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Diagram of a biomass power plant 
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Biomass Plants 

 Share of Total Energy Production: 1.5% 

 https://www.eia.gov/state/maps.php 
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 Hydropower relies on the water 

cycle. Herein:  

 Solar energy heats water on 

the ocean surface, causing it to 

evaporate. 

 This water vapor condenses 

into clouds and falls back onto 

the surface as precipitation 

(rain, snow, etc.). 

 The water flows through rivers 

back into the oceans, where it 

can evaporate and begin the 

cycle over again 

 

 

Hydropower 



Hydropower 101: See Video Links 

Below 

 http://energy.gov/eere/videos/energy-101-

hydroelectric-power 



Power of a hydro power generator 

 Ideal case: 

 

 

 When friction losses in the penstock 

and in the turbine-generator: 

 

 

 P: Power (W) 

 Q: flow rate (m3/sec) 

 HG: gross head (m) 

 η: turbine-generator efficiency 

 HN: net head (m) ( = gross head – head 

loss). Head loss depends on the type 

of pipe material, diameter, flow rate, 

and length.  
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Locate hydro power plants in the US 

 https://www.eia.gov/state/maps.php 

 



Pumped-Storage Hydro 

 Used in bulk power storage 

applications where water is 

pumped up at night and 

released during the day. 

 Locate pumped hydro storage 

systems in the US. 

 https://www.eia.gov/state/maps.php 
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 Energy can be extracted from the power of the waves, from 
the tide, or from ocean currents 
 

Ocean Power 



Marine and Hydrokinetic Energy 

101: See Video Link Below 

 http://energy.gov/eere/videos/energy-101-

marine-and-hydrokinetic-energy 



Attenuators: multi-segment floating structures oriented 

parallel to the direction of the waves. The differing heights of 

waves along the length of the device causes flexing where the 

segments connect. This motion is resisted by hydraulic rams 

which in turn drive electrical generators. 

4 Ways to Harness Power from Ocean Waves: 
attenuators, terminators, point absorbers, and 

overlapping devices 

Source: Pelamis Wave Power 

//upload.wikimedia.org/wikipedia/commons/6/6c/Pelamis_machine_installed_at_the_Agucadoura_Wave_Park.JPG


Ocean Power - Waves 

 Oscillating water column  is a form of terminator in which 

water enters through a subsurface opening into a chamber 

with air trapped above it. The wave action causes the 

captured water column to move up and down like a piston 

to force the air though an opening connected to a turbine 

Source: Oceanlinx, Australia 



A point absorber is a floating structure with components that 
move relative to each other due to wave action (e.g., a 
floating buoy inside a fixed cylinder). The relative motion is 
used to drive electromechanical or hydraulic energy 
converters. 

 

 

 

 

 

Ocean Power - Waves 

Source: Ocean Power Technologies 



Ocean Power - Waves 

 An overtopping device has reservoirs that are filled by 

incoming waves to levels above the average surrounding 

ocean. Gravity causes it to fall back toward the ocean 

surface. The energy of the falling water is used to turn hydro 

turbines.  

 

Source: Wave Dragon, Danmark 



 Ocean currents flow in complex patterns affected by the wind, water 

salinity and temperature, topography of the ocean floor, and 

gravitational forces exerted by the moon and sun. 

 While ocean currents move slowly relative to typical wind speeds, they 

carry a great deal of energy because of the density of water (837 

times denser than air).  

 Many industrialized countries are pursuing ocean current energy. 

Technical challenges include prevention of marine growth buildup, and 

corrosion resistance. 

 

Ocean Cower - Currents 

Ocean current power station in 

Northern Ireland (1.2 MW) 

P = (1/2)ρAv3 

//upload.wikimedia.org/wikipedia/commons/7/77/SeaGen_installed.jpg


 The tides are the result of the 
gravitational attraction between the 
earth and the moon as well as the 
earth and sun. The strength of the tide 
is greatly dependent on the earth-
moon system. 

 Depending on the location and time of 
year, one can experience two equal 
tidal cycles (semidiurnal), on tidal 
cycle (diurnal) or two unequal tidal 
cycles (mixed tide). 

 Enormous volumes of water rise and 
fall with the tides each day, and many 
coastal areas can take advantage of  
this free energy. 
 

Ocean power - Tide 

Tidal power plant in Brittany, France  (240 MW) 
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Geothermal Energy 101: See 

Video Link Blow 

 http://energy.gov/eere/videos/energy-101-

geothermal-energy 



 Dry steam plants use steam 
piped directly from a 
geothermal reservoir to turn the 
generator turbines. The first 
geothermal power plant was 
built in 1904 in Tuscany, Italy. 

 

 Flash steam plants take high-
pressure hot water from deep 
inside the Earth and convert it 
to steam to drive the generator 
turbines. When the steam 
cools, it condenses to water 
and is injected back into the 
ground to be used over and 
over again.  

Geothermal 





Locate geothermal power plants in 

the US 

 https://www.eia.gov/state/maps.php 
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Wind  Power … Inland and Offshore 



Wind Energy 101: See Video Link 

Below 

 http://energy.gov/eere/videos/energy-101-

wind-turbines-2014-update 



Largest wind turbine generator to date: 

 Manufacturer: Vestas 

 Rated power: 9.5 MW,  

 Rotor diameter: 164m. 

  



US Wind Resource Map 



Locate wind energy plants in the US  

https://www.eia.gov/state/maps.php 

 



Wind and Turbine Power 

 Power of the wind: Pw = (1/2)ρAvw
3 

 Where ρ is the air density, A is turbine sweep area, 

and vw is the wind speed. 

 Power extracted by the turbine: Pt = cpPw  

    where cp is the turbine performance coefficient.  

 The theoretical maximum value of cp  (derived from 
the conservation of mass and energy) is 16/27 ≈ 60%. 

 In practice cp is less than the above value and its 

varies with the tip speed ratio: λ = ωr/vw 

    where ω is the rotor speed r is the rotor radius and vw 

is the wind speed. 



Turbine Power 

 A typical cp - λ curve is shown below and is unique to a particular 

turbine design. Modern wind turbine design can reach 70-80% of the 

theoretical limit. 

 To extract maximum power, the turbine must be operated  at the 

peak of the curve (peak power tracking). 

 For a given wind speed vw  and the cp - λ characteristics, the turbine 

power can be calculated as a function of shaft speed. 

 



Turbine Power 

 For a given turbine cp, the turbine power can be graphed as a 

function of the wind speed as shown below. 

 The figure shows the cut-in speed (around 3-4 m/s), rated speed 

(around 12.5 m/s), and shut down speed (around 25 m/s).  

 Turbines are typically designed to withstand wind speeds of up to 

50 m/s (180 km/hr) 

 



Average Power in the Wind 

 The average power in the wind is proportional to the 

average of the cube of the wind velocity, not the cube 

of the average wind speed. 

 

 

 

 Example: Calculate the cube of the average value and 

the average of the cube of the wind velocity if  
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End of Part II 

 Homework Assignment. 
 8.1 - Note: Entropy change: ΔS(source)=QH/TH, and 

ΔS(sink)=QC/TC    

 8.2 – Note: flow rate m= QH/ρcΔT where QH is the thermal input, c is 

the specific heat, and ρ is density 

 8.3 

 8.6 

 8.7 

 8.10 

 8.11 (skips questions e and f) 

 


