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How I got here…

Two nonlinear models fit:

VINC 1=β0+PLAβ1,   R2= 0.75

VINC 2=β1

R2= 0.76



Wood‐to‐wheels (Michigan Tech.)



Renewable Energy Training Center 
Programs at MSC

US DOL $2M grant (3 yrs.)
› K-12 education & outreach
› Displaced worker training
› Workshops, short courses, online

and dual-credit courses
› 2-yr A.A.S. degree in renewable energy 

technology

Workshops, short courses, online

http://retc.morrisville.edu  

Presenter
Presentation Notes
First RENG classes taught: RENG102 and RENG 305



Meeting NYS Renewable Energy Industry’s Needs: 
educators, workforce, economic development, 
employers, small business, farmers,…

Presenter
Presentation Notes
Workforce:Workforce Investment Board of Herkimer, Madison, and Oneida Counties Oneida County Workforce Development and Regional Working Solutions One-Stop ConsortiumEmployers:Empire Agri-FuelNortheast BiofuelsO’Brien & Gere Education:SUNY ITMohawk Valley Community CollegeHerkimer County Board of Cooperative Educational Services (BOCES)Oneida County School and Business Alliance (SABA) FFAFREEEconomic Development:Mohawk Valley Economic Development DistrictMadison County Industrial Development AuthorityMohawk Valley Chamber of CommerceMohawk Valley Economic Development Growth Enterprises (EDGE)



The Training Center – Location



New York????



Anaerobic Methane  Digester



Biofuels Research: Algae



Biodiesel from Dining Hall Fryer Oil

Campus dining facilities 
use 2500 gal. of oil per 
year
Processor capacity:
› 50 gal. per batch 

(1+ batch per week)
Operated by students
Use of biodiesel: 
greenhouse heating, 
tractors,…

Presenter
Presentation Notes
We have a student working on this as part of his special project this (and last) semester. He will organize, schedule, and train other students.



Anaerobic Digester



Gasifier (wood gasification)



PV Installer’s
Courses



Small Wind Energy Technician 
Training (SWETT)

Presenter
Presentation Notes
In 2003, Morrisville State College installed a 10 kW wind turbine at its dairy complex. Power generated by the turbine reduces energy costs at the complex by an average of $75-100 per month. In addition, the wind turbine is used as a real-world laboratory for students. The turbine (and data) are available for education benefit to local farmers and the public (e.g., to help them determine the feasibility of wind power for them).$50,000



Upcoming Short Courses at MSC



Solar Thermal 
(Hot Water)

Installation Lab



Micro hydroelectricity

Galbreath Farm
North St., Morrisville, NY



Future Workshop Topics

Solar and wind grounding (Summer 2010)
Micro hydroelectricity (Summer 2010)
Geothermal (September 2010)
Commercial Solar PV (September 2010)
Solar PV for engineers/architects (October 2010)



Residential and Farm‐Scale Wind



Residential and Farm‐Scale Wind

“Hi, I want a windmill.”
“You sure?”

“Yeah, I can’t wait to tell the utility company to go 
you-know-where.”

“Hmm. Bet they’ll be glad to hear that. How much 
wind do you have?”

“Wind? Oh, we’ve got lots of wind. It’s always windy 
here.”

Gipe (2004, p.23)



Checklist

Wind speed

Wind power

Wind energy

Siting



What is wind?

Air is… 
78% nitrogen
21% oxygen
1% argon
Trace amounts of CO2 (0.04%) and other gases
Water vapor is variable; approximately 1% at 
any given time

Wind is moving air, often caused by differential 
heating



Measuring wind

Cup Anemometer

Wind Vane

At what height?



Tower height and wind speed
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Wind Power

P = 0.5*ρAV3

P is power in watts
Rho (ρ) is air density (kg/m3)
A is windswept area (m2)
V is wind velocity (m/s)

1.Which of these variables is most 
important?

2.Which of these variables do we have 
the most control over?



Wind Power: ρ

Density of Air at Standard Atmospheric Pressure  

Temperature °C          Temperature ° F           Density, kg/m3

-25 -13 1.423  
-20 -4 1.395  
-15 5 1.368  
-10 14 1.342  
-5 23 1.317  
0 32 1.292 
5 41 1.269  
10 50 1.247 
15 59 1.225 *
20 68 1.204 
25 77 1.184 
30 86 1.165 
35 95 1.146 
40 104 1.127 

* The density of dry air at standard atmospheric pressure at sea level at 15° C is used as a 
standard in the wind industry. 



Wind Power: windswept area

Area of a circle is πr2

Doubling rotor diameter 
results in ____________ 
increase in wind power

We can usually control 
windswept area more 
easily than wind speed

Rotor diameter

a 4x



Wind Power: Wind speed

P = 0.5*ρAV3

The relationship of wind power to wind velocity is 
cubic

Doubling wind speed results in _______________ 
increase in wind power

A 20% increase in wind speed results in ___________ 
increase in wind power

an 8x

a 73%



Wind Power: power extraction

No energy conversion is 100% efficient
Maximum theoretical wind turbine efficiency is 59.3% 
(Betz Limit)
Most small wind systems operate at between 20% 
and 30% system efficiency

So, our wind power equation becomes:

P=½ηρAV3



Wind Energy

Wind is intermittent!
Daily
Seasonally

Power multiplied by times yields energy

A mean wind velocity of 12 mph can yield very 
different annual energy output in different locations



Wind Energy: Frequency distributions



Wind speed‐power curve

Data for SWP Skystream 3.7



Wind speed‐energy curve

Data for SWP Skystream 3.7



Turbulence

Wind Direction
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Siting a small wind turbine

“30 : 300 rule”

Image from Southwest Wind power



Siting a small wind turbine

Images from Southwest Wind power

Coast or Lakeside Ridge top Mesa



Facilities



Facilities



Facilities



Facilities/Friends



Facilities/Friends



Small wind summary

Know your site and choose the right equipment

Wind speed is most important to energy 
production, but we have the most control over 
swept area

The taller the tower, the higher the power

Be ready for teaching…



Micro hydroelectricity



Overview

Hydro Resource
System components
Generating power from water (examples)
System Application
Summary of benefits and challenges

http://retc.morrisville.edu 46



Measuring the hydro resource

http://retc.morrisville.edu 47
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MSC mean rainfall (2003-2008)

28 inches per year

Presenter
Presentation Notes
These are data from the MSC weather station. Feel free to use any data you have available to you for your location. NOAA publishes a great deal of information, as does the Weather Channel (.com). For many of us in NY, rainfall is fairly well distributed throughout the year, though we do see more during the summer and fall months. This is counterintuitive to many people. It is important to show the importance of real data, not just what people “feel” is a wetter time of the year. Polling the class is a good way to see what they think and what they know. 



Measuring the hydro resource

http://retc.morrisville.edu 48

http://waterdata.usgs.gov/nwis/

Presenter
Presentation Notes
This is where people often begin thinking about the “wet” season. Though rainfall peaks during the summer, stream discharge peaks during the spring. These data came from the USGS site referenced. Find a stream near you and generate a similar figure from their data (which is easily imported into Excel). I made a histogram displaying the mean condition of stream discharge (long-term data set). Over that, I made a scatter and line plot of a year chosen arbitrarily. This particular graph shows a flood condition in the spring and a drought in the late summer and early fall. Why is this important? Well, it is important because if you are monitoring a stream to consider a hydro system, we need to know how much water can be diverted. This shows the importance of measuring throughout the year, and over successive years to get the most accurate information. 

http://waterdata.usgs.gov/nwis/


000+    -

To Useful Loads

Stream

Intake

Penstock

Micro 
Turbine

Tailrace

Diversion 
Load

Battery 
Bank

Diversion 
Control

DC
Conductor

AC Conductor

Inverter

Off-grid DC to AC
Micro hydro system



Stream

Intake

Penstock

Micro 
Turbine

Tailrace

Diversion 
Load

Inverter

Grid-tied AC system

Meter

Main 
Panel

Grid



System components: Intake

http://retc.morrisville.edu 51

Water enters penstock 
through the intake
Remove debris
High maintenance
Accessible

Presenter
Presentation Notes
The system intake functions to pool water to provide a continuous supply of water to the penstock. Intakes can be located in a natural pool or in a man-made holding tank. Because the intake functions to filter debris from enter the system, the intake is generally the area of highest maintenance in a functioning hydro system. As such, it should be accessible and sturdy. There are a variety of intake options available. This image shows the use of a pre-existing water holding structure that was converted to a micro hydro intake. 



System components: Penstock

PVC
› Cheap, light, and rigid
› Low pressure systems
› Easily available at 

hardware stores
› Low losses (in straight 

sections)

› Freezing issues

http://retc.morrisville.edu 52

Presenter
Presentation Notes
PVC pipe is a commonly used penstock material. In fact, most hydro system use PVC at some point in the penstock (may include the hydro turbine manifold). PVC is easily found in most hardware stores, so system components are easy to order. Schedule 40 PVC can only be used for low pressure systems because it cannot withstand high psi conditions near the turbine. PVC also has the advantage of very low resistance losses in straight sections. However, because it is rigid, it requires sharp bends, often exceeding 22.5°, where water turbulence in the penstock reduces pressure at the turbine (potential energy is lost through conversion to kinetic energy, which reduces power output at the turbine). 



PVC and frost do not get along



System components: Penstock

Polyethylene tube
› Flexible
› Longer lengths
› Lower losses in sweeping bends
› Freeze resistant

› Expensive components
› Difficult to purchase

http://retc.morrisville.edu 54

Presenter
Presentation Notes
Polyethylene tube is more commonly used than PVC because it comes in 40’ lengths or as flexible 100’+ coil lengths. Polyethylene is easily found up to 1” diameter, however, many micro hydro systems require 2” to 3” penstock material. These are more difficult to find and tube fittings (couplers, ball valves, Ts, drain valves, etc.) are expensive. The penstock is often the most expensive part of a micro hydro system because of this. Polyethylene is somewhat freeze-resistant because of its flexibility. HDPE (high-density polyethylene) can withstand over 100 psi, so this material is useful in high-head systems. Because you often do not need to make abrupt angles with polyethylene, friction losses due to turbulence are minimized, often resulting in lower total system losses as compared to PVC (even though PVC has a lower friction coefficienct than PE). 



System components: Turbine

http://retc.morrisville.edu 55

• High head, low flow
• 1, 2, and 4 nozzle designs
• 12, 24, 48, VDC options
• 120 VAC options
• Pelton wheel with bronze 

runner

•

ES&D Stream Engine

Presenter
Presentation Notes
This particular model is the ES&D stream engine. A comparable turbine is the Harris hydro wheel. Both models are designed for high head, low flow streams and are capable of producing over 1.5 kW of continuous power (up to 13,000 kWh per year of electricity). This is quite impressive, as the average home uses about 8,400 to 12,000 kWh per year. Both turbines employ a Pelton style runner (water strikes the runner along its circumference). Both also have options to regulate the voltage depending upon transmission distance and invertoer/battery bank needs. 



System components: Turbine
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- Generally sites between 2 and 10 feet of head
- Axial flow propeller 
- 1 kW maximum output

- 600 GPM at 10 feet of head
- Operating (field-tested) efficiency of 89%

ES&D LH1000

Presenter
Presentation Notes
This particular model is the ES&D stream engine. A comparable turbine is the Harris hydro wheel. Both models are designed for high head, low flow streams and are capable of producing over 1.5 kW of continuous power (up to 13,000 kWh per year of electricity). This is quite impressive, as the average home uses about 8,400 to 12,000 kWh per year. Both turbines employ a Pelton style runner (water strikes the runner along its circumference). Both also have options to regulate the voltage depending upon transmission distance and invertoer/battery bank needs. 

http://www.microhydropower.com/Low Head.htm


Measuring the hydroelectric 
resource
Power generation from water is dependent on 
five variables:
› P=ηρgQH
› Power in watts (P)
› Turbine efficiency (eta, η)
› Water density (rho, ρ; usually 1000 kg/m3)
› Acceleration of gravity (g, 9.81 m/s2)
› Quantity of water flow (Q, in m3/s)
› Vertical distance (head, H, in meters)

http://retc.morrisville.edu 57

Presenter
Presentation Notes
If you look at the hydro power formula, two of the values will be constants (water density and acceleration of gravity) and turbine efficiency is given by the manufacturer (generally between 80 and 93% for water turbines). This means we only really need two numbers from our stream to estimate power output: the flow and the head. 



Measuring the hydro resource ‐ head

http://retc.morrisville.edu 58

Head (H)

Head is the vertical distance of the hydro 
system (from intake to turbine)

Relationship of head                                          
and pressure 2.31 feet

1 psi

Presenter
Presentation Notes
The relationship between head and pressure is very important for a hydro system. For every 2.31 feet of elevation difference between the intake and the penstock, there is an increase of 1 pound of pressure per square inch (psi) at the turbine. Another way to say this is that each foot of head provides 0.433 psi. Monitoring pressure in the penstock is very important. If you have 100 feet of elevation between the penstock and the turbine, you should expect approximately 43.3 psi at the turbine. If you are only reading 15 psi, you know that there is a problem (intake plugged, hole in the penstock, not enough flow, etc.). 



Hydro power – (simple) example
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Hydro power solutions can be complex for geeks 
like me. 

For most everyone else, power output for hydro 
systems can be estimated by:

Where P is power in Watts, Q is flow is GPM, and H 
is static head in feet. 

10
QHP =

Presenter
Presentation Notes
If we measured a small stream and determined that it has approximately 20 GPM and 140 feet of head, we can convert those numbers to metric to get into the standard formula. We also want to know what pressure we should expect at the turbine with this system so that we can buy the penstock materials that will be able to withstand the pressure. 





Hydro power: example
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Small grass-fed beef farm
Energy demand of farm and residence is 
19,000 kWh/yr

http://retc.morrisville.edu 61

Energy demand of farm and residence is 

Presenter
Presentation Notes
Here is just one example of the hydro power formula. The variables are quite easy to plug into the formula (nothing is squared like the wind power formula). You’ll notice that I used the values we converted to metric, as Watts is an SI unit of measurement. The continuous power output is 448.6 watts. While power production is important, we are more concerned with energy production. To convert power to energy, we must multiply by time. To convert watts to watt-hours, we must multiply by the number of hours it is “on.” In this case, the turbine is producing power 24 hours per day (unlike wind and sun). So, I multiply 448.6 Watts by 24 hours and I get 10766.4 watt-hours. We buy our electricity not in watt-hours, but in kilowatt-hours (kWh). Because there are 1,000 watt-hours in one kWh, I must divide by 1,000 to get my kWh produced each day. This gives me 10.77 kWh per day produced by this stream. If I want yearly energy production, I multiply my daily energy by the number of days in a year (365.25, accounting for leap years). This gives me 3,932 kWh per year. Not bad! My relatively energy efficient house uses about 340 kWh per month, or 4,080 kWh per year. The national average ranges from 700 to 1,000 kWh per month. 



Hoff Farm

275 GPM at 160 feet of head



Hoff Example

Assuming he wanted to leave 125 GPM for the 
critters, what would his expected power output 
be? (extracting 150 GPM)

P=QH/10
P=150*160/10 
P=2,400 Watts
Annual energy? 
› 2.4 kW * 24 * 365 = 21,024 kWh/yr



Hydro power: a comparison

http://retc.morrisville.edu 64

Comparable wind energy system?

150 GPM and 160 ft of Head

› 2,400 Watts; 21,000 kWh/yr

64

Presenter
Presentation Notes
This part is not necessary for the module, but it does have a useful discussion point. What I would like to do now is compare a micro hydro system with a residential wind turbine. We’ll start off by reminding ourselves about how much energy a small stream can produce in a year. 



Wind comparison

An interactive wind explorer for New York State

http://nyswe.awstruewind.com/

http://nyswe.awstruewind.com/


Gaia Wind

13 m rotor diameter
$46,000 incentive
System costs and 
impact?

http://retc.morrisville.edu 66



So, why bother with micro hydro?

Advantages
(Relatively) inexpensive
Constant power production (not intermittent)
Minimal impacts
Turbines have high efficiency (80% to 90+%)

Challenges
Not considered “renewable and sustainable”
Permitting process may be required
Highly selective sites
Currently cannot be net metered

http://retc.morrisville.edu 67

Presenter
Presentation Notes
Micro hydro systems have a lot of benefits: Relatively inexpensive systems to install and maintain, constant power production when sized appropriately and freezing issues are addressed, minimal impacts on stream organisms, and very high turbine efficiency. However, there are some important hurdles. Because micro hydro systems are still associated with large hydro systems, many people do not consider them sustainable. As such, they cannot be net metered like wind and solar. No incentives are available for micro hydro systems. Additionally, kits are very difficult to make beforehand because it is highly site-dependent (unlike solar systems, for example). Additionally, relatively few potential users have adequate knowledge of their site (head and flow, distance to end usage, permitting processes necessary, etc.). 



Online Resources

Wind
Danish Wind Industry Association
› http://guidedtour.windpower.org/en/tour/wres/ 

index.htm

Micro hydro
Energy systems and Design
› http://www.microhydropower.com/



Thanks!
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