
Sustainable Energy

Lecture 12:  Hydropower



Overview of Hydropower

• Hydropower produces 20% of the world’s electricity, 
about 635,000 MWe.

• About 103,000 MW are produced in the US; 78,000 MW 
is conventional hydropower, 25,000 MW is produced by 
pumped storage facilities.

• The ten largest power stations in the world are 
hydropower.



Mega-scale Hydro Projects



Resource Assessment

• We can probably triple our production of hydropower 
worldwide to 9,000 TWh/year.

• Canada and the US are the largest producers of 
hydropower in the world.  China and Brazil are 
developing their resources rapidly.

• We can retrofit new technologies at our current 
facilities and increase our capacity by35,000-70,000 
MWe.



Global Capacity



Capacity by Continent



Potential for Development



Basic Energy Conversion Principles

• There are 3 types of hydropower systems:

• Impoundment

• Diversion

• Pumped Storage (this system uses excess power production to 
store energy for future use).

• Turbine-generator efficiencies can approach 0.9 for 
large flow machines.



Impoundment Hydro 



Conversion Equipment

• Several types of turbines are used in hydropower dams.

• The hydraulic head and volumetric flow rate are the 
primary variables effecting power production.

• There are many types of designs from low head hydro 
projects to high head dams.



Sustainability Attributes

• Hydropower uses a renewable resource.

• Hydropower can aid in seasonal water management.

• Irrigation water

• Flood Control

• Human consumption

• Recreational activities

• Hydropower projects have been argued to improve the local economies of 
developing regions.

• Environmental Concerns:

• Effects on riverine ecosystems.
• Flood pulse is removed.

• Migration patterns can be interrupted.

• Habitat destruction.

• Effect on local/indigenous populations.
• Diseases:  malaria, filariasis, schistosomiasis (river blindness)

• Agricultural impacts.

• Displacement and cultural impacts.

• Seismic risks/dam failures.



Hydropower Today

• Hydropower displaces a significant amount of carbon dioxide 
emissions.

• Hydropower has low maintenance costs and long lifetimes.

• In the US the DOE estimates capital costs for an average sized 
hydro plant (31 MW) from $1700-2300/kW; annualized to about 
1.8 cents/kWh; maintenance at 0.8 cents /kWh.

• Environmental concerns in the US have slowed down new 
construction.  

• Fish mortality in turbines.

• Oxygen depletion in discharge water.

• Upstream migration issues.

New low head hydro technology may allow expansion of the industry


