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Renewable Energy Sources

Hydro power
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Hydro energy

• Origin of hydro energy

• Conversion of hydro energy to power

• Yearly growth – 1%

• Water turbines

• Selection of turbines: Head vs Flow rate

• Energy storage

Content



Hydroelectricity

Hydroelectric power plant
Itaipu 14,750 MW
Brazil/Paraguay

Hydroelectric power plant
Three Gorges 11,360 MW
China



Hydroelectric

Origin of hydro power?

Potential energy = MgH

P = ρQgH

P = ηρQgH

Factors

1. Effective head of water
2. Capacity
3. Type of turbine
4. Location, type of dam, reservoir, etc.

Power [W], Head [m] and flow rate [kg/s, m3/s]



Hydroelectric: Capacity and growth

• John Andrews and Nick Jelley, Energy science – principles, technologies, and 
impacts, Oxford University Press, 2007.

• Godfrey Boyle (ed.), Renewable Energy – power for a sustainable future, 2nd ed., 
Oxford University Press, 2004.



World hydroelectric 
output grew by a 
below-average 1%. 
With the Asia 
Pacific region 
accounting for all of 
the growth, even 
though the region’s 
growth was just 
over half the 10-
year average

BP Statistical Review of World Energy June 2016/bp.com/statisticalreview
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Hydroelectric: Industrial revolution

Radial outflow turbines (axial inflow)    80% efficiency



Hydroelectric: Industrial times

Radial inflow turbines (axial outflow)



Hydroelectric: Industrial times

Axial flow, ducted propeller type

Suitable for low head, large volume flow; Simpler to vary efficiency



Hydroelectric: Industrial times
Pelton wheels

Suitable for high head; Control?



Hydroelectric: Industrial times

Mixed flow



Hydroelectric

Head [m], versus flow [kg/s, m3/s]



Hydroelectric

Types of water turbine impeller



Hydroelectric: how to choose impellers

Specific diameter versus specific speed



Hydro power: Storage

Characteristic of renewable energy?



Hydro power: Storage


