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Summary

A cash-flow analysis was performed for a 3 kW vertical axis wind turbine to determine the system installed cost target to achieve a 10-year simple payback on the turbine investment. This analysis applies to the current US small wind market and results are given on a state-by-state basis. The up-front cash purchase of the turbine, along with ongoing property taxes and operation and maintenance (O&M) costs, is paid back over a period of 10 years through state incentives (including rebates and tax incentives) and through the avoided cost of residential electricity rates. The analysis was performed for six different values of annual turbine energy output, corresponding to tower heights of 10, 20, and 30 meters with a minimum and maximum turbine output at each tower height to reflect different turbine performance assumptions and uncertainty in wind speed data. In addition, three O&M sensitivity cases were performed for O&M costs of 0.5¢/kWh, 1.5¢/kWh and 3¢/kWh. 

Model Structure and Assumptions

The Berkeley Lab cash flow model was used to calculate the total installed cost target for the 3kW wind system in order to achieve a 10-year simple payback. The model assumes that an up-front cash purchase is made and that additional costs are incurred through property tax payments (if the system is not exempt by the state) and operation and maintenance (O&M) costs (0.5 – 3.0 ¢/kWh). Payback occurs through state financial incentives for small wind systems (including cash rebates, production incentives, and tax incentives
) and the avoided retail cost of purchasing an equivalent amount of residential electricity. The cost target output corresponds to the bundled sales price of the system, and includes up-front costs such as the retail value of all turbine components, installation costs, and permitting costs. The cost target does not include the additional sales tax that a customer may have to pay. Customer sales tax is incorporated as a distinct payment in the cash flow analysis, and states that exempt wind systems from sales tax (or have a low or zero tax rate) will have a higher allowable up-front cost target.

Turbine Annual Energy Production

Results were generated for six different values of turbine annual energy production (AEP). A class 3 wind environment is assumed for all six cases, and the AEP varies according to the turbine tower height (10, 20, and 30 meters). Minimum and maximum AEP values are calculated for each tower height to account for variation in turbine performance and wind resource anemometer data. The turbine power curve used in this analysis is for a 3kW vertical-axis wind turbine (VAWT) designed by the Makeyev Design Bureau State Rocket Center (SRC)
. The predicted aerodynamic power output is corrected for the efficiency of the alternator and the power system (a combined 80 percent loss rate is assumed). The resulting power output curve for this turbine is shown in Figure 1 below.
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Figure 1.  3kW VAWT Power Curve (Makeyev Design Bureau State Rocket Center)

Hourly wind speed anemometer data was taken for a class 3 site in Colorado
. The maximum AEP value is calculated from the turbine power curve shown in Figure 1 and the published anemometer data from the Colorado site. Minimum AEP values were constructed to represent a conservative lower bound on overall turbine performance as a result of maintenance downtime, uncertainly in wind speed measurements or the simulated turbine power curve, or a more restrictive turbine control environment. The minimum AEP values used here were simulated by 1) reducing the measured wind speeds by 10 percent and 2) assuming the alternator and power system are designed for a maximum power output of 3 kW and that any additional power produced over 3 kW is absorbed by an electrical ballast load. The resulting minimum AEP values are approximately 22 percent below the maximum AEP values. A summary of the AEP values used in this analysis is included in Table 1 below.

Table 1. Summary of Annual Energy Production Values for Different Tower Heights

	Annual Energy
Production (AEP)
	Class 3 Wind Environment

3 kW unit @12m/s

	
	10m
	20m
	30m

	Min (kWh/yr)
	4,418
	5,657
	6,677

	Max (kWh/yr)
	5,745
	7,266
	8,489


Additional Assumptions

Additional key assumptions used in this analysis are:

· The AEP amounts are taken to be the total energy recovered and used by the customer; the model does not assume additional energy losses beyond the range bounded by the minimum and maximum AEP values. The turbine AEP is valued at the customer’s retail rate of electricity, taken to be the average statewide residential rate
. 

· Annual energy production was calculated for a Colorado site with an altitude of 2,021 meters above sea level. The results presented here do not account for differences in annual turbine energy output due to the variation in air density at different elevations, though this capability is available in the Berkeley Lab model.

· The system lifetime is 25 years (note that this assumption does not affect the cost target result, because that cost target is linked to a simple payback of 10 years, but will effect the IRR calculated over the system lifetime).

· The federal income tax rate is 25 percent and state tax rates correspond to an annual income of $100,000. State income tax credits or deductions are taken as taxable income for federal tax calculations.

· Cash rebates are not considered taxable income. 

· State incentives are taken at 2004 values and only residential incentives are considered.

Results

Installed cost target results for a 10-year payback are shown for the three different tower heights (10, 20, and 30 meters) in Figure 2 through Figure 4. The minimum to maximum range resulting from the uncertainty in turbine energy output is shown as a dark band at the top of each column. The eight states with applicable cash buy-down programs are shown highlighted in yellow. These results assume a base O&M cost of 1.5¢/kWh. A sensitivity case on O&M values, conducted for the 10 meter tower maximum AEP, is shown in Figure 5.  A summary of the cases conducted for this analysis is included in Table 2 below. 

We find that the current economic attractiveness of small wind systems varies dramatically by state. Assuming that residential customers require a 10-year simple payback, and that the 3 kW turbine is installed at a 10 meter height, most states would require total turbine installation costs of under $1500/kW to achieve economic attractiveness. In those states with a combination of sizable cash rebates, tax incentives, and high electricity rates, the installed cost target increases to over $2000/kW, and in some cases over $3000/kW. California and New York are currently the most attractive markets, as shown in Figure 1. At higher tower heights, the attractiveness of small wind increases (or, in other words, the necessary installed cost target increases); this is shown in Figures 2 and 3, where the cost targets increase to over $4000/kW in limited circumstances. O&M costs are also shown to have a sizable influence on the economics of small wind. Over the range of 0.5-3 cents/kWh, the impact of O&M costs can be similar to the effect of raising the installed cost of the installation by over $500/kW.    

These results suggest that the small wind turbine market in the US is largely dependent on state incentive programs. Absent these incentive programs, total installed cost targets of under $1500/kW would be required in most states. With the available incentive programs, small wind may be broadly economic in Class 3 wind regimes in a small number of states at installed costs of $3000/kW and above. This compares to the current installed cost of 10kW wind turbines in the US of ~$4500/kW. For a vertical axis turbine to be economic in certain US markets under current conditions, cost targets of $3000/kW or less would likely need to be achieved.

Table 2. Summary of Cases Included in this Analysis

	Tower Height
	O&M
	Figure

	10 Meters (Min and Max)
	1.5 ¢/kWh
	Figure 2

	20 Meters (Min and Max)
	1.5 ¢/kWh
	Figure 3

	30 Meters (Min and Max)
	1.5 ¢/kWh
	Figure 4

	10 Meters Max
	0.5 ¢/kWh
	Figure 5

	10 Meters Max
	3.0 ¢/kWh
	Figure 5


Detailed tables of results are included in Attachment A. 

Figure 2. Cost Target Results for 10-Year Payback at 10 Meter Tower Height
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Figure 3. Cost Target Results for 10-Year Payback at 20 Meter Tower Height
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Figure 4. Cost Target Results for 10-Year Payback at 30 Meter Tower Height
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Figure 5. Cost Target Results For 10-Year Payback with O&M values of 0.5, 1.5, and 3.0 cents/kWh. 
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Attachment A: Detailed Tables of Results

The detailed tables include the state-by-state cost target for a 10-year payback, and the internal rate of return (IRR) for an investment in the wind system at the corresponding cost target, over the life of the system (25 years). Since the cost target results in a 10-year payback, and the cash flow for most states corresponds to a fairly consistent series of payments and earnings over the life of the system, the IRR result for most states is approximately equal at ~10 percent. This value is closely dependent on the system lifetime, and will vary depending on the degree of variation in annual cash flows.

Table 3. Detailed Results for 10 Meter Tower Height

	10 Meter Tower Height

	State
	Min
	IRR
	Max
	IRR

	Alabama
	$715.55
	10.09%
	$930.26
	10.09%

	Alaska
	$1,209.64
	10.32%
	$1,572.61
	10.32%

	Arizona
	$1,048.54
	10.18%
	$1,357.85
	10.18%

	Arkansas
	$726.87
	9.99%
	$944.98
	9.99%

	California
	$3,071.66
	10.43%
	$3,455.27
	10.36%

	Colorado
	$777.51
	10.39%
	$1,010.82
	10.39%

	Connecticut
	$1,126.32
	10.76%
	$1,464.29
	10.76%

	Delaware
	$1,642.07
	10.42%
	$2,134.81
	10.42%

	Florida
	$774.40
	10.30%
	$1,006.77
	10.30%

	Georgia
	$730.49
	10.27%
	$949.69
	10.27%

	Hawaii
	$2,024.87
	9.96%
	$2,600.25
	9.97%

	Idaho
	$656.75
	10.47%
	$853.82
	10.47%

	Illinois
	$748.72
	10.42%
	$973.39
	10.42%

	Indiana
	$708.78
	10.07%
	$921.47
	10.07%

	Iowa
	$838.56
	10.18%
	$1,090.18
	10.18%

	Kansas
	$826.48
	9.88%
	$1,074.49
	9.88%

	Kentucky
	$506.43
	10.16%
	$658.40
	10.16%

	Louisiana
	$739.78
	10.02%
	$961.76
	10.02%

	Maine
	$1,345.70
	10.85%
	$1,749.50
	10.85%

	Maryland
	$732.52
	10.25%
	$952.33
	10.25%

	Massachusetts
	$1,302.85
	10.62%
	$1,693.80
	10.62%

	Michigan
	$780.77
	10.37%
	$1,015.05
	10.37%

	Minnesota
	$855.87
	9.88%
	$1,112.69
	9.88%

	Mississippi
	$704.95
	10.16%
	$916.49
	10.16%

	Missouri
	$688.54
	10.03%
	$895.15
	10.03%

	Montana
	$2,216.62
	8.98%
	$2,469.08
	9.19%

	Nebraska
	$588.11
	10.21%
	$764.59
	10.21%

	Nevada
	$1,123.22
	10.23%
	$1,460.26
	10.23%

	New Hampshire
	$1,198.47
	11.00%
	$1,558.09
	11.00%

	New Jersey
	$1,920.43
	11.45%
	$2,496.69
	11.45%

	New Mexico
	$916.35
	10.37%
	$1,191.32
	10.37%

	New York
	$2,934.30
	10.44%
	$3,814.78
	10.44%

	North Carolina
	$1,061.41
	9.85%
	$1,379.91
	9.85%

	North Dakota
	$706.91
	9.82%
	$919.03
	9.82%

	Ohio
	$781.76
	10.32%
	$1,016.34
	10.32%

	Oklahoma
	$698.19
	10.00%
	$907.70
	10.00%

	Oregon
	$1,104.87
	9.43%
	$1,323.89
	9.56%

	Pennsylvania
	$867.37
	10.78%
	$1,127.64
	10.78%

	Rhode Island
	$2,016.32
	11.05%
	$2,621.36
	11.05%

	South Carolina
	$753.88
	10.23%
	$980.10
	10.23%

	South Dakota
	$741.03
	10.11%
	$963.39
	10.11%

	Tennessee
	$1,830.98
	5.39%
	$2,337.84
	5.40%

	Texas
	$921.54
	9.85%
	$1,198.07
	9.85%

	Utah
	$824.21
	10.09%
	$1,071.53
	10.09%

	Vermont
	$2,080.18
	11.07%
	$2,704.38
	11.07%

	Virginia
	$767.46
	10.22%
	$997.74
	10.22%

	Washington
	$559.60
	10.25%
	$727.52
	10.25%

	West Virginia
	$582.27
	10.19%
	$756.99
	10.19%

	Wisconsin
	$1,169.42
	10.07%
	$1,520.33
	10.07%

	Wyoming
	$721.36
	10.38%
	$937.81
	10.38%


Table 4. Detailed Results for 20 Meter Tower Height

	20 Meter Tower Height

	State
	Min
	IRR
	Max
	IRR

	Alabama
	$916.17
	10.09%
	$1,176.55
	10.09%

	Alaska
	$1,548.79
	10.32%
	$1,988.96
	10.32%

	Arizona
	$1,340.73
	10.18%
	$1,657.17
	10.23%

	Arkansas
	$930.67
	9.99%
	$1,195.16
	9.99%

	California
	$3,430.10
	10.36%
	$3,895.30
	10.31%

	Colorado
	$995.51
	10.39%
	$1,278.44
	10.39%

	Connecticut
	$1,442.12
	10.76%
	$1,851.97
	10.76%

	Delaware
	$2,102.48
	10.42%
	$2,700.00
	10.42%

	Florida
	$991.53
	10.30%
	$1,273.32
	10.30%

	Georgia
	$935.30
	10.27%
	$1,201.12
	10.27%

	Hawaii
	$2,566.01
	9.97%
	$3,198.99
	10.01%

	Idaho
	$840.89
	10.47%
	$1,079.87
	10.47%

	Illinois
	$958.65
	10.42%
	$1,231.10
	10.42%

	Indiana
	$907.51
	10.07%
	$1,165.42
	10.07%

	Iowa
	$1,073.67
	10.18%
	$1,378.81
	10.18%

	Kansas
	$1,058.22
	9.88%
	$1,358.96
	9.88%

	Kentucky
	$648.43
	10.16%
	$832.71
	10.16%

	Louisiana
	$947.20
	10.02%
	$1,216.39
	10.02%

	Maine
	$1,723.00
	10.85%
	$2,212.68
	10.85%

	Maryland
	$937.90
	10.25%
	$1,204.46
	10.25%

	Massachusetts
	$1,668.15
	10.62%
	$2,142.24
	10.62%

	Michigan
	$999.68
	10.37%
	$1,283.79
	10.37%

	Minnesota
	$1,095.84
	9.88%
	$1,407.27
	9.88%

	Mississippi
	$902.61
	10.16%
	$1,159.13
	10.16%

	Missouri
	$881.59
	10.03%
	$1,132.14
	10.03%

	Montana
	$2,452.52
	9.18%
	$2,758.68
	9.33%

	Nebraska
	$753.01
	10.21%
	$967.01
	10.21%

	Nevada
	$1,438.15
	10.23%
	$1,846.87
	10.23%

	New Hampshire
	$1,534.50
	11.00%
	$1,970.60
	11.00%

	New Jersey
	$2,458.88
	11.45%
	$3,157.70
	11.45%

	New Mexico
	$1,173.28
	10.37%
	$1,506.73
	10.37%

	New York
	$3,757.01
	10.44%
	$4,824.76
	10.44%

	North Carolina
	$1,359.01
	9.85%
	$1,745.24
	9.85%

	North Dakota
	$905.11
	9.82%
	$1,162.35
	9.82%

	Ohio
	$1,000.95
	10.32%
	$1,285.41
	10.32%

	Oklahoma
	$893.95
	10.00%
	$1,148.01
	10.00%

	Oregon
	$1,309.52
	9.55%
	$1,575.11
	9.66%

	Pennsylvania
	$1,110.56
	10.78%
	$1,426.19
	10.78%

	Rhode Island
	$2,581.66
	11.05%
	$3,315.37
	11.05%

	South Carolina
	$965.26
	10.23%
	$1,239.58
	10.23%

	South Dakota
	$948.80
	10.11%
	$1,218.45
	10.11%

	Tennessee
	$2,304.58
	5.40%
	$2,919.23
	5.40%

	Texas
	$1,179.93
	9.85%
	$1,515.26
	9.85%

	Utah
	$1,055.30
	10.09%
	$1,355.22
	10.09%

	Vermont
	$2,663.43
	11.07%
	$3,420.37
	11.07%

	Virginia
	$982.63
	10.22%
	$1,261.90
	10.22%

	Washington
	$716.50
	10.25%
	$920.13
	10.25%

	West Virginia
	$745.53
	10.19%
	$957.40
	10.19%

	Wisconsin
	$1,497.31
	10.07%
	$1,922.84
	10.07%

	Wyoming
	$923.61
	10.38%
	$1,186.10
	10.38%


Table 5. Detailed Results for 30 Meter Tower Height

	30 Meter Tower Height

	State
	Min
	IRR
	Max
	IRR

	Alabama
	$1,081.33
	10.09%
	$1,374.74
	10.09%

	Alaska
	$1,828.00
	10.32%
	$2,324.01
	10.32%

	Arizona
	$1,541.46
	10.22%
	$1,886.84
	10.26%

	Arkansas
	$1,098.44
	9.99%
	$1,396.49
	9.99%

	California
	$3,725.19
	10.32%
	$4,249.40
	10.28%

	Colorado
	$1,174.98
	10.39%
	$1,493.80
	10.39%

	Connecticut
	$1,702.10
	10.76%
	$2,163.94
	10.76%

	Delaware
	$2,481.50
	10.42%
	$3,154.83
	10.42%

	Florida
	$1,170.28
	10.30%
	$1,487.82
	10.30%

	Georgia
	$1,103.92
	10.27%
	$1,403.45
	10.27%

	Hawaii
	$2,967.53
	10.00%
	$3,680.82
	10.04%

	Idaho
	$992.49
	10.47%
	$1,261.79
	10.47%

	Illinois
	$1,131.47
	10.42%
	$1,438.48
	10.42%

	Indiana
	$1,071.11
	10.07%
	$1,361.75
	10.07%

	Iowa
	$1,267.23
	10.18%
	$1,611.08
	10.18%

	Kansas
	$1,248.99
	9.88%
	$1,587.88
	9.88%

	Kentucky
	$765.32
	10.16%
	$972.99
	10.16%

	Louisiana
	$1,117.95
	10.02%
	$1,421.30
	10.02%

	Maine
	$2,033.62
	10.85%
	$2,585.42
	10.85%

	Maryland
	$1,106.99
	10.25%
	$1,407.35
	10.25%

	Massachusetts
	$1,968.88
	10.62%
	$2,474.90
	10.64%

	Michigan
	$1,179.90
	10.37%
	$1,500.05
	10.37%

	Minnesota
	$1,293.39
	9.88%
	$1,644.34
	9.88%

	Mississippi
	$1,065.33
	10.16%
	$1,354.39
	10.16%

	Missouri
	$1,040.52
	10.03%
	$1,322.86
	10.03%

	Montana
	$2,646.72
	9.28%
	$2,991.72
	9.40%

	Nebraska
	$888.76
	10.21%
	$1,129.91
	10.21%

	Nevada
	$1,697.41
	10.23%
	$2,157.98
	10.23%

	New Hampshire
	$1,811.13
	11.00%
	$2,302.56
	11.00%

	New Jersey
	$2,902.16
	11.45%
	$3,689.63
	11.45%

	New Mexico
	$1,384.80
	10.37%
	$1,760.54
	10.37%

	New York
	$4,434.31
	10.44%
	$5,637.51
	10.44%

	North Carolina
	$1,604.01
	9.85%
	$2,039.24
	9.85%

	North Dakota
	$1,068.28
	9.82%
	$1,358.15
	9.82%

	Ohio
	$1,181.39
	10.32%
	$1,501.95
	10.32%

	Oklahoma
	$1,055.11
	10.00%
	$1,341.40
	10.00%

	Oregon
	$1,477.99
	9.62%
	$1,777.27
	9.71%

	Pennsylvania
	$1,310.77
	10.78%
	$1,666.43
	10.78%

	Rhode Island
	$3,047.07
	11.05%
	$3,873.86
	11.05%

	South Carolina
	$1,139.27
	10.23%
	$1,448.40
	10.23%

	South Dakota
	$1,119.85
	10.11%
	$1,423.70
	10.11%

	Tennessee
	$2,694.47
	5.40%
	$3,387.09
	5.40%

	Texas
	$1,392.64
	9.85%
	$1,770.52
	9.85%

	Utah
	$1,245.55
	10.09%
	$1,583.52
	10.09%

	Vermont
	$3,143.58
	11.07%
	$3,996.55
	11.07%

	Virginia
	$1,159.78
	10.22%
	$1,474.47
	10.22%

	Washington
	$845.67
	10.25%
	$1,075.13
	10.25%

	West Virginia
	$879.93
	10.19%
	$1,118.68
	10.19%

	Wisconsin
	$1,767.23
	10.07%
	$2,246.75
	10.07%

	Wyoming
	$1,090.12
	10.38%
	$1,385.91
	10.38%


Table 6. Detailed Results for O&M Sensitivity (10 Meter Tower Height, Maximum AEP)

	State
	O&M = 

0.5 ¢/kWh
	IRR
	O&M =

1.5 ¢/kWh
	IRR
	O&M =

3.0 ¢/kWh
	IRR

	Alabama
	$1,105.77
	10.09%
	$930.26
	10.09%
	$667.00
	10.10%

	Alaska
	$1,739.25
	10.32%
	$1,572.61
	10.32%
	$1,322.64
	10.34%

	Arizona
	$1,532.12
	10.18%
	$1,357.85
	10.18%
	$1,047.99
	10.26%

	Arkansas
	$1,113.69
	10.01%
	$944.98
	9.99%
	$691.90
	9.93%

	California
	$3,628.55
	10.33%
	$3,455.27
	10.36%
	$3,195.36
	10.41%

	Colorado
	$1,184.35
	10.35%
	$1,010.82
	10.39%
	$750.53
	10.48%

	Connecticut
	$1,624.67
	10.71%
	$1,464.29
	10.76%
	$1,223.73
	10.86%

	Delaware
	$2,453.68
	10.41%
	$2,134.81
	10.42%
	$1,656.50
	10.44%

	Florida
	$1,166.25
	10.28%
	$1,006.77
	10.30%
	$767.55
	10.32%

	Georgia
	$1,114.32
	10.26%
	$949.69
	10.27%
	$702.73
	10.30%

	Hawaii
	$2,773.24
	9.98%
	$2,600.25
	9.97%
	$2,330.43
	9.97%

	Idaho
	$1,021.74
	10.42%
	$853.82
	10.47%
	$601.95
	10.58%

	Illinois
	$1,125.44
	10.40%
	$973.39
	10.42%
	$745.31
	10.45%

	Indiana
	$1,102.13
	10.06%
	$921.47
	10.07%
	$650.47
	10.11%

	Iowa
	$1,254.43
	10.19%
	$1,090.18
	10.18%
	$843.81
	10.15%

	Kansas
	$1,256.35
	9.90%
	$1,074.49
	9.88%
	$801.69
	9.85%

	Kentucky
	$824.85
	10.16%
	$658.40
	10.16%
	$408.73
	10.18%

	Louisiana
	$1,129.66
	10.04%
	$961.76
	10.02%
	$709.91
	9.97%

	Maine
	$1,904.11
	10.81%
	$1,749.50
	10.85%
	$1,517.57
	10.93%

	Maryland
	$1,116.97
	10.24%
	$952.33
	10.25%
	$705.36
	10.28%

	Massachusetts
	$1,882.18
	10.57%
	$1,693.80
	10.62%
	$1,411.23
	10.73%

	Michigan
	$1,170.52
	10.36%
	$1,015.05
	10.37%
	$781.85
	10.41%

	Minnesota
	$1,304.19
	9.90%
	$1,112.69
	9.88%
	$825.44
	9.85%

	Mississippi
	$1,081.86
	10.15%
	$916.49
	10.16%
	$668.43
	10.17%

	Missouri
	$1,065.21
	10.04%
	$895.15
	10.03%
	$640.05
	9.99%

	Montana
	$2,660.58
	9.24%
	$2,469.08
	9.19%
	$2,181.83
	9.06%

	Nebraska
	$917.35
	10.23%
	$764.59
	10.21%
	$535.45
	10.17%

	Nevada
	$1,648.01
	10.20%
	$1,460.26
	10.23%
	$1,178.64
	10.29%

	New Hampshire
	$1,711.22
	10.95%
	$1,558.09
	11.00%
	$1,328.39
	11.09%

	New Jersey
	$2,817.05
	11.38%
	$2,496.69
	11.45%
	$2,016.16
	11.60%

	New Mexico
	$1,362.50
	10.33%
	$1,191.32
	10.37%
	$934.55
	10.44%

	New York
	$4,169.41
	10.40%
	$3,814.78
	10.44%
	$3,282.84
	10.52%

	North Carolina
	$1,598.45
	9.84%
	$1,379.91
	9.85%
	$1,052.10
	9.87%

	North Dakota
	$1,107.89
	9.83%
	$919.03
	9.82%
	$635.73
	9.77%

	Ohio
	$1,177.50
	10.31%
	$1,016.34
	10.32%
	$774.60
	10.35%

	Oklahoma
	$1,076.22
	10.02%
	$907.70
	10.00%
	$654.91
	9.94%

	Oregon
	$1,515.39
	9.63%
	$1,323.89
	9.56%
	$1,036.64
	9.40%

	Pennsylvania
	$1,285.25
	10.72%
	$1,127.64
	10.78%
	$891.23
	10.93%

	Rhode Island
	$2,927.16
	10.99%
	$2,621.36
	11.05%
	$2,162.66
	11.18%

	South Carolina
	$1,146.30
	10.22%
	$980.10
	10.23%
	$730.80
	10.26%

	South Dakota
	$1,129.71
	10.13%
	$963.39
	10.11%
	$713.91
	10.08%

	Tennessee
	$2,500.50
	5.88%
	$2,337.84
	5.40%
	$2,093.84
	4.39%

	Texas
	$1,378.30
	9.87%
	$1,198.07
	9.85%
	$927.72
	9.81%

	Utah
	$1,282.42
	10.04%
	$1,071.53
	10.09%
	$755.20
	10.20%

	Vermont
	$2,951.97
	11.02%
	$2,704.38
	11.07%
	$2,333.00
	11.16%

	Virginia
	$1,165.65
	10.21%
	$997.74
	10.22%
	$745.89
	10.24%

	Washington
	$901.12
	10.24%
	$727.52
	10.25%
	$467.11
	10.30%

	West Virginia
	$925.28
	10.18%
	$756.99
	10.19%
	$504.56
	10.23%

	Wisconsin
	$1,759.70
	10.05%
	$1,520.33
	10.07%
	$1,161.27
	10.10%

	Wyoming
	$1,110.80
	10.33%
	$937.81
	10.38%
	$678.34
	10.48%


Attachment B: Summary of State Incentives for Residential Small Wind Systems

	State
	Buy down program ($/kW or % system cost)
	Income Tax Credit

(% System cost)
	Income Tax Deduction 

(% System cost)
	Property Tax

	Sales Tax 

(Existing Rate)
	Net Metering 

(State or Utility)


	Alabama
	
	
	
	
	
	4%
	

	Alaska
	
	
	
	
	
	--
	

	Arizona
	
	25% of system cost or $1k for yr.1
	
	
	$5k of equipment exempt
	5.6%
	Utility

	Arkansas
	
	
	
	
	
	5.125%
	State

	California
	$2,100 for the first 7.5 kW, $1,100 for each additional kW

	7.5% system cost after other deductions

	
	
	
	7.25%
	State

	Colorado
	
	
	
	
	
	2.9%
	Utility

	Connecticut
	
	
	
	Local 
	
	6%
	Utility

	Delaware
	50% system cost

Max. $5k total
	
	
	
	
	--
	State

	Florida
	
	
	
	
	
	6%
	

	Georgia
	
	
	
	
	
	4%
	State

	Hawaii
	
	20% system cost max. $1.5k
	
	
	
	4%
	State

	Idaho
	
	
	40% system cost yr.1, 20% system costs yr. 2-4. Not exceed $5k in any year or $20k total
	
	
	5%
	Utility

	Illinois
	
	
	
	Conventional
	
	6.25%
	Utility

	Indiana
	
	
	
	Exempt
	
	6%
	Utility

	Iowa
	
	
	
	Local

	Exempt
	5%
	Utility

	Kansas
	
	
	
	Exempt
	
	5.3%
	

	Kentucky
	
	
	
	
	
	6%
	Utility

	Louisiana
	
	
	
	
	
	4%
	

	Maine
	
	
	
	
	
	5%
	State

	Maryland
	
	
	
	
	
	5%
	Utility

	Massachusetts
	
	15% system cost max. $1k
	
	Local for 20 yr
	Exempt
	5%
	State

	Michigan
	
	
	
	
	
	6%
	

	Minnesota
	
	
	
	Exempt
	Exempt
	6.5%
	State

	Mississippi
	
	
	
	
	
	7%
	

	Missouri
	
	
	
	
	
	4.225%
	

	Montana
	$1.25k per kW

max. $12.5k

	$500
	
	Exempt for 10 years

	
	--
	Utility

	Nebraska
	
	
	
	
	
	5.5%
	

	Nevada
	
	
	
	Exempt
	Pay only 2% state sales tax
	6.5%
	State

	New Hampshire
	
	
	
	Local
	
	--
	State

	New Jersey
	$5k per kW

max. 60% system cost

	
	
	
	Exempt
	6%
	State

	New Mexico
	
	
	
	
	
	5%
	

	New York
	50% system cost 

max. $100k total
 
	
	
	Exempt
	
	4%
	

	North Carolina
	
	35% system cost max. $10.5k
	
	
	
	4.5%
	

	North Dakota
	
	3% system cost for 5 years
	
	Exempt

	
	5%
	Utility

	Ohio
	
	
	
	
	
	5%
	State

	Oklahoma
	
	
	
	
	
	4.5%
	State

	Oregon
	
	$0.60 per kWh saved during yr 1 max. $1.5k
	
	Exempt
	
	--
	State

	Pennsylvania
	
	
	
	
	
	6%
	State

	Rhode Island
	$2k per kW 

max. 50% system cost
	5% system cost max. $750

	
	Conventional
	Refund
	7%
	State

	South Carolina
	
	
	
	
	
	5%
	

	South Dakota
	
	
	
	Exempt

	
	4%
	

	Tennessee
	$500 total signing bonus and power purchased at $0.15 per kWh produced

	
	
	
	
	7%
	

	Texas
	
	
	
	Exempt
	
	6.25%
	Utility

	Utah
	
	25% system cost max. $2k
	
	
	
	4.75%
	Utility

	Vermont
	$2.5k per kW. max. 40% system cost or $12.5k total
	
	
	Local
	Exempt
	5%
	State

	Virginia
	
	
	
	
	
	4.5%
	State

	Washington
	
	
	
	
	Exempt
	6.5%
	State

	West Virginia
	
	
	
	
	
	6%
	

	Wisconsin
	$0.95 per annual kWh

max. $35k or 25% system cost
	
	
	Exempt
	
	5%
	Utility

	Wyoming
	
	
	
	
	
	4%
	State

	Total # Programs
	9 
	11
	18
	9
	
	34


Source: Database of State Incentives for Renewable Energy (DSIRE) and Trudy Forsyth (NREL) for net metering program summaries. Data were verified using Wind Powering America state consumer guides when available. The existence of loan and buydown programs was verified with data from Trudy Forsyth at NREL.

� A summary of the state incentives used in this analysis is included in Attachment B.


� This turbine power curve is based on SRC simulations and is not assumed here to be a verified representation of field performance. 


� Wind speed anemometer data was taken from the HOMER computer model designed by the National Renewable Energy Laboratory (� HYPERLINK "http://analysis.nrel.gov/homer" ��http://analysis.nrel.gov/homer�). Additional information on the anemometer site is available from � HYPERLINK "http://www.uwig.org/uwrapdata/UWrapSites.cfm" ��http://www.uwig.org/uwrapdata/UWrapSites.cfm� (Site #202).


� Average statewide residential electricity rates were taken from the EIA publication "Current and Historical Monthly Retail Sales, Revenue, and Average Revenue per Kilowatt-Hour by State and by Sector." Values from May 2002 through April 2003 were averaged to produce annual average electricity rates. Electricity price escalation rates for the residential sector vary by census division according to the 2003 Annual Energy Outlook (AEO).  It should be noted that these rates are potentially significantly different from the value of electricity for an off-grid household.





� “Exempt” means the cost of the system is not included in property valuation for tax purposes; “Local ” means local authorities have the option to exempt wind systems; “Conventional” means the system is valued at the cost of a conventional system


� “State” means net metering programs are available to the whole state; “Utility” means net metering programs are available to customers of certain utilities.


� Value as of January 1, 2004


� Value as of January 1, 2004; the lesser of 7.5% of system cost or $4,500 per kW.


� The valuation of the wind energy system is 0% of cost for year one and increases 5% every year to a maximum of 30%.


� Rebate for customers of Northwestern Energy. 


� Exempt for systems up to $20,000 for single-family homes. 


�  Rebate amount and maximum cap are set to decline based on the total capacity of systems installed under this program. The allowable installed capacity for these rebate values is set at 6.23 MW. See http://www.njcep.com/html/2_incent.html


� For systems up to 10 kW. Source: www.nyserda.org/energyresources/smallwind.html


� For five years only


� Percent of tax credit declines steeply from 2000 through 2004. 5% is the value applicable to systems claimed in 2004.


� For three years only


� This is a Tennessee Valley Authority incentive. For more info see http://www.tva.com/greenpowerswitch/partners/.


� Wisconsin cash-back reward program calculates the rebate amount based on estimated annual energy production of the purchased turbine. http://www.focusonenergy.com
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