
Renewable Energy

Three Gorges Dam



Renewable Energy Technologies

Hydro

Biomass

Geothermal

Wind

Solar heating and thermal electric

Photovoltaic (PV)

Ocean tidal and tidal current

Ocean wave

Ocean thermal electric

Renewable Energy Characteristics

Ubiquity of energy sources

Low intensity of energy fluxes captured compared with 
conventional systems

Random, intermittent nature of energy fluxes

High capital cost per unit of power output compared with 
conventional sources

Figures of Merit for Optimizing Renewable Energy Systems

Effectiveness – fraction of renewable resource that is 
collectable by the system

Capacity factor – long-term average power output/rated 
power output









Geothermal Energy





US Geothermal Sources

World Geothermal Sources





Types of Geothermal Energy Systems





Types of 
Geothermal 
Power Plants



Current World Geothermal Power Generation

To put the above numbers into perspective, recall that Seabrook nuclear plant is a 1000 MW plant and for 
Massachusetts there was ~1200 MW of coal-fired power plant capacity.





Ocean power utilization and potential



Annapolis Tidal Power Generating Station, Nova Scotia



Equilibrium Tidal Theory – Earth Uniformly Covered with Water



Spring and Neap Tides

Phases of the Moon

Diurnal vs Semi-diurnal 
tides



Dynamical Tidal Theory

Tides are shallow water waves.

Kelvin Tide Calculator



Rotary tides, amphidromic points, and cotidal lines
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Potential Tidal Energy





P = power generated (Watts)

CP = turbine efficiency

ρ = density of seawater 
(1025 kg/m3

A = sweep area of the 
turbine (m2)

V= velocity of the flow 



Energy from Waves




