Hydropower Sizes

	Size 
	Power Output 
	Typical Use 

	Large 
	>10MW 
	Usually part of a large grid. 

	Small 
	1MW-10MW 
	Usually grid intertied. (up to 50MW in Canada[1]) 

	Mini 
	100kW-1,000kW 
	Community and industry. Often grid intertied. 

	Micro 
	1kW-100kW 
	Small community, small industry, rural high energy consuming household. Usually off-grid. 

	Pico 
	<1kW 
	Radio tower, low energy consuming household, charging station. Almost always off grid. 


Please note that these are averages, many different communities classify hydropower somewhat differently. 

Equation

The amount of energy [image: image1.png]


released by lowering an object of mass [image: image2.png]


by a height [image: image3.png]


in a gravitational field is[2]: 
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where [image: image5.png]


is the acceleration due to gravity. 

Converting these units, a common field equation to measure the maximum power available in a moving body of water is: 
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Where: 

· Pmax=Maximum Power Available (kW) 

· Qmax=Flow (Volume/time) 

· Hmax=Head (Vertical drop in ft) 

· emax=Efficiency of the turbine (use a value of 1 for max power available) 

· K=Unit conversion factor (see table below for some common values) 

	For Q measured in 
	K is equal to 

	ft3/min 
	708 (ft4)/(min*kW) 

	ft3/sec (CFS) 
	11.8 (ft4)/(sec*kW) 

	l/sec 
	102 (l*ft)/(sec*kW) 

	gal/min (GPM) 
	5302 (gal*ft)/(min*kW) 


To find the actual power you will get from that moving body of water, calculate Pnet with the following changes made. 
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Where: 

· Pnet=The net power extracted from the river, not including loss in delivery from power station to load (kW) 

· Qnet=Flow (Volume/time) - Only take a portion of the max flow (%take). For delicate streams this may be a small percentage of the total flow. 

· Qnet=Qmax*%take 

· Hnet=Head (Vertical drop in ft) - This is the actual head that you have available due to losses from friction. Calculate friction loss using tables based on the materials you use for diversion (e.g. PVC). 

· Determine equivalent length of pipe by adding actual length of pipe and equivalent lengths of fittings based on tables using pipe size. 

· Find Frictional Pressure Loss Ratio (FPL) coefficient in ftloss/ftpipe based upon flow rate and pipe size 

· calculate Hloss=equivalent length of pipe * FPL 

Hnet=Hmax-Hloss 

· enet=Efficiency of the turbine - Always between 0 and 1, usually between .5 and .9 depending on the turbine type and flow rate. A value of 0.78 is a good guess for modern turbines in average conditions. 

· K=Unit conversion factor (see table above for some common values) 

Note that these equations are static in time. You must run these equations for with a resolution high enough to cover periods of variation (e.g. monthly river data). 

Further Resources:

· http://www.appropedia.org/Microhydro - This document is an excerpt from this link.
· http://www.microhydropower.net/ Check out their case studies (under the resources pull down window). Avoid their theory sections. 

· http://www.homepower.com/basics/hydro/ Great basics of microhydro from Home Power magazine. 

· http://www.retscreen.net/download.php/ang/109/0/Textbook_Hydro.pdf Awesome textbook on small hydropower installations. They also have data, case studies and tools available for doing project analysis. See http://www.retscreen.net/ang/g_small.php for much more. 

· wikipedia:Hydroelectric power and wikipedia:micro hydro More information from wikipedia. 

· Micro Hydro A visual directory of microhydro resources from the Renewable Energy Directory. 

· DC Micro Hydro Examples and AC Micro Hydro Examples A great resource with pictures, statistics, and an overview of the necessary elements of micro hydro. 

· CD3WD - Helping the 3rd World to help itself A website which gathers articles from NGO's and other organizations and compiles them on CD's . The images of that CD's can be downloaded through their website. The CD's that have identified by me to contain information about hydro power are cd3wd407 and cd3wd430. 

· Power versus Pipe Diameter Live spreadsheet graph of Power versus Pipe Diameter for Various Flows (0 to 150GPM). Customizable amount of run and fittings. 
· Ashden Awards Awesome case studies with video.
