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INTRODUCTION

Massachusetts a state with &istory of agricultural production. The land here supports a diversity of
products from nuts and berries to dairy products and toba®etween 1974 and 1997, when the nation as a
whole was experiencing decing farm numbers, Massachusetts was actually having the opposite experience:
farm numbers here increased by 24% during that #ime.

In recent years, however, the trend in Massachusetts has followed that of the rest of the nation and fai
numbers have beguo decline. Between 1997 and 2002, farm nusibecreased by 17%, from 7,307 farms in
1997 to 6,075 farms in 2002These farm losses were often not a result of consolidation either, as illustrated by
the data showing thavarage farm sizand farm aage were also in declin®etween 1974 and 1997, when
farm numbers were actually increasing, Massachusetts farm acreage decreased by 14%.

So why isa sector that has been so important to Massachbsstisy steadily shrinking? Why are
farms going at of business and selling off farmland@here maybe a variety of reasons for this pattern, but
certainly one contributing factor would be thatarding to the 2002 Census of Agriculture, just over 60% of
farms in Massachusetts experience a net loss yesar averaging $15,634Between 1997 and 2002, the
market value of agricultural products in Massachusetts showed a $40 million decline.

The need to increase farm income is important not only to the individual farmers, but also to the
communities in Wich they resideln 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 moneydasgengrocery 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 issky because so much depends on factors that cannot be controlled or can
be difficult to pedict such as weather, diseas& eansumer demand. And whapianted 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 thi
day. Milking cannot be put off one day, and the nandf 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 ris
nature of farming is energy cost. As shown in Table 1, fuels are used in alnfiashalperations. In
Massachusettguel purchaseaccount for over 4% of total farm production expense. This is the third largest
expense following hired labor and animal féeBecause agricultural enterprises and farmers have come to
depend oriuel tokeep the farm running smoothly, changes in energy prices can have an impact on already
shaky farm incomes.

In recent years, energy prices have been steadily increasing. In October, 2004 alone crude oil price
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Table One: Energy Use In Agriculture’

Direct Use of Energy

Fuel

Operating farm machinery and large trucks:
- field work (tractors. combines. mowers, balers, etc.)
- input purchase and deliveries (large trucks)

Diesel fuel

Operating small vehicles (cars and pickup trucks):
- farm management activities

Gasoline

Operating small equipment:
- Iirigation equipment
- Drying of grain or fruit
- Ginning cotton
- Curing tobacco
- Heating for frost protection in groves and orchards
- Crop flamers
- Heating/cooling of cattle barn. pig or poultry brooder.
greenhouse, stock tanks, etc.
- Animal waste treatment
- Standby generators

Diesel fuel
Natural Gas (NG)
LP Gas (LP)
Electricity (E)

General farm overhead
- Lighting for houses. sheds. and barns
- Power for farm household appliances

Electricity

Custom operations

Diesel. Gasoline,

- Nitrogen-based (NG is 75% to 90% of cost of prod.)
- Phosphate (NG is 15% to 30% of cost of prod.)
- Potash (NG is 15% of cost of prod.)

- Field work (e.g., combining) NG.LP.E

- Drying

- Other
Marketing Diesel

- Transportation: elevator to terminal. processor, or port | Gasoline

- Elevating

Indirect Use of Energy Fuel

Fertilizer Natural Gas (NG)

Pesticides (insecticides. herbicides. fungicides)

Petroleum or NG

Source: Assembled by CRS from various sources.

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

cubic feet (mcf) until 1999, but increased to $5.12/mcf in January 2@@gtilizer price in particular is tightly

tied to natural gas prices because the cost of natural gas accounts for up to 90% of nitrogen fertifiZer costs.
Perhaps of even greater concern than increasing energy prices is the volatility of the energy market du

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

consumption and this is estimated to increase to 70% by 2025. Rdcingported fuel is subject to
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international market conditions, leaving consumers of this fuel (such bmifeel States) vulnerable to sudden
price changes that may occur. In just 30 years, the United States experienced four major price shocks due tc
Arab Oil Embargo, the Iranian crisis of 1979, the Persian Gulf War, and unexpected global demand in 1999
2000°

The risks of dependence on outsideces are real at the community as welthresnational level.

Michael i u man, aut hor of AGoing Local 0o, writes:

If a community can achieve full employment and provide for the basic needs of its citizensralithmuon other
communities, it will be less vulnerable to decisions disdsters outside its control.
(Shuman, pp.47)

With all of this in mind, ofarm energy production is becoming an increasingly appealing idea. By
producing their own energy,rfaerscould increased their incom&rengthen the local economy, and in
addition to this, the farmeend their communitiesould decrease some of the risk associated with volatile
energy markets and thus one of the causes of inconsistency in farm income.

Most importantly, o-farm energy production in the form of wind turbines, solar arrays, or use of
bi ofuels also provides an opportunity to allevia
change This is dondoth byreducing fossifuel use and alsmeducing emissions by capturing greenhouse
gases such as methaared using theno produce energy.

In 2000, New Englands a whole emitted approximately 224lion metric tons carboequivalent
(MMTCE). As shown in the chart belownly 1% of this was attributed dirdgtto agriculture. However, that
1% only included emissions from enteric fermentation, manure management, and fertilizer use. Emissions fr
electricity and heating of farm buildings, operating farm machinery, andtfansportation are all included in
the energy section which accounts for the majority of greenhouse gas enflskid#90,Massachusetts alone
emitted21.7 Million Metric Tons Carbon Equivalent (MMTCE).

Singling out the agricultural sector for utitig renewable energy systems makes sense beteuseof
the potential power produceérsuch as wid and solar energgr biomasguelsrequire a large land resource
that is increasingly only available as agricultural or government IReducing emissianat the farm level
shouldalsobe a concern for all involved in the agricultural sector because the climate change caused by thos
emissions has the potential to change the face of agriculture in New England. There is much uncertainty as 1
the precise féects of climate change on agriculture, but a number of models have predicted that the northeast
will experience increases in temperature®®and fAhe

Whether this will have a positive or negative impacttanregional economy is, however, uncertain.

3
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Figure One

New England Regional GHG emissions in 2000 by Major Sector
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Increases in temperature may enable farmers to expand the number of crop varietiegtbanasnd also
lengthen the growing season, which could be beneficial. Increased levels of daxida ldave also been
shown to have a sort of fertilization effect on crops and so mageselyield-*

On the other hand, livestock, which are an important part of the New England agricultural economy, dc
not respond well to increases in temperature. ittaally, 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’¢hange:

One thing that is certain, is that even if farmers are able to adapt to climagges, these changes are
going to be costly for the agricultural sector. In addition to changes associated with growing different crops, t
higher levels of carbon dioxide and increased temperature will necessitate greater chemical use as weeds ar
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 t&Sveatest
variability is always a factor that farmers mestkon with, but as the climate changes weather events such as
those associated with the EI Nino Southern Oscillation (ENSO) are expected to become more drastic. Even |
forecasting is possible for the extreme weather events likely to occur as afreBoiate change, these events
could cost farmers $320 million per yédr.

In 2002, the Massachusetts Department of Energy Resources (DOER) proposed a Massachusetts
Renewable Energy Portfolio Standard (RPS). This stansl@ssentially a requirementtha certain
percentage of all annual electrical energy sales in Massachusetts come from renewable energy production
systems? Any electricityprovider that is not able tmake the minimum percentafg the RFS must make

4
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Alternative Compliance PaymenfACPs) taa MassachusetiTechnology Collaborative account which will
then be used to develop new renewable generation. The payments are $53.19 misfiglevicy For
example, in 2005, the RPS was set at 2% of electricity sales. Only 1.25% was achiiexedmaining.75%
was equivalent to 368 thousand MWh so the total payments to MTC were over $19 Hillion.

For farmers to continue using fossil fuels and emitting greenhouse gases at their current rate and
allowing climate change to proceed as is seamangerous choice when there is so much uncertainty
surrounding the eventual impact on the agricultural sedtorbe certain, a few farmers in one state reducing
their emissions will not reverse or slow the course of increasing temperatures and weasual patterns, but
it is a start. Add to that the increasing and exfasctuating cost of energy, and theraisery good reason for
considering offarm renewable energy production.

A number of farms in Massachusetts have installed wind turbines,cdm@digesters, or solar panels
for onfarm energy production, but these systems do not meet all of the farm energy needs. Some energy mt
either come out of the national grid, or a generaidre purpose of this paper is to exploreltggstics and
economicof producing enough energybnar m t o cover all of the far mos
herein may also be used as a model for existing farms to calculate their energy demand and renewable enert

production potential.

METHODOLOGY

In order togain 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 d®cisi focus on solar, wind, anaerobic digestion, and
biodiesel resulted from the discovery that these are the most widely researched and prevalent renewable ene
technologies in Massachusetts and thus most likely to kesdoke option for farmers

To illustrate the process for determining renewable energy production potential, costs, and benefits a
theoretical farm was creatéchlled Study Farmased onnformation from the 2002 Census of Agriculture
Estimates ofverage farm sizéiyestok numbes, income, expenses, and other values were drawn from the
actual numbers given for these variables in Massachu&sitae information was also gathered from the
UMASS Amherst Cooperative Extension Service about Spextirrent farm practicesProfiles were then
created of this farmbs energy demand and potent.
technologies (large scale, medium scale, and small scale). The net cost of each system wes|#ted ica

order to determine the econm® of farm energy seBufficiency.
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THE SOURCES OF ENERGY

wind:

Wind turbines createnergyfrom the wind when thepinning of the blades rd&s acoil of wire
between two oppositely chargethgnetic poles. Kernatingcurrent(AC) thencan eithetbe converted into
directcurrent(DC) for storage in batteriesy sent directly into the grid, or used to power AC appliarites.

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

intercepting the wind (orareawe pt by the turbineds rotor). The

Power(h watts) = |1 } AV
Where:
} = aitkgmensity
A = area intercepting the wir(th?)

V = instantaneous wind velocity or spe@ea/s)™

The wind speed part of this equation is tricky, however, because in order to accurately show the amount of
power that cow 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 perioc
will produce more energy than a constamawspeed equ&o the averageMeteorological stations may have
information on wind speed distributions for an area, or, for most areas in the United Raysigh
Frequency Distribution provides a good approximatfon.

Generally, companies that manufacture wintitues will publish distribution charts that show how
much instantaneous power the turbine will produce at different wind speeds. This can then be matched up w
wind speed distribution information to calculate the total potential energy productioegrerfor 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 mBteyahlso 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 bredkage.

Massachusetts s state that has temtial for significanwind energy production, however, much of this
potential exists alonthe coastline (see AppendiX.AAside from a few mountain top locations, the rest of the

state has a seewhat marginal wind resource (zekd.3 mphat 50 metefs*™®
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Most householgize wind turbines will produces their advertised, or rated, amount of power at wind
speeds from 18 to 31 mph. They wifually start turninghoweverat around eight miles per hoamnd be
producing power between eight and niniées per hout>!"*8

The most well publicizegroposedvind project in Massachusetts is Cape W@l turbines in
Nantucket Sounahich would poduce an estimated 420 megawatts of eneifidys would beenough to fulfill
approximately threguarters of thelectricity needs of the Cape and Islahiti©n a smaller scale, the town of
Hull, Massachusettgop. 10,500) has twawind turbinesa 660 kW Vesta installed in 2002, and a 1.8 MW
Vesta installed in 2006. The average annual power consumption of thestapproximately 53,000 MWh/yr
and the two turbines are estimated to satisfy 12% of thatfieed.

As previously mentioned, the inland wind resources in Massachusetts are somewhat questionable,
however there are examples of successful wind projects tlieeetown 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
produce enough energy to power over 40 households (about 250,000 k¥/h/yr).

A farmin Amesbuy is another examplof inland wind energy production in Massachusettsis 145
acre farm is aliverse operation with a piekour-own orchard, twlwe greenhouses, a farmstobekery,and
vegetable production, and hoktsy rides and other activities fhre public to enjoy. In addition to the energy
use required for all of these activitigsere are four residences to be powered. In total, this farm uses
approximately 150 thousand kwWh/yr.

Starting in January, the farimstalled two 10 kW wind turbies and they are planning to add one more
turbine and 10 kW of photovoltaics. In January, the turbines produce®0D0kKWh and with the additional
turbine and solar panels the production is expktdechieve 40 thousand kWh/gb out 3 0% of t h

total energy usé&’

Solar:

Solar panels are made up of many small wafers of semiconductor material, usually €llicone side
of thiswafer, silicon (naturally with fououterelectrons but capable of holding eiplg combined with a
material such aghosphorous (which can give up figkectrons) in order to create a negative charge due to the
extraelectron. @ the other side, silicon is combined with a material suddoesn (which can give up only
threeelectrons) so as to end up with a positikiarge®

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 ¢hase electrons that switched sides to jump back
to their original location (o the phosphorous sidelpuring this jump, some of the electrons are intercepted by
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