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EXECUTIVE SUMMARY

The powerful changes affecting Vermont(3 econony over thepast ten years have
prompted groupsof farmers and thear alliesin the state to innovde arangeof energy
produdion options This strategic andysis of theemerging farm energy sector for the
Vermont Sugainable Agriculture Coundl explores energy produdion throughthelens of
innovation, which provides valuable perspectives from farmers and thar alies into wha
istaking shgpe

This research investigaes the notion tha by working throughinnovation networks or
hubs groupsof Vermonters (e.g., farmers, advocates, researchers, utilities, state
agendes, community groups non-profits, etc.) can develop and implement scalable farm
energy solutionstha will be adopted over time by the mgjority of interested farmers. To
gathe information, the author interviewed farmers and organizationd leadersinvdved
with farm energy aroundthe state between Augug and December 2008 Ther ingghts,
perspectives, questionsand dilemmas offer ingghts into how farm energy activities such
as anaerobic digestion, biodiesel, wind and other farm energy sub-sectors are progressing.
Thereport offers suggestionsfor Vermont 25 by @5, a statewide initiative aiming to
increase produdion of renewable energy in the state.

Energy Innovation on Vermont Farms

Innovation istheintrodudion of anew idea or an improvement to an existing produd or
process. Innovation networks are groupsof people working togeher to introdue new
ideas, produds, services, processes or systemsto broade audiences. Innovation hubsare
places, eithe phydca or virtud, where paticipants in a network share proximity to one
another. |dentifying existing networks and how farmers share informationis a key
element to knowing howinnovaionseither spread or stall.

Vermont farms have subgantial experience with developing and adoping energy
efficiency innovaionsin the maple sugaing and dairy sectors. Both have networks and
professiond organizationstha connect farmers. They also feature meansfor developing
and introduang new technologies. Progress with energy efficiency highlights how those
seeking to advance innovdionscontinudly educate and evaluae ther strategies as they
reach for new segments of atarget audience.

To ganindghtinto how future farm energy production may develop, thisreport explores
examples of anaerobic digestion and biod esel. These farm energy sub-sectors have
moved from concept to implementation over the past ten years or less by following
predictable stepsand ensuring the build out of key innovaion components. Example One
reviews theintrodudion of anaerobic digesters into the state beginning with the Blue
Spruce Farm in Bridport, a project that hdped lay the foundaion for subsequent farmers
to learn from oneanother and paticipants in afarm iogasOinnovaion network to
create a pahway for others to follow. Example Two entails the development of oilseed
crop and farm biodiesel production. Biofud innovation hubsare emerging at the State
Line Farm in Shatsbury and Borderview Farm in Alburgh where farmers are learning
directly from oneanothe to undestand the dynamics and chdlenges of growing and
processing seed oil cropsto make liquid fuds andfeed produds.
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Findings and Discussion
Thefarm biogas and biodiesel examples providetangible evidence in suppot of this

paper@ hypohesis that throughinnovaion networks, groupsof Vermonters can develop
and implement scalable on-farm energy solutionsthroughconoept-to-market processes.
Conveasationswith farmers and farm energy stakeholdersindicate that certain
components appear important to innovdion neworks. These indude

|deas and conaepts about produds, processes, services and systems

L earning oppotunities induding scanning, study tours and discussion groups
Proto-types, pilot and demondration projects

Feasibility studies and strategic andyses

Communication channds and vehicles

Public and private financing

Technical assistance, Grircuit ridersOand congultants

Professiond assodationsand peer networks

Mature technologies from local and nonlocal vendors

VVVVVVVYVYY

Conclusions

Farm energy produdion isemerging as aviable option for farmers to pursue thanksto the
innovaion neworks tha have developed systems adapted for Vermont. While this report
notes subdantial progress with anaerobic digestion and biodiesel produdion, nather of
these sub-sectors has gonecommercial, so thejury remains out on whether theinnovation
networks will succeed in moving each to scale.

As anaerobic digestion and biodiesel produdion mature in Vermort, other kindsof farm
energy produdion are emerging and competing for resources. The state iswell postioned
to expand produdion of farm energy in the next five years. Undastanding the
componets of innovaion networks may offer clues for those interested in fogering
greater participation and achievement of farm energy produdion.

This research shows tha communication among peers plays a pivotal rolein advandng
innovdion. In addition, postive experiences encourage individuds to promote an
innovdion. Members of innovdion neworks hdp to do so by testing assumptionsand
evauaing peformance throughddiberate learning, proto-typing, and feasibility stages
tha condition the pahway toward greater adopion. While this process takes time and
resources, success at the frontend can increase therate of penetration at later stages.

Recommendations

Theunfolding story of each farm energy sub-sector presents questionsabouthow farmers
will generate thelevels of energy anticipated by Vermont 25 by @5. To reach these gods
throughmogly voluntary approaches, the state would benefit by addressing issues tha
emerged from convesationswith farmers and alies involved with farm energy
innovdion. These convasationsand accompanying research yielded thefollowing
recommendaions(abridged; see report for full recommendaions:

1) Focus on peer learning for farm energy.
Peer learning oppatunities can hdp farmers make decisionsand form essential
connectionswith those who can assist them with ther projects.
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2)

3)

4)

S)

6)

7

8)

Improve farmers’ access to good information about farm energy production.
Farmers need accurate information from trusworthy sources to gan comfort with
innovdionsappearing in Vermont. The sector woud benefit by addiberate focuson
capturing the many idess tha are emerging and making intelligence aboutthe state of
farm energy readily available where farmers aready seek information.

Provide two or more farm energy technical assistants.

There are nat enoughtechnica assistance providersfocusng onfarm energy to go
around.Hiring two or more neutral farm energy Qircuit ridersOto travel anongfarms
onaregular basis would maintain and strengthen farm energy innovdion neworks.

Help farmers get to nearby demonstrations hubs.

Suppot six geographically distributed farm energy demondration hubswithin easy
driving distance for all Vermontfarmers. These hubswould indudearangeof
working demongrationson avariety of farms where farmers can (ick thetiresOand
get goodinformation from peers.

Identify potential user groups for adoption of new energy technologies.
Achieving farm energy produdion gods would ben€fit by undestanding the
characteristics of progective farm energy producrs, wha thear interests are, and
wha kindsof energy applicationswould work in their context.

Fill out each farm energy sub-sector with key innovation components.

All the sub-sectors reviewed for thisreport have at least three componentsin place
with variable depth of activity. To develop emerging sub-sectors, each would benefit
by having all componentsin place. Some componants (e.g., pubiic/private funding,
professiond assodations communication vehicles) serve more than onesub-sector
but not necessarily all sub-sectors. Therefore, existing components can be expanded
to serve emerging farm energy sub-sectors withoutcreating nev components.

Focus on continuous development in a few farm energy sub-sectors.

Given thelargeresource requirements and long development time lines, Vermont
should identify optionsof highest net benefit to the state, and make long-term
commitments to select sub-sectors. Potentia criteria for deermining where to focus
could indudepresence of theinnovdion components (Table 1), knowedgesble
advisors and mentors, greenhou® gas redudion patential, and an econonic andysis
developdl in the context of Vermont resources, pdicies and regiond compdition.

Monitor and communicate regarding strategic innovation across sub-sectors.
The state has several farm energy innovaion networks in action. Vermont® public
and private organizationswith experience in driving innovdion in onesub-sector
have practical skills and knowledgeneeded to advance other farm energy sub-sectors.
However, those with knowledgeand skill in onesub-sector do not necessarily interact
regularly with thar counerpartsin other sub-sectors, nor do they necessarily have the
mission to do so. Further, knowedgeand experience with strategic innovdionis
pachy across these groupings The state® farm innovaion networks would ben€fit by
degpening their knowedgeof innovdionin different sub-sectors, and strengthening a
coopeaative approach tha can hdp the state reach its renewable farm energy gods.
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INTRODUCTION

Thisreport focuses oninnovaion to promote farm energy produdion, which hasrisenin
importance over thepast five years. On-farm energy produdion has the potential to hdp
farms diversify opaations improve profitability, reduce environmental and community
impacts, and gain adegree of control over thar operations Farms have the potential to
generate a subdantial portion of thar own and the state® energy requirements in the
future. Energy produdion as a major focus however, only emerged as atopic of serious
congderationin the past few years as oil prices made arelentless climb towards highsof
over $147abare in July 2008 commodity price fluctudionsjolted farmers, and
concernsaboutclimate changereached atipping point with the public.

Over the past ten years, the nunmber of farms condgdering and implementing on-farm
energy produdion systems has risen from afew to dozens Theearly pioneers of
Vermont@ farm energy sector have gained a great deal of knowledgeandinsghtinto
wha it takes to add energy produdionto ther already full date of activities onthefarm.
As more farmers, policy makers and members of the public lookto farms as potential
sources of energy, questionsand examples abouthow to build this sector in ways tha
hep farms endure as a part of the state@® community and econonic fabric are emerging.

Thisreport to the Vermont Sugainable Agriculture Coundl provides a strategic andysis
of farm energy activities throughthelensof innovation where econorric, soda and
environmental trandormationsare taking place. Rather than catalog therapidly
expanding set of farm energy activities, thisreport offersingghtsinto how farm energy is
advandng. Thereport explores some key questions:

Wha farm energy optionsare farmers exploring?

How are Vermont@ farmers and ther allies building their energy systems?

What are some of the bariers and chdlenges to farm energy produdion?How are
these barriers and chdlenges overcome?

How do farmers communicate wha they are learning?

Wha will it take to bring farm energy systems to scale?

Wha recommendaionswould support on-farm energy innovdion?

VVV VYV

This research investigaes the notion tha by working throughinnovation networks or
hubs groupsof Vermonters (e.g., farmers, advocates, researchers, utilities, state
agendes, community groups non-profits, etc.) can develop and implement scalable farm
energy solutionsthroughconaept-to-market processes tha will be adopied over time by
themajority of farmers with interest in farm energy.

Themethodobgy for this study conssts of quditative daa collected via persond and
telephoneinterviews with farmers and leaders in farm energy between Augug and
Decembe 2008,aworkshopregarding farm energy innovaion in Octobe, and areview
of relevant information. The study offers farm energy activities in anaerobic digestion
(i.e., iogas®) and biodiesel produdion as examples of innovaion networks. Thereport
summarizes other farm energy sub-sectors and concludes with recommendaions
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Thisreport provides aninitial attempt to undestand the complex evolution of farm
energy in thestate. Given thelimited resources for this task and the scopeof the
econonic crisistha unfolded in 2008 afew caveats pertain.

= Thisreport reflects a preliminary set of data based on limited interviews and a
literature search intended to explore the broad range of activities taking place
regarding farm energy. The condusonsand recommendaionsreflect the author3
best attempt to describe characterize and organize these innovdion activities
given thelimited data.

» Theadvent of carbonmarkets has broad implicationsfor farms, investors, utilities
and the public. While directly relevant to farms, evaluaing carbon market
activities was beyondthe scopeof this work.

Vermont 25 by @5, a statewideinitiative aiming to increase produdion of renewable
energy in the state by 2025,has begun coordinaing a more strategic approach tha can
move each farm energy sub-sector toward a set of policy gods. This groupbegan its
work in 2007and continued through2008.Thisreport was developed in the overall
context of Vermont 25 by @5 and offers suggestionsto help achieve this god.

PART ONE: BACKGROUND

Much work has been doneby private and puldic organizationsto build farm energy
systemsin Vermont Some of thiswork began decades ago, such as the Foger Brothe's
Farm tha emerged in 1982as an early innovdor with moden farm methane digester
technology. Othe activities, such asfarm biodiesel produdion, began in earnest in 2004
Still other areas of exploration, such as algee oil, cellulosc ethanol and grass pdlet
produdion remain in theearly research and development stage Currently, there are
dozensof farms, non-profit organizations colleges and universities, busnesses and
goveanment agendes working to advance farm energy produdion viawind, solar, hydro,
biomass, biogas, geothermal, biofuds and energy conservation.

Vermont@ econorry was directly affected by energy price swingsthis year. No. 2 fud oil
prices rose from $2.68/gd in Octobea 2007to $3.78 in Octobe 2008after peaking at
$4.70/gd in July. Similarly, other petroleum products rose sharply then fell. Thechanges
prompted Lt. Governor Brain Dubie to declare that the state would face a home heating
emergency in thecoming winter." Since many Vermonters pre-buy fud in the summer,
thesituaion led to overvalued contractsin thefall as prices dropped unexpectedly. By
December, gasolinewas selling for unde $1.75 per gdlon at the pump providing relief to
travelers and farmers, butthe summer® damageremained clearly in mind. With the
nationin arecession, credit markets damaged and state government facing a $60 million
budge shortfall inthe current fiscal year, thefinancial crisiswill require subgantial bdt
tightening? Theupshotfromthefinancia mess: many people have log confidencein the
systems tha suppot the econory.
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During theyear, commodity milk prices pad to dary farmers continued to languish.
David Montagnefrom the Montagne Farm in Swanton said tha his "feed, fud and
fertilizer have increased 40 percent in thelast year" while the price of milk pad to
farmers has droppal from $24 03 a hundedweightin July to $18.78in Octobe. He said
farmers nead $27 a hundedweightto cover ther cogts.® With payments barely reaching
$19a hundedweight, daries continuether strugde to make endsmeet. Thefarmers with
dary opeaationsinterviewed for this study cited the perennial chdlengeof receiving
enoughpayment for ther produd amidg factors beyondther control. Farmers cited
energy generation as oneplace where they had some control.

In spite of therecent dropin energy prices, farmers, citizensand state officials remain
committed to addressing climate related concernsand stoking the econory. Asthe Wall
Street story unfoldsand a new Washington chgpter beging Vermonters continuether
effortsto regan control of thar future. The story of on-farm energy providesingghtinto
progress over thelast year.

Recent Farm Energy Related Activities

In additionto specific energy innovaionstaking place on farmsin 2008,Vermont
witnessed a rangeof activities crossing the publc and private realms induding the
Governor@ Commission on Climate Change Vermont 25 by @5, and grant making to
suppot farm energy. Highlights are presented bd ow as context for subsequent sections

Governor@ Commission on Climate Change

In December 2005,Governor Douglas issued Executive Order 07-05forming the
Governor@ Commission on Climate Change This groupreleased its report and
recommendaionsin October 2007, induding suggestionsto build on Vermont@ energy
efficiency leadership and renewable energy potential; maintain our farms and forests;
reduce emissionsin trangportation systems; educate aboutclimate change andlead by
example. The commission aso recommendead formation of theVermont Climate
Collaborative intended as a Gtrategic partnership to condud and intensify capacity for
essential research, innovaion, and technology transfer in environmental and sugainable
technologies. Some progress occurred in 2008but much of thework remains®
However, UVM, state agendes and others continue to move pieces of the climate agenda
forward.

Vermont 25 x @5 Initiative

In January 2008,the Vermont 25x @5 Initiative released its preliminary findingsand
godsindicating tha the state can produc 25 percent of its energy from renewable
sources by 2025if near-term priority is placed on suppoting themos promising
renewable energy and energy efficiency sectors and technologies. Thereport condudes
tha the state could derive 79 percent of this renewable energy from farm and forest
resources, thereby creating significant econonic oppottunitiesin Vermont@ rural
communities and stimulating the state@® agricultura indugries. The steering committee
and five committees are consdering strategies by which Vermont can attain this god.

10
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The25x @5 report states tha while its Qyods are eminently achievable, they will be
difficult to accomplish throughstandad market forces dueto chadlenges such as
finandng bariers, sitingissues, regulatory hurdles and general lack of publc familiarity
with the technologies that would make such a god possible.OThereport condudes that
only throughcollaboration, decision-making and deliberate action from an array of
stakeholdersN state leaders, policy makers, non-profit groups current and potential
energy developeas, theagricultural community, finanda inditutionsand thegenera
publicN will meaningful progress towardsthese goals be accomplished. Thereport
catalogsthe state of the activities, progress and prospects for produdion towardsthe 25
percent god by energy crops agricultural waste, wood energy, wind, solar, hydrodectric
and geothermal resources. °

Clean Energy Developrent Fund

During theyear, the Clean Energy Development Fundannouned tha it would award
$2.65 millionin grants to applicants seeking funding to advance their renewable energy
interests. Thisfundsolicits proposls fromindividud Vermonters, organizationsand
farms. Grantsfromthe Augug 2008solicitation included large-scal e anaerobic digesters
at Fillmore Farms, GebbiesOMaplehurst Farm and the Dubois Farm. Thefundalso made
agrant to Neighboty Farmsin Randolph for a digester special demondration project.
The state has now awarded $105 million for projects with the potential to add 59 mw of
new clean energy to thegrid.” Thestate put$50Q000 to work in 2006and 2007with 125
incentives reserved for small wind, solar €l ectric and solar hot water covering 480
systems since 2003.The CEDF granted $2,058992 in large awardsto seventeen projects
induding Westminger Farm, NeighbohoodEnergy LL C and the Gervais Family Farm
for methane digesters. Thetotal anticipated energy produdionis 3,517kW. Theloan
program was laundhed in November 2007 culminaing with two loanstotaling $350000°

Vermont Agency of Agriculture REAP Grants

The Agency of Agriculture deployed awiderangeof grants totaling $310000since Fall
2006.Theprojectsindudemethanedigesters, biomass pdlets, biofuds, and
miscellaneousfeasibility studies and development grants. Theagency continuesto use its
resources to hdp Vermontfarmers explore ther options Some of thegrants hdp farmers
congder existing technologies, while other grants fund devel opment of projects with
innovdive applicationsor untried aspects of technologies, or other limitationstha make
it difficult to finance the project.’

Renewable Energy Funding for Farms

In 2008,USDA Rural Development program put approximately $1.8 millionin grants
and loan guaantees to work on Vermont farms implementing renewable energy
technologies. The Biomass Energy Resource Center received $984000in
Congressiondly directed project fundsfor FY2008from US Depatment of Energy.
These fundswill beused to develop community-scal e biomass energy projects and
programs that make use of local, sugainable, woody and pdletizable biomass throughout
the US. The Vermont Sugtainable JobsFundreceived $984000in Congressiondly
directed fundsviathe Office of Senaor Leahy to coninuetheVermontBiofuds

11
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Initiative. This effort fogers development of a viable biomass-to-biofuds indudry in the
state usnglocal resources.

Vermont Renewable Energy Report

The Vermont Sugainable JobsFund produced a compendium of Vermont@ renewable
energy organizationsand activities in 2008.This document provides synopgs of
grassroots activism and educationd initiatives, advocacy organizations renewable energy
trade assod ationsand sugainable development groups and government/quasi-
govanmental activitiesin Vermort. '°

Vermont Conprehensve Energy Plan

Conduded for the Department of Public Service, the results of the Public Engagement
Process for Electricity Planning were released alongwith thedraft 2009V ermont
Comprehensve Energy Plan. Theplan covers e ectricity butgoes beyondto consder
regiond issues, efficiency of buildings trangoortation and issues related to greenhou®
gas redudions combined heat and power, and farm energy.

Vermont Grass Energy Symposum

This event hdd in November 2008offered a sngpshot of the grass energy market.
Organized by the University of Vermont Extenson, the Biomass Energy Resource Center
and Vermont Sudainable JobsFund,the event attracted over 80 participants to hear
pandists from aroundNorth America describeissues related to grass produdion,
harvesting, processing, pdletizing and combugion technologies.

PART TWO: INNOVATION AND NETWORKS

Innovation istheintrodudion of an idea or improvement to an existing produd or
process. Organizationsthat practice innovaiontypically employ some kind of multi-
stage process tha beginswith an idea followed by proto-typing or apilot stage leading to
commercial launch and culminaingideally with market penetration. This Gtoncept-to-
marketOprocess exists in economic and soda domeinsamongothers. Innovation
networks are groupsof people working together to introduce new idess, produds,
services, processes or systems to broader audiences. Innovation hubs are places, either
physca or virtud, where participants in a network share proximity to oneanother. Farm
communities tend to have strongsoda neworks and, within the state, there are examples
such as Hardwick tha are beginning to emergeas agriculture innovdion hubsin general.

Evaluaing therole of neworks in the spread of agricultural innovaionisacomplex task.
Farmers share information, as do others, throughwebs of connections Identifying
exigting neworks and how farmers share information is a key element to knowing how
innovdionseithe spread or stall. With the advent of the Internet, farmers now have
access to aglobd array of ideas and people. Undeastanding how frequently farmersrely
on information from new media sources compared with traditiond soda neworks
provides ingghtsinto waysto spread innovdions

Thenext section explores thedud aspects of innovation and the networks of players
engaged in bringing concepts regarding farm energy produdionto Vermonters.

12
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Energy Innovation on Vermont Farms

Farmers have practiced innovaion for decades. Rick Marsh, president of Vermont Maple
Suga Makers Assodation (VMSMA), noted, Qnnovation is trying something new, or
taking a piece of equipment and usngit in a different way.OK ate Duesterberg, from
Cedar Circle Farm in East Thetford observed, GFarmers are always adgpting to the
situaion Dadgpting to theland base, the weather, varieties of seed that work well for
them.OIn every sub-sector investigated, some farmer or group of farmers was exploring
optionsfor energy produdionandits patential value as part of thewhole farm picture.

Thedriversidentified for farm energy innovdionwere fairly consstent: price increases
of energy, seed, fertilizers and feed alongwith thedesire to reduce cogs and improve
profitability. Some recognized theimportance of environmental improvements such as
water qudity; othes spokeaboutredudng green house gases, preserving resources for
future geneations self-sufficiency, diversifyingtheir opeaations wanting to learn, or
Qug doing theright thing O

As amature sector where people have long soughtenergy efficiendes, sugaing
opeaationsbendfit from an array of proven and emerging technologies such as reverse
osmosss, efficient motors, evaporators and collection systems. Farm sugaing opeaations
enjoy well-established networks and professiond organizationssuch asthe VM SMA,
which works with researchers at UVM@ Proctor Maple Research Center to apply new
technologies. In the case with sugaing opeations new technologies are introduced
througha ddiberate R& D process with ideas tha emanae from equipment dedlers,
researchers and producers. Careful vetting of new technologies coupled with strong
educationd programs offered in accessible regiond locationsfosters effective adopion.™*

Thereis much aboutdiffuson and adopion of new technologies to belearned fromthe
dary sector aswell as sugaing. By 2004 650dairy farms had applied some aspect of
energy efficiency to thar opeaations In 2006 Efficiency Vermont began to note a
decrease in the nunber of ingallationsof efficiency optionsat dary farms as this market
has bendfited from the availability of efficiency services for 15-plusyears. In respong,
the organization crafted a set of respongs to reach out to different types of farmsin the
agricultural community.* These two examples highlight key aspects of how those
seeking to advance innovations continually educate and evaluate their strategies as
they reach for new segments of a target audience.

Given this backdrop, what kindsof innovaionsare taking place in thefarm energy
sector? Wha are some possibilities onthe horizon? Will the energy innovdionslead to
achievement of policy gods such as 25 percent of power from renewable sources by
2025, or will the collective dabbling with multiple technologies fail to catch hold?
Compared with energy efficiency practices, other farm energy produdion sub-sectors are
in thar formative stages. Wha is appearing onthegroundis a combinaion of individud
interest, sector development, market opportunity, and organizationd respons based ona
complex mix of incentives, energy cods, resources, regulations community suppot,
farm capecity andindividud drive.

13
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Theexamples of biogas and biofuds are ingructive for how future farm energy
produdion innovdionsmay develop. These sub-sectors have moved from concept to
implementation over the past ten years or lessin Vermont, in large part dueto application
of resources, differences in technological maturity and varying policies. These two sub-
sectors offer indgghts from an innovdion perspective into consderationsfor strategically
advandng farm energy produdionin the state.

Example One: Farm Methane Digestion

Over thelast 25 years, Vermont has witnessed the emergence of afarm biogas sector.
Beginningin 1982,the Foger Brothers Farm built a methane digester tha has since
opeated in variousconfigurations However, until 2005this was the only onein
opeaation. Tha year, thedigester indalled by the Audd family at their Blue Spruce Farm
in Bridpott advanced the sub-sector from QdeaOto (proto-typeOstage This project
charted theterrain for other digester projects tha followed. This first subgantial test case
offersindghts when viewed throughan innovaionlens

Prior to this project, anaerobic digester technologies did not seem to be catching onin the
state. To learn why, the state embarked on a joint venture between the Department of
Public Service (DPS) andthe Agency of Agriculture, Foodand Marketsin 1999with
funding from the US Depatment of Energy. The enauing Vermont MethanePilot Project
began by consdering demondration projects but subsequently moved towards a strategic
andysis of obgacles and questionsthat needed to be answered.*® Throughthis initiative,
anetwork of participants gained valuable ingghts aboutmethanerecovery as part of a
broad strategy that induded comprehensve nutrient management systems, renewable
energy sources and greenhou® gas redudions The project yielded data on the potential
volumes of organic resources in the state tha could be digested, cash flow scenarios
feasibility andyses on fifteen farms tha expressed interest in thetechnology, bariersto
adopion and potential solutions and ademondration site.**

Oneimportant feature of this project was identification of the barriers that needed to be
addressed induding finandal, technological, infrastructure, informationd, technical
assistance, and other less defined issues. In 2004,areport issued by Dan Scruton, Senior
Agricultural Development Coordinaor at the Agency of Agriculture, identified key
hurdles and possible solutions®® Between 2000and 2004, the Agency of Agriculture and
DPS aongwith utilities, numerousfarms and othe organizationsbegan to address
obgacles to implementation. In 2000, methane digestion technologies were relatively
new with few examples from which to learn. As an outcome of this effort, Vermont
passed progressive ne metering legidation, utilities such as CVPS created Cow Power?,
and methane digestion has become more widdy implemented in the state (See Figure 4).

Theadvancesin farm methane digestion provide a useful starting point for consdering
innovdionwith farm energy in Vermont. Current statistics show about2.4 mwW of
ingalled produdion capecity at eightfarms. The sector is ganing groundwith potentially
1.6 mW of addead capacity comingonlinein 2009.Clearly, thetechnologies are moving
toward greater levels of utility in meeting policy gods.
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Figure 4 : Vermont Farm Methane Digesters

Financing & Technical Assistance

Dept. of
Size & Estimated Vt. Ag. Of  Public DOE or
Name & Location  Year Power Production Cow Population  Agric. Service USDA Utility Notes (4)

Foster Brothers Farm .

1982 kw; kWh Hadl B 4 - X X - |

Middlebury (1,4,8,10) 98, 85 kW; 360,000 adley and Bennett 340 Operational
Blue Spruce Farm - .

2 250 kW; 1. Il kWh HD, Inc. 1,1 X X X CVPS t| |

Bridport (2,3,8) 005 | 250 ; 1.3 million GHD, Inc ,100 Operational
Nordic Farm Designed by Agency of .

2006 65 kW; unk ) 250 X X - - (0] t {

Charlotte (9,10) » unknown Agric. & Stan Weeks perationa
Berkshire Cow Power . - Vt. Electric .

LLC Richford (3,8) 2006 | 600 kW; 3.5 million kWh GHD, Inc. 1,500 X X X Coop & CVPS Operational
Green Mountain Dairy - .

;L , Inc. ) CvPs

LLC Sheldon (3,8) 2007 | 300 kW; 1.8 million kWh GHD, Inc 1,050 X X X Operational
Montagne Farm - .

2007 kw; 1. Il kWh HD, Inc. X X X CVPS t| |

St. Albans (3,8) 007 | 300 kW 1.0 million GHD, Inc 680 Operational

Cha[r__lg?tf (';a:{?) 2008 20kW; unknown Avatar 160 X X X GMP Operational
Neighborhood Energy . - Vt. Electric :

LLC Coventry (5,7) 2008 | 225 kW; 1.4 million kWh GHD, Inc. - X X X Coop & CVPS Operational

G is Family F Enosburg
ervais Tamily "am| 009 | 200 kw: 1.4 million kwh GHD, Inc. 1,000 X X ~ | Village Blectri{ Start-up
Bakersfield (4,5,6,10) Co. & CVPS
Westminster Farms Under
Westminster| 2009 | 225 kW; 1.5 million kWh GHD, Inc. 1,200 X X X GMP .
(5, 11,12) Construction
Sources: 1. The G.O.R.E Project, adapted from Citizen Pow ered Energy Handbook by Greg Pahl (w w w .chelseagreen.com/content/index.php?p=1267); 2. Communication w ith

M. Audet, September 25, 2008; 3. CVPS Cow Pow er (ww w .cvps.com/cow pow er); 4. Communication with Dan Scruton, Agency of Agriculture, November 20, 2008;
5. Vt. Clean Energy Development Fund 2007 (http://publicservice.vermont.gov/energy/ee_cleanenergyfund.html); 6. Vermont's Experience w ith the Adoption of
Anaerobic Digestion on Farms, Dan Scruton, Vt. Agency of Agriculture. November 2007; 7. Neighborhood Farms LLC Petition, Public Service Board Docket No. 7413;
June 5, 2006; 8. EPA AgStar (ww w .epa.gov/agstar/operational.htmi#addatabase); 9. Alternative Energy on the Farm, Vermont Land Trust, Fall 2008; 10. Vermont
Energy Digest, Vermont Council on Rural Development, 2007; 11. Brattleboro Reformer, September 5, 2008; 12. Communication w ith Don Lorraine, Green Mountain
Pow er, December 4, 2008

TheBlue Spruce Farm digester began as part of the Vermont Methane Pilot Project. The
state approached the Audés with technical assistance and potential resources to hdp with
feasibility planning. Grant fundsfrom the CVPS Renewable Development Fund,US
Department of Agriculture (USDA), Natural Resource Congervation Service (NRCS) and
the state hdped the project moveforward. Blue Spruce Farm began planningin 2000.1n
2004following a study tour to Wisconsgn where participants had a chance to Ckick the
tiresOof a commercial digester designad by GHD, Inc. thefarm made a decision to move
forward with a GHD system. At atime when opeating cogs were rising, farmers were
also experiendng additiond pressures to address manure management issues that affected
water qudity. Thefarm has dways donea goodjob meeting therequirements of ther
LFO (LargeFarm Operation) pemit butthey wanted to go beyondthat to do a better
job® With dary opeationsproviding little or no marginsto cover waste management
innovdions methane digestion presented the oppatunity to cover several needsat once.

Uponviewing a unit in opeation and cal culating the econorrics, the project team had
confidence tha the digester would meet thefarm@ objectives for nutrient management,
energy generation, odorredudion, bedding produdion and cash flow. Theunit was
ingalled in 2004and opeating in 2005, produdng 1.3 million kilowatt hours (kwh) of
power annudly.
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The project appears to have succeeded dueto a combinaion of finandal incentives
(grants & finandng, 4¢/kwWh CVPS premium from Cow Power2 ), viable digester
technology, sale of electricity to CVPS (at 95 percent of themarket price for electricity),
technical assistance and legd guidance to meet thar farm@ management objectives.
After start-up Dr. JohnBarlow, UVM peaformed astudy at the farm to determineif the
manure solidswere suitable as bedding for milking cattle. The study was important since
there had notbeen a controlled study on usng manure solids as bedding. The outcome
was postive and the use of solidsfor bedding dramatically improves the economics of
the system.

Other factors tha influenced perception of the technology indudemaintenance and
opeaating requirements. As afull time farm, thedigester opeationshad to beworked into
the Blue Spruce Farm@ schedule. The GHD system performs adequaely, accordingto a
family representative, but some components have needed more frequent attention.
Fortunaely, theunit had aback up generator in place when the main generator
expeienced mechanical difficulties. In addition, GHD provides technical assistance via
phoneconaultation as needed and visits the site when in the state. Overall, the system
worked well enoughto meet thefarm@ needs and expectationsof collaborators.

The Audds recognized thar role asinnovaors in the state since thar chosen system was
unlike theonly other system in opeaation at thetime. Since then, many farmers have
visited thefacility and built systems based on the Aude family@ activities. As an
indicator of therelative youthfulness of the biogas sub-sector, new projects are branching
into other areas of methane digestioninduding small farms, crop digesters, advanced
digester technologies and mixed farm and non-farm organic subdrate digesters.

Biogas Through the Innovation Looking Glass

Manure digestion technologies both in the United States and in Vermontare moving
throughthe early innovdion stages towards becoming a widespread element of farms and
thepower grid. The US Environmental Protection Agency estimates tha there were 111
digesters opaating at livestock facilitiesin 2007 In addition to the opaating digesters,
thereare at least 12 undea development in Vermont. The advances with farm methane
digestion provide a starting point for unde'standing innovdion neworks as a strategic
approach for advancng farm energy in Vermont

TheBlue Spruce Farm made use of existingtechnologiesin a new setting. Taken by itself
the single application of onetechnology is not taking an innovadionto commercial

scaleN it isonly onestop onthelinefor acompany seeking market penetration.
However, when looking at theoverall adopion of variousfarm methane digester
technologies in Vermont, onecompanyN GHDN is establishing a presence: mos of the
subsequent projects employed GHD digesters (see Figure 4).

Central to undestanding the movement of a product, process or service fromideato
commercial market penetrationis awell-developed set of questionstha mug be
answered. In the case with manure digestionin Vermont, initial questionsand answvers
emerged during the Vermont Methane Pilot Project indicating tha manure digestion
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would work in Vermont Subsquent questionsabout the specific technology, grid
interconnectionissues, and pemitting al had to beresolved. Each stage had its own set
of questionswhos answvers shgpefollowing actions This kind of innovdion assumes
tha answvers can befoundrelatively quickly to inform movement fromidess to proto-
types to commercialization.

Blue Spruce Farm can be consdered as a proto-type for methane digestion and farm
power produdionin thestate. The project organized the elements tha would ultimately
be needed for future farmers to integrate into the grid. The development of subsequent
digesters usng GHD and other digester technologies demondrates that the sector is
moving from proto-typing into what could be consdered a collective GaunchOstage by
CVPS. With theentrance of Green Mountain Power into the digester arena, the progpect
for greater collective market pendrationis coming into view. The companies with
successful technologies and suppot systemsin place now have the oppotunity to scale
up ther salesto bring more digesters and energy produdion into the state.

How did the conaepts of manure digester technology take hold? The current advance
began with knowledgeabout methane digestion technology options(e.g., GHD digester),
afinandal innovdion (e.g., CVPS Cow Powera ) and availability of resources (e.g.,
technical assistance and grants). Blue Spruce Farm and allies who visited Wisconsn
gana information aboutonepaticular system, formed an attitudetoward the
innovdion, made adecision to adopttheinnovaion then implemented a project. Asthe
system met its performance requirements, this group received confirmation that this was
areasonable decision '

This process of acquiring information and formulating an opinion aboutan innovdionis
central to the spread of ideas. The experiences of the primary users providethebasis from
which peers tha may follow form their opinions For example, another farm energy
innovdor, Bill Rowell from Green Mountain Dairy in Shedon visited Europeto learn
aboutdigester technologies. Rather than adopta system designed for European standads
his evaluaion visits to the Blue Spruce Farm and conveasationswith GHD at hisfarm led
him to follow that pahway charted by the Audes.*

To reach thefarm biogas god of 15mW set by Vermont 25 by @5, approximately one
hdf of themanure in the state will need to gointo an anaerobic digester. Crop and other
subgrate digesters may add another 30 m\W of additiond capacity. Doing so will require
an increasing nunber of farmers to adoptdigester technology (Figure 5). Theexperiences
with adopion of efficiency technologies become directly relevant. With 4,000 cusomers
paying a premiumin thevoluntary CVPS Cow Powera program, and a similar program
at Green Mountain Power now taking shgpe, many Vermonters recognize the bendits of
methane digestion?° Hitting these targets, however, will require continued focuson
performance amongearly adoprs.

Initial bariersidentified early onwere overcome at Blue Spruce Farm and subsequent

projects. Are these voluntary programs and current incentives sufficient to drive
expandoninto the next tiers of adoptersinduding small and medium farms? If not, wha
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will beneeded? Therate of adopionwill depend on factors such as continued acceptance
of theinnovaion, promotion of theinnovaionto others, and ability of others to adoptthe
innovdion. Continuad acceptance of any innovaion will depend onthe complex set of
factors farms consde induding commodity prices, energy cods, incentives, alternaive
power produdion options regulatory issues, appropriate and effective technology, and
technical and finandal assistance all in the context of arecession, state budgé deficits
and anew federa administration.

Ultimate achievement of the produdion god will aso depend on whether disruptive

innovdionsappear tha either accelerate implementation of new projects toward this god
or movefarmsin a different direction.

Figure 5: Projected Production from Digesters
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Ahead of the Curve

Blue Spruce Farm proved to be ahead of thecurve regarding digester technology in the
state. When asked about some of thetrendsaffecting Vermontfarms, Marie Aude
commented tha therun upin prices for energy was having a pronouned effect onthe
farm. On 2006 we were pad the same amountfor milk that we were pad 25 years ago.
But in the past year, our five mgjor inputcogs have goneup by 40 percent. At the same
time, our revenues are decreasing with milk arourd $2000 per hundedweight The
forecast for next year is $1849 with an averagefor @8 predicted to be around$1900.5*
With cods as amgjor driver, the farm needed to find ways to save money.

Given theeconomic conditionsof dary farming and the promise of methane digestionto
yield cash throughpower sales, bedding produdion and fud savingsfor usng ha water
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fromthe system, the Blue Spruce Farm had identified a set of needsthat foreshadowed a

growing market trend. Althoughit isnat clear howfar ahead of the market they were, the
farm would ben€fit by developing an integrated energy and nutrient management system.

The GHD system developed as a pat of the CVPS Cow Powera  program combined with
thevarioustechnical and finandal suppots madethese benefits tangible.

Thesystem used at Blue Spruce Farm paved theway for future projects tha used GHD
digester technologies at Green Mountin Dairy LLC, MontagneFarm, Berkshire Cow
Power LLC, and NeighbohoodEnergy LLC. The Gervais Farm in Bakersfield devel oped
its own digester, which was later conveted to ahybrid GHD design. The opaation at the
Nordic Farm in Charlotte is consgdered an pen architectureOpublic domein modd
available for use and modification. It is not clear whether anyonehas decided to do so,
but the potential exists and it would be hdpful to learn how the system is used or
modified.

If the Role Fits, Wear It

Thedevelopment of farm methane projectsin Vermont bendfited by individuds
induding mavens (people who know a topic deeply and help othe'slearn), connectors
(people with agift for bringing people together) and salespeople (those who drive a
message home) roles.?? These individuds foster the acceptance of a changein an existing
system. Individuds such as CVPSODavid Dunnand consultant Mike Raker are examples
of people whofilled these roles, acting as championsand vendor neutral facilitatorsto
advance the sector. Interviews with other farms pursuing methane digesters mentioned
the contributionsmade by these individuds. Others interviewed for thisreport identified
Robet Foger from Foger Brothers Farm as a pioneer of farm methane digestersin
Vermont Currently, innovdors such as the Audds and Bill Rowell play similar roles,
hoding thousndsof visitors such as a study groupfrom British Columbiatha visited
these and other farmsin Octobe 20087

CVPSCODunn,who hdped organize thetour of Canadiansto Vermont, continues his
maven and connector role. Hiswillingness to share his hard earned knowledgeof
bringing farm digester projects on-linecontinues to play avaluable fundion in building
capability and advancdng the sector as awhole. Digester projects have notreached the
Qipping pointObut they have passed thefirst stage of innovaion. With farmers beginning
to persuadethdr peers aboutanaerobic digesters, more pieces are coming togeher
making the system better poised for projects to emerge more quickly.

CVPSCODunnreflected on the process of energy innovaion on farms. Onechdlengeis
the cog of innovdionin theearly stages of development. Early prototypes and early
commercia offeringsare often very cogly. For thisreason, early adopiers are sometimes
said to pay the Gearly adopter tax.Oln the Blue Spruce Farm example, the up front costs
were highe than subsequent projects. According to Dunn,over time prices will moderate
leaving early adopier farmers to pay the highest price.?*

To bdance outthe private cogs and public benefits from technologies such as manure
digestion, Dunnbdieves tha early adopters should be afforded suppot in theform of
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man-hours from organizationslike the utilities and state agendes. Also, since there are
environmental and other sodetal benefits, theinfugon of tax dollars in theform of grants
isappropriate. If sodety benefits, thefarm should not be expected to pay all the cods.

Disruptions on the Horizon?

Thefarm methane digester sub-sector appears to be evolving alonga continuous
incremental path. Mog of thedigestersin the state are some variation on the plug flow
technology developed for large-scale application (> 500 cows). New technologies, such
as continuousy stirred tank reactors (CSTR), offer advantages for larger scale opeations
and are amore efficient design for conveting solidsinto methane® These systems
appear capable of offering additiond margind benefits for farmers, utilities and
govanment agendes tha have similar oljectives. According to the Agency of
Agriculture, afarm in North Troy has received REAP funding to congder afully mixed
tank system.?® Thevisible progress implementing such biogas systemsiis the result of
nearly ten years of susained, incremental investment by members of theinnovdion
network tha organized in thelate 1990s

However, there are new innovdionsappearing in the marketplace tha may prove
disruptive (e.g., smaller, cheaper, faster). Small farms with fewer than 200 cows are often
congdered unecononical for digester technology. Vermont has fewer than 1,200
remaining dary farms, and many of these have less than 200 cows. Since the early
digester work focused onlargedary opeations innovaors have been consdering how to
indudethe smaller farms in the digester picture. Part of the small farm equaion entails
developing effective technology for small farms. Current research and demongration at
theFoote Farm in Charlotte is providing evidence that a small, scalable system designed
by Avatar, Inc. may work for small opeations The pilot project is moving forward, and
small farms aroundthe state have expressed interest in this system. Unlike in-groundplug
flow digesters, the Avatar system conssts of moduar abovegroundhulls tha can be
ingalled in parallel and easily cleaned.”’

A second part of the small farm equaion entails developing efficiendes that typically
emergewith largeopeations One example of wha this mightlook like appearsto be
shgping up, potentialy to occur in Vermont The SIH and Company from Bogon plansto
develop anew modd for methane digesters at small farms. Led by the managing
princpd William Jorgenson, the project intendsto aggregae a power pool derived from
multiple small farm digesters usng investment funding. Theroll outindudes a pilot
project for small and medium farms tha will allow key obdacles to be addressed leading
to rapid commercialization. To achieve success, the proponents identify a collaboration
of public and private patners required to alocate and distribute thelegd, finandal,
technological, and administrative cogs.”®

This modd employsa project finance modd meaning no mortgage cods for thefarm.
Given the capital requirements for digester projects, this feature may proveto beakey
disruptive innovaion. Thecompany is pursuing development of a project in Vermont,
Massachusetts and other states. This approach shifts the burden of development and
opeaation from farmers with little experience in theenergy donmain to professondswho
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will manage opeaations By its naure, thisisanework modd tha links multiple players
into adistributed system. With multiple farmsin apower pool, this approach appears to
spread therisk leaving flexibility should any opeaation require maintenance.

Lowering thecog to market entrance offers oppotunities for smaller farmsto participae
in manure digestion with its multiple econonic and environmental benefits. How would a
sugained focuson developing small digester technologies and power systems changethe
landscapefor thelarger digesters? What would betheimplicationsfor agricultural
economc development in the state?

Conduson

Theearly large-scale digester projectsin Vermont moved forward dueto a network of
players who broughtskills, ingghts, connectionsand resources to bear. Working
collectively and independently, this group addressed barriers and created learning
systems needed to introdue methane digester technology to the state. As an example of
an innovaion network, this group has shifted over time asindividuds enter and leave
paticular roles, butthe major organizationd players (e.g., first set of farm innovaors,
utilities, state agendes, farm organizations financers) remain as key nodes in the nework
tha continues to spavn new projects and draw in new participants. Theadvance of the
farm digester sub-sector in Vermontyieldstangible evidence tha innovdion neéworks
play a strategic role in hdping groupsof Vermonters to develop and implement scalable
farm energy solutionsthroughconaoept-to-market processes.

The build out of the farm biogas sub-sector included a set of innovation components
that appear relevant to its success. These include beginning with an idea or concept,
learning opportunities to “kick the tires” of potential technologies developed
elsewhere followed by technical assistance that helps farmers finance and develop
proto-types or pilot projects to test their concept. From that point, spreading the
innovation requires people who champion the innovation and connect with people
who want to learn more. These and othe innovaion components will be discussed in
thenext example.

Example Two: Farm Biodiesel

Since 2002, biodiesel has emerged as aviable farm-based produd tha can hdp with a
portion of the state@ liquid energy supply. Asinnovators outside of Vermont developed
systems to produce and use biodiesel, questionsarose in the state aboutthe appropriate
scale for making thefud. In asimilar fashionto corn and cellulosc ethanol, federal
subsdiesinfluenced decisonsaboutwha to produce, how to make the produd, and
where to do 0.

By 2008, thisissue of biofuds versusfoodblossomed into an internaiond concern as
gpeculators, investors and farm interests in developing countries soughtoppotunities to
gan market share. Thetumult showed that skyrocketing energy prices, govenment
mandaes and subsdes would drive counties to trade off conservation of habitat for the
oppotunity to increase energy indegpendence or agricultural profits. With oil prices
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climbing, Vermonters debated theintrodudion of biodiesel and other biofudsinto the
state: should farmlandsbe dedicated to energy produdion?

As pat of abroad effort to expand optionsfor Vermont farmers and use local resources
to supply a portion of the state@ energy needs, the Vermont Sugtaineble JobsFund®
Vermont Biofuds Initiative (VBI) coordinaed with an array of public and private
patnersto develop on-farm biodiesel capacity in the state. The project entails market
conditioning, network formation, infrastructure development and biofuds produdion
activities geared toward answering key questionsand building confidence tha would
foger local, economically viable biofud development.

While there are numerousentrepreneurs and fud dealersusng or selling biodiesel, the
VBI focused on two prime centers of farm based biodiesel activity (Giofud hub<). The
first project is the development of a pilot farm biodesel produdionfacility opeated by
JohnWilliamson and family at the State Line Farm in Shaftsbury. In conjundionwith
UVM Extenson and other patners, the Williamson family built afarm-scale biodiesel
system geared toward making 300,000gdlonsof fud annudly from 187,500 budhds of
grain processed at thefarm and neighbaing farms.?® Fundsfor the project were provided
by a number of sourcesinduding the VSIF@ US Department of Energy funds the
McClure Founddion and the High Meadows Fund.

JohnWilliamson commented on his efforts to innovate with biodiesel at State Line Farm.
Orherising cog of fud and grain has finandally hurt Vermontfarmsin thelast few
years. Farmers are faced with problems tha innowetion can sometimes solve. Innovdion
isameansof survival. There are many examples of thisin the state and alot of them
have to dowith either conserving or getting themost out of what they have to work
with.O

Williamson expressed a sentiment heard among other farmers interviewed for this report.

Some barriers for farmers is [sic] having time available to pursue some of these
alternative endeavors that would make their farm more viable. There are a lot of
opportunities coming down the road but | think farmers need to be open minded and
willing to change their way of doing things. A lot of different alternative fuel technologies
are being developed that farmers can be a big part of. Helping to fund these types of
things is a good start but once they see that something really works and will save them
money, they will pursue it on their own. Supplying good information so farmers can make
informed decisions would help a Iot. 30

The second project entails oilseed cropping strategies at the Borderview Farm in Alburgh
where Roge Rainville is congructing the second farm-based biodiesel produdion facility
in the state. Rainville worked diligently with UVM Extensonto condud trials from 2005
to 2008tha would identify varieties of oilseeds (sunflower, canola and soybean) and the
econonic implicationsfor biofud produdion.In 2008, he began condruction of the
biodiesel shed with hdp from agrant fromthe VSIF@ US Department of Energy funds
This project® focus on oilseed planting and harvesting yielded arich array of ingghts for
those new to seed produdionin the Northeast. Thetrial and error with oilseedsentailed a
network of farmers intent on developing effective solutions*
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Biodiesel Under the Innovation Scope

The State Line Farm project provides an example of bringing farm-based biodiesel
produdion from concept to laundh. State Line Farm began experimenting with oil seed
cropssuch as canolain 2003.Like many other self-taughtbiodiesel producers, John
Williamson and Steve Plummer (John®initial partner in the operation) began with a
small-scale processor in the barn. After learning about the technology and acquiring the
materials, they began making 60-gdlon baches from waste vegetable oil in 2005.This
formed the proto-type stage tha hdped them figure outthe process. At the same time,
they undetook ther own seed trials to learn wha would work onthar farm. With
additiond technical assistance and grant resources, State Line Farm was in postionto
congruc afarm-scale proto-type which began produdionin 2008 The 2008havests
identified new needsand optionsfor seed drying using solar technologies. With ther
initial success at the pilot scale, thefarm is poised to process seedsfrom neighboiing
farms.

TheFarm Viability & Enhancement Program is playing an important role in hdping State
Lineand Bordeview Farms to develop a busness plan and enterprise budge for ther
opeaations These finanda projectionswill help deerminethe economic viability of
contract processing or oilseed cropsfor culinary oil, livestock meal and biodiesel at the
facilities. Having this econonic data will provide more evidence to other interested
farmers aboutwhether or notto invest in their own biodiesel opeaation or whether to tap
theBorderview and State Line opeaationsfor ther needs

With the exception of a small number of otherstha produce biodiesel such asthe Cate
Farm in Plainfield, the majority of farms appear to be waiting to see how thingswork out
and perhgpsan oppotunity to access grant funding themselves. Althoughthetwo pilot
projects and the related studies carried out have demondrated the viability of farm-based
oilseed and biodiesel produdion, the sector has nottaken off. Netaka White, former
director of the Vermont Biofuds Assodation nowwith VSJF, obsrved tha thereis
enoughecononic datafor farmersto grow crops but not enoughto convince them that
they should switch ther cropping strategies.®* After al, there are now many choices for
farmersto consder. The next groupto moveforward would conditute the early adopiers
in the state: so far, this wave has not manifested itself.

Why not? Isthelocal postive message aboutthereasonsto produe biodiesel and grow
oilseedsclear and compdling enough?Are the negative messages abouttheindugrial
commodity biofuds modd overpowering?Or are there other reasonsholding farmers
back? For example, the prices for seeds such as commodity soybeansrose rapidly this
year. Commodity seed prices are onepotential factor that may have limited progress.
Othersindudethe complex set of agricultural issues (cods for energy, fertilizer, etc.),
genea uncertainty aboutimplementing thetechnology, lack of farm capecity, or
difficulty obtaining goodinformation. Some of thefarmers cited lack of readily available
finanda resources to hdp offset cogstha so far have only benefited afew. Others noted
limited oppotunitiesto travel the distance to speak with theinnovaing farmers directly,
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It’s About Peer Learning

Vermontisin thevery early stages of innovdionwith biodiesel in general and onfarms
in particular. Both the State Line and Borderview farms serve as the primary farm-based
biodiesal innovdorsin thestate. This sub-sector appears to be moving throughvarious
iterationsthroughwhich farmers are communicating with each other. Asfarmerslearn
aboutfarm-based biodiesel produdion, they are seeking additiond information fromthe
primary sources. For example, Roge Rainville hoged a GField DayOin Augusg that
attracted 100visitorsinduding about 75 farmers interested in biodiesel produdion. Like
the Borderview Farm, numerousfarmers and others have contacted State Line Farm to
learn aboutther experiences with oilseed cropsand biodiesel produdion, and some are
beginning to bring oilseedsto be processed. Both are beginning to serve asregiond
biofud hubsthroughwhich networks of people are learning directly aboutthis optionfor
farm energy produdion. Thisisthecrudal stageat which obsrvers gathe the
informationthat will hdp them decideto pursuethe innovaion or not Althoughthe
recent Agency of Agriculture REAP grants show tha some farmers are consdering
oilseed options mog appear to besitting onthefence.

For thoge concerned with hdping to achieve the 25 by @5 target of 3.2 million gdlonsof
crop-based biodiesd, this situaion presents a critica moment to investigate what farmers
need to moveforward with oilseed produdion. Are there strategies tha can propd this
sub-sector forward into adoping farm biodiesel produdion from oilseed crops? Asa
result of studies conduded to dae by UVM, VSJF and others, thereis awealth of
information available** Some farmers shared specific strategies that would hdp them,
such asincreased access to information. With studies readily available viatheInterne,
wha are they looking for?

Some farmers mentioned that they prefer to learn directly from their peers. Peer
learning plays a central role with innovation among farmers, potentially
determining how far and how fast any particular innovation progresses. Grarmers
learn together often during the winter, during site visits to each other® farms and when
they talk to each other,Osaid Kate Duesterberg from Cedar Circle Farm. Qrarmers are
never hesitant to pick up the phone and many now use email. 1t@ easier to get advice
from someoneyou know than the Internet. OShenoted that the best learning occurs
among peers, especidly if they are close by and have trug between them. Finding more
people to focus on farm energy would be very hepful, she noted. Q@n not sure where the
postion should be hoged; that@ lessimportant than getting someoneon theground&* In
asimilar vein, Green Mountain Dairy@ Bill Rowell commented, ONhen farmers talk to
other farmers, they have their own way of expressing themselves.G°

Interviews with Brent and ReginaBeidler fromthe Beidler Farm in Randolph, Roger
Marsh with the Vt. Maple Suga Makers Assodation, and others reinforced the
importance of this farmer-to-farmer interaction. For example, Brent and Regina
mentioned the value of discussion groups

Discussion groups are a valuable vehicle for disseminating ideas and we feel that it
would be a good forum for energy discussions as well. These groups are an efficient way
to get information out to farmers and to bring in experts who can bring information to a
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whole group. There is also group accountability to keep projects moving and the ability
for the cross pollination of ideas.*

Some interviewees commented tha farmers learn best when they have a chance to (kick
thetiresOof an innovaion andtalk directly with other farmers aboutthdr experiences
usngtheinnovaion. Given ther bus/ schedules, finding time to visit demondrations
sites can bea chdlenge Witnessing the number of farmers tha reached outto the Blue
Spruce Farm, State Line Farm, Borderview Farm and others tha have employed
alternaive farm energy technologies, it is clear tha many farmers are moving
ddibeatively to acquire theinformationthey need to make an informed decision. For
farmers at a distance, it is not practical for them to travel so far. Moving to the next
stage of biodiesel development may depend on helping these farmers connect
directly with one another.

Knowing Who to Know

Asking or encouraging farmers to make thetrek to visit others may notalways work.
Historically, UVM Extenson hasfilled this need with agents who visit farms. Many
people noted the valuable service provided by Heather Darby, Sid Boswvorth and Vern
Grubinge who conveyed useful information between dispersed farms. These individuds
play theimportant maven, connector and salesperson fundionsin ther respective
domainsoffering knowledgeand ingght gleaned from their experiences and interactions

During aworkshophdd in Randolph, the Brent and ReginaBeidler commented onthe
value of asimilar connector modd used by NRCS throughwhich dedicated staff
members, serving as Qircuit riders,Otrangport knowledgebetween farms. They shared
these thoughs how to advance this sector.

There are several major obstacles for farms considering alternative energy projects -
cost, lack of easily available resource people and some farmers who aren't early
adopters of any idea but wait to see how it turns out for other farmers. There are so few
working models at the current time that nothing is moving fast. Most farmers don't have
time to investigate options for their own farm so having a resource person willing to work
with a farmer from start to finish: discussing what type of system would work well on each
individual farm, what resources are available to provide that technology and what
financial assistance is available to pay for the project. [sic]37

Theideaof acircuit rider tha undestandstherange of farm energy options can provide
accurate and timely information, hdpswith access to resources and walks farmers
throughthdr optionsresonaed in the past and has potentia for the future. This extenson
or @onnetorOmodd was once populr but cutbacks have limited the number of agents.
While some farmers recognized theimportance of Extendon, oneremarked tha it is not
wha it used to be However, Extenson remainsa powerful vehicle for hdping farmers
learn. If learning is the central element to helping individuals move from
consideration to decision, then this should be a high priority role to fill.

Go Slow to Go Slow, or Go Slow to Go Fast?
Farm biodiesel produdion seemsto beworking througha continuous incremental
pathway towards establishment in the state in similar fashion to the biogas sub-sector.
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While notasfar along,there is now five years worth of concerted effort amongawide
network of individuds building key components of afarm biofuds energy sector. Hinged
to federal, state and private grant sources and the annud growing cycle, current farm-
based biofud innovaionstend to movesowly, however. 25 by @5 estimates 3.2 million
gdlonsper year from crop-based systemsN a small dropin the state®3 oil consumption,
althoughpotentially quite important to farmers.

As of thiswriting, a potential breakthroughtechnology may alter the picture if an algae
oil produdion system beng proto-typed by Algepower, Inc. at the Blue Spruce Farmin
Bridpott is successful. The company has received a paent pending for farm-based algae
produdion system that isintended to opaate year-roundin Vermont@® climate. It is
designeal to yield significant volumes of algae tha will befed hydroponcally viaa
nutrient rich solution as foundin the diluted effluent from anaerobic digesters. According
to Gail Busch, CEO of the company, algae averages 40 percent oil content and
reproduces with vigor. She conservatively estimates that the system is expected to
produe 150000gdlonsof ail pe year. After extracting the copiousvolume of oil, the
protein and mineral rich meal can beused aslivestock feed and/or soil amendments.
While her company plansto produce theoil and co-products, others could potentially use
theoil for biodiesal produdion.®

How far and how fast thealgae technology would spread will depend onthevery same
factors described previoudy. If thetechnology proves effective, affordable and profitable,
then it isreasonéable to assume that therate of adogionwill jump. If this breakthrough
technology were to catch hdd and spread to some 300 or 400farms, then many farms
will have the oppatunity to vault from small-scale to more commercia scale oil
produdion, perhgps providing a chance to reach the 60 million gdlon pe year target
from algae-biodiesdl set by 25 by @5.

If the state hopes to achieve this god, it may take a breakthroughtechnology tha spreads
rapidly throughthefarm biofud nework tha has taken time to connect. Having a
technology aloneis no guaantee of success. people have to decideto use it first. Success
at the early stage appears to matter. Wha could be doneto encourage effective adopion
of a breakthroughtechnology?How could a set of mavens connectors and salespersons
hdp postion a breakthroughtechnology to spread quickly?

Role of Professional Networks

Both the biogas and biofuds sub-sectors have benefited by the presence of professiond
assodations. With the biogas sub-sector, Renewable Energy Vermont (REV) played a
key role in shgping policies and legidation tha hdped make it possible for theearly
digester projects to take hold. In the case with biofuds, the Vermont Biofuds Assodation
(VBA) hdped build credibility of biodiesel through a set of pilot projects tha introduced
thefud to inditutionsand commercia users. This set of projects identified and answvered
key questionsabouthow biodiesel would work in existing heating, trangportation and
other diesel powered equipment. VBA merged with REV in 2008.REV participates
actively in discussionsregarding development of new farm energy projects throughits
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involvement with the Clean Energy Development Fund, CVPS Renewable Development
Fundand the state legidature.

Conduson

Like thefarm methane digester sub-sector, the build out of farm biodiesel produdionand
oilseed cropsprovides an example of an innovadion nework with two indpient network
hubsat State Line Farm and Borderview Farm. The progress made with tranderring
complicated technologies devel opead for large-scale application to small-scale Vermont
farms demondrates the ability of farmers andther allies to drive innovaionin this sub-
sector. This second example provides additiond tangible evidence in suppot of this
paper@ hypohesis that throughinnovaion networks, groupsof Vermonters can develop
and implement scalable on-farm energy solutionsthroughconaoept-to-market processes.

Both biogas and biodiesel examples are ill in theearly stages of innovdion and
adopion, and nathe sub-sector has goneto scale. Therefore it remainstoo early to draw
find condusonsaboutthe ultimate movement from conaept to market penetration.
However, it is clear that the state has innovdion neworks and related componentsin
place tha can be drawn uponto suppot development of othe less advanced farm energy
sub-sectors. There are also an array of questionsabout how to move these sub-sectors
throughthe early stages of innovdionto broader acceptance and implementation.

Other Farm Energy Innovations

This section provides briefs on other innovdion activities taking place in farm energy
sub-sectors. This abbreviated sectionindudes an initial attempt to characterize activities
throughtheinnowation lens

Crop and Mixed Substrate Digesters D Several crop or mixed subdrate digesters are
unde development in the state. Common in Europe, these technologies mix organic
matter from avariety of sources. There are crop digesters funded by the Clean Energy
Development Fundand USDA Rura Developmentin Alburgh, Pawlett and Highgae.
Vermont Technical College continues to explore acombined manure/mixed subdrate
digester to be developeal in partnership with Central Vermont Solid Waste Digtrict, the
Vermont Environmental Conortium and Vermont Sugainable JobsFund.VTC is
requesting qudificationsfor designea's of a system that will turn about10 ton/day of food
waste and 7 tondday of manure into heat and electricity for theVTC campus™

Given itsfocuson technology, farms and busness, VTC remainspoised to serve as an
innovdion hubfor farm and renewable energy development in the state. Faculty
members involved with variousfarm and energy projects remain available from year to
year giving the college a set of individuds with knowledgethat cuts across domeinsand
sub-sectors. This could serve as arich repostory for information and knowedge

Wind BThanksto grants, technical assistance and persistence by dedicated farmers,

numerousfarms have windindallations This aspect of farm energy has benefited from
resources provided by the Vermont Solar and Small Wind Incentive Program unde the
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Vermont Clean Energy Fund which recorded 137.7 kW of ingalled wind capecity at 52
locations(notall farms) in 2007*° JohnKidde, Assistant Professor of Mechanical
Engineering at Vermont Technical Collegewho administers the Vermont Anemometer
Loan Program, identified farmsin Milton, Charlotte, Holland, and Shoreham tha
ingalled towers to map wind potential this year.

Not all those who purchased turbines previoudy had ther sites evaluated effectively for
wind capecity. This service can rangefrom areview of wind mapsto erecting an
anemometer tower to gather detailed data over alonge time. In oneingance, avendor
recommended a produd and location based on wind maps estimating 10 mph. Thereality
was an average of 7 to 8 mph leading to lower power output Thechosen location looked
goodonthemap butin reality had alower wind profile dueto local geography.

Interviews this summer identified technical issues with some wind turbinesingalled
unde the Vermont Small-Scale Wind Energy Demondration Program. Some farmers
with wind systems who asked not to beidentified have had less than satisfactory
experiences with certain wind produds and a vendor whofailed to follow up on
maintenance requests.

Theresult was that some farmersrealized they would not obtain thedesired payback for
their investment within thetime lineanticipatedN if at all. Poor paformance and
cugomer service experienced by afew farmersleft a negaive perception aboutwindin
some quaters. However, a farmer from Colchester who ingalled a turbinein 2005with
mixed results, stated, QPutting up the tower was the right thing to do.OHe recommended
monitoring thesite for wind and evaluaing prospective vendors prior to making a
decision.

While erecting towers to measure wind hdpsin certain situaions it is notaways
appropriate. Accordingto VTC@Kidde, setting up an anemometer tower requires a
subgantial investment of fud to haul equipment and time. Orhisiswell judtified for a
potential ingallation where large efficient machines could potentially generate lots of
energy (e.g., a100kW turbinecoging $300400K). In fact it might bejudified to place
more than onetower at such a site. It makes less sense when you condgder the money and
carbon spent assessing asite for a1 kW or even a2 5kW turbine*

A middle road between simplistic estimates and towers is emerging at VTC where they
are developing a methodobgy for usng theexisting wind map data more confidently by
confirming with field measurements and correcting accordingly. In thefuture, Kidde
bdieves tha heand his students should be able to make a site visit to evaluae local
topogiaphy and structures then feed tha information into a computer modd. This would
hdp eliminae cogdly and potentially unnecessary wind tower siting as well as hdping
prospective turbine ownersto learn if thar site has adequae wind potential.

Part of the chdlengefor advancng farm wind, as with so many other aspects of life, is

lack of fundng. While there are still fundsbeng granted for small wind and solar
projects viathe Vermont Clean Energy Development Fund, there do not appear to be
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adeguae resources available for technical assistance or an identifiable network where
farmers can readily learn wha they need to know. JohnKidde was cited for his valuable
role with farm wind in the state yet given hisfull time teaching schedule, hefindsit is
difficult to keep pace with demand *

As aresult some farmers made decisionsbut felt unprepared for the extra amount of work
required by awind turbine Farmers face the same chdlenges as those exploring other
energy options lack of goodinformation and clear pahways for moving forward. This
puts the burden on aready busy farmers to find the examples of successful opeations
Compared with resources available in other sub-sectors, thefarm wind sector does not
appear asrobug. TheFY 2009budge for the Clean Energy Development Funddoes not
appear to address thisimbdance. Of the$11907,717 allocated for renewable energy
development, only $50000is identified for the technical assistance program.*

Given the advandng state of farm wind, with many innovaors now in place, early
adopter farmersin some cases can find what they need ontheir own. For example, a
farmer in St. Albansrecently rejected the oppatunity to ingall an anemometer tower
noting tha there were two turbines at neighboss on either sdefrom whomhe could
obtain information. Thisis aconaete example of peer learning where proximity and
experience matter during the persuasion stage of innovaion adopion: if thelocal
expeience is good,and afarm has capecity, it isreasonable to assume tha new local
adopterswill ingall more wind capecity.

Onelesson from this experience is developing cog effective ways to hdp farms evaluae
the optionsregarding wind. Dedicated technical assistance can hdp. If small farm-scale
windisto advance throughpeer interactions then it becomes imperative for thefirst
adoptersto have a postive experience. Wha would a wind development strategy ook
likeif thefirst wave of innovaors all had postive experiences based on affordable
knowledgeof wind profiles, effective technical suppot and postive feedback?

Grass Energy D Grasses such as switchgrass or reed canary grass, which can be
combuged or convated to cellulosc ethanol, gained additiond attention this year. Sid
Bosworth from UVM assisted with pilot grass projects and continues to study the energy
value of grass plots. At least oneproject to densfy grassinto standad wood-sized pdlets
for combudionin apdlet furnace was funded by the Agency of Agriculture REAP
program in Adamant this year.

Thegrass energy sub-sector, compared with other farm energy sectors, is mosly
undevelopead. While there is some basic information emerging regarding grass energy
technologies and cropping strategies based on research conduded at Corndl, the Midwest
andin Canada, applicationsin Vermont are largdy unexplored. There are arangeof
technical issues and chdlenges for growing, densfying and buming grass amendéble to
explorationin the state. There are companies building new, small-scale portable grass
dengfierssuch asthe"Slugge" developed by BHS, LLC in Penng/lvania tha was
recently pilot tested in the state. There are a'so companies working to modify
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technologies used for wood pdlet combugion to accept the highe ash produang grass
with its peculiar combudion characteristics. With many sub-assemblies of a
comprehengve system remaining unde development, it will take some time before
produds are ready for commercial launah.

Given the success experienced in examples of technological development in the state and
success with innovdion in other farm energy sub-sectors, however, Vermontis primed to
lead with farm and community scale grass energy innovaion. There are groupspoised to
apply lessonsfrom previoussectors. For example, Shdbume Farms and partners are
congdering agrass energy initiative. This effort will develop an innovaion process for
grass cropping strategies, dendfication technologies and combudion systems appropriate
for thar own use aswell asfor resdential and ingitutiond users. This project may form
an example where the patners are ahead of the general public and are postioned to
bendit from devel oping applicationstha meet their own particular needs If so, this may
be another example tha has the potential to contribute to Vermonts agricultural
econonic development.

Integrated operations DMany farms now employ arangeof energy produdion systems.
These indudeexamples such as the Cate Farm in Plainfield (biodiesel, homemade
electric tractor), Cedar Circle Farm in East Thetford (solar, corn stove) and Shdbume
Farmsin Shdburne (grass energy, solar). These farms provide examples of small-scale
innovdion nework hubs Theinterviews revealed tha small farms with their own unique
blendsof farming and energy produdion offer examples of creativity and ingiration
from which many people are aready learning.

PART THREE: FINDINGS & DISCUSSION

Thefarm biogas and biodiesel examples providetangible evidence in suppot of this
paper@ hypohesis that throughinnovaion networks, groupsof Vermonters can develop
and implement scalable on-farm energy solutionsthroughconaoept-to-market processes.

Wha would the key elements of arobug farm energy innovaion network look like?
Conveasationswith farmers and farm energy stakeholdersindicate that certain
components appear important to innovdion networks (see Table 1: Innovation
Components). Theseindude

|deas and conagpts about produds, processes, services and systems

L earning oppotunities induding scanning, study tours and discussion groups
Proto-types, pilot and demondration projects

Feasibility studies and strategic andyses

Communication channds and vehicles

Public and private financing

Technical assistance, Grircuit ridersOand congultants

Professiond assodationsand peer neworks

Mature technologies from local and nonlocal vendors

VVVVVVVYVYY
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Theorde these components are listed aboveappears to correspondto thelevel of
development of the sub-sector. While nat all of these components appear essentia, the
review of severa farm energy sub-sectors reveal s tha the more widespread sub-sectors
have mog of these componentsin place. Thisrepart only captured a sngpshot of the sub-
sectors, notathoroughandysis. Further, it is not clear whether thereis any causal link
between presence or absence of any oneof these components and successful diffuson
and adopion of innovaion.

Thisinitial review raises furthe research questions For example, does the presence of all
theinnovaion components necessarily mean tha successful adopion of an innovaion
will take place? Or are these necessary but not sufficient conditions? Wha would a
research and development project tha integrates these components look like? How would
it compare with other econoric development approaches?

PART FOUR: CONCLUSIONS & RECOMMENDATIONS

Farm energy produdion isemerging as aviable option for farmers to pursue thanksto the
innovdion neworks tha have developed systems adapted for Vermont. Vermontfarmers
are creating and adoping innovaive solutionstha meet thar needsfor manure
management, energy produdion, profitability, and overall farm viability. While this
report notes subdantial progressin farm biogas and biodiesel produdion, nether of these
sub-sectors has gonecommercial, so the jury remainsout on whether theinnovdion
networks will succeed in moving each to scale.

As anaerobic digestion and biodiesel produdion mature in Vermort, other kindsof farm
energy produdion are emerging and competing for resources. Thestate iswell postioned
to expand produdion of farm energy in the next five years. While thepolicy and
regulatory climates differ for the varioussub-sectors, there are commondities that track
from youngto more mature sub-sectors. Undestanding the components of innovaion
networks may offer additiond clues for those interested in fogering greater participaion
and achievement of farm energy produdion.

In additionto components identified as parts of an innovaion network, achieving success
in each sub-sector also dependson incentives, reguations energy prices, public
perception, farm capacity and interest. This report did not evaluae the effectiveness of
policies, impacts of regulationson farms or ggos amongthese elements. However, the
author observed that availability of incentives, pulic perception, farm capacity and
persond interest all played akey rolein starting projects.

While all these factors are no doubt critically important, this research shows that
communication among peers plays a pivotal role. In addition, postive experiences
encourageindividuds to promote an innovaion. Poor experiences at the early stagerisks
locking in a perception that Gt won®workOwhatever GtOis. Members of an innovaion
network hdp build benéficia experiences by testing assumptionsand evaluaing
performance throughddiberate learning, proto-typing and feasibility stages that
condition the pathway toward greater adoption. While this process takes time and
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resources, success at the frontend can increase therate of penetration at later stages. The
ten yearsit took for farm biogas to emerge has postioneal the sub-sector for more rapid
adopionin thestate.

Recommendations

Theunfolding story of each farm energy sub-sector presents questionsabouthow farmers
will generate thelevels of energy anticipated by Vermont 25 by @5. To reach these gods
throughmogly voluntary approaches, the state would benefit by addressing issues tha
emerged from convesationswith farmers and allies involved with farm energy
innovdion. These convesationsand accompanying research yielded thefollowing
recommendaions

1) Focus on peer learning for farm energy.

Vermont farm energy innovaion networks feature many vehicles that already hdp
farmers answver thar questionsand share knowledge In addition, the state hasrich
assembly of study groups conferences, and gathering places tha suppot the essential
peer learning fundionsof innovdion neworks. While some of these already provide
vehicles for farmersto learn aboutfarm energy, there are oppotunities to work with
others to share information aboutfarm energy. Peer learning oppotunities can hdp
farmers make decisionsand form essential connectionswith those who can assist them
with ther projects.

2) Improve farmers’ access to good information about farm energy production.
Farmers need accurate information from trusworthy sources to gan comfort with
innovdionsappearing in Vermont. Farmers garne information and ingiration via sodal
networks and farmer gatherings as well as existing publications radio, TV andthe
Internet. Good,timely information and knowledgeregarding therapidly changing world
of farm energy can bedifficult to find. The sector would bendfit by a ddiberate focuson
capturing the many farm energy ideas that are emerging and makingintelligence about
the state of farm energy readily available where farmers already seek information. For
example, Agriview can feature aregular column on farm energy in each edition.

3) Provide two or more farm energy technical assistants.

While farms currently benefit from programs at the Natural Resource Congervation
Service, the Agency of Agriculture and UVM Extenson, there are not enoughtechnical
assistance provideas focusng on farm energy to go around.Hiring two or more neutral
farm energy Qircuit ridersOto travel amongfarms on aregular basis would maintain and
strengthen farm energy innovaion neworks.

4) Help farmers get to nearby demonstrations hubs.

Suppot six geographically distributed farm energy demondration hubswithin easy
driving distance for all Vermontfarmers. These demondration hubscan build around
exiging farm energy hubs(e.g., St. Albans), other farm hubs(e.g., Hardwick) or
education facilities (e.g., Vermont Technical College). Each regiond hubwould indudea
rangeof working demondrationson a variety of farms where farmers can Gkick thetiresO
and get goodinformation from peers.
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5) Identify potential user groups for adoption of new energy technologies.

Spreading effective farm energy produdion systems among more farms will require
identification of new audiences tha have different levels of interest, resources,
gpecidization, capacity and risk tolerance than the earliest adopters. Achieving farm
energy produdion gods would benefit by undestanding the characteristics of progective
farm energy producers, wha their interests are, and wha kindsof energy applications
would work in ther context.

6) Fill out each farm energy sub-sector with key innovation components.

Farm energy sub-sectors well alongtheinnovaion curve (e.g., biogas and biodiesal) tend
to have more components of innovaionin place (e.g., study tours, pilot and
demondration projects, feasibility studies, communication vehicles) and more activity
related to each component (e.g., multiple grant sources for digesters, biodiesel
produdion). All thesub-sectors reviewed for thisreport have at least three componentsin
place with variable depth of activity. To develop the emerging sub-sectors, each would
bendit by having all components in place. Some components (e.g., pubiic/private
funding, professiond assodations communication vehicles) serve more than onesub-
sector but not necessarily all sub-sectors. Therefore, existing components can be
expanddal to serve emerging farm energy sub-sectors withoutcreating new components.

7) Focus on continuous development in a few farm energy sub-sectors.

Focusng on slow, continuousinnovdion works where there are adequae resources in
place and coopeating organizationswith the capecity to invest over longtime lines. For
example, theten-year development time line madeit possible for early adoptersto have
postive experiences with farm methane digesters. Given longtimelines and large
resource requirements needed to develop other sub-sectors, Vermont should identify farm
energy optionsof highest econormric, environmenta and other benefits to the state, and
make long-term commitments to select sub-sectors. Potentia criteriafor determining
where to focus could indudepresence of theinnowation components (Table 1), leaders
from other successful farm energy sub-sectors willing to advise or mentor, greenhoug
gas redudion potential, and an economic andysis developed in the context of Vermont
resources, policies and regiond competition.

8) Monitor and communicate regarding strategic innovation across sub-sectors.
The state has several farm energy innovaion networks in action. Vermont® public and
private organizationswith experience in driving innovaion in onesub-sector have
practical skills and knowedgeneeded to advance other farm energy sub-sectors.
However, those with knowledgeand skill in onesub-sector do not necessarily interact
regularly with thar counerpartsin other sub-sectors, nor do they necessarily have the
mission to do so. Further, knowedgeand experience with strategic innovdionis pachy
across these groupings The state@® farm innovaion networks would ben€fit by deepening
thar knowledgeof innovaionin different sub-sectors, and strengthening a coopeative
approach tha can hdp the state reach itsrenewable farm energy gods.
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Thisandysisis based on patia and preliminary data and professiond interpretation of
the author, not acomprehengve assessment of on-farm energy in the state: there are gaps
in thedaatha amore rigorousstudy would fill. As such, this study offers a starting
place for future research. The evidence collected during this study suggests tha further
examinaion usng an innovdion lenswould be bendficial for those interested in hdping
Vermontto achieve greater degrees of energy indgpendence, greenhou® gas redudions
and renewable energy generation. All of the farm energy sub-sectors covered in this
briefing would benefit fromfurther examinaion.

Mog farmers have limited time, energy, resources and capacity to assume the burden for
learning the many complicated aspects of farm energy. If Vermontisto see subdantial
increases in farm energy produdion to meet anticipated levels projected by Vermont 25
by @5, farmers and farm energy innovaion networks will need condderable assistance.
Thedesireto movein this direction clearly exists. By building effective learning systems
tha enable farmersto access the knowledgethey require fromtruged sources, it is
possible to accelerate the devel opment of each farm energy sub-sector.

Dedicated innovaion networks can suppot farmersOnvestigationsof energy options
induding thefinandal, legd, regulatory, technological and administrative burdens of
each, alongwith potential economic, environmenta and agricultural paybacks. With the
windsof changecondantly reshgping thefield, afocuson building innovdion capecity
will hdp postionthe state to nat only provide examples from which others can learn but
also respondto broade changes affecting the economy.
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Table 1: Components of Innovation DRAFT
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Mature technology
available via local
equipment vendors X X X X X
Mature technology
available via non-local
equipment vendors X X X X X X X X
Professional Associations
& Peer Network s X X X X X X X X X
Technical Assistance
(circuit riders, consultants,
Extension) X X X X X X X X X X
Financing: Private X X X X X X X
Financing: Public| x X X X X X X X X X X
Communication Vehicles
& Channels X X X X X X X X X X
Feasibility Studies &
Strategic Analyses X X X X X X X X X X X
Proto-types, Pilot &
Demonstration Projects| x X X X X X X X X X X X
Study Tours, Discussion
Groups, Workshops X X X X X X X X X X X
Ideas, concepts (product,
service, process)| x X X X X X X X X X X X

Table 1. Thistable indudes estimates based on preliminary daa. Each farm energy sub-sector
contains several innovdion componeants. Dueto the limited sample pool for thisrepott,

examples may exist tha are currently left blank.
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