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for helping to create such an excellent agend@aanks are also owed aris
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list, the BC Innovabn Council for sponsoring the huand the Investment
Agriculture Foundatiomand the BC Agriculture Council for assisting it
expenses through the Agriculture Environment Initiative.
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ON-FARMAD EDUCATIONAMISSIONREPORT

INTRODUCTION

Last summer, a group of 21 participants organized Therefore, a second educational missivas
by the BC Ministry of Agriculture and Lands spent Organizedor farmers, energy providers and
a weekvisiting anaerobic digesteis Switzerland,  pertinent regulatory bodieso seeon-farm
Austria and Germanyuring thisweek, digesters in a economicand regulatory
participantswere able towitnessthe versatlity environment similar to BG.a
and practicaty of Anaerobic Digestion (Ahile
gairingfirst handexperience ofiaily operations This20 participant mission(see Apendix Afor

participant lis) visitedthree commercialon-

Although the trip was valuableexerciseone farm digesterstwo experimental orfarm
limitation was thatthe facilitiesvisitedwere digesters a wastevater digester andBen &
not operating in an economic or regulatory WS NNE Qa A O Verhastifrom T Ofi 2 |

environment similar to thatcurrentlyin BC October 28' ¢ 22", 2008(see ApendixBfor
agend).

During the mission grticipants were able to seeperational and experimentaligesters speakto those
who have helpedievelop+ S NJY 2AP induatryand meetfarmers/ food processorshat own or are
involved withthe operation of digestersThisenabled participants to gain a greater understanding of:

0  Thetypes offeedstockused forenergyproductionin Vermont

U  The typesof digesterand engingechnologies useth Vermontandtheir advantages /
disadvantages
The problems and solutions assdewith grid connectivity in ruraVermont
Thepolicies regulationsand economigéncentivesthat haveenabled AD to become
economically viablén Vermont and why how they occurred
Theodour reductionbenefits ofADto + S NJY 2dgiry farins
Theuse d digestate foron-farm beddingand fertilizer,and
The rmeQ &  LJSeXfer2ngds\ith AD.

Furthermore, this mission enabled pertinent farmers, minégrassociatiog, crown
agendesand energy providesto shareideas on how to make efarm AD a rekty in BC.




COMMERCIAODN-FARMSITE VISITS
1. Green Mountain Dairy Farm(Sheldon)

Green Mountain Dairy is one of the largest farms
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Dairy

in Franklin Countwith 1,050 cowg900 milking e _
and 150 dry cows)n site. Thdarm produces All farms selling

over 20 millionlbs/ 9 million kgs of milkand 10
million gal/ 38 million Lof manureannually. The

Cow Power
proudly display
their credentials

farm harvests800 acres 820ha of corn and
400 acres A60haof grass irSheldon, Swanton Producing

Renewable Energy

and nghgate Since 2007

Quick facts
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Digester and gensetrpvider: GHDInc.and Martin Machinery

Digesterdesign andsize Plug flowl12ft long, 72 ft wide and.6 ft deep.
Feedstock27,000 gal 102,000Lmanure a day and 4,000 gal5,000L. Sy 3
waste evenyhird day.

Digester temperature and retentionime: 38c for 21 days.

Total ®st: US$2.37 million(US$ 256,000 for a power line to the farm)
Funding:US$755,000 in grant§32% of costs)

Date came odine and started selling Cow Powevlarch 2007.

Predictedpayback®6 years

Biogas scrubbed: No (chyger to repair genset).

Electricity generationl,700MWh a yearsold to the grid

Thermal energy us&ome is ged to heathe digesterandproduce hot watey the rest
isexhausted to the oudideair.

Digestate useliquid digestate fieldpread, solid djestateused forbeddingwithin few
days of productior{saving the farm U$100,000 in sawdust cosésmnually or sold for
US$10 yard/ US $9 metetto local farms.

Animal health: Since installiriige digester somatic cell counhavefallen.

Nutrient management plan: Yes

Lessons learnedExperience has been a good one andférener hasno regrets.

2. Blue Spruce Farm(Bridport)

Sarted in 1956 with just 30 cowsoday Blue
Spruce Brmhas 1,200 cows (1000 milking)
and producesapproxmately 24 million lbs/
11 millionkgof milkand 13 million gal 49
million Lof manure annuallyln an effort to

sustain their farm businesmaximize
revenuepotential and reduce odourthe
Audetsexploredthe potential ofon-farm AD.

All 3 fams visited use GHD plditpw digester technology




Quick facts
U  Digester and gensetrpvider: GHDInc.and Martin Machinery.

Digesterdesign and sizé’lug flowl12 ft long, B ft wide and14 ft deep.
Feedstock:35,000 gal 132,000 Lmanure a day and two loads of whey a week.
Digester temperature ancetention time: 38c for 21 days.
Total ®st: US$1.3 million & lot of construction was done by farm employees)
Funding: U$350,000 in grant$27% of costs)
Date came odine and started selling Cow Powelanuary2005.
Predictedpayback: years.
Biogas scrubbed: No (cheaper to repair genset).
Electricity generation1,400MWh a yearsold to grid
Thermal energy use: Some is used to heat the diges
and produce hot watefor the dairy operatn, the
rest isexhausted to the owgideair.
Digestate use: Liquid digestate field spread, solid
digestate used fobeddingwithin few days of
production ¢his has played a large part in making
the digester profitablepr sold to local farmand a
local composhg companyfor saleregionaly
www.moodoo.contor more informaton).
Animal health: Since installitiige digester somatic All 3 farms visited use the dry
cell couns havefallen. digestate for bedding
Nutrient management planyes
Lessons learned:

0  Two gensets are better than oneefluces the cost ajenset downtime),

0  Aways have spare parts around as delivery tzke a while and

0  Odour reduction has been hugely popular with neighboufarm owners
Additional info: WII experiment with lakeweeds as a poteaitieedstock in 2009 and &
partner on a preotype algae production systefseewww.algepower.confor more
information).
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3. Pleasant Valley FarmRichford)

Built in 1998, today Pleasant Valley Farm
produces over 40 milliolbs/ 18 millionkg of
milkand 16 million gal 60 million Lof manure
annuallyfrom its 1,500 milking cowd he farm
alsocrops3,500 acre¢ 1,400 ha Athough the
farm isnot in CVPS electric serviderritory, in
2006the utility signed a contract to purchase
the renewable energ attributes from the farm

Quick facts All 3 farms visited use Martin Machinery gensets

U  Digester and gensetrpvider: GHDInc.and Martin Machinery.
0  Digesterdesign and sizé”lug flow220 ft long, 76 ft wide and16 ft deep.



http://www.moodoo.com/
http://www.algepower.com/

Feedstock47,000 gal 177,00 Lmanure a day ah12,000 gal 45,000L. Sy WS NNE

waste every weekplans to increase this).

Digester temperature and retention time: 38for 21 days.

Total ost: US$2.3million.

Funding: U$650,000in grants(28% of costs)

Date came odine and started selling @o Power November 2006
Predictedpayback: 7 years.

Biogas scrubbed: No (cheaper to repair genset).

Electricity generation3,500 MWh a year sold to grid.

[ eI et eI an-A et eI ant-A et

Thermal energy use: Some is used to heatdigester and produce hot watetherest is

exhausted tahe outsideair. Future plans tonake the necessary plumbing changes to

take advantage oéxhausted heain other areas

Digestate use: Liquid digestate field sprealfisolid dgestate used fobedding within few

days of production (this hasaved the &rm US$150000 annually.

Animal health: Since installiige digester somatic cell counhavefallen and the heavier

bedding has proven beneficial to the cows.
Nutrient management planYes.
Lessons learned:

U  Has been one of the best things the farmexshdoneas it provides a more reliable

income than milk (due tthe fluctuating pricesof milk), and
U  Grid nterconnection was a little frustrating

Additional info.. Sy 3 WS NNE Q & tippingtee altibiightiaeK dohaHdE: Rnd |

coverall delivey costs.

EXPERIMENTAL XRM SITE VISITS
1. Nordic Farm (Shelburne)

In 1999, The Vermont Agency of Agriculture, Food and Markeis the Vermont Public Service
Department began a joint venture to determine why AD was not in widespread use throughou
+ SN2yl 2KAES GKS @Sy daBwWADdemondtratian-sites, this 2 S OG0 AjF S
objectivesoon shifted to identifying and assisting farmers in overcoming hurdles to widespread
adoption.One aspect of this work was to design a digester Watild posses a minimalnumber of
easily accessiblgartsandwould need minimal adjustmerstas well as includings many ofthe-shelf

items as practical

In the fall of 2005an experimental digester was
constructed atNordic Farm(a 240 cow farm The
digester uses aump and grinder system to feed

the manure through a externalheat exchanger Schematic of
prior to feeding it into the digestegvery 10 to 15  the Nordic

minutes(to increaseenergyproductionand Ck N¥YQ

experimental
digester

minimizes the chance of teprust formation). The
heat exchanger is a concrete tank with aluminum
tubingthat utilizes waste heat from the genset to
heat the incoming manurt approximately 38°C
before enteringthe digester

Easy acces
for drainage

|




Quick facts
U  Digester and gensetrpvider: Experimentablass steel(Harveste Silo)digester and

Martin Machinery genset.
Digesterdesign and sizé/ertical pug flow Gee previousdiagram) 31t tall and 28 ft wide
with no mechanical agitatiofas manure digests it becomes less dense and floats to the
surface).
Feedstock:Manurefrom the farm (plans to use whewy the future).
Digester temperature and retention tim®igester not heated (manure heated 3&°c
before entering digester) for 2530 days.
Total ®st: US$350,000(with dgnificant labair
provided by VermonAgency of Agriculture Staff
and consultant Stan Weeks
Funding: U$100000from Agency 6Ag.(29% ofcosts)
Date came odine: Fall 200%not slling Cow Power
asall energy useih a Net Metered systeran farm).
Predictedpayback: % 8 yearsand rising (due to
increased maintenance costs)
Biogas scrubbed: No (cheaper to repair genset).
Electricity generation0.35 MW a year.
Thermal energy us@®©nlyused to heat thenanure
Digestate useHeld spread. b2NRAO CI
Nutrient manag@ment plan:No. experimental digester
Lessons learned:ast summer, due to rising sawdust
prices, sraw wasusedto bedthe cowsand thisplugged the digesteifo have a successful
on-farm digesterfarm employeesnustbe educated about the technology.
Additional info:As many parts as possible were designed to be external to the digester,
facilitating easier access for cleaning and repair.

2. Foote Farm (Ferrisburgh)

Conventional wisdom has it that at least 500 However, this is beliefthat Dr. Guy
head of cattle are required to justify the cost of Robertsfrom Avatar is hoping to disprove

installing atypicalon-farm plug flowdigester by desigringa costeffectivedigester
specificallyfor manure from asew as 80¢

200 head of cattle. Therototype digester
consists okixfeet-long andeight-feet-
wide modular components that can be
manufactured in a factory and shipped to
the farm(where theycan beassembled
and easiljhandled by existing ofarm
equipmen). This meanshat the digester
can be assemblednd similarly
disassembledior cleaningrelocation or
reconfigurationwith a minimal numberof
required labour and specialized
contractors

L @1 GF NR& SELISNR Yidwdigdster




Quick facts

i Digester Avatar xperimentaldesgn.
Digesterdesign and sizéllug flowexpandable / contactablabove groundiesignwith no
mechanical agitation (agitation to prevent crust formation is possible via several portholes
near the end of the digestdr Yy R | L2 NI F 6)f S adNF aKé LidzY LJ
Feedstock:Manure from the farm(is capable of acceptinchopped straw).
Digester temperature and retention tim&danure heated before eering digester, heating
coilsused to maintain temperature &8°cfor 18¢ 21 days(retention timewill increasef
digester isextended with additionasections)
Total ost: Predicted to be arountd S$150,000¢ US$200,000 for a 100 cow system
Predicted paybackJnknown
Electricity generationA 20 kW engine is on order.
Digestate useliquid digestate can be field spread
and solid digestate can be used for bedding.
Lessons learneddue to portability, banksyill
likely bemore wiling to provide favourabléoans
to build the digester (easier to repossess)
Additional info:Predictions arehat the digester
will requirecleaning in the fst 3 years, and
thereafterevery 5or 10years (more frequently if
sand is used for bedding)

LY&aARS ! @F 41 N
plug-flow digester

COMMERCIAL OHARM SITE VISITS

1. Essex Wastewater Treatment Facilit§Essex Junction)
Despite being vdely adopted at large Interested in electricity generatiosince 1992no

project was implementetbecause ofif KS  F I OA

wastewater treatmenffacilities methane . :
governing board paybadakquirements (seven

based electricity generation is generally . )
not considered coseffective for smaller yearsjand uncertaintyarounddigester

facilities.However this presumption has temperatures(couldit still be mantained while

clearlybeen disprovaby9 & 4 SE  Wdzy 802 W’grot_grbines?.) Instead,Essex
2 million gal /7.6 million L alay Waste Junction THRitilized half the methane gas

Water Treatment Facility (WWTF)where produced through Ao fire aboiler (to heat the

two 30 KWé / I LJA mhiergfubineswere digestes) while flaring the rest to reduce
successflly installedin 2003 greenhouse gas emissions.

However, this all changed in @8 because of two
keydevelopments. Firsta satisfy the payback
requirement US$80,000 infunding was obtained
from Efficiency Vermont, The Biomass Energy
Resource Center, NativeEnergy and the U.S.
Department of EnergySecond, ¢ allay concerns
arounddigester temperature, Essex Junction
teamed up withNorthern Power to design
microturbinesthat canrun onboth methane and
natural gas in paralléith methane the priority
fuel).

9344SE 22¢CQ& YAONRI
methane and natural gas
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Today the facilityruns its two 30 kW micro turbines for 48 total hoursach day producing
approximately0.4 MW a year. This production has helped reduce the facilities energy needs py
roughly 36%, savingssex JunctioapproximatehyUS$37,000annually

Quick facts

U  Genset povider. Northern Power
Digester temperature: &c. Inside one
Total ©st: US$300,000 of Essex
Funding: U$80,000 in grant$27% of costs) 22 ¢CC
Date came osline: October2003 digesters
Predicted payback:.8 years.
Biogas scrubbed: No (cheaper to repair genset).
Electricity generation0.4 MW a year.
Thermal energy uséised to heat the digester.
Digestate useSomefield spreadby local farmers
Lessons learnedEssex Junction has learned a lot from this project and are willing to
share their experiences with other facilities looking at doing the same

coococooococcc

CONCLUSIONS

AD is a off-the-shelf technologyhat is becoming widely adopted throughout Vermontig@mdoption
has helpedvermontdairyfarmers increase and diversify their revenue streammprovetheir animak a
health,reduce onfarm greenhouse gas emissions and nutrient rdmato local water resourcesnd
overcomerural ¢ urban odour related conflicts.

ADadoptionremains a definite possibility
Adoption of for BC farmers, and while eatdrm may
AD has havedifferent feedstock typesand
?T:O\I/tlid?ed volumes indifferent environmentsthere
b enl;fitz for arelikelyto be manysimilaritiesbetween
+ SN2y each farm These similarities werevident
dairy farmers in Vermont, where all three commercial

on-farm digesterwisited

Use plugflow mesophilic digester technologio ensure the digestate is suitabées a
beddingmaterial or the cows,

Do not clean the biogas before it enters the gen@lete togas cleaningosts being

higher than engine replacement cokts

Use the dry digestate as animal bedd{gigt A y3 G KS T NavwdubtQn n n
costy,

Import off-farm organicwaste to booston-farm energyoutput,

Followa nutrient management plan to ensure a healthy balance efasm nutrients,

Have been unable to utilize alf the thermal energygenerated during electricity
production, and most importantly,

Have taken advantagoffinancialprograms for oAfarm renewable energy
technologies (such as higher energy prices paid by CVPS through Cow Power and
publicly availablgrants.
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