The latter point is usually 
the defining issue. 
 
The theoretical electrical generating power of a water flow can be calculated using the following 
formula: 
 

P= Q x H x e x 9.81   (kW) 
Where:  

P = Power at the generator terminal, in kilowatts (kW).  
Q = Flow in pipeline, in cubic metres per second (m3/s).  
H = Vertical height from the header tank to the end of the draught tube in metres (m).  
e = The efficiency of the plant, considering head loss in the pipeline and the efficiency of 
the turbine and generator, expressed by a decimal this is generally taken to be approxi-
mately 60% or for this equation 0.6. 
9.81 = Correction factor for converting flow and head to kilowatts. 

 
As an example a flow rate of 200 litres/second with a head of 20 metres would provide a power 
(at 60% plant efficiency) of: 
 

P = (200/1000) x 20 x 0.6 x 9.81 
P = 23.5kW 
 

This shows the importance of measuring the flow rate and the head accurately in order to see 
whether the water flow can provide the required power. 

Type of turbine Geometry Uses 

Pelton Wheel 

 

In large head low flow rate situations. 
Usually best for 3kW to 1MW applications. 

Francis Turbine Similar to marine propeller. Medium head and medium flow rate situa-
tions. 
Usually best for 20kW to 2MW applications. 
  

Kaplan Turbine Like a large marine propel-
ler with adjustable blades. 

Low head high flow rate situations. 
Usually supplied for 500kW to 3MW situa-
tions. 
  

Small Scale Hydropower: A Guide for Farmers 



fec services

 

FEC Services Ltd, Stoneleigh Park, Kenilworth, CV8 2LS 

Tel: 024 7669 6512, Fax: 024 7669 6360, E-mail: info@fecservices.co.uk, www.fecservices.co.uk 

 
The flow rate of the river/stream depends heavily on the rainfall in a certain period. It is possi-
ble to obtain meteorological data from the river authorities about the particular river or a similar 
river in the area that will give a flow duration curve which put simply shows the number of days 
per year when a particular flow is exceeded. This data will enable the correct sizing of the 
scheme to ensure reliability. 
 
SITING 
 
There maybe some conflict between the best practical site for a hydroelectric scheme and that 
which is acceptable from an environmental or a planning point of view. It is therefore advised 
that for any proposed hydroelectric scheme planning advice is sought from the local authorities 
at a very early stage. It may also be necessary to apply for a water abstraction licence from the 
Environment Agency. 
Charges are not generally made for the use of water for power generation but there are a num-
ber of legal requirements for this use of water and the construction of any new civil engineering 
works. 
 
In order that the plant can be positioned for easy access for maintenance and installation it is 
possible to site the generator at a higher position and provide the necessary head by using the 
suction of water through the turbine on its outlet to assist water delivery. 
 
USE OF POWER 
 
The power from a hydroelectric plant can be used in one of three ways: 
 

1. It can be used directly either independently or in parallel with the mains. 
2. It can be stored in battery form. 
3. A combination of the above. 

 
The combination scheme is a useful option as it allows power from other sources such as solar 
or wind to be fed into the same storage devices. It may be necessary at times to switch from 
one type of power to another and this system allows it. The battery back up can also be used if 
necessary to close the plant down for short periods (e.g. maintenance) without the need to cut 
the power. 
 
Direct power can be provided as DC or as AC through an inverter or with an AC generator. DC 
use is limited to simple heating and lighting loads with AC being suitable for a wider range of 
applications. Operating in parallel with the mains means that the generator can operate con-
stantly, displacing imported electricity when demand is high and exporting energy to the mains 
when demand is low. The disadvantage of this is that special synchronisation and protection 
systems are needed to ensure a safe interface with mains power.  Special export metering is 
also needed and a sellback agreement has to be arranged with an electricity supply company. 
 
COSTINGS 
 
It is not possible to produce exact costing figures for hydroelectric schemes as they are very de-
pendant on the type of scheme and the local topography of the site. As a guide it is possible to 
say that for schemes up to 20kW the cost/kW is about £2,000. This figure will vary quite mark-
edly if the scheme design is very complex or unique. 
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FURTHER ADVICE 
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Institute of Hydrology 
Maclean Building 
Crowmarsh Gifford 
Wallingford 
Oxfordshire 
OX10 8BB 
Tel: 01491 838800   Fax: 01491 629424 

British Hydropower Association 
St Andrews House 
127 Stockport Road 
Marple 
Cheshire 
SK6 6AF 
Tel: 0161 4279725   Fax: 0161 4845537 
URL:  www.brit.hydro.cwc.net 

International Hydropower Association 
IHA Central Office 
Westmead House (Suite 55) 
123 Westmead Road 
Sutton, Surrey 
SM1 4JH 
United Kingdom 
Tel: +44 20 8288 1918 
Fax: +44 20 8770 1744 
Email:  iha@hydropower.org 
URL:   www.hydropower.org 
  

New and Renewable Energy Enquiries 
Agency 
Building 168 
AEA Technology – Environment 
Harwell 
Didcot 
Oxfordshire 
OX11 0JQ 
Tel: 01235 432450   Fax: 01235 433066 

The Centre for Alternative Technology 
Llwyngwern Quarry 
Pantperthog 
Machynlleth 
Powys 
SY20 9AZ 
Tel: 01645 705950   Fax: 01654 702782 
  

Renewable Energy for the Home 
NEF Renewables 
The National Energy Foundation 
Davy Avenue 
Knowlhill 
Milton Keynes 
Buckinghamshire 
MK5 8NG 
Tel: 01908 665555   Fax: 01908 665577 
Freephone: 0800 138 0889 
URL:  www.greenenergy.org.uk 

Energy Saving Trust 
21 Dartmouth Street 
London 
SW1H 9AZ 
Tel: 020 7222 0101   Fax: 020 76542444 
URL:  www.est.org.uk 


