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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
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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 




