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INTRODUCTION  

 

Massachusetts is a state with a history of agricultural production.  The land here supports a diversity of 

products from nuts and berries to dairy products and tobacco.
1
 Between 1974 and 1997, when the nation as a 

whole was experiencing declining farm numbers, Massachusetts was actually having the opposite experience: 

farm numbers here increased by 24% during that time.
2
 

 In recent years, however, the trend in Massachusetts has followed that of the rest of the nation and farm 

numbers have begun to decline.  Between 1997 and 2002, farm numbers decreased by 17%, from 7,307 farms in 

1997 to 6,075 farms in 2002.
2
  These farm losses were often not a result of consolidation either, as illustrated by 

the data showing that average farm size and farm acreage were also in decline.  Between 1974 and 1997, when 

farm numbers were actually increasing, Massachusetts farm acreage decreased by 14%.
1 

 So why is a sector that has been so important to Massachusetts history steadily shrinking?  Why are 

farms going out of business and selling off farmland?  There may be a variety of reasons for this pattern, but 

certainly one contributing factor would be that according to the 2002 Census of Agriculture, just over 60% of 

farms in Massachusetts experience a net loss each year averaging $15,604.
3
  Between 1997 and 2002, the 

market value of agricultural products in Massachusetts showed a $40 million decline.
4
 

 The need to increase farm income is important not only to the individual farmers, but also to the 

communities in which they reside.  In economic terms this will strengthen the economic multiplier of the 

community.  In other words, more money for farmers means more money that can be spent at the local 

hardware store, then the hardware store owner has more money to spend at the grocery store, and on and on 

until the point that the money might leave the local economy and end the multiplying effect. 

 Agriculture is a sector that is risky because so much depends on factors that cannot be controlled or can 

be difficult to predict such as weather, disease, and consumer demand.  And what is planted at the beginning of 

the year or how many cows are milk determines how much will be sold at the end of the year or the end of the 

day.  Milking cannot be put off one day, and the number of tomatoes that are ripe today cannot be increased or 

decreased.  With increased mechanization in agriculture, another factor that has come to play a role in the risky 

nature of farming is energy cost.  As shown in Table 1, fuels are used in almost all farm operations.  In 

Massachusetts, fuel purchases account for over 4% of total farm production expense. This is the third largest 

expense following hired labor and animal feed.
3
  Because agricultural enterprises and farmers have come to 

depend on fuel to keep the farm running smoothly, changes in energy prices can have an impact on already 

shaky farm incomes.
5
 

In recent years, energy prices have been steadily increasing. In October, 2004 alone crude oil price  

1 
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Table One: Energy Use In Agriculture
5
 

 

rose from $43.60 per barrel to $56.37.  Natural gas has had similar increase in that it averaged $1.86 per million 

cubic feet (mcf) until 1999, but increased to $5.12/mcf in January 2003.
5
  Fertilizer price in particular is tightly 

tied to natural gas prices because the cost of natural gas accounts for up to 90% of nitrogen fertilizer costs.
5,6

 

Perhaps of even greater concern than increasing energy prices is the volatility of the energy market due 

to the nationôs dependence on petroleum imports.  In 2003, imported petroleum accounted for 55% of domestic 

consumption and this is estimated to increase to 70% by 2025.  Pricing for imported fuel is subject to  

2 
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international market conditions, leaving consumers of this fuel (such as the United States) vulnerable to sudden 

price changes that may occur.  In just 30 years, the United States experienced four major price shocks due to the 

Arab Oil Embargo, the Iranian crisis of 1979, the Persian Gulf War, and unexpected global demand in 1999-

2000.
5
   

The risks of dependence on outside forces are real at the community as well as the national level.  

Michael Shuman, author of ñGoing Localò, writes: 

 

If a community can achieve full employment and provide for the basic needs of its citizens without relying on other 

communities, it will be less vulnerable to decisions and disasters outside its control.
7
   

(Shuman, pp.47) 

 

With all of this in mind, on-farm energy production is becoming an increasingly appealing idea.  By 

producing their own energy, farmers could increased their income, strengthen the local economy, and in 

addition to this, the farmers and their communities could decrease some of the risk associated with volatile 

energy markets and thus one of the causes of inconsistency in farm income.   

 Most importantly, on-farm energy production in the form of wind turbines, solar arrays, or use of 

biofuels also provides an opportunity to alleviate some of the agricultural sectorôs contribution to climate 

change.  This is done both by reducing fossil fuel use and also reducing emissions by capturing greenhouse 

gases such as methane and using them to produce energy.   

In 2000, New England as a whole emitted approximately 224 million metric tons carbon equivalent 

(MMTCE).  As shown in the chart below, only 1% of this was attributed directly to agriculture.  However, that 

1% only included emissions from enteric fermentation, manure management, and fertilizer use.  Emissions from 

electricity and heating of farm buildings, operating farm machinery, and farm transportation are all included in 

the energy section which accounts for the majority of greenhouse gas emissions.
8
  In 1990, Massachusetts alone 

emitted 21.7 Million Metric Tons Carbon Equivalent (MMTCE).
9
 

 Singling out the agricultural sector for utilizing renewable energy systems makes sense because many of 

the potential power producers ïsuch as wind and solar energy, or biomass fuels-require a large land resource 

that is increasingly only available as agricultural or government land.  Reducing emissions at the farm level 

should also be a concern for all involved in the agricultural sector because the climate change caused by those 

emissions has the potential to change the face of agriculture in New England.  There is much uncertainty as to 

the precise effects of climate change on agriculture, but a number of models have predicted that the northeast 

will experience increases in temperature and ñheavy precipitation eventsò or other extreme weather.
10

 

 Whether this will have a positive or negative impact on the regional economy is, however, uncertain.   

3 
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Figure One
8
 

 

Increases in temperature may enable farmers to expand the number of crop varieties that are grown, and also 

lengthen the growing season, which could be beneficial.  Increased levels of carbon dioxide have also been 

shown to have a sort of fertilization effect on crops and so may increase yield.
11

 

On the other hand, livestock, which are an important part of the New England agricultural economy, do 

not respond well to increases in temperature.  Additionally, farmers would need to be ready to adapt their 

operations if they are growing certain crops that, like livestock, are negatively effected by the climate changes.
11

  

One thing that is certain, is that even if farmers are able to adapt to climate changes, these changes are 

going to be costly for the agricultural sector.  In addition to changes associated with growing different crops, the 

higher levels of carbon dioxide and increased temperature will necessitate greater chemical use as weeds and 

insect pests will benefit from these changes.  This would not only be economically costly, but could cause 

ground and surface water to become polluted as more chemicals are washed into water resources.
11

 Weather 

variability is always a factor that farmers must reckon with, but as the climate changes weather events such as 

those associated with the El Nino Southern Oscillation (ENSO) are expected to become more drastic.  Even if 

forecasting is possible for the extreme weather events likely to occur as a result of climate change, these events 

could cost farmers $320 million per year.
10

   

In 2002, the Massachusetts Department of Energy Resources (DOER) proposed a Massachusetts 

Renewable Energy Portfolio Standard (RPS).  This standard is essentially a requirement that a certain 

percentage of all annual electrical energy sales in Massachusetts come from renewable energy production 

systems.
12

  Any electricity provider that is not able to make the minimum percentage for the RPS must make  

4 
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Alternative Compliance Payments (ACPs) to a Massachusetts Technology Collaborative account which will 

then be used to develop new renewable generation.  The payments are $53.19 per MWh deficiency. For 

example, in 2005, the RPS was set at 2% of electricity sales. Only 1.25% was achieved.  The remaining 0.75% 

was equivalent to 368 thousand MWh so the total payments to MTC were over $19 million.
13

 

For farmers to continue using fossil fuels and emitting greenhouse gases at their current rate and 

allowing climate change to proceed as is seems a dangerous choice when there is so much uncertainty 

surrounding the eventual impact on the agricultural sector.  To be certain, a few farmers in one state reducing 

their emissions will not reverse or slow the course of increasing temperatures and unusual weather patterns, but 

it is a start.  Add to that the increasing and ever-fluctuating cost of energy, and there is a very good reason for 

considering on-farm renewable energy production. 

A number of farms in Massachusetts have installed wind turbines, anaerobic digesters, or solar panels 

for on-farm energy production, but these systems do not meet all of the farm energy needs.  Some energy must 

either come out of the national grid, or a generator.  The purpose of this paper is to explore the logistics and 

economics of producing enough energy on-farm to cover all of the farmôs energy needs.  The methods used 

herein may also be used as a model for existing farms to calculate their energy demand and renewable energy 

production potential.  

  

METHODOLOGY  

 

 In order to gain a background of knowledge about the various renewable energy options available to 

farms in Massachusetts and to outline the basic technology behind each option, an extensive review of the 

current available literature was undertaken.  The decision to focus on solar, wind, anaerobic digestion, and 

biodiesel resulted from the discovery that these are the most widely researched and prevalent renewable energy 

technologies in Massachusetts and thus most likely to be a feasible option for farmers. 

 To illustrate the process for determining renewable energy production potential, costs, and benefits a 

theoretical farm was created (called Study Farm) based on information from the 2002 Census of Agriculture.  

Estimates of average farm size, livestock numbers, income, expenses, and other values were drawn from the 

actual numbers given for these variables in Massachusetts.  Some information was also gathered from the 

UMASS Amherst Cooperative Extension Service about specific current farm practices.  Profiles were then 

created of this farmôs energy demand and potential production using different packages of renewable energy 

technologies (large scale, medium scale, and small scale).  The net cost of each system was then calculated in 

order to determine the economics of farm energy self-sufficiency. 

5 
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THE SOURCES OF ENERGY 

 

Wind:   

Wind turbines create energy from the wind when the spinning of the blades rotates a coil of wire 

between two oppositely charged magnetic poles.  Alternating current (AC) then can either be converted into 

direct current (DC) for storage in batteries, or sent directly into the grid, or used to power AC appliances.
14

 

 The amount of power produced by a wind turbine depends on air density, wind speed, and the area 

intercepting the wind (or area swept by the turbineôs rotor).  The equation is as follows: 

 

Power (in watts) = İ ɟAV
3
 

Where: 

ɟ = air density (kg/m
3
) 

A = area intercepting the wind (m
2
) 

V = instantaneous wind velocity or speed (m/s)
15

 

 

The wind speed part of this equation is tricky, however, because in order to accurately show the amount of 

power that could be harnessed from the wind over time, the distribution of wind speed must be taken into 

account, not just the average wind speed.  This is because periods of strong wind broken up by slower periods 

will produce more energy than a constant wind speed equal to the average. Meteorological stations may have 

information on wind speed distributions for an area, or, for most areas in the United States a Rayleigh 

Frequency Distribution provides a good approximation.
15

 

Generally, companies that manufacture wind turbines will publish distribution charts that show how 

much instantaneous power the turbine will produce at different wind speeds.  This can then be matched up with 

wind speed distribution information to calculate the total potential energy production per year.  For an example 

of how this is done, see Appendix D. 

Turbines differ depending on the manufacturer, but most of the small turbines used today are upwind, 

horizontal axis turbines with two or three blades made of fiberglass or other composite material.  They also all 

usually have some type of overspeed control for times of very high winds.  This means that in high winds the 

rotor will turn either vertically or horizontally, or rotate the blades to prevent breakage.
15

 

Massachusetts is a state that has potential for significant wind energy production, however, much of this 

potential exists along the coastline (see Appendix A).  Aside from a few mountain top locations, the rest of the 

state has a somewhat marginal wind resource (zero-14.3 mph at 50 meters).
16

 

6 
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Most household-size wind turbines will produces their advertised, or rated, amount of power at wind 

speeds from 18 to 31 mph.  They will usually start turning, however, at around eight miles per hour and begin 

producing power between eight and nine miles per hour.
15,17,18 

 

The most well publicized proposed wind project in Massachusetts is Cape Wind, 130 turbines in 

Nantucket Sound which would produce an estimated 420 megawatts of energy.  This would be enough to fulfill 

approximately three-quarters of the electricity needs of the Cape and Islands.
19

  On a smaller scale, the town of 

Hull, Massachusetts (pop. 10,500) has two wind turbines: a 660 kW Vesta installed in 2002, and a 1.8 MW 

Vesta installed in 2006.  The average annual power consumption of the town is approximately 53,000 MWh/yr 

and the two turbines are estimated to satisfy 12% of that need.
20

 

 As previously mentioned, the inland wind resources in Massachusetts are somewhat questionable, 

however there are examples of successful wind projects there.  The town of Princeton in central Massachusetts, 

for example, installed eight 40 kW towers on the top of a hill near Mount Wachusett.  These turbines are able to 

produce enough energy to power over 40 households (about 250,000 kWh/yr).
21

   

 A farm in Amesbury is another example of inland wind energy production in Massachusetts.  This 145 

acre farm is a diverse operation with a pick-your-own orchard, twelve greenhouses, a farmstore, bakery, and 

vegetable production, and hosts hay rides and other activities for the public to enjoy.  In addition to the energy 

use required for all of these activities, there are four residences to be powered.  In total, this farm uses 

approximately 150 thousand kWh/yr.   

 Starting in January, the farm installed two 10 kW wind turbines and they are planning to add one more 

turbine and 10 kW of photovoltaics.  In January, the turbines produced 700-800 kWh and with the additional 

turbine and solar panels the production is expected to achieve 40 thousand kWh/yr, about 30% of the farmôs 

total energy use.
22

  

 

Solar: 

Solar panels are made up of many small wafers of semiconductor material, usually silicon.  On one side 

of this wafer, silicon (naturally with four outer electrons but capable of holding eight) is combined with a 

material such as phosphorous (which can give up five electrons) in order to create a negative charge due to the 

extra electron.  On the other side, silicon is combined with a material such as boron (which can give up only 

three electrons) so as to end up with a positive charge.
23

  

 The extra electrons on the phosphorous side of the wafer naturally flow to the positive, boron side, but 

when sunlight strikes these photovoltaic wafers, photons cause those electrons that switched sides to jump back 

to their original location (on the phosphorous side).  During this jump, some of the electrons are intercepted by  

7 
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electrical conductors that are built into the surface of the solar panels.  They are then drawn along the  

conductors in a current through whatever is to be powered and then dumped back on the boron side where they  

again wait to be hit by a photon and start the process again.
14

  Each wafer, or cell, produces about 0.5 volts of 

electricity.  A solar panel is usually enough cells connected together to equal 16.5-18 volts, and 40 to 150 watts.  

Change of sun angle, increase in temperature, and cloud cover will cause a drop in voltage. 

There are a number of different types of solar modules to choose from.  Crystalline or Polycrystalline 

modules are the most common.  One drawback to this type of panel is that they do not produce up to capacity 

when the panel is partially shaded. Amorphous or Thin-film photovoltaics on the other hand are flexible 

modules that are better in high heat, low light and partial shading . Their only drawback is that they require 

approximately twice the surface area of a crystalline panel to produce the same power.
14

 

 According to Ewing (2006), a 1,200-watt PV system can produce 7.67 kWh on one sunny summer day 

(assuming 6.39 hours of sunlight).
14

 A farm in Northern Vermont that has a 1350-1400 watt PV system can 

produce a similar amount of electricity (about 7 kWh/day), but generally only 4.5 kWh is picked up by their 

battery storage each day.
24

  

 To understand more about solar panel power production see Appendix E. 

 

Anaerobic Digestion: 

Depending on how manure is managed on a livestock farm, anaerobic digestion can be an everyday 

process.  For example, in a manure lagoon, conditions are such that little oxygen is getting mixed into the 

manure and thus anaerobic bacteria begin to work and break down the organic matter.   

 This break down is a three step process including hydrolysis, acidogenesis, and methanogenesis.  During 

hydrolysis, one form of bacteria uses extra cellular enzymes to break down the organic matter into fatty acids, 

amino acids and sugars
25

.  Those products are then broken down into simpler organic acids (including acetic 

acid and propionic acid), carbon dioxide (CO2), and hydrogen by acetogenic bacteria during the acidogenesis 

stage.  Finally, methanogenic bacteria cleave two of the acetic acid molecules to produce CO2 and methane 

(CH4).  Somewhat less commonly, these bacteria can also generate CH4 by reducing CO2 with hydrogen.
26

 

In order for any of this bacterial activity to occur, the organic matter (in our case cow manure) is subject 

to certain conditions.  First of all, digestion will happen most readily at mesophilic (20-45 degrees C) or 

thermophilic (50-65 degrees C) temperatures (digestion can occur at lower temperatures, but will completely 

stop if temperature drops below 16 or 20 degrees C
27

). The time that the organic matter remains in the digester 

(and thus time to complete degradation) depends on which of these ranges it is operating in:  Mesophilic = 15-

30 days; Thermophilic = 12-14 days.
26

  Most digesters have a heating system, whether internal or external.   

8 
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Other factors important to the proper functioning of an anaerobic digester are pH (optimally between 6.4  

and 7.2), carbon/nitrogen ratio (optimal ratio is 20:1), loading rate (depends on the system, but should in general 

be fairly constant), and mixing
27

 (not all systems use mixing, but it prevents the formation of crusts which can 

inhibit methane release). 

 

The Anaerobic Digestion Process
25
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When an anaerobic digester is used on a farm, the manure is covered with an impermeable material so 

that as the CH4 is produced it will be captured under the cover and can then be piped out of the digester and  

used as a fuel source: biogas.  This gas, although mostly made up of CH4, contains CO2, and hydrogen sulfide 

(H2S), and may contain trace amounts of other gases.  The most significant of these in terms of influencing 

digester system operations is H2S because this gas is extremely corrosive and can damage power generation 

equipment if not removed, or if engine oil is not changed frequently.
27

  

 The basic components of the anaerobic digester system are the digester, the gas-handling system, gas-

use device, and a storage facility for holding the digester effluent.  There are quite a number of options within 

these categories however.  Descriptions of some different options can be found in Appendix B. 

 

AD Potential in Massachusetts: 

 According to the 2002 Census of Agriculture, only one dairy farm in Massachusetts was milking more 

than 500 cows in 2002.  The average number of dairy cows on Massachusetts farms was around 60.  This 

number has increase some over the years to an 80-head average,
28

 but the most farms still do not exceed the 

500-cow mark.  This is significant in terms of the potential for Anaerobic Digestion in Massachusetts because 

thus far, producing energy with anaerobic digestion has not proven to be economical for farms with fewer than 

500 milking cows.
29

 

 Recently, there has been some research into the possibility of a community or centralized methane 

digester model for New England where many of the farms are too small to consider individual digesters on their 

farms.  With a community digester, a number of smaller farms would pool their manure into one centralized 

digester and then somehow divide the benefits (income from energy production, bedding material, fertilizer) 

among themselves.  This has been a successful model in Denmark where they had 20 community digesters by 

1998 and nine more planned.
 30

  There is little evidence yet as to the economics of this system in New England, 

however, a community digester project was launched in Cayuga County, New York in spring 2007 so it would 

be worth follow-up as that project progresses.
 31
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Biodiesel: 

 Biodiesel is a renewable fuel made from vegetable oil that can be used to power any piece of machinery 

that runs on a diesel engine such as certain cars and trucks, and most farm equipment.  To make biodiesel, the 

vegetable oil essentially just has to be processed so as to make it less viscous and thus better able to work in the 

modern diesel engine.  First, the triglyceride molecules that make up vegetable oil must be broken down into 

esters and glycerin molecules, and the esters must then be combined with an ethanol or methanol alcohol to 

produce the alkyl ester, biodiesel. In more detail, the process, called transesterification, goes something like 

this: 

 Sodium hydroxide (lye) is mixed with methanol or ethanol to create sodium methoxide. 

 The sodium methoxide is mixed with vegetable oil.  In this reaction, the lye acts as the catalyst, 

causing each triglyceride molecule to break into three esters and a glycerine molecule.  The three 

esters then combine with the methanol to create an alkyl ester (biodiesel) and the glycerine settles to 

the bottom.
32

 

In contrast to petroleum diesel emissions, biodiesel emits 100% less net carbon
*
, 100% less sulfur 

dioxide, 40-60% less soot, 10-50% less carbon monoxide, 10-50% less hydrocarbon, and 100% less polycyclic 

aromatic hydrocarbons.
33

  Additional benefits of biodiesel over petrodiesel include increased biodegradability, 

less offensive odor (the smell of fried food instead of petrodiesel exhaust), and a means of producing the raw 

material for production each year (instead of trying to find more oil reserves). 

 Biodiesel can be manufactured from any type of vegetable oil, even that which has already been used 

(i.e. used oil from restaurant fryers).  One issue involved in working with used vegetable oil, however, is that it 

tends to have more free fatty acids than virgin vegetable oil.  These free fatty acids are a problem because they 

have already separated from the glycerol and would therefore not be converted to fuel in the transesterification 

reaction.  This will reduce the biodiesel yield of the oil, and may also lead to the formation soap and water 

which will need to be washed out of the final product.  Free fatty acids can be dealt with prior to the making of 

biodiesel, but this process requires the use of more lye and will therefore increase production costs.
34

 

If  virgin oil is to be used instead of used vegetable oil, this oil can either be purchased, or a crop could 

be grown and processed on the farm.  Factors to consider when choosing a crop include: oil yield of the crop, 

appropriateness of crop for the climate, and potential uses of the byproducts of oil production (such as seed 

meal for animal feed if using soybeans).  In the Northeastern United States, canola, soybeans, or sunflowers are 

the most appropriate oilseed crops.
32, 35

  In 2006, field trials in Vermont showed yields of 11-29 gallons of oil 

per acre from canola seed, and 84 gallons of oil per acre from sunflower seed (the soybean crop failed due to  

11 

                                                 
*
 Biodiesel combustion does release some carbon dioxide but because carbon dioxide was taken up by whatever crop was grown to 

produce the oil, the amount released ends up being equal to (or even less than) the amount captured. 



Jericho Bicknell, Directed Study 2007 

 

wet weather).
34 

An additional benefit of producing oil on-farm is the production of oilseed meal as a byproduct of 

processing.  This meal can be sold as feed meal to livestock farms, or used to replace a certain amount of feed at 

the farm where it was made.  Dairy cows are usually fed five to eight pounds of protein meal each day and 

using farm-pressed oilseed meal can save between $0.10 and $0.14 per pound of meal fed to each cow per day 

(resulting in a savings of $15,330 per year when using farm-pressed sunflower meal on a 100-cow dairy). 

Although the amount of savings quoted above sounds hard to resist, the capital cost of oil extraction equipment 

is high ($30,000), making on-farm extraction a less attractive proposition.
35 

 Biodiesel, like vegetable oil, can either be produced on the farm or purchased from other sources.  

Biodiesel yield is only slightly less than the quantity of oil used in the process
36

, so if the farms involved in the 

2006 Vermont field trials had made biodiesel from their oil they would have ended up with somewhere between 

40 and 100 gallons of biodiesel per acre. Cost of biodiesel produced on-farm varies depending mostly on the 

quantity produced and the level of technology used.  For example, a farm with the equipment, labor, and 

facilities to produce 25,000 gallons of biodiesel each year will end up paying approximately $3 per gallon.
35

  A 

farm producing 3,000 gallons of biodiesel per year using homemade equipment and no outside labor only 

spends $0.60 per gallon.
36

 

 In some locations around the northeast biodiesel is available for purchase at the pump.  In 2007, the 

retail price for biodiesel in Vermont was $3/gallon.
35
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RENEWABLE ENERGY POLICY IN MASSACHUSETTS  

 

There are a number of policies and programs at the federal and state level influencing renewable energy 

system installation in Massachusetts.  Some states, including Massachusetts have developed a Renewable 

Energy Portfolio Standard, which sets a minimum percentage of electrical energy sales that must be made up of 

ñNew Renewable Generation Attributesò.  The goals set for Massachusetts are shown in the following chart. 

 

 

These percentages apply to each retail electricity supplier and if they do not comply, they must pay an 

ñalternative complianceò fee to the Massachusetts Technology Park Corporation.
37

 

Funding possibilities and monetary incentives are another means of encouraging development of 

renewable energy sources.  In Massachusetts, funding opportunities include: 

 

 The National Industrial Competitiveness through Energy, Environment, and Economics Grant: cost 

sharing program by DOE. Funding for state and industry partnerships for clean energy and energy 

efficiency projects. Can receive one-time grant of up to $525,000. (Non-federal cost share must be 

at least 50% of total cost of project). 

 US Environmental Protection Agency Environmental Finance Program: Environmental Financing 

Information Network is a service which helps to find financing information.  Environmental 

Finance Center Network provides financial outreach services to communities looking to start 

projects. 

 Small Business Association: has a loan fund for energy technology and efficiency project for small 

businesses.  Often simply guarantees loans given by other institutions. 

 Community Development Block Grant Program: grants for alternative and renewable energy in 

property rehabilitation projects. 

13 
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 Massachusetts Renewable Energy Trust Fund.
38

 

 

Incentives for renewable energy production include: 

 Large Onsite Renewables Initiative 

o For grid-connected projects only. 

o For non-PV projects the total payment for design and construction cannot exceed $500,000 or 

75% of costs (whichever is less); maximum design grant cannot exceed $100,000 or 75% of 

costs (whichever is less); and maximum construction grant cannot exceed $400,000 or 75% of 

costs (whichever is less). 

o For PV projects the total for design and construction must not exceed $250,000 or 75% of costs 

(whichever is less) 

o See table below for more details. 

 

 

Large Onsite Renewables Incentive Matrix
39

 

 

 

 Renewable Energy Certificate Incentive 

o $0.06/kWh
À
 for up to 3 years for PV projects.

40
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À
 The price paid for Renewable Energy Certificates varies depending on consumer demand for these RECs.  In other words, the value 

of RECs is determined by how much extra consumers are willing to pay to support renewable energy systems. 
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 Tax Credits  

o Exemption from local property tax on RE system for 20 years. 

o Exemption from sales tax on equipment. 

o Income tax credit of 15% of net expenditure for system (or $1000, whichever is less).
 41

 

o The production tax credit, which offers 1.8 cents/kWh of production for the first 10 years of a 

project.
42

  

o Residential Solar and Fuel Cell tax credit:  30% credit (up to $2,000 for solar electric and solar 

water heating) for both PV and water heating
43

  

 Renewable Energy Systems and Energy Efficiency Improvements Program: Grants up to 25% of 

project costs (max= $500,000), loans up to 50% of project costs (max= $10 million).
41

 

 Renewable Energy Production Incentive:  1.5 cents/kWh for 10 years.
44

 

 

THE STUDY FARM  

 

The farm created for the purposes of this study (we will call it Study Farm) is a dairy farm located on 

330 acres in Deerfield, Massachusetts.  The owners of Study Farm own 169 of the farmed acres, and lease 

another 161 acres on which they grow hay and corn for animal feed.  Some of their own land is also used for 

growing crops, making a total of 203 acres of cropland (73 for corn, 130 for hay), 120 acres of woodland, and 

seven acres for the house, roads, and a pond. 

The farmers at Study Farm are usually milking about 74 of the 126 total Holstein cows that are there.  

Though many of their larger farm neighbors have switched to a milking parlor system, Study Farm still uses a 

tie-stall barn with a milking machine and pipeline to carry the milk to the bulk tank for cooling.  Milking 

happens twice a day, generally taking about 2 ¼ hours each time.
45

 

While the milk is cooling in the bulk tank, hot air produced by the refrigeration equipment is captured 

by a Refrigeration Heat Recovery Unit and pumped into a jacket around a water tank.  The water in the tank is 

thus heated to 130 degrees F before going into the water heater. When milking is completed, this hot water 

(around 120 gallons are needed) is then flushed through the pipelines and milking equipment for approximately 

20 minutes.
46

   

All throughout the day, a gutter scraper pushes the manure from the tie-stall barn into a pit at the end 

from which a pipeline leads to an open pit or lagoon.  Manure is stored in this lagoon until it can be spread on 

the fields in the spring. 

Study Farm has five tractors that are used for hauling the manure spreader, haying, crop cultivation and 

spraying, and other farm operations.  Total income and expenses for Study Farm are listed below. 
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Study Farm Income and Expenses
47

 

 Income   Expenses 

Sales of Cattle and Calves $15,186  Fertilizer, Lime, 

And soil conditioners 

$8,313 

Milk and Dairy products $185,000  Chemicals $3,510 

Government Payments $8,398  Feed $59,244 

Farm related Sources  

(customwork, ag services,  

Cash rent or share payments,  

Forest products, recreational  

Services, refunds from coops) 

$15,618  Diesel Fuel
48

 $3,421 

   Utilities
49

 $9,419.69 

Total income of operations $224,202  Supplies, repairs, and 

maintenance 

$25,631 

   Hired farm labor $50,883 

   Property taxes $5,423 

   Other production expenses $22,049 

     

   Total farm expenses $187,893.69 

Net cash farm income of 

Operations 

$36,308.31    

 

Farm energy demand: 

Determining Study Farmôs energy demand was a bit tricky due to the fact that concrete data for types of 

equipment, electricity used per year, etc. (which we would have were this a real farm) do not exist because the 

farm itself does not exist.  However, energy demand can be figured using energy requirement information for 

individual pieces of farm equipment and the amount of time that the equipment is used during the day.  In other 

words, profiles of hourly energy demand such as the ones shown below can be created and total energy can be 

calculated from that.  The benefit of this method is that it includes information about the maximum power 

requirement of the farm (whatever the highest energy use level is), and also when different amounts of energy 

are needed.
ÿ
  Using this method, annual electricity usage on Study Farm would be 247,005 kWh/year.   See 

Appendix C for an explanation of how to calculate energy demand for your farm. 
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ÿ
 That information is useful when the farm in question uses battery storage so as to know how much energy will be stored during times 

of excess production and whether this will suffice for times of excess demand.  It is also necessary in figuring monthly electricity 

costs. 
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Monthly Energy Bill:  

 The utility company for Study Farm is Western Massachusetts Electric Company (WMECO).  

According to WMECO, a farm of this size in Deerfield would be considered a Small General Service customer 

and rates would follow Schedule G-0.
50

 

  

Under Schedule G-0, rates are as follows: 

Distribution Charges: 

Customer Charge: $31.92 

Demand over 2KW: $8.03 per KW 

Energy Charge: $0.00102 per kWh 

17 
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Transition Charges: 

Demand Over 2 KW: $0.45 per KW 

Energy Charge: $0.00718 per kWh 

Transmission Charges: 

Demand Over 2KW: $1.05 per KW 

Energy Charge: $0.00753 per kWh
49 

 

Study Farm electricity charges would therefore be as follows: 

 

 Monthly Distribution 

Charges 

Monthly Transition 

Charges 

Monthly Transmission  

Charges 

Yearly Total
§
 

Customer Charge $31.92   $383.04 

Demand over 2 KW
**

 $365.37 $20.48 $47.78 $5,203.56 

Energy Charge Summer: $21.19 

Winter: $20.37 

Summer: $149.19 

Winter: $143.38 

Summer: $156.47 

Winter: $150.37 

$3,833.09 

Total    $9,420 

 

 

POTENTIAL ENERGY PRODUCTION ON STUDY FARM  

 

Wind:  

As mentioned previously, aside from the coastline and some mountaintops, Massachusetts has little 

significant wind energy potential.   In Deerfield (the location of our study farm), the average wind speed at a 

height of 50 meters is four meters per second (9mph).
51

  As explained earlier, the Rayleigh Frequency 

Distribution is a good approximation of the wind speed distribution in the temperate United States
15

, so using 

the RFD at four meters per second, energy production can be estimated for a variety of different wind turbines 

resulting in values ranging from 769 kWh/yr (Proven 0.6KW) to 16,846 kWh/yr (Proven 15KW).  See 

Appendix D.1 and D.2 for more details. 

 

Solar: 

Though many people do not consider the Northeastern United States the sunniest of locations, there is 

plenty of opportunity to harness energy from the sun.  As with energy produced by wind, the amount of solar  

18 

                                                 
§
 Assuming the Summer is May through September and Winter is October through April. 

**
 Demand is defined as the highest 30-minute kilowatt registration during the month.  For Study Farm this would be 47.5 KW. 
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energy that one unit can produce depends on location.  For solar, this is simply a function of how much sun the 

panel receives over the course of the day.  Unlike wind towers, solar panels are far easier to install, and 

expanding the system is much simpler as well. 

Study Farm in Deerfield, Massachusetts receives approximately 4.5 sun-hours per day.  Dividing the 

total daily electrical energy required by the number of sun-hours each day results in an estimate of the necessary 

solar system size (in KW).
 52

  Then, the number of panels needed can be found by dividing the size needed (in 

Watts) by the PTC rating for a particular type of solar module.  For further details, see Appendix E. 

 

Anaerobic Digestion: 

There are a variety of values given in the literature reviewed for the amount of biogas that can produced 

in a digester.  These values ranged from a daily production of 42 ft
3
/cow to 286 ft

3
/cow.

29,53,54,55,56,57 
 For the 

purposes of this study, we will estimate a daily production of 100 ft
3
/cow particularly because this is a value 

very close to actual production numbers from the Hinsdale Farm in Charlotte, VT
29

 and the Gordondale Farm in 

Nelsonville, WI.
57

   

 Because the milking cows at Study Farm are kept in the barn year round, we can assume that all of the 

manure produced by those 74 cows would be added to the digester and thus 100 ft
3
 of biogas per cow would be 

produced each day.  Total daily biogas production would then be 7,400 ft
3
.  Using the calculations in the 

following table, estimated yearly electricity production on Study Farm would be 61,728 kWh. 

Energy Production Calculations
54

 

Energy Calculations: 

74 cows x 100 ft
3
 biogas/day per cow = 7,400 ft

3
 biogas/day 

7,400 ft
3
 biogas/day x 600 BTU/ft

3
 =   4.44 million BTU/day 

Electricity Equivalent : 

4.44 million BTU/day x 65% (because 35% is used to power digester) x 20% conversion efficiency x 1 kWh/3,413 

BTU = 169.12 kWh/day  

Total Annual Production Potential: 

169.12 kWh/day x 365 days = 61,728 kWh 

 

 

 

 

19 



Jericho Bicknell, Directed Study 2007 

 

Biodeisel: 

 The five tractors used on Study Farm require approximately 1,086 gallons of diesel fuel each year to 

perform farm tasks including spreading fertilizer and pesticides, tilling, cultivating the hay and corn crops, and 

harvesting those same crops.
58

  Using a modest estimated production of 70 gallons of biodiesel per acre, Study 

Farm would need to plant 16 acres of sunflower to fulfill their diesel needs.
59

 

The cost for this production would be $39,800 per year using the following cost estimates: 

 

Variable Oil Production Costs $250/acre 

Fixed Oil Production Costs $50/acre 

Biodiesel Production Costs $35,000/yr 

 

Avoided costs in this case would only be about $5,644 per year taking into account the diesel fuel that would be 

replaced, and also the sunflower meal that could be used to replace some purchased feed.  These avoided costs 

are as follows: 

 

Avoided cost of Diesel Fuel
48 

$3,421 

Avoided cost of animal feed
35

 $2,223 

 

This would mean that biodiesel for Study Farm would cost $31.45 per gallon more than simply buying 

petrodiesel fuel.. 

 In order to make biodiesel that will have a more reasonable cost of $3 per gallon, it would be necessary 

to produce 25,000 gallons per year.
35

 However, in order to also grow the crop that would produce this oil, study 

farm would have to plant 357 acres in sunflowers.  This would be impossible unless Study Farm was able to 

acquire more land.   

Another option for Study Farm would be to use used vegetable oil instead of growing an oilseed crop.  

There are a number of restaurants in and around Deerfield that could provide this input.  Assuming the biodiesel 

production system is still the same as that used in the last scenario annual cost would be $35,000 for biodiesel 

production, and avoided costs of diesel fuel would be $3,421.  The total cost of biodiesel for Study Farm would 

still be very high at $29.08 per gallon over what they would be paying for petrodiesel.   

The only system that would result in net gain for Study Farm would be one similar to that used on a 

vegetable farm in Plainfield, VT.  On this farm, the biodiesel production equipment was fabricated by the 

farmers for $200-$300 and the only additional cost is for methanol ($0.60/gallon of biodiesel) because they get  

20 
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used vegetable oil for free.
36

  

Assuming then a yearly cost of $652 for methanol, and assuming an avoided cost of $3,421 for diesel 

fuel, the net gain for Study Farm would be $2,769 per year.  

 

SYSTEM OPTIONS FOR ENERGY SELF-SUFFICIENCY  

 

A number of assumptions were made in order to complete the following calculations.  These are as 

follows: 

 The Study Farm renewable energy system will be tied directly into the national grid.  RE systems do 

have the option of being completely independent by using batteries to store the energy produced.  

Batteries typically require more maintenance than a grid-tied system and can be very costly to 

purchase. One 6-volt battery costs approximately $100.
15

  A system that is not tied into the grid also 

does not qualify for some of the incentives available for renewable energy systems.
 39

 

 Summer = May through September = 150 days and Winter = October through April = 215 days 

 Operation and Maintenance costs for wind power systems = 1% of the initial capital cost of the 

system.
 60

 

 Operation and Maintenance costs for solar power system = $0.005/kWh produced by the system.
 61

 

 Lifetime of the renewable energy system = 20 years (based on a 20-yr lifetime of a wind system)
 60

 

 Interest rate = 7% 

 Annual capital cost is figured using the equation
62

:  A = Pi/[1-(1+i)
-n

]  

Where: 

A= periodic payments 

P= principal balance owed  

i=periodic interest rate (APR/12 to get monthly rate) = .07 / 12 = 5.8 x 10
-3

 

n=total number of payments = 20 yrs x 12 months = 240 payments 
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Large Scale: Solar, Wind, Anaerobic Digestion, and Biodiesel 

 

Summer:       Winter: 

 Wind 

(Westwind 

20KW)
ÀÀ

 

Solar PV 

(735 Sharp 187W 

modules)
ÿÿ

 

Anaerobic 

Digestion 

 Wind 

(Westwind 

20KW) 

Solar PV 

(735 Sharp 

187W modules) 

Anaerobic 

Digestion 

12am 0.1KW 0 7.05  12 0  

1am 0.1 KW 0 7.05  11 0  

2am 0.55 0 7.05  6 0  

3am 0.55 0 7.05  5 0  

4am 1 0 7.05  3 0  

5am 1 0 7.05  1.5 0  

6am 1.5 0 7.05  0 0  

7am 1.5 0 7.05  0 0  

8am 2 0 7.05  0 0  

9am 3 0 7.05  0 0  

10am 0 108.94 KW 7.05  0 108.94 KW  

11am 0 108.94 KW 7.05  0 108.94 KW  

12pm 0 108.94 KW 7.05  0 108.94 KW  

1pm 0 108.94 KW 7.05  0 108.94 KW  

2pm 0 108.94 KW 7.05  0 108.94 KW  

     

3pm 0 0 7.05  0 0  

4pm 0 0 7.05  0 0  

5pm 0 0 7.05  0.1 0  

6pm 0 0 7.05  0.55 0  

7pm 3 0 7.05  1 0  

8pm 4 0 7.05  1.5 0  

9pm 4 0 7.05  1.5 0  

10pm 5 0 7.05  2 0  

11pm 6 0 7.05  4 0  

Total 33.3 kWh/day 490.21 kWh/day 169.12 

kWh/day 

 49.15 kWh 490.21 kWh 169.12 

kWh 
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ÀÀ

 Calculated using Rayleigh Frequency Distribution chart values. 
ÿÿ

 Calculated by figuring the number of kWh still needed after Digester and Wind values, then dividing by the 4.5 sun-hours available 

in Deerfield, MA, then dividing by 0.9 to figure in inverter efficiency (90%).  Number of modules needed is calculated by dividing 

necessary PV array power output by the PTC rating of Sharp 187W panels. 
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System Costs 

 

 AD Wind Solar Biodiesel Grid Tie -

in 

Total 

Without 

LORI or 

REEIP 

Programs 

Total 

With 

LORI 

and 

REEIP 

Programs 

Capital Cost  $300,000
56,63

 $68,780
64

 $753,375
65

 $300 $150,000
66

 $1,272,455 $659,341 

Annual 

Capital Cost 

     $118,384 $61,342 

Operation 

and 

Maintenance 

$20,000/yr
56,63

 $8,254 $895 $852  $30,001/yr $30,001 

Electricity       $9,420 $9,420 

Total 

Annual Cost 

     $157,805 $100,763 

 

 

System Income 

Energy Sales $16,142 

Renewable Energy Program Incentive 

(for ten years only) 

$3,843 

Renewable Energy Certificate Incentive 

(for three years only) 

$15,373 

Tax Credit Savings 

(for ten years only) 

$9,252 

Diesel Fuel Savings $3,421 

Total Without Incentive Programs $19,563 

Total With Incentive Programs 

(for first three years only) 

$48,031 
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Net Outcome 

 Without Incentive Programs With Incentive Programs 

Annual Cost $157,805 $100,763 

Annual Income $19,563 $48,031
*  

Net Annual Cost $138,242 $52,732
*  

  
*
Numbers valid for first three years only 

 

 

Medium Scale: Solar,Wind, and Biodiesel 

 

Summer:       Winter: 

 Wind 

(Bergey Excel10KW 

) 

Solar PV 

(919 Sharp 187W 

modules) 

 Wind 

(Bergey Excel 

10KW) 

Solar PV 

(919 Sharp 187W 

modules) 

12am 3 0  5 0 

1am 2.1 0  3 0 

2am 1.5 0  2 0 

3am 1.25 0  0.75 0 

4am 1 0  0.5 0 

5am 0.75 0  0.5 0 

6am 0 0  0 0 

7am 0 0  0 0 

8am 0 0  0 0 

9am 0 0  0 0 

10am 0 151.45  0 151.45 

11am 0 151.45  0 151.45 

12pm 0 151.45  0 151.45 

1pm 0 151.45  0 151.45 

2pm 0 151.45  0 151.45 

   0 

3pm 0 0  0 0 

4pm 0 0  0 0 

5pm 0 0  0 0 

6pm 0 0  0 0 

7pm 0 0  0 0 

8pm 0.25 0  0 0 

9pm 0.25 0  0.8 0 

10pm 0.5 0  2.7 0 

11pm 0.5 0  5.75 0 

Total 11.1 kWh 681.53 kWh  21 kWh 681.53 kWh 
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System Costs 

 

 Wind Solar Biodiesel Grid 

Tie-in 

Total 

Without 

LORI or 

REEIP 

Programs 

Total With 

LORI and 

REEIP 

Programs 

Capital Cost  $45,250
18

 $941,975 

 

$300 $150,000 $1,137,525 $580,644 

Annual 

Capital Cost 

    $105,831 $54,021 

Operation 

and 

Maintenance 

$5,430 $1,244 $852  $7,526/yr $7,526 

Electricity      $9,420 $9,420 

Total Annual 

Cost 

    $122,777 $70,967 

 

System Income 

Energy Sales $16,112 

Renewable Energy Program Incentive 

(for ten years only) 

$3,824 

Renewable Energy Certificate Incentive 

(for three years only) 

$15,296 

Tax Credit Savings 

(for ten years only) 

$8,986 

Diesel Fuel Savings $3,421 

Total Without In centive Programs $19,533 

Total With Incentive Programs 

(for first three years only) 

$47,639 
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Net Outcome 

 Without Incentive Programs With Incentive Programs 

Annual Cost $122,777 $70,967 

Annual Income $19,533 $47,639
*  

Net Annual Cost $103,244 $23,328
*  

  
*
Numbers valid for first three years only 

 

 

 

Small Scale: Solar and Biodiesel 

 

 Solar PV 

(934 Sharp 187W modules) 

12am 0 

1am 0 

2am 0 

3am 0 

4am 0 

5am 0 

6am 0 

7am 0 

8am 0 

9am 0 

10am 153.92 

11am 153.92 

12pm 153.92 

1pm 153.92 

2pm 153.92 

 

3pm 0 

4pm 0 

5pm 0 

6pm 0 

7pm 0 

8pm 0 

9pm 0 

10pm 0 

11pm 0 

Total 692.63 kWh 
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System Costs 

 

 Solar Biodiesel Grid 

Tie-in 

Total 

Without 

LORI or 

REEIP 

Programs 

Total With 

LORI and 

REEIP 

Programs 

Capital Cost  $957,350 

 

$300 $150,000 $1,107,650 $580,738 

Annual 

Capital Cost 

   $103,051 $54,029 

Operation 

and 

Maintenance 

$1,264 

 

$852  $2,116 $2,116 

Electricity     $9,420 $9,420 

Total Annual 

Cost 

   $114,587 $65,565 

 

System Income 

Energy Sales $15,978 

 

Renewable Energy Program Incentive 

(for  ten years only) 

$3,792 

Renewable Energy Certificate Incentive 

(for three years only) 

$15,169 

Tax Credit Savings 

(for ten years only) 

$8,860 

Diesel Fuel Savings $3,421 

Total Without Incentive Programs $19,399 

Total With Incentive Programs 

(for first t hree years only) 

$47,220 
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Net Outcome 

 Without Incentive Programs With Incentive Programs 

Annual Cost $114,587 $65,565 

Annual Income $19,399 $47,220
*  

Net Annual Cost $95,188 $18,345
*  

  
*
Numbers valid for first three years only 

 

 

CONCLUSION 

 As illustrated in the previous section, at this point in time a system providing all of the energy needed on 

Study Farm would result in a fairly significant net yearly cost for the farm.   

 

 Annual Net Cost Annual Net Cost 

w/Incentive  

Programs 

Large Scale System: 

Wind, Solar, and AD, 

Biodiesel 

$138,242 

 

 

$52,732 

Medium Scale System: 

Wind, Solar, Biodiesel 

$103,244 $23,328 

Small Scale System: 

Solar, Biodiesel 

$95,188 $18,345 

 

There is some possibility that these costs could be lowered if other grant possibilities were explored.  However, 

current literature and interviews with renewable energy system operators indicate that grants seldom cover more 

than 50% of project capital costs and the numbers shown here reflect that idea. 

 This study has shown that using renewable energy sources a farm could produce an amount of electricity 

and fuel equivalent to the farmôs electricity and fuel needs.  However, it has also shown that this would be a 

very expensive undertaking at this point in time.  I say ñat this point in timeò because there is hope that as 

emissions from coal-fired power plants and vehicle exhaust continue to build and contribute to climate change, 

and as oil-prices rise governments and individuals will realize the immense benefits of renewable energy and 

will be willing to allocate more money for the support of renewable energy systems.  Also, as suppliers of these  
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systems grow in number due to increased demand, capital costs should decrease. 

 For now, perhaps the goal should not be complete energy self-sufficiency, but instead a system only as 

big as the farm can afford.  If the farm is located in an area of frequent high wind speeds, this may mean starting 

out with one wind turbine.  A farm with 500 cows or more may want to consider starting with an anaerobic 

digester.  And finally, in the case where wind speeds are low and cattle are few, the farm can work toward 

meeting its energy needs one PV panel at a time.  
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Appendix A: Massachusetts Wind Resource Map 
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