My Dairy Farm

My dairy farm has 90 cows, and the 2 km square farm is connected to the main electricity grid of North Dakota.  The goals of the renewable energy (RE) project are (1) reduce utility bills of our farm and save money, and (2) reduce pollution caused by using electricity from fossil fuel power plants.  I want to have an RE system that can satisfy all my annual electricity needs.


Annual electricity consumption of my farm

In one study by New York State Energy Research and Development Authority (NYSERDA), it exams the annual electrical usage of 14-tiestall dairy farms, and the average annul electrical usage is 72,126 kWh / year with an average of 77 cows.  The study article is at http://www.nyserda.org/publications/dairyfarmenergysummary.pdf.

By looking at the study, a dairy farm with more than 70 cows might use about 70,000 kWh a year.  Thus, I estimated that for my dairy farm of 90 cows, the annual electrical usage is 90,000 kWh.

Location of my Project:

My dairy farm that will hold the project is in North Dakota, at the city of Jamestown.  The farm is located at around 46°54′20″ North – 98°42′11″ West, at 1407 ft in elevation.

From Figure 1 at page 7, Jamestown is located in an area of the American Mid-West covered in orange, and the area has an average annual wind speed of 30 mph at 80 meters off the ground.  I plan to build a wind turbine tower that is at 80–100 feet in height to control cost, and I assumed the annual average wind speed for my farm at 80–100 feet is half of 30 mph, or 15 mph. 

Select my RE technology for the project:

My dairy farm, which consumes about 90,000 kWh of electricity each year, is in the American Mid-West.  Since American Mid-West is rich in wind resources as shown in Figure 1 at page 7,   I choose RE technology based on wind for my dairy farm.
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Size of Equipment for Wind Turbine

Estimate equipment size

To estimate the rotor diameter needed for my farm’s wind turbine system, first we have the “Wind Energy” equation and the “Wind” equation:

	Wind Energy Equation

Annual Output (kWh / year) = 0.01328 (D^2) (V^3)

D =  the rotor diameter in feet

V = annual average wind speed in mph
	Wind Equation

W = 0.0052 (A) (V^3)

W = power in watts

A = rotor swept area in sqft, where A = pi x (D/2)^2

V = annual average wind speed in mph


My dairy farm consumes about 90,000 kWh of energy each year, and I assumed the annual wind speed for my farm at 80–100 ft is 15 mph.  I solve for D to estimate the rotor diameter of the wind turbine system needed for my farm, and then I solve for W to estimate turbine capacity in Watts:

	Estimate Rotor Diameter

90,000 kWh = 0.01328 (D^2) (15 mph ^3) 

D^2 = 2008 ft sq 

D = 44.8 ft 
	Estimate Turbine Capacity in Watts

W = 0.0052 (A) (15 mph ^3)

W = 0.0052 (pi x (D/2)^2) (3375)

W = 0.0052 (pi x (44.8 / 2)^2) (3375)

W = 27661  ( or about 28 kW


In my estimation, the rotor diameter of the wind turbine for my farm should be around 44.8ft, the turbine capacity around 28 kW, and turbine tower’s height is between 80 feet and 100 feet.


Does the estimated turbine capacity satisfy my farm’s energy needs? 

I estimated the wind turbine capacity should be 28 kW for my project.  To estimate the annual energy production of such wind turbine system, I used the web-based program “Simple Wind Turbine Investment Payback Calculator” by Midwest Energy Inc.  The web-based program by Midwest Energy Inc is at http://www.mwenergy.com/windpayback.aspx.

I entered the capacity to be 28 kW, with capacity factor = 0.25 and cost = $25000.  But the program estimated that the annual energy production of a 28 kW wind turbine system is       61,320 kWh – this does not satisfy my dairy farm’s annual energy demand of 90,000 kWh!  Obviously, I need a wind turbine system with a capacity much bigger than 28 kW.


Final decision on equipment size

But on the “Simple Wind Turbine Investment Payback Calculator,” if I entered the capacity to be 50 kW (with capacity factor = 0.25), the program estimated that the annual energy production of a 50 kW wind turbine system is 109,500 kWh.  This is above my dairy farm’s annual energy demand of 90,000 kWh.

I found a website hosted by “EPS Engineered Wind Systems” company, and the company offers to build 50 kW horizontal axis wind turbine system for each customer – the system has a rotor diameter of 49.2 ft, and the centerline hub height is 82 ft tall.  The rotor diameter for the EPS 50 kW system is only 4.4 ft longer than the rotor diameter of 44.8 ft in my estimation.  Information on the EPS 50 kW system is at http://engineeredwindsystems.com/fifty-kw-wind-turbine.html, and the screenshot of the system is at Figure 2 of page 8.

So, for my farm, I decide to install an EPS 50 kW horizontal axis wind turbine system, which has a rotor diameter of 49.2 ft and a tower height of 82 ft.

Installed Project Cost

According to answers.com, turbines for commercial use are about $1,000 per kW in capacity, and building a 600-kW turbine system might cost about $600,000.  The webpage that has the information is at http://wiki.answers.com/Q/How_much_does_a_wind_turbine_cost.

Based on this, I estimated that the cost of me buying an EPS 50-kW wind turbine system is around $50,000.  Since I need to consider other installation costs, I estimated that the upfront cost of me installing an EPS 50-kW wind turbine system is around $60,000.  

Calculate Energy Produced by My Wind Turbine System

To estimate the annual energy production of my proposed 50 kW wind turbine system, I used the web-based program “Simple Wind Turbine Investment Payback Calculator,” which is by Midwest Energy Inc.  

I know the rated capacity of my wind turbine system in the project is 50 kW, and the estimated cost of installing the system is $60,000.  For the capacity factor (the amount of energy a facility generates in one year divided by the total amount it could generate if it run at full capacity), a typical wind farm will operate at 0.25 capacity factor, so I assume capacity factor = 0.25.  The web-based program estimated that the annual energy production of my 50 kW wind turbine system is 109,500 kWh. 

So, the annual energy production of my 50 kW wind turbine system is about 109,500 kWh.  
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Answer the questions below. See notes for additional explanation
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Payback Calculation

To estimate payback time of my 50 kW wind turbine system annually, I used the web-based program “Simple Wind Turbine Investment Payback Calculator,” which is by Midwest Energy Inc.

The web-based program estimated that if the annual energy production of my 50 kW wind turbine system is 109,500 kWh, the minimum payback time would be 9 years and the maximum payback time would be 13 years.
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Incentives and Net-Metering

Tax Incentives and Rebates:

North Dakota in 2001 offers “Large Wind Property Tax Reduction” incentive for property owners installing renewable wind technology systems, if the wind turbines are built before 2011 and have wind turbine capacity of at least 100 kW; the incentive is 70% or 85% reduction in property taxes on centrally-assessed wind turbines.  Information on the tax incentive is at http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=ND04F&re=1&ee=1.

Unfortunately, since the wind turbine system in my project is only 50 kW in capacity, my project is not eligible for North Dakota’s “Large Wind Property Tax Reduction” incentive. 

Net-Metering in North Dakota:

North Dakota’s Public Service Commission in 1991 adopted net-metering policy for the state, on renewable energy systems (including wind) up to 100 kW in capacity.  Net-metering in North Dakota is available for all customers of investor-owned electric utilities, including dairy farm owners like me.  One can find information on North Dakota’s net-metering policy at http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=ND01R&re=1&ee=1
Other Considerations


Potential problems with the RE technology I selected:

The nearest man-made obstacle that could impact wind flow to my wind turbine is a large barn that holds both the 90 dairy cows and milking facility, which is 6 meters tall.  By looking at          Figure 3 in page 9, the turbulent flow zone is below 12 meters, and the turbine system I plan to install is 82 feet tall – my turbine will operate far above the turbulence zone.  As for geographic obstacles, since my wind turbine system project is located in the Northern part of the American Mid-West, the geography is relatively flat with little natural obstacles to impact wind flow.

Winter snowstorms are problems in American Mid-West, including North Dakota.  Thus, I must find ways to reinforce the wind turbine tower in my wind turbine RE project against storms and freeze damage.  Also, by looking at Figure 2 in page 8, the 50 kW wind turbine system I want to install seems to have an automatic shut-down system, which stops turbine rotation if wind speed reaches 50mph.  When wind speed exceeds 50mph, my wind turbine could spin out of control, and automatic shut-down could prevent the disintegration of my wind turbine system – no one wants flying blade crashing down to endanger people or livestock. 

Backup systems:

· It is possible that in certain days of the year, my wind turbine system might stop running due to little or no winds.  However, it is rear for North Dakota to have windless days.  In addition, since my dairy farm is connected to the main grid, my farm can still operate even during windless days, and thus I do not need to install expensive battery or natural gas backup power systems.

· My dairy farm installed a gasoline backup generator 10 years ago, to deal with potential rolling blackouts.  But I will not use the generator unless it is absolutely necessary.

AC Inverter:

Wind turbines usually generate AC current in the wrong frequency.  To use electricity produced by the wind turbine system I plan to install, I might need an inverter to synchronize the wind turbine’s AC frequency, to be the same as the frequency of AC current provided by my utility company – otherwise my farm might have flickering lights or other unpredictable results.  I hope the manufacturer will build the inverter into the EPS 50kW wind turbine system I plan to install.  On the EPS Engineered Wind Systems website, I even submitted a query about built-in inverter on the company’s 50kW wind turbine system, and the query I submitted is shown in the “Send A Quick Question” box in Figure 4 in page 10.

Annual Expenses and net annual value of the wind energy produced:

By using the web-based program “Simple Wind Turbine Investment Payback Calculator” hosted by Midwest Energy Inc (with capacity = 50kW, capacity factor = 0.25, estimated cost = $60000), it estimated that the annual expense of my 50 kW wind turbine system is $1095, but the net annual value of the wind energy produced is $4,591 to $6,498.  Thus, the 50 kW wind turbine system I plan to install is something I could afford.
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Conclusion

The 50kW wind turbine system I plan to install could produce about 109,500 kWh of energy a year for my dairy farm in Jamestown, North Dakota.  Since my farm uses about 90,000 kWh a year and is connected to the main electricity grid of North Dakota, installing the proposed EPS 50kW wind turbine system will allow me to have extra electricity to sell to the utility company, under North Dakota’s net-metering system.  In other words, my electric meters will often move backwards, and the utility company will pay me for the “net” extra electricity I produced.

Since the payback time ranged from 9 years to 13 years, this is within the theoretical lifetime of 20 years for my 50kW wind turbine system, and thus in the long-run I can get a good return in investment on the $60,000 wind turbine system.  9 to 13 years may sound slow to most people, but I am okay with that since life in my dairy farm is slow anyway.
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Figure 2

http://engineeredwindsystems.com/fifty-kw-wind-turbine.html
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Figure 3

Taller towers or larger lot sizes helps turbines to avoid turbulence zone
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50 KW Wind Turbine System
System

Type: Grid connected
Configuration: Horizontal axis:
Rotor diameter: 49.2 (15 m)
Centerine hub height: 82 ft (25 m)

Performance Parameters

Rated electrical power: 50 ki @11.3 mis (25.3 mph)
Wind speed ratings:

* Cutin: 46 mis (102 mph)

* Shutdown (high wind): 22.4 ms (50 mph)
Design speed: 59.5 mis (133 mph)

Calculated annual output:

+5.4 mis (12 mph) 87,000 Kith

@100 % availabilty:

+6.7 mis (15 mph) 153,000 kith

+8.0 mis (18 mph) 215,000 kith
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Figure 4
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