
Renewable Energy – Water, Wind, Biomass

Grand Coulee Dam – 6,809 MW San Gorgonio Pass wind farm – 615 MW

Biomass gasification 



Hydropower





Hydropower (Potential and Installed)



U. S. Hydropower



P = ρghQ
P = power
Q = discharge
ρg = 9806 kg/m2s2

P = 9806hQ

Grand Coulee Dam – Left Power House

There are 33 turbines. Turbines 1 to 18 generate 125 MW 
each, turbines 19-21 generate 600 MW each, and 
turbines 22-24 generate 805 MW each. 





Aswan High Dam – An 
Environmental Impact Case Study
• The annual Nile floods renewed the 

fertility of the Nile delta. The dam 
impounded the nutrient-rich silt and 
clay necessitating the use of fertilizer 
in the Nile delta

• Because of the impounding of 
sediment behind the dam, the 
sediment load to the Nile delta was 
significantly reduced and the delta is 
losing land area

• High evaporation rates led to more 
saline water being discharged 
downstream

• Reduction of nutrient flow into the 
Mediterranean Sea harmed local 
fisheries

• Schistosomiasis - disease caused by 
parasitic flatworms called 
schistosomes became endemic in 
irrigation canals. Long term exposure 
leads to liver damage, kidney failure, 
infertility, or bladder cancer













Wind power = 
1

2
Atρv3

A = area (m2)
t = time (s)
ρ = 1.225 kg m-3

v = velocity (m s-1)
Power in watts

Maximum extractable wind power = 2a(1-a)2ρv3

a = air speed behind turbine/air speed in front of turbine

Power from a wind turbine = 
1

2
ρACpV3NgNb 

ρ = Air density in kg/m3

A = Rotor swept area (m2)
Cp = Coefficient of performance
V = wind velocity (m/s)
Ng = generator efficiency
Nb = gear box bearing efficiency.

Wind Power Online Calculation

https://rechneronline.de/wind-power/






US energy recovery by biomass source

Photosynthesis:
nCO2 + mH2O → Cn(H2O)m + nO2

Energy = 4.07 eV/C
Photosynthetic active photons = 700nm =1.9eV
2+ photons required to produce reaction energy





Processes that utilize 
the energy content of 
primary biomass
• Combustion
• Gasification
• Pyrolysis
• Fermentation
• Anaerobic digestion

Environmental 
impacts
• Pesticides and 

herbicides
• Water use
• Reduction in 

arable land
• Soil erosion
• Interference with 

ecosystems











Ocean Thermal Energy Conversion (OTEC)



Hawaii OTEC project

Closed cycle – heat exchangers 
transfer energy to and from a 
closed Rankine cycle working 
fluid which is usually ammonia. 



Levelized Cost of Electricity (LCOE) “represents the per-kilowatt hour cost (in real 
dollars) of building and operating a generating plant over an assumed financial 
life and duty cycle. Key inputs to calculating LCOE include capital costs, fuel costs, 
fixed and variable operations and maintenance (O&M) costs, financing costs, and 
an assumed utilization rate for each plant type. The importance of the factors 
varies among the technologies. For technologies such as solar and wind 
generation that have no fuel costs and relatively small variable O&M costs, LCOE 
changes in rough proportion to the estimated capital cost of generation capacity. 
For technologies with significant fuel cost, both fuel cost and overnight cost 
estimates significantly affect LCOE. The availability of various incentives, including 
state or federal tax credits, can also impact the calculation of LCOE. As with any 
projection, there is uncertainty about all of these factors and their values can 
vary regionally and across time as technologies evolve and fuel prices change.” 
From: The Power of Change: Innovation for Development and Deployment of 
Increasingly Clean Electric Power Technologies (2016) The National Academies 
Press, p. 256-257.

A pdf copy of the above text is available free from the National Academies Press. 
Lots of great information.

Comparing Different Electricity-Generating Technologies







Transmission investment – getting electricity from source to end users

Dispatch profile – essentially a measure of the availability of the power compared to a  gas combined cycle 
plant. Negative values mean the power is more readily dispatched. Intermittent sources will yield a positive 
value.


