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Figure 12. Roof Mount Solar PV System Rendering.

This is a 9kW roof mount system. The shading profile determine using the Solar Pathfinder is show in
Image 9.

Image 9. Solar Pathfinder Shading Profile for Workhouse Roof.

The data from the Solar Pathfinder shading analysis was logged in Excel and used to estimate the shading
de-rate factor for the roof. The estimated shading de-rate factor for the workhouse roof was 35%.

Skelion used this shading de-rate factor and estimated the annual generation for the roof mount solar PV
system. Monthly generation estimates are presented in Table 8.

Table 8. Estimated Electricity Generation for a Roof Mount Solar PV System.
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Solar Generation

Month (kWh)
January 679.16
February 552.99
March 621.5
April 941
May 950.84
June 848.41
July 790.21
August 811.35
September 664.48
October 858.38
November 610.04
December 519.46
Annual 8,848

According to the PVwatts report, this solar PV system would generate 8,848 kWh of electricity each year.
This would result in a carbon dioxide offset of 6,518 kilograms each year and annual energy savings of
just over $1,113.

Table 9 shows the anticipated system purchase and installation costs.

Table 9. Roof Mount Solar PV System Purchase and Installation Costs.

System
System Costs S/w il
Panels 50.75 $6,727.50
Inverters $0.40 $3,588.00
Racking $0.15  $1,345.50
Electrical Components and Wiring $0.20  51,794.00
Labor $0.45  $4,036.50
Other (Overhead, Inspections, etc) $1.25 $11,212.50
Total Initial Investment $28,704.00

The system purchase and installation costs would be offset slightly by the Residential Renewable Energy
Tax Credit, which covers up to 30% of purchase and installation costs, resulting in a tax return of
$8,611%°. Green Fence Farm is also eligible for a grant from the Rural Energy for America Program,
which funds renewable energy and energy efficiency projects on agricultural lands*°. The amount of
money available varies, so the lowest grant amount of $2,500 was used in this economic analysis in an
effort to keep estimates conservative. This brought the total estimated financial assistance to $11,111.

Upon performing the simple and discounted payback period analysis, it was determined that the system
does not pay itself off in either situation. The system has a life cycle cost of $8,678.

Ground Mount Solar PV System
Figure 13 shows the ground mount solar PV system modelled in Google SketchUp using Skelion.

2 http://programs.dsireusa.org/system/program/detail/1235
%0 http://programs.dsireusa.org/system/program/detail/917
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Figure 13. Ground Mount Solar PV System Rendering.

This is a 12kW ground mount system. The shading profile determine using the Solar Pathfinder is show
in Image 10.
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Image 10. Solar Pathfinder Shading Profile for Ground Mount System Location.

The data from the Solar Pathfinder shading analysis was logged in Excel and used to estimate the shading
de-rate factor for the ground mount system. The estimated shading de-rate factor was 32%.

Skelion used this shading de-rate factor and estimated the annual generation for the ground mount solar
PV system. Monthly generation estimates are presented in Table 10.
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Table 10. Estimated Electricity Generation for a Ground Mount Solar PV System.

Solar Generation

Month (kWh)
January 491.69
February 493.29
March 677.38
April 1148.24
May 1315.29
June 1213.34
July 1113.61
August 1046.12
September 757.6
October 789.07
November 467.33
December 379.66
Annual 9,893

According to the PVwatts report, this solar PV system would generate 9,893 kWh of electricity each year.
This would result in a carbon dioxide offset of 7,287 kilograms each year and annual energy savings of
just over $1,217.

Table 11 shows the anticipated system purchase and installation costs.

Table 11. Ground Mount Solar PV System Purchase and Installation Costs.

System
System Costs S/w Total
Panels $0.75 $9,000.00
Inverters $0.40 $4,800.00
Racking $0.55 $6,600.00
Electrical Components and Wiring $0.20  $2,400.00
Labor $0.45 $5,400.00
g:ger (Overhead, Inspections, Trenching $1.65 $19,800.00
Total Initial Investment $48,000.00

The purchase and installation costs for the ground mount system are inherently higher than the roof mount
system because installing a ground mount system requires additional labor for trenching and wiring. In
this case, the Residential Renewable Energy Tax Credit would result in a return of $14,400%. REAP
funding could also be used for the ground mount system and the lowest award of $2,500 was used in this
economic analysis to keep estimates conservative. This brought the total estimated financial assistance to
$16,900.

Upon performing the simple and discounted payback period analysis, it was determined that the system
does not pay itself off in either situation. The system has a life cycle cost of $25,168.

31 http://programs.dsireusa.org/system/program/detail/1235
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Residential Scale Wind Turbine
Table 12 provides the raw data for average wind speed, Weibull ¢, and Weibull k constants that was
generated in ArcMap.

Table 12. Average Wind Speeds and Weibull Constants from ArcMap.

Average Wind Speed (m/s)
Speed 80m 4.95
Speed 50m 4.58
Speed 34m 4.30
Speed 20m 3.94
Weibull Constants
Weibull C 5.6
Weibull K 2.2

AcrMap also generated a Weibull distribution at an 80m hub height, which is shown in Table 13.

Table 13. Weibull Distribution for an 80m Hub Height.

Weibull at 80m
Bin Speed (m/s) Frequency (%)
FREQOOTO1 1 0.035
FREQO1TO2 2 0.087
FREQO2T03 3 0.115
FREQO3T04 4 0.139
FREQO4TO5 5 0.156
FREQO5T06 6 0.151
FREQO6TO7 7 0.118
FREQQ7T08 8 0.084
FREQOST09 9 0.057
FREQO9T10 10 0.033
FREQ10T11 11 0.017
FREQ11T12 12 0.005
FREQ12T13 13 0.002
FREQ13T14 14 0.001
FREQ14T15 15 0
FREQ15T16 16 0
FREQ16T17 17 0
FREQ17T18 18 0
FREQ18T19 19 0
FREQ19T20 20 0
FREQGT20 21 0

The 80m hub height data was scaled down to 20m using the Weibull constants from Table 12 and
Equation 5. The scaled data is presented in Table 14.
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Table 14. Estimated Weibull Distribution for a 20m Hub Height.

Weibull at 20m
Speed (m/s) | Frequency (%)
1 0.0509
2 0.1054
3 0.1455
4 0.1625
5 0.1557
6 0.1313
7 0.0986
8 0.0663
9 0.0402
10 0.0219
11 0.0108
12 0.0048
13 0.0019
14 0.0007
15 0.0002
16 0.0001
17 0.0000
18 0.0000
19 0.0000
20 0.0000
21 0.0000

The data from Tables 13 and 14 were graphed. This was to verify that the Weibull distribution for a 20m
hub height had the same shape as the Weibull distribution for the 80m hub height, but with a different
mean. This graph, shown in Figure 14, verified that the scaled down Weibull distribution was reasonable.
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Weibull Distrbution for 80m and 20m
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Figure 14. Graph of the Weibull Distribution for an 80m and a 20m Hub Height.

The distribution for a 20m hub height was then used to estimate the annual energy output for a Bergey
Excel 10k turbine on Green Fence Farm. The estimated power output is shown in Table 15.

Table 15. Annual Energy Output Estimates for a Bergey Excel 10k on Green Fence Farm.

Speed (m/s) Frequency (%) Hours peryear Bergey Excel 10 Power (W) Annual Energy (kWh)
1.00 0.05 446.45 -12.00 -5.36
2.00 0.11 924.10 -5.50 -5.08
3.00 0.15 1,275.22 70.50 89.90
4.00 0.16 1,424.22 314.00 447.21
5.00 0.16 1,365.05 722.00 985.57
6.00 0.13 1,150.90 1,330.50 1,531.28
7.00 0.10 864.11 2,170.50 1,875.56
8.00 0.07 581.60 3,275.50 1,905.02
9.00 0.04 352.22 4,688.50 1,651.37
10.00 0.02 192.34 6,408.00 1,232.48
11.00 0.01 94.81 8,356.00 792.26
12.00 0.00 42.22 10,406.50 439.32
13.00 0.00 16.98 11,819.00 200.70
14.00 0.00 6.17 12,335.50 76.12
15.00 0.00 2.02 12,472.00 25.25
16.00 0.00 0.60 12,527.00 7.51
17.00 0.00 0.16 12,529.00 2.01
18.00 0.00 0.04 12,485.00 0.48
19.00 0.00 0.01 12,302.00 0.10
20.00 0.00 0.00 11,933.50 0.02
21.00 0.00 0.00 11,495.00 0.00

Total Annual Energy Output 11,251.74

According to this estimation, Green Fence Farm experiences wind speeds between 3 and 7 m/s nearly
70% of the year. Based on the frequency distribution of wind speeds and the expected output for a Bergey
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Excel 10k, the annual generation for a turbine at Green Fence Farm is 11,251 kilowatt-hours. This manual
estimation was verified using Windographer. The Windographer predictions for a Bergey Excel 10k
operating at the Weibull distribution frequency data from Table 14 are shown in Image 11.

“wind resource data
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Image 11. Screen Capture of Windographer Estimates for Bergey Excel 10k Turbine on Green Fence Farm.

According to the report generated by Windographer, a Bergey Excel 10k placed on Green Fence Farm at
a hub height of 20m would generate 12,148 kilowatt-hours each year. This value was within a 10%
difference of the manual estimation, verifying the manual estimate. For the rest of the analysis, the
manual estimate for power generation was used.

The manual estimate predicted an annual electricity generation of 11,252 kilowatt-hours. This would
results in an annual energy cost savings of $1,502 and an annual carbon dioxide emissions offset of
18,274 kilograms.

The cost to purchase and install a Bergey Excel 10k turbine is estimated at $50,000%. The Residential
Renewable Energy Tax Credit would offset 30% of this cost, resulting in a tax return of $15,000. This, in

32 http://www.nwwindandsolar.com/wind-power-in-seattle-and-the-northwest/residential-small-wind-systems/
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combination with the lowest grant amount provided by REAP, would result in a total financial assistance
of $17,500.

Upon performing the simple and discounted payback period analysis, it was determined that the system
does not pay itself off in either situation. The system has a life cycle cost of $21,749.

Renewable Energy Option from SVEC

It would be possible for Green Fence Farm to offset all electricity used on site by switching to the
renewable energy option provided by SVEC. During the on-site fuel usage evaluation, it was determined
that in a typical year, Green Fence Farm uses 25,304 kilowatt-hours. Purchasing all of this energy from
renewable energy sources would offset 18,641 kilograms of carbon dioxide each year. The additional cost
for this electricity tariff would be just below $380 each year, as shown in Table 26.

Table 16. Additional Cost to Purchase Electricity from Renewable Energy Projects.

Month kwh Usage Current Bill gf:i?;,ei New Total Adc(l;;;c:nal
January 2752 $355.72 $41.28 $397.00
February 2160 $282.86 $32.40 $315.26
March 2186.5 $286.12 $32.80 $318.92
April 2307.5 $301.01 $34.61 $335.43
May 2237.5 $292.40 $33.56 $325.96
June 2281.5 $297.81 $34.22 $332.04
July 1991.5 $262.12 $29.87 $291.99
August 1990 $261.94 $29.85 $291.79
September 1787 $236.95 $26.81 $263.76
October 1560 $209.01 $23.40 $232.41
November 1622 $216.64 $24.33 $240.97
December 2429 $315.97 $36.44 $352.40
Annual Total $3,318.57 $3,698.13 $379.57

Increasing Sequestration Capabilities
The other step that can be taken to help Green Fence Farm reach net zero greenhouse gas emissions is to
increase sequestration capabilities on site.

Sequestration in Soil

The carbon sequestration capabilities of a biochar soil amendment were examined as a way to increase the
amount of carbon dioxide stored on site. To optimize the benefits provided by biochar, three tons should
be applied per acre of crop and grassland. This would result in a total of 20.9 tons of biochar being added
to the soil. One ton of biochar can sequester 1.06 tons of carbon dioxide, so this soil amendment would
increase the amount of carbon dioxide stored in the soil by 20,286 kilograms. Biochar can be purchased at
a price of $40 per ton, so the total cost for this carbon sequestration increase would be just below $840.

Sequestration in Biomass

As previously stated, the crops on site are already considered to have net zero greenhouse gas emissions
and therefor are not an opportunity to increase sequestration. Planting more trees to increase sequestration
was also not considered because doing so would detract from the ability to farm the land.
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Purchasing Carbon Offsets

The final strategy examined to reach net zero greenhouse gas operations was the purchase of carbon
offsets. Essentially, by purchasing carbon offsets, Green Fence Farm can offset the rest any remaining
emissions by investing in renewable energy projects elsewhere. Carbon offsets can be purchased for an
average of $5.95 per 1000 pounds of carbon dioxide. Any excess emissions that need to be offset after the
Green Fence Farm implements the recommendations from this project will be addressed through the

purchasing of carbon offsets.
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Recommendations

A list of recommendations for Green Fence Farm to reach net zero greenhouse gas emissions was
compiled based on the results of this study. These recommendations were selected because they are the
most cost effective options of the ones examine. These recommendations are summarized in Table 17.

Table 17. Recommended Steps for Green Fence Farm to Reach Net Zero Greenhouse Gas Emissions.

Current Difference 52,841.70 kg CO2/yr Cost
Roof Mount Solar (6,518.00) kg CO2/yr $28,704.00
Rider R (12,123.29) kg CO2/yr  $379.00
Biochar Amendment 20,286.91 kg CO2/yr  $839.00
Offsets 13,913.50 kg CO2/yr  $184.00

Currently, the farm emits 52,841 more kilograms of carbon dioxide than it sequesters each year. The roof
mount solar PV system was the most financially attractive renewable energy option examined. By
installing the roof mount solar PV system on the roof of the workhouse, 6,518 kilograms of carbon
dioxide can be offset. It is recommended that Green Fence Farm also switch to the Renewable Energy
Option (Rider R) to offset the rest of the emissions from on-site electricity usage. This will further reduce
carbon dioxide emissions by 12,123 kilograms each year.

Applying a biochar soil amendment to the crop and grassland will increase on site sequestration
capabilities by 20,286 kilograms. Even after taking these steps, Green Fence Farm will still be emitting
13,913 more kilograms of carbon dioxide than it sequesters each year. It is recommended that Sparks and
Auclair purchase carbon offsets for an annual cost of $184 to reach net zero greenhouse gas emissions.
Based on these recommendations, the total cost for Green Fence Farm to become a net zero farming
operation will be $30,106.
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Conclusions

In conclusion, reaching net zero greenhouse gas emissions is a challenging and potentially costly goal.
However, it is a process that is going to become increasingly necessary in the future. The world’s
population is projected to surpass 9 billion people by 2050%. This means that there will be 2 billion more
mouths to feed and a continually diminishing amount of resources to use. If the greenhouse gas emissions
associated with the agricultural sector are not reduced, then the effects of global warming will continue to
worsen, severely impacting the world’s food supply chain. If, however, less greenhouse gas intensive
farming practices are adopted worldwide, then perhaps the world’s population can be fed without
destroying the resources required for food production. Agricultural operations like Green Fence Farm
represent an opportunity to develop a model for sustainable, environmentally friendly food production
that could one day feed the planet.

33 http://news.nationalgeographic.com/news/2013/13/1307011-population-census-united-nations-un-demographics-world-population-day-
birthrate/
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