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Woodstock Anaerobic Digester Business Center Plan

I. Executive Summary

Brief description

The Anaerobic Digester Business Center (ADBC) mazes profitability from gas
and effluent produced from the anaerobic digestiotairy cow manure and reduces
the potential for non-point source pollution frontments generated by farming
operations while being compatible with and suppertf the core dairy farm
business operations and finances.

Purpose of plan

This business plan is presented to support deemsigking for investment in an
anaerobic digester operated as a business celtiten e established family owned
dairy farm LLC to manage manure and associatedbgyets produced by the farm’s
700 lactating cows.

Outcomes and benefits
The ADBC integrates a digester and by-products diaiity farm operations to:

1. Manage dairy manure in a sustainable, environmlgnmtdponsible manner
that does not add nutrients beyond the capacitiyeofarm’s land and crop
resources to utilize.

Ensure compatibility with the farm’s core dairy less and infrastructure.
Produce minimum labor and financial impact on dousiness.

Reduce cost of core business inputs.

Generate income and grant offsets to capital aedatipg expenses.
Avoid and reduce community nuisance impacts.

Maximize by-product value.

Enhance the farm’s community image.

Develop by-products from digested manure that nmutgents off the farm.
0 Reduce greenhouse gas emissions.

'—‘©.°°.\‘.@.U"P.°°!\J

II. Business Description

The Anaerobic Digester Business Center (ADBC) meatible with and supportive
of the farm’s core dairy operation. The ADBC maxies profitability from gas and
effluent produced by anaerobic waste digestionraddces the potential for pollution
from nutrients produced by farming operations. Agpllow digester will decompose
dairy manure from lactating cows into products ukgf the farm and which can be
sold off the farm to off-set costs and to reduceients on the farm. This type of
digester is suitable for decomposing dairy manackia less expensive to build and
less complex to operate when compared to a completeligester.
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In contrast to a complete mix digester, the ADB@slnot involve the farm in an
auxiliary waste management business that wouldnea@uconsiderable investment of
time and resources in identifying, negotiating anduiring tipping contracts,
assuring regular feedstock deliveries, dealing wdbr and other nuisance issues,
monitoring solid waste regulations and permits, agamg increased truck traffic to
and from the farm, and handling by-product packagstorage, marketing and
distribution. The ADBC digester uses farm generatadte—straw or sawdust (not
sand) bedding—and has the capacity to handle simédate from the farm’s heifer
barn and neighboring farms. Importantly for by-prot$, consistency in feedstock is
assured, which not only ensures consistency indheme of gas produced, but also
in the nutrient and fiber content of the efflueangking soil amendment products
more predictable and thus more marketable. Integrdde ADBC is a system for
cleaning bio-gas to produce bio-methane.

Once up and running with the support of outsidetgehe profitability of the ADBC
is dependent on careful management of equipmédydr End other inputs and the
production, sale and use of four by-products: gkestricity, fibers and fertilizer.

1. Low BTU bio-gas produced by the anaerobic decontioosof dairy wastes
will be cleaned to make high BTU bio-methane.

2. The clean gas will fuel an engine generator-sat-&gt) to make electricity
and connect to the grid to off-set farm electriciogts. Clean fuel will reduce
operating and capital costs associated with thesgeand create opportunity
for market diversification in the future.

3. Half to three quarters of the effluent from theeditgr will be separated, with
digestate fibers recycled and used as beddingebdfatin’s milking cows,
saving the cost of purchasing straw, sawdust andasimaterials.

4. Separated liquid will be recycled through the plogv digester. Excess will
be stored with unseparated effluent and applienidp land to maintain soil
guality and saving fertilizer, lime and manure-gglieg material and labor
costs.

Management of the ADBC will require the traininglaattention of one employee.
The plug flow digester, storage systems and equipaproposed ithe Woodstock
Nutrient Management Feasibility Stuggoduced by Wright-Pierce in Phase 1 (July
2007) will need to be engineered and specifiedHerfarm site.

Financing requires a mix of public and private fsimol accomplish environmental
objectives, especially in the context of the lowfasin milk prices in 30 years.

The ADBC integrates digester and by-products iheofarm operation to:

1. Manage dairy manure in a sustainable, environmigntdponsible manner
that does not add nutrients beyond the capacitiyeofarm’s land and crop
resources to utilize.

2. Ensure compatibility with the farm’s core dairy lmess and infrastructure.
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Produce minimum labor and financial impact on dousiness.

Reduce cost of core business inputs.

Generate income and grant offsets to capital aedabipg expenses.
Avoid and reduce community nuisance impacts.

Maximize by-product value.

Enhance the farm’s community image.

Develop by-products from digested manure that nmutgents off the farm.
0 Reduce greenhouse gas emissions.

5O@ND oA

I1I. Technology

» A conventional plug-flow anaerobic digester is mooended for these reasons:

1.

2.

3.

Used to digest slurries having a solids conter@ taf 14%, typical of dairy
manure.

Less capital intensive and less complex to opevaen compared to a complete
mix digester.

Does not get the farm into the waste managememdas—adding waste other
sources, negotiating and acquiring tipping consiagssuring regular waste
deliveries, increasing truck traffic to and frone tlarm, handling and disposal of
by-products.

Uses farm generated waste—straw or sawdust (nd) saading—with capacity
to handle similar dairy waste from neighboring farm

Consistency in feedstock not only ensures congigtengas production, but also
in the nutrient and fiber content of the effluengking soil amendment products
more predictable and thus more marketable.

Emphasizes the digester as a waste managemenhsystan energy producing
system.

» A gas cleaning system to produce bio-methane friorgas is recommended for
these reasons:

ok wnNE

Increases electrical power output by 20%.

Lower SQ emissions.

Reduces generator-set breakdowns and revenue.losses

Reduces generator-set operating, maintenance aitdlaxpense.

Provides future option to sell electricity at pekmand.

Provides future option to sell bio-gas as a natgaaland propane replacement.

A. Anaerobic Digestion

1. Anaerobic vs. aerobic decomposition

Anaerobicdigestion (AD) (also called anaerobic compostisg) biological process in
which unstable, biodegradable organic materi@$aoken down by bacteria in an
oxygen-freeenvironmentAD speeds up and contains the process of manure

Woodstock Anaerobic Digester Business Center Plaguat 29, 2009 page 5



decomposition, producing gas and a stable, nutnieimtslurry. The slurry can be
separated into liquid fertilizer and moist, fluffyeat-like solids.

Aerobiccomposting accomplishes the same end iptesence of oxygenAerobic
composting of manure typically involves mixing degread manure with an added
bulking agent (wood chips, sawdust, etc.) to predusimilar humus-like substance.

Aerobic decomposition takes place in feedstockspihat are “aerated” by frequent
turning to expose materials to oxygen-rich air;eanhic digestion takes place in a sealed,
heated environment (much like the cow’s stomachi does not contain oxygen. Both
processes require the activity of different typkbaxteria to break down complex fats,
proteins and carbohydrates into simpler elements.

Anaerobic digesters use two types of bacteria.rgutie digestion process, much of the
organic matter in manure is converted to volaalyfacids (VFAS) by acidogenic
bacteria; VFAs are then consumed by methanogegietia to produce methane, carbon
dioxide and small amounts of other gases. Nitroghnsphorus, and potassium are
transformed by these microbial processes, but estroyed. Only by working together
can these bacteria produce the complete digestithremrganic material into bio-gas.
Digester heat, pH balance, and feedstock must jp@ppate to both sets of bacteria.

Both decomposing processes transform manure ibiolagically stable state. Heat
generated in both processes destroys pathogensesttiseeds contained in the original
manure feedstock.

Anaerobic digestion is more chemically complex saahnically demanding than an
aerobic composting process. AD requires a smailetpfint and shorter retention time to
realize a final, stable product. By producing diagiid and solids, AD makes more
complete use of the original manure resource.

2. Anaerobic Digester Challenges

On-farm anaerobic digesters have a mixed recosdictess in the United States.
Digesters are capital intensive, difficult to ma@amd maintain, and used primarily to
generate electricity. Operating a digester caradetttention from the farm’s core
business and requires added expertise.

Because the gas produced by digestion is ‘dirtg ttuthe presence of hydrogen sulfide,
generators used to produce energy all too frequbnglak down or require replacement
despite regular maintenance regimes. In statesendlectricity prices are low or where
negotiations with local utilities are difficult, i hard for farms to justify the investment
as an energy generating system. Fear of digesterefalue to concerns about
management of feedstock is an additional barri@dtption.

As summarized by Burke (2001),
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The rate and efficiency of the anaerobic digespimtess is controlled by:

* The type of waste being digested,

* its concentration,

* its temperature,

» the presence of toxic materials,

* the pH and alkalinity,

* the hydraulic retention time,

» the solids retention time,

» the ratio of food to microorganisms,

» the rate of digester loading,

» and the rate at which toxic end products of digesforganic acids, ammonia,
nitrogen, and hydrogen sulfide) are removed.

Success with an anaerobic digester:

> Begins with a well-engineered design that fitsgpecific manure management
needs of the farm, uses quality components, isgolpmstalled and includes
follow-up technical support.

» Requires training and a staffing commitment to rtarand operate the digester,
including daily checks on temperature, pH, gas petidn rates, and overall
function of the digester.

» Uses a handling system that collects manure ey d

» Ensures that feedstock is free of ingredientschatkill the bacteria (e.g.
antibiotics, fungicides, copper sulfate) or clog thgester (e.g. sand) or
contaminate effluent (e.g. herbicides or pesticldesclopyralid or picloram) or
damage components (e.g. twine, tools, plastic gloste.)

> Pays close attention to potential for corrosioesdgential equipment.

As AD technology improves, manure odor reductioodnees more important, soil and
water resources are enhanced, renewable energsvalkrease, AD management
research and training becomes more available amkietsgfor value-added residual
products develop, the future for on-farm AD looksgbt.

3. Anaerobic Digestion Benefits

The benefits of AD accrue to farms and commundidse:

» Reduction in manure volum@naerobic digestion destroys more volatile
organic compounds and produces more gas than aefigieistion. Anaerobic
digestion reduces the volume of original manuredsddy 50 to 60% and
concentrates nutrients. Organic nitrogen compoanel€onverted to
ammonia, sulfur compounds to hydrogen sulfide, phosus to
orthophosphates, and calcium, magnesium, and saali@rmonverted to a
variety of salts. Waste is stabilized, minimizirgportunity for further
degradation if stored and maximizing availabilifynaitrients for plant use
when land spread. Liquid effluent is more efficismpump and spread than
raw manure. (Kramer 2004, NRCS 2007, Lazarus 2Ba8gstorp 2004)
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» Nitrogen:Because nitrogen (N) in unprocessed manure igiwreoform easily
accessible to plants, much runs off after landiagpbn posing the potential
for non-point source pollution. Digesters convedstnof the N into ammonia
with a negligible loss of N through volatilizatiofihe effluent contains 60 -
80% ammoniaThe higher the percentage of N in ammonia form]d¢ke
uncontrolled release of N from organic compoundhéosoil. Stabilized
nutrients maximize fertilizer benefits and minimiezaching losses. (Lusk
1998, Mosher n.d., Martin 2004, 2005, Baadstorpd200

> Nutrient balanceSeparation of solids from the effluent after anhe
digestion reduces the mass of nitrogen (N) andgtrmsis (P) in the
remaining liquid fraction. In one study of a plugw dairy manure digester
this reduction was measured at 18% for N and 38% f¢Martin 2005, Burke
2001, Baadstorp 2004)

» Odor Bacteria in the digester significantly reduce iedausing compounds.
The stabilized waste is subject to minimal degriadaand associated odor
during storage. (Jacobson et al. 2005, Lazarus,2@88in 2005, Wilkie
2000a, Wilkie 2000b)

» Weeds A significant reduction in the survivability oéeds reduces weed
growth on cropland fertilized with digestate effii@nd the associated cost of
pesticides and labor. (Pillars 2003, Allan et 802, Katovich 2004)

» Flies and rodentd$-ly eggs are killed during anaerobic digestidhlldrs
2003) and rodents are less attracted to digestie tf than manure. (Leggett
et al. 2001)

» PathogensPathogens like E. coli, Salmonella and Cryptosinam do not
survive the temperatures of the digester. (Harretaad. 2005, Martin 2005,
Topper et al. 2006, Mosher ND)

» Greenhouse Gas Emissioghen manure is stored in pits or lagoons,
methane is released into the atmosphere. An anaetigiester reduces the
damaging effects of methane, which is 21 times rpotent than carbon
dioxide in causing global warming. Under anaeraoicditions, nitrous oxide,
another greenhouse gas, is not produced at aNetGihe absence of oxidized
forms of nitrogen in dairy cattle manure and thegpureement of anaerobic
conditions for methane production, the potentialmfitcrous oxide emissions is
nil.” (Martin 2005)

» Oxygen demandAnaerobic digestion reduces the total volatilkdsoand
chemical oxygen demand in dairy manure which dee®the potential for
depletion of dissolved oxygen in waters. Thesectdns are significant due
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to the potential for these wastes to enter surigters by non-point source
mechanisms. (Martin 2005)

» pH: Field spreading effluent can increase soil pHwitcorresponding
reduction or elimination of liming, thus saving tatand cost. (Martin 2004,
2005)

» By-products Bio-gas can be used for digester heating, biandrgf solids,
electric and steam generation, heating and trategpmor. The liquid effluent is
easily spread on fields as fertilizer at opporttimes and in a nutrient-
available form for crop uptake, with an associagstliction in manure
handling labor and fertilizer costs. Kramer’s (2p6tudy of 16 operational
dairy digesters in Wisconsin reported savings mid@ed fertilizer purchases
ranging from $41/head to $60/head per year. Schdsbe recycled on the
farm as bedding material reducing the volume dtiefft spread on farm soils.
When sold to other farms for bedding or to plamwggrs and as a soil
amendment, the amount of N and P applied to thme’'$acropland is also
reduced.

4. Types of Anaerobic Digesters

Plug flow systems are used to digest slurries having assotidtent of 8 to 14%, typical

of dairy manure, and are the simplest and leastresipe to own and operate. The
Hydraulic Retention Time (HRT, average amount wietisoluble compounds are retained
in the digester) is typically 20 days. A plug flewstem needs to be heated. The
production of gas is relatively constant due todbestant and consistent stream of
manure. Similarly the effluent is consistent inwmk and content.

Complete mix digesters process slurries having a solids cowtehto 8% and generally
include use of additional off-site feed stocks sasHood wastes, grass clippings, etc.
Variable feed stocks create variability in bio-gasduction, at times more than the
system might be able to handle (Wright-Pierce 20B&}s, oils and grease (FOG) can
create other problems for digester operation: faaeid imbalance, etc. Altogether a
complete mix digester is more challenging and egpeno operate and maintain, is a
more costly capital investment, requires more adstrative time to secure feed stocks
and is more apt to cause nuisance issues (odok, tiaffic, etc.) among neighbors. On
the other hand, the ability to digest alternativaste streams can significantly increase
amount of bio-gas produced and return substamitaime from tipping fees.

B. Bio-methane from Gas Cleaning

The removal of carbon dioxide, hydrogen sulfide atiter impurities from bio-gas
produces bio-methane with a much higher energyectrt 970 BTU/cubic foot vs. 600
BTU/cf +/- for bio-gas—and is comparable to natwas$ and propane (Krich et al. 2005).
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It can be used on the farm as a replacement irmpmfueled equipment and can be sold
off-farm to industrial or commercial users of naluyas or propane.

On-farm conversion of bio-gas to bio-methane is lpeginning to be an operational
reality in the US. The 2,200 head Scenic View Dairffenton, Michigan is successfully
cleaning and selling bio-methane from a complete digester to a natural gas utility
through a natural gas pipeline (and using solidb&ulding). An interview with the utility
indicated excellent satisfaction with the bio-meidand no problems with either
pressure or quality. Using a strategy to take athggnof peak prices in electric and
natural gas markets and offset farm electric cdlsésfarm is also set up to generate
electricity from the cleaned gas. (Michigan 2006l|/¢w-up interviews)

Systems for cleaning bio-gas have a relatively kfoatprint. Given a 10-year operating
life the capital investment compares favorablyn® ¢ost of gen-set breakdowns, repairs
and 2-year replacement cycle. The cleaned gasaseseenergy efficiency by 20%.
Cleaned gas gives the farm the future option t@ger and sell electricity at periods of
peak demand, because unlike gen-sets fueled bpicagas, engines can be shut down
without risk of failure due to corrosion and easégtarted. Also in the future clean gas
could be stored and sold to replace natural gasapane.

At present the replacement market does not exiktle/8chool buses and tractor trailers
retrofitted to run on natural gas can use bio-nmetha review of area schools revealed
short bus routes and no fueling infrastructure. Mhile there are several large
distribution companies in the area, there is nbtglbor a tractor trailer to refuel with
natural gas when away from the distribution center.

If natural gas prices increase in the future, #renfcould take advantage of the market of
large-scale industrial businesses that use propanatural gas in consistent amounts
year-round, by employing a low-tech approach caimgjf two 180,000 cf gas tube
trailers (one to receive and store gas on the farenpther to deliver and store gas for the
end user) and a hired tractor to transport théetsafrom farm to user and user to farm.
The AD can hold gas for several hours while thietraare in transit. The user’s propane
burner can be regulated to convert back and faetivéen bio-methane and propane fuels
should there be a lapse or short-fall in bio-megharmoduction. Because bio-methane is
not liquid it can not be stored in a propane tdhg;cost to liquefy would be excessive.
Locally, Frito Lay or United Natural Foods are putal future markets.

As far as peak power production is concerned,itag be a possibility in the future with
the use of a Smart Meter.
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IV. Anaerobic Digestion Business Center
Value-added Products

1. Bio-methane

The typical composition of bio-gas produced by aolie digestion of dairy manure is
about 60% methane, 35% carbon dioxide along witallsamounts (less than 2% each)
of hydrogen sulfide (b8), water and ammonia. Because bio-gas is hightpswe (due

to hydrogen sulfide and water) and has a low endeggity—600 BTU/cf—its uses are
limited to specially adapted engine-generator @gr-set) and boilers.,8 concentration
can be higher depending on animal diet and the atadsulfur in farm water. Over 70%
of the energy value in bio-gas is lost when conrgrbio-gas to electrical power.
(Environmental Energy & Engineering Co. 2008) Heriduced by the gen-set can be
utilized by the digester for heating or drying.

Preventive maintenance of the gen-set fueled bygagis a significant responsibility
requiring frequent oil changes (every 300 hour$2days) and engine maintenance (e.g.
replacing spark plugs, air filters, etc.). Byerating the gen-set continuously, the
equipment temperature can be kept high enougheteept condensation and sulfuric acid
formation.(Mears 2001) Replacing a gen-set can add as neu$hG0,000 every 1 to 2
years to the cost of the AD. Since most system®nleone engine, breakdowns without
a back-up generator are also costly in terms ¢freagenue. While a back-up system
should be built in to the AD budget, oftentimesdung programs see the item as
redundant. Often called the Achilles heel of AD nyaystems cease operation because
grant funds are not available to replace a failetget, nor can the farm afford the cost.

For all these reasons, as well as increased BThuband reduced S@missions, the
ADBC includes a gas cleaning system. Until sucletam other markets become viable
(see above), clean bio-methane will fuel an ADB@-get to convert gas to electricity.
Information about the gas cleaning system is abkElrom Richard Callahan (see
bibliography).

Safety Concerns:

Hansen (2001) summarized the safety risk from thdyrction of gas in a digester as

follows:
Methane in a concentration of 6 to 15% when mix&t air is an explosive mixture.
Since it is lighter than air, it will collect in oftops and other enclosed areas. It is
colorless and relatively odorless, detection magliffecult. Extreme caution and
special safety features are necessary in the diggssign and storage tank, especially
if the gas is compressed. [Compression is not asddar this project.]

To mange this risk Barker (2001) recommends:
* Buildings should be well ventilated.
* Explosion-proof motors, wiring and lights shoulduszd.
* Flame arrestors should be placed on gas linesigadiburners or engine
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carburetors.
» Periodic system checks for gas leaks must be peedr
» Gas detection and alarm devices must be utilized.

2. Electricity

Connecticut has the second highest electricitysdosthe United States. These costs are
driven by generation service costs (vs. distributiad transmission costs) which in turn

are driven by the cost of fuel. The price of eledly follows the price of natural gas. The
Department of Energy predicts a long-term increasmergy costs. (Blakey 2008)

As a class 1 renewable-energy producer the ADBC-oanect to the grid to take
advantage of Connecticut’'s net-metering statutso &hlled ‘behind-the meter’ it means
that the farm in effect runs its meter backware; shvings equate to 18 to 19¢ per kWh.
Any net excess generation (NEG) that is electrigiyduced over and above the farms’
use during a monthly billing period is carried ot@the following month as a kilowatt-
hour (kwWh) credit. At the end of an annualized perithe utility will pay the farm for any
remaining NEG at the utility’s avoided-cost or wbsdle rate, averaged at 8¢/kWh in
2008.

In addition the farm is eligible to claim RenewaBleergy Credits currently valued at $30
per MW. RECs are calculated from the total productf the renewable energy system,
whether or not they are “consumed” on site. Tongldie RECs, the farm must have a
revenue-grade meter to measure the output of trexvable energy equipment and is
responsible for selling the RECs. The farm musistegwith New England Power Pool
Generator Information System, which verifies eliigfa This system ensures that only
parties with eligibility are generating the appiaepr RECs and that each REC is only
sold once. In time a market will develop for sng@herators to sell their RECs to an
aggregator or broker, who will, in turn, sell théora larger utility or generator that needs
them to meet the Renewable Portfolio Standard. i€cticut Department of Public

Utility Control 2009, North Carolina Solar Centé)®, Energy Information
Administration 2009)

The carbon credit market is just beginning to depeDwnership of carbon credits is the
same as ownership of RECs, and the marketing afréhdits is expected to take a similar
direction. Carbon credits can be sold separatebuadled with RECs.

Renewable Energy Production Tax Credits may bdablaito the farm based on the net
sales of energy to a third party. When net metetimg PTC would be based on the net
amount of energy purchased by the utility, curgeht per KWh.

Group or “neighborhood net metering” wherein seMeraters owned by one farm can be
included in a net metering arrangement is not §etvad in Connecticut. It is permitted

in Massachusetts and Vermont and soon in RhodedisThis is policy change that could
be taken up as a request to the Connecticut Depattof Public Utility Control.
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Therefore the farm'’s two meters would need to besobdated into one to take full
advantage of net metering.

A note on waste heat: It is anticipated that whst, in the form of hot water, will be
available from the gen-set jacket liquid coolingteyn and exhaust system. This heat can
be utilized in the AD system, for hot water prodaetand/or for heating or drying
purposes. Engineering should maximize its use.

3. Liquid

When the digestate or slurry left from digestiodésvatered, the remaining liquid
containing 2-3% solids is nutrient rich, odor-freathogen-free with significantly
reduced weed seeds. The liquid can be stored addsf@ead as needed, replacing some
of the farm’s fertilizer costs for corn and hay gweotion, reducing weeding and herbicide
costs and reducing lime costs and associated eguipamd labor inputs. The liquid
retains 40 to 60% of the original nutrients depagan the efficiency of the separation
system. (Bonhotal interview 2008, Martin 2005, Bug001, Baadstorp 2004) Nutrient
testing would be required to assure a proper ifetibn regime and would be used to
guantify fertilizer, lime and other savings to faem.

Liquid can be recycled for use in the digestertbeofarm uses. The Wright-Pierce Phase
1 Study (2007) estimated the plug flow digester Maeed 9,700 gallons of recycled
water (assumes about 10 gallons per cow) to efidgtoperate, leaving 17,000 gallons
per day available to land spread as fertilizer.

At least half of the digestate would be separatéalliquid and solid components. The
unseparated slurry would be stored with excessdignd land spread, thereby providing
organic soil amendments in addition to fertilizer.

4, Fibers

Separated AD solids, typically called fibers, h#twe same odor, pathogen, and weed
characteristics as the liquid stream and typicadiyme from the separator at about 60%
moisture. Fibers are used for bedding and soil amemts.

Estimated fiber production:
» 800 cows (712 lactating and 88 dry) = 5,550,920npiswof dry (100%) matter
manure solids.
> Digestate at 60% dry matter = 9,251,533 poundgbef {4,625 tons).
» At 945 pounds per cubic yard (at 60% dry mattdas dguates to 9,790 cubic
yards produced. Measured in 15-yard dump truckS3-=léads.

1. Solids as Bedding Material
The principal use of the separated digestate solilibe for bedding the milking herd to
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replace straw, sawdust or other materials. Thidywwes an avoided cost for the farm. The
cost of sawdust has been increasing significamitiavailability is becoming a concern.
Imported bedding has a negligible effect on thenfaroverall nutrient balance such that
the substitution of digestate solids for other arganaterial will not significantly change
nutrients in the waste stream. (Cornell 2008) Hathree-quarters of the effluent stream
from the digester will be separated and used adibganaterial on the farm.

Does the use of fiber as bedding adversely impact udder health or milk quality?

The Cornell Waste Management Institute conducteuaié-farm applied study of the use
of solids bedding on herd health. In sum, the Cbstedy found that well managed
solids “can provide an economic benefit without poomising herd health.” (2008)

Farms in the study used different sources of solidsh separated manure solids;
anaerobic digested, separated solids; and sepgrateally aerobic composted solids.
While the study did not distinguish among solidggedtate solids have several
advantages over those from unprocessed or partathposted manure. Solids removed
from the digester are pathogen free with a lighffyl character that reduces compaction
and is less apt to cling to teat skin. (VanderHaak)

The five dairies that provided financial data te ornell study saved an average
$37,000 per year on labor and bedding costs. Ceresicon a hundred weight basis,
savings ranged from a low of 1¢/cwt to a high of/2@st, with an average of 12¢/cwit.
(Bonhotal et al. 2008) The farm with the highestime benefited from off-farm sales of
solids.

The study revealed that: (Cornell 2008)
Sand bedding started out “cleaner” than Dried Mar&olids (DMS) bedding, but
once in the stalls, the bacterial load of severgdoisms was highest in
sand...... A comparison of bacterial concentrationsnused and used air-dried
DMS versus composted DMS did not show compostéxd toonsistently lower
and calls into question the value of composting DiiSr to bedding.

Bacteria in the unused bedding had little to necfbn bacteria in the used
indicating that bacterial levels in used beddirgyraore dependent on bacterial
levels in the manure of the cows using the staltslaow well the stalls are
scraped, rather than the cleanliness of the bedufaye it is placed in the stalls.

Levels ofStreptococcuKlebsiellaand gram negative and positive bacteria were
significantly higher on the teat ends of cows bedoie DMS versus those bedded
on sand, but Somatic Cell Counts (SCC) and ma#titishose cows did not differ
between bedding materials. Although mastitis déteamong farm/bedding
strategies, bacteria levels and properties of logdldad no effect on mastitis
incidence. Lactation number, stage of lactation 88€ were the significant
variables. Decreased levelsKiEbsiellain the used bedding increased the odds of
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having an abnormal SCC for one Farm Bedding Stygt€eg8S), and decreased
moisture and fine particles in the used beddingeimeed the odds of having an
abnormal SCC for a different FBS. For all othels)y@mal cell counts were
affected only by season, lactation number and pritkluction.

Concern that continued use of DMS will increase S@S not borne out using
linear regression of 10 years’ worth of linear scdata. Although 2 of 6 farms
showed an increase in linear score while using Div8as not different from the
change in linear score prior to using DMS.

Lameness was higher in cows bedded on sand comimai¥dS.
Photos of DMS bedding are available at: http://cwes.cornell.edu/beddingphotos.pdf

A study of effluent from a plug flow digester omMNaw York farm reported these
pathogen results: (Martin 2004)

...a mean reduction in the density of members oféhal coliforms group of enteric
bacteria that approached 99.9 percent. For thegathMycobacterium avium
paratuberculosisreduction slightly exceeded 99 percévit.avium paratuberculosis
is responsible for paratuberculosis (Johne’s dejagascattle and other ruminants and
is suspected to be the causative agent in Crolsesaske, chronic enteritis in humans.
No regrowth of either organism during storage waseoved. Thus, it appears that
anaerobic digestion of dairy cattle manure alsorednce the potential for the
contamination of natural waters by both non-pathegand pathogenic
microorganisms. (page 4)

Similar findings have been reported in other staidiarrison et al. 2005, Martin 2005,
Topper et al. 2006, Mosher n.d.).

2. Other fiber products

As part of the business planning research othex fasdibers were explored: substitute
for peat in potting mixes, fuel pellets, composhil&/ each had merits, none proved to be
feasible at this time:

* While the scale of the market matched, the $1 omliost of packaging
equipment to prepare the fibers for use by a gamver made the potting
replacement option not economical. Drying, storage transport were related
cost issues.

* An option to use the fibers as produced as a tued biomass boiler proved
incompatible with the furnace feed and gratingesyst. Storage and transport
were related cost issues.

* The cost of drying fibers from 60% moisture to 1@nake fuel pellets, along
with labor, storage and marketing costs made tbdymt not feasible. Concerns
about the potential for salts in the fiber to cacseosion was another factor.
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» The cost of equipment, labor, facilities and marigethade composting fibers not
feasible.

For future product and market development, a sumofathis research is found in the
Appendix.

V. Management

Interviews with operators and designers of digesgstems suggest that one suitably
trained person can successfully manage a digesigecially in the start-up year. Once
the system is tested and functioning and the opegatins experience, it may be possible
to cut back labor. However given the importanckesping all components well
maintained and operational, designation of a falletperson is highly recommended.

Operating, output and other records will be maireedi These will be helpful in assessing
costs and making recommendations for system impnews.

No packaging, storage or marketing of by-produssnvisioned by the ADBC as all will
be utilized by the farm.

VI. Facilities and Equipment

A description and layout for a plug flow digestefound in the Phase 1 Wright-Pierce
study as well as recommendations for the use oéxisting manure pit under the milking
barn and the existing lagoon for liquids.

VII. Risk Factors

1. Milk prices are the lowest seen in 30 years. Atdamme time feed, fuel, fertilizer,
and other farm costs have escalated.

2. Grants are absolutely essential to viability. Gi¥em economics the proposed
59% grant offset may be too conservative. The faitimeed assistance to
prepare grants and obtain all renewable energytsred

3. Engineering and operating challenges are real AD®C must be sized,
engineered and built to the specific site and neétise farm with adequate
training and technical assistance provided by thaufacturer over time.
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VIIIL. Financial Information

1. Funding sources

The success of this business depends on offseittilegst 59% of the engineering, facility
and equipment costs of getting the AD up and runnin

The Phase 1 Wright-Pierce study identified potésbarces of funding. Since that report
was prepared, one of the most promising sourci® Rural Energy For America
Program Grants/Renewable Energy Systems/Energy Effiency Improvement

Program (REAP/RES/EEI). The grants are awarded on a competitive basis améhe

up to 25% of total eligible project costs. Grants lamited to $500,000 for renewable
energy systems. Eligible renewable energy projectside projects that produce energy
from wind, solar, biomass, geothermal, hydro poared hydrogen-based sources. The
projects can produce any form of energy includivent, electricity, or fuel. For all
projects, the system must be located in a rura, aneist be technically feasible, and must
be owned by the applicant.

Another potential source of funds is tRaral Energy for America Program

Guaranteed Loan Program (REAP LOAN). The REAP Guaranteed Loan Program
encourages the commercial financing of renewaldeggn(bioenergy, geothermal,
hydrogen, solar, wind and hydro power) and eneffigi@ncy projects. Under the
program, project developers will work with locahters, who in turn can apply to USDA
Rural Development for a loan guarantee up to 85%h@foan amount.

Native Energy (www.nativeenergy.com) purchasegtbgected renewable energy and
carbon credits in advance from farmers to help fuexklopment of anaerobic digesters.
The organization should be contacted again whemeegng is underway (Jonathon
Webb, 802-861-7707).

To stimulate the development of generating capacitiie state, the CT DPUC offers
monetary grants and other financial incentivessgish commercial and industrial
customers with the cost of installing customer-ogvakectric generating equipment.
(Connecticut Department of Public Utility Contrdd@3) The three page application takes
about two months to approve and if it is approvettanines the actual amount of the
incentive grant.

While generating facilities that utilize renewaldems of energy are eligible to receive
these capital grants, AD projects may qualify fghler incentives through programs
offered by the Connecticut Clean Energy Fund, kaneple through the On-Site
Renewable Distributed Generation Program. (wwweeticeénergy.com)

The Connecticut Environmental Assistance PrograAP(Emay be helpful, as it allows
for the Connecticut Commissioner of Agricultureaéamburse any farmer for part of the
costs that qualify under the EAP in order to mamtammpliance with Connecticut
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Department of Environmental Protection approvedcajural waste management plan.
(http://www.ct.gov/doag/cwp/view.asp?a=3260&q=398P8

The Energy Efficiency and Conservation Block Giardgram (www.eecbg.energy.gov)
provides funds to units of local and state govemn@ develop and implement projects
to improve energy efficiency and reduce energyamefossil fuel emissions in their
communities. These funds may be applicable as leoftiae program includes:
Purchasing and implementing technologies to redncecapture methane and other
greenhouse gases generated by landfills or sisolarces.

2. Financial statements

a) Budget Assumptions

1.
2.

3.

4.

8.
9. Utilization rate of 90% is assumed in Year 1, remtliby 5% per year as facility

Herd size starts with 700 milking cows and incredse6% per year.

Inflation rate of 3% per year assumed on elecyrigiice, bedding value, and all
expenses except depreciation and interest.

Total investment for the digester facility is $199977 based on facility cost
projection of $1,687,283 from the Wright-Pierce&tplus an additional
$292,694 for the gas cleaner.

Grant(s) totaling 59% of the project cost are assiriihis is the level of grant
funding required to achieve breakeven cash flowear 1 of the project.

5. Bio-gas production of 80 cubic feet per cow per dagssumed.
6.
7. Thermal efficiency of 25% (plus 20% improved ef#iccy due to gas cleaner)

An energy level of 650 BTUs per cubic foot of biasgs assumed.

resulting in 30% thermal efficiency.
It is assumed that 3,412 BTUs is required per k\Mélectricity produced.

ages and requires more repair resulting in morendawe.

10.An electrical rate of $0.18 per kWh is assumed thasenet metering. Most of

this income is in the form of savings to the d&nyerprise on electricity that
would have been purchased.

11. Surplus electricity is sold at a wholesale rat8@fl2 per kWh including energy

credits based on eight cents wholesale price plesent Production Tax Credit
plus three cents Renewable Energy Credit. Farmutopson is estimated at
1,286 kWh/cowl/year.

12.Bedding savings realized of $60 per cow per yeattfe farm which is shown as

income for the digester enterprise.

13. A five year economic life on equipment and 20 yaasnomic life on buildings is

assumed for depreciation and loan term calculafibis results in a blended life
of 16 years on the overall facility. Depreciatiercalculated based on straight line
recovery of the full investment with no salvageuealPrincipal payment is based
on “P+1” over the term of the loan. The loan amograssumed to be the full
investment net of grant funding.
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14.Interest rate of 5% per year projected on the remgibalance of the amount
financed. It is assumed that all of the net (ohgfands) investment is financed.

15.Repairs are estimated based on 3% of investmenti@mo

16. Property taxes are estimated at 1% of the invedtarapunt.

17.Fire and liability insurance is estimated at 0.50m@estment amount.

18. Labor cost is based on one full-time operationsitemiance manager at $15 per
hour plus 30% for benefits resulting in a $40,080 year cost.

19.The budgets show an operating loss but breakesnflav beginning in Year 1.
This is because depreciation expense on the fudlsiment is less than the
principal payment on the loan (which is net of grewst sharing).
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b) Proformas

Breakeven Budget

Woodstock Anaerobic Digester Business Center

Projected Income and Expense Statements

2010 2011 2012 2013 2014
Assumptions:
Number Cows 700 742 787 834 884
Inflation Rate 3% 3% 3% 3% 3%
Capital Investment $ 1,979,977
Percent Funded by Grants 59%
BioGas Production/Cow/Day (Cu Ft) 80 80 80 80 80
Annual BioGas Production (Cu Ft) 20,440,000 21,666,400 22,966,384 24,344,367 25,805,029
BTU Produced per Year (650 BTU/Cu Ft) 13,286,000,000 14,083,160,000 14,928,149,600 15,823,838,576 16,773,268,891
Thermal Efficiency (with gas cleaner) 30% 30% 30% 30% 30%
Effective BTU's/Year 3,985,800,000 4,224,948,000 4,478,444,880 4,747,151,573 5,031,980,667
Potential Annual kwh Produced (3412 BTU/kwh) 1,168,171 1,238,261 1,312,557 1,391,311 1,474,789
Utilization Rate 90% 85% 80% 75% 70%
Annual kwh Production 1,051,354 1,052,522 1,050,046 1,043,483 1,032,352
kwh Production per Hour of Operation 133 141 150 159 168
Estimated Farm Consumption 900,000 954,212 1,011,465 1,072,153 1,136,482
Price per kwh $ 0.180 $ 0.185 $ 0.191 $ 0.197 $ 0.203
Surplus Electricity (Sold back @ Wholesale) 151,354 98,310 38,581 0 0
Wholesale Price per kwh (with energy credits) $ 0.120 $ 0.124 $ 0.127 $ 0.131 $ 0.135
Income:
Electricity Value (Net Metering) $ 162,000 $ 176,911 $ 193,151 $ 205,244 $ 209,146
Wholesale of Surplus Electricity $ 18,162 $ 12,151 $ 4,912 $ - $ -
Bedding Savings $ 42,000 $ 44,520 $ 47,191 $ 50,023 $ 53,024
Total Income $ 222,162 $ 233,582 $ 245,254 $ 255,266 $ 262,170
Expenses:
Depreciation 16 yrs $ 123,749 $ 123,749 $ 123,749 $ 123,749 $ 123,749
Interest 5.0% of investment  $ 40,590 $ 38,053 $ 35,516 $ 32,979 $ 30,442
Repairs 3.0% of investment  $ 59,399 $ 61,181 $ 63,017 $ 64,907 $ 66,854
Property Taxes 1.0% of investment  $ 19,800 $ 20,394 $ 21,006 $ 21,636 $ 22,285
Insurance 0.5% of investment  $ 9,900 $ 10,197 $ 10,503 $ 10,818 $ 11,142
Manager/Maintenance Salary $ 40,000 $ 41,200 $ 42,436 $ 43,709 $ 45,020
Professional Fees $ 500 $ 515 $ 530 $ 546 $ 563
Miscellaneous Expense $ 1,000 $ 1,030 $ 1,061 $ 1,093 $ 1,126
Total Operating Expenses $ 294,937 $ 296,318 $ 297,817 $ 299,437 $ 301,181
Net Profit (Loss) $ (72,775) $ (62,736) $ (52,563) $ (44,170) $ (39,011)
Cash Flow:
Add Back Depreciation $ 123,749 $ 123,749 $ 123,749 $ 123,749 $ 123,749
Less Principal Payment $ 50,737 $ 50,737 $ 50,737 $ 50,737 $ 50,737
Excess (Deficit) Cash Flow $ 237 $ 10,276 $ 20,449 $ 28,841 $ 34,001
Cumulative Excess(Deficit) $ 237 $ 10,513 $ 30,962 $ 59,803 $ 93,804
Debt Balance $ 811,791 $ 761,054 $ 710,317 $ 659,580 $ 608,843 $ 558,106

(initial balance)
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90% Utilization Budget

Woodstock Anaerobic Digester Business Center

Projected Income and Expense Statements

2010 2011 2012 2013 2014
Assumptions:
Number Cows 700 742 787 834 884
Inflation Rate 3% 3% 3% 3% 3%
Capital Investment $ 1,979,977
Percent Funded by Grants 59%
BioGas Production/Cow/Day (Cu Ft) 80 80 80 80 80
Annual BioGas Production (Cu Ft) 20,440,000 21,666,400 22,966,384 24,344,367 25,805,029
BTU Produced per Year (650 BTU/Cu Ft) 13,286,000,000 14,083,160,000 14,928,149,600 15,823,838,576 16,773,268,891
Thermal Efficiency (with gas cleaner) 30% 30% 30% 30% 30%
Effective BTU's/Year 3,985,800,000 4,224,948,000 4,478,444,880 4,747,151,573 5,031,980,667
Potential Annual kwh Produced (3412 BTU/kwh) 1,168,171 1,238,261 1,312,557 1,391,311 1,474,789
Utilization Rate 90% 90% 90% 90% 90%
Annual kwh Production 1,051,354 1,114,435 1,181,301 1,252,179 1,327,310
kwh Production per Hour of Operation 133 141 150 159 168
Estimated Farm Consumption 900,000 954,212 1,011,465 1,072,153 1,136,482
Price per kwh $ 0.180 $ 0.185 $ 0.191 $ 0.197 $ 0.203
Surplus Electricity (Sold back @ Wholesale) 151,354 160,223 169,837 180,027 190,828
Wholesale Price per kwh (with energy credits) $ 0.120 $ 0.124 $ 0.127 $ 0.131 $ 0.135
Income:
Electricity Value (Net Metering) $ 162,000 $ 176,911 $ 193,151 $ 210,883 $ 230,242
Wholesale of Surplus Electricity $ 18,162 $ 19,804 $ 21,622 $ 23,606 $ 25,773
Bedding Savings $ 42,000 $ 44,520 $ 47,191 $ 50,023 $ 53,024
Total Income $ 222,162 $ 241,235 $ 261,964 $ 284,512 $ 309,039
Expenses:
Depreciation 16 yrs $ 123,749 $ 123,749 $ 123,749 $ 123,749 $ 123,749
Interest 5.0% of investment  $ 40,590 $ 38,053 $ 35,516 $ 32,979 $ 30,442
Repairs 3.0% of investment  $ 59,399 $ 61,181 $ 63,017 $ 64,907 $ 66,854
Property Taxes 1.0% of investment  $ 19,800 $ 20,394 $ 21,006 $ 21,636 $ 22,285
Insurance 0.5% of investment  $ 9,900 $ 10,197 $ 10,503 $ 10,818 $ 11,142
Manager/Maintenance Salary $ 40,000 $ 41,200 $ 42,436 $ 43,709 $ 45,020
Professional Fees $ 500 $ 515 $ 530 $ 546 $ 563
Miscellaneous Expense $ 1,000 $ 1,030 $ 1,061 $ 1,093 $ 1,126
Total Operating Expenses $ 294,937 $ 296,318 $ 297,817 $ 299,437 $ 301,181
Net Profit (Loss) $ (72,775) $ (55,084) $ (35,853) $ (14,925) $ 7,858
Cash Flow:
Add Back Depreciation $ 123,749 $ 123,749 $ 123,749 $ 123,749 $ 123,749
Less Principal Payment $ 50,737 $ 50,737 $ 50,737 $ 50,737 $ 50,737
Excess (Deficit) Cash Flow $ 237 $ 17,928 $ 37,159 $ 58,087 $ 80,870
Cumulative Excess(Deficit) $ 237 $ 18,165 $ 55,324 $ 113,411 $ 194,281
Debt Balance $ 811,791 $ 761,054 $ 710,317 $ 659,580 $ 608,843 $ 558,106

(initial balance)
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Appendix 1. Other fiber products

1. AD fibers and Aerobic compost

Similar to compost produced by aerobic decompasi#hd fiber is a stable product, and

is not prone to further decomposition. AD fiberitgily contains more lignin and

cellulose fibers and slightly lower levels of natris than an aerobic compost. Because of
the highly controlled nature of the anaerobic dgoosition process in the digester, if
consistency in feedstock is maintained, the filbghsmaintain consistency as a finished
product for nutrient levels, weeds, pathogens, etc.

Characteristics of Manure Compost and Fibers

Characteristics Units of measure Compost Fiber
Total Nitrogen % dw 2.2 1.4
Total Phosphorus % dw 1.3 1.1
Total Potassium % dw 3.0 1.6
Calcium % dw 2.1 2.3
pH 8.74 8.58
Conductivity mmhos/cm 11.01 9.92
Organic matter % dw 79 86.7
C/N ratio 20 37
Moisture % 66.1 69.2
Stability mg CQ-C/g OM/day 1.5 5.6

From Alexander (2008).

The Martin (2004) study measured influent at 7.4 efluent at 7.8 pH, separated liquid
at 7.9 pH and solids at 8.5 pH. See also DeBruyhFamguson (2008).

While the literature is consistent in acknowledg®$39% pathogen destruction (Topper
et al. 2006, Martin 2004) it is less so regardiregds. Some sources report that 20 days
in a mesophilic digester at 95 to 105 F destrogsecto 100% of seeds, other research
says some weed seeds remain, likely due to thabibiy of feedstock and digesters used
in the studies. Trials done by Zauche (2005) and®@danell (2006) with fiber-based
potting mixes have not reported any weed growth.

Compost on the other hand if maintained at 140B fdays does demonstrate close to
complete seed destruction.

In conventional manure management systems, weed segntain most of their viability

as they pass through animals, storage and spresaigthat seeds are repeatedly applied
to fields. After a few years using AD effluent, fagrs report that weeds are substantially
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reduced, and that herbicide use can also be red(Begman 2009)

As with aerobic compost, uses for AD solids asibasnendment include:
Container mixes and potting soils
Topsoil blends
Erosion control
Nursery beds
Turf establishment
Athletic fields
Backfill for trees and shrubs
Vegetable and fruit crops

The markets for AD fiber are the same as for aerobmposts:

» Horticulture—landscape contractors, retail gardemers, nurseries and green
houses;

» Recreation—golf courses, athletic fields;

* Bulk suppliers—topsoil blenders, compost and mulicikers;

e Agriculture—fruit, vegetable, feed and grain proels;

* Land reclamation—remediation of contaminated sgiayel pits, erosion control
and as a final landfill cover;

* Public agencies—parks and recreation, roads ariaig buildings and grounds,
public works and sanitation, schools and athlegicl§, and airports.

Discussions with the CT DOT indicated significasewf compost and strong interest in
the product given testing to assure compliance stdéihdards. However, the department
does not directly buy soil amendments. Rather D@ftractors include the materials they
anticipate using in their bids. Standards andten¢§jsof compost suppliers are attached.

AD fiber is an untested addition to the soil amerdtmenu. Very few operators of
digesters are selling to this market. Because lsuger not familiar with AD fiber
properties and how use will affect their businesdiers have to introduce and educate the
market. As benefits can be isolated and marketee tis opportunity for price
differentiation (fertilizer, fungicide, etc.). Omé the market entry problems gathered

from landscaper interviews is that all too oftemfaoroduced composts have been
experienced as irregular or inconsistent in peréorce. For AD fibers this underscores
the need for a regular testing regime to verifyieat analysis.

In the future, the value of AD fiber as a soil anh@@nt will be influenced by:
Consistency of product quality/attributes

Volume availability

Transport costs

Benefits

Competition from substitutes

VVVVYVYYVY

Interviews with landscapers and plant growers asitisvo home center type box stores

Woodstock Anaerobic Digester Business Center Plaguat 29, 2009 page 29



revealed that the prices of compost, manure congrabtopsoil have not increased from
the values reported in the North Canaan Nutriemagement Study (Wright-Pierce
2006). Unlike the strong market found in that @drCT, the lower population density of
the Woodstock area indicated that the farm woulelasignificant market challenge to
move the projected volume of fibers as a compastywt from the site either bagged or
loose to landscapers and home gardeners. Labanariekting costs when added to
processing, packaging and storage costs indicatad probability for a successful
venture at this time.

2. AD fiber as a replacement for peat

Solids separated from digester effluent consisharily of cellulose and lignin; the
material is similar in composition to peat. Likeapdibers are a stable material, resistant
to further decomposition. An aging study condu@sgbart of work to determine

potential for use in potting mixes, confirmed ttfeg storage does not degrade the fiber or
adversely affect its use as a plant growing mediMigacConnell 2006). When

consistency in feedstock is maintained in the deggas on a dairy farm vs. a
commercial waste operation), the resulting fibeesaaconsistent product with predictable
characteristics. Fibers have the same physicahctaistics as peat, including bulk
density, water retention and porosity, to suppoot development with sufficient space
for water and air and to retain moisture. (MacCdiri2@06, Oakley 2006, Zauche and
Compton 2005, Zauche 2006)

AD fiber differs from peat in several important vgayribers are alkaline with a pH of 8.5
to 7.5 and fibers contain nutrients that can beriakp by plants; peat on the other hand is
very acidic with a pH of 3.6 to 4.2 and is notgndicant source of nutrients. Thus AD
fibers cannot be directly substituted for peat,ratiter need to be acidified according to
the specific needs of the plant.

When separated from the digestate slurry, fibgypeally 60% moisture. Peat is

typically 40% moisture. Drying the fibers does adversely affect the material. Because
nutrients are water soluble, fibers must be staretkercover to protect against rain, snow
and other sources of water which might unbalaneethirient distribution. These
differences are primarily issues for packaging stodage.

Fibers have higher electro-conductivity (saltshtpaat due to the presence of nutrients;
trials have not shown that trait to be problemfdranutrient uptake by plants. Fertilizer
savings may be obtained over peat-based mixeshweguire the addition of fertilizer to
compensate for the substrate’s lack of nutrients.

When compared to dairy compost, fibers have bbti#fering capacity to maintain the
pH of a potting mix and, most important, greaterosay (Zauche 2006 and MacConnell
2006). Since fibers and compost values derive filgrspecifics of the originating
manure, quantification of typical comparative valshow ranges. Fibers and compost
have similar NKP values, e.g. fiber N= 1-2% vs.%-for compost, fiber K = 1.6 vs.
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compost about .2 - 3%, fiber P: .2-1% vs. compo&-8%, and thus lower conductivity
than compost. The two materials have comparablegbies (fiber 8.5, compost 8.4),
C/N (fiber: 20-40, compost 11-20) and conductiyftiger 9.9, compost 11). (Alexander
2008, Zauche 2006, MacConnell 2006, Cornell 20@Bmyn 2008).

Because of peat’s capacity to hold large volumesaiér and nutrients and release them
slowly, peat-based plant growing media is the itgustandard. Potting mixes contain
60% to 80% peat by volume. Peat however is becomurgasingly expensive and less
available due to peat bog destruction and environah@rotection laws. Growing
consumer awareness and interest in green, sud@imafbiculture practices has created
an opportunity for alternatives.

Research conducted independently at the Univeséiyashington (MacConnell) and the
University of Wisconsin-Platteville (Zauche and Guion), have resulted in ‘recipes’ or
formulas which adjust the chemical compositioniloéf for use in soilless potting mixes.
These recipes are proprietary and have been st patent approval.

Phytotoxicity (toxins in the material which harmapts) is a major concern of plant
growers and is the principal reason for their leditise of compost. Variability of
compost is due to lack of management and testiftgn@ssociated with residues of the
herbicide clopyralid, other sources include heaeyahcontent, soluble salts, organic
acids and oxygen deprivation resulting from incasbgldecomposition of the source
material. (Blewett et al. 2005)

Organix, Inc. is the first company to commerciakodids as a peat replacement. The
claims for RePeat:
In addition to looking, feeling and smelling likegt; RePeat™ is more pH
neutral than peat moss (6.5 vs. 4.5); RePeat™dwasdlt content and as a result
has low electrical conductivity; RePeat™ has extglporosity and water holding
capacity like peat; Cationic exchange ability isnp@arable to mined peat and
Bulk density (weight) of RePeat™ soil amendmemeis/ similar to that of peat.

These characteristics are also claimed in work dgnéauche and Compton at the
University of Wisconsin at Platteville. They foutitht AD solids

» Contain more humic acid than compost and within 30%eat

* Need to be mixed with other materials for optimiainp growth

* In mixes produce plants with 30 to 40% more grotlhim peat

* Are better at maintaining pH than compost due haga buffering capacity

Because plant needs for moisture, nutrients aratiaarvary by type, so too must potting
soil ‘recipes’ made from digester solids (or peatly. MacConnell, Zauche and Compton
have developed recipes for geranium, petunia, pllegonia and impatiens as well as for
orchids (lady slippers). Trials done to determingD solids broke down faster than peat
resulted in no differences in breakdown rate, gooirtant data point for perennials.
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Patent pending recipes include perilite, vermieudihd other amendments. Their
economic analysis suggests that solids based gattixes would cost about 20% less
than peat based mixes. Other savings to growerdomayptained from reductions in
fertilizer and better growth yields that can brpignts to market sooner.

Peat is purchased in tractor trailer load quastibi very large plant growers at about $27
per cubic yard ($1 per cubic foot). Peat supplirestightening and peat is increasingly
seen as an unsustainable product. Plant growerl\wauitch if performance of the
alternative was comparable and did not create iadditcosts or plant management
problems.

Growers who most closely match the anticipated melwf fibers use compressed peat (2
to 1) in 55 cu ft bags (110 cu ft of material). &ahre picked up with a fork lift and
dumped into a fluffer. Newer equipment will shrethger bale, 128 cu ft compressed or
256 cu ft loose, and eliminate the fluffer. In eitltase, loose material would not fit the
operation. Storage is another concern with as nagchi3 of annual usage, some 500 to
600 pallets, stored outside. 90% of the materiabed between March and June.

To package fibers for this market the moisture eonof the fiber would need to be
reduced from 60 to 40% and could be accomplishezhpyuring waste heat from the
digester. Only one manufacturer of compression ggick) equipment was found. At an
estimated $1 million, the cost of the system reed¢he market infeasible to pursue at
this time.

There may be opportunity to provide loose prodacrhaller growers. A least cost
approach (perhaps about $20,000) to packaging waaitd blow fibers into a hopper
attached to a filling machine and loosely packup& Bags. Without compression, these
bags would not be stackable and would have todyvedundercover to prevent
concentration of nutrients, another significantenge.

Would plant growers switch from peat to AD solids™Not without trials.

A conference call that brought researchers togetiterGeorge Elliott, a horticultural
professor at UCONN, helped to design a strateditBlpecializes in soilless potting
mixes and is working with the Freund Farm on CousPlee brought knowledge and
interest to the conversation.

The discussion pointed out that like dairy farmetant growers are extremely cautious
when it comes to the adoption of a new technologgsan this case, a new potting mix.
Not only is there concern about performance (despsearch findings), but also about
changes that would have to made in plant managesysteéms, for example water and

fertilizer. A grower would have to try the recipaesheir operation to see firsthand how
the mixes worked before they would consider makirgpange.

Plant growers need to be convinced of product woeds and to assess management
impacts (labor, fertilizer, water). The goal woblel to interest one grower in becoming a
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AD solid potting mix producer, both for the coresmess as well as for resale. Should a
patent be approved, the grower would license thegss for a modest fee. A least one
CT plant grower is interested in a pilot study—gtiowvials using AD solids recipes for
various bedding and perennial plants. OversighHiGYNN (Elliott) would add to
credibility. If feasible, periodic analysis of ADIgls for nutrient, pH, moisture and other
requirements would be required. Since the plug #kdwprocess and manure feedstock
tends to be consistent it is assumed that thetdwviittle variation. Recipes could be
adjusted for seasonal feed changes.

As part of this project, a proposal to conduct ptaals was developed for consideration
by CT DEP and US EPA 319 Nonpoint Source Program.

3. AD fibers as fuel

Since peat is used as a fuel in loose, pelletineldoaiquette forms, the possibility of
using the fibers as fuel was explored. The sysemsgable to make wood pellets are also
used for peat and could be used for fibers. Bedagestion, manure has similar BTU
values as peat: 8,500 BTU per pound on a 100% digiwbasis. (Mark 2006) After
digestion the BTU value would be reduced to abg26J BTU per pound on a dry
weight basis. (Auvermann 2009, Koelsch 2009) THieses at 60% moisture would have
significantly less BTU value (1,768 to 1,887) aeduire significant energy input to
reduce to 10% for pelletizing even if residual Heamn the gen-set could be used to pre-
dry the material. Various alternatives for sepaatnore liquid from solids was
investigated (centrifuge, screw press filter), thidtnot produce a viable option (they
were costly and could not remove moisture below B@sh content, chemical and salt
residues were raised by stove manufacturers astmteoncerns.

Discussion with biomass furnace operators indicttatithe fibers in a loose form would
not be compatible with grating and combustion psees. Even if appropriate the amount
of fiber produced was considerably less than thk kiolume of wet green wood used.
The low cost of wood fuel was another barrier.
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Appendix 2. Bio-gas and Bio-methane Characteristics

Constituents Units Natural Gas Bio-gas
Methane (CH4) Vol% 91 55-70
Ethane (CH) Vol% 5.1 0
Propane (C3H8) Vol% 1.8 0
Butane (C H ) Vol% 0.9 0
Pentane (C5H12) Vol% 0.3 0
Carbon Dioxide Vol% 0.61 30-45
(co)

Nitrogen (N2) Vol% 0.32 0-2
Volatile Organic Vol% 0 0
Compounds (VOC)

Hydrogen (Hz) Vol% 0 0
Hydrogen Sulfide ppm ~1 ~500
H.S)

Ammonia (NH3) ppm 0 ~100
Carbon Monoxide ppm 0 0

(CO)

Water Dew Point oC <5 Saturated
Heating Value BTU/SCF 1031 ~600

Source: Jensen and Jensen (2000) referenced indi(#003) Comparison of constituents

in natural gas and bio-gas, as cited in Bothi (2007
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Appendix 3: CT DOT Mulch Standards

From Section M.13, Roadside Development
http://www.ct.gov/dot/cwp/view.asp? A=3517&PM=1&Q=A486#M.13.06

M.13.05—Mulch Materials:

1. Wood Chips:Wood chips shall be obtained from sound, greendyand shall be 1/8
inch (3 millimeters) nominal thickness with notde¢ban 50% of the chips having an area
of not less than one square inch (650 square neténs), nor more than 6 square inches
(3900 square millimeters). The material shall lee firom rot, leaves, twigs, shavings,
debris, and any material injurious to plant growth.

2. Hay: Hay shall be from acceptable grass or legume ngsyiinee from weeds, reeds,
twigs, debris or other objectionable materialhiilsbe free from rot or mold, and shall
have a moisture content of not more than 15% wiedineted to the project. No salt hay
shall be used.

3. Wood Fiber Mulch: Wood fiber mulch or wood cellulose fiber mulch ke

material manufactured for mulching seeded areas.nidterial may be made from
coniferous or hardwood trees. It shall be free feiravings, rot, mold, foreign material or
debris. It shall be of uniform texture. It may cainta nontoxic marking dye. The
moisture content of the material when deliverethtoproject shall not be more than 12%
by weight (mass). It must be capable of formingpmbgeneous slurry when mixed in
water. It shall be delivered to the project in ole@ew, sealed containers bearing the
brand, net weight (mass), and name and addrebe ofi@nufacturer.

The Engineer reserves the right to draw such sangnid perform such tests on any
mulch material as deemed necessary to assurénthatdterial meets all requirements.

M.13.06—Compost:

Compost shall be a stable, humus-like organic nagroduced by the biological and
biochemical decomposition of source-separated cstapte materials, separated at the
point of waste generation, that may include, batreot limited to, leaves and yard
trimmings, food scraps, food processing residumabmure and/or other agricultural
residuals, forest residues and bark, and soilemo+recyclable paper. Compost shall not
be altered by the addition of materials such ad,sswil and glass. Compost shall contain
no substances toxic to plants and shall not comtaire than 0.1% by dry weight (mass)
of man-made foreign matter. Compost shall poselpectionable odor and shall not
closely resemble the raw material from which it wWasived. Compost shall have a
minimum organic matter content of 30% dry unit wei¢mass) basis as determined by
loss on ignition in accordance with ASTM D 2974 ngamst shall be loose and friable,
not dusty, have no visible free water and have stm@ content of 35 — 60% in
accordance with ASTM D 2974. The patrticle sizeahpost shall be 100% less than 1
inch (25 millimeters) in accordance with AASHTO T @nd shall be free of sticks,
stones, roots or other objectionable elongatednmahtarger than 2 inches (50
millimeters) in greatest dimension. The pH of costmhall be in the range of 5.5 - 8.0.
The maturity of the compost shall be tested andrtefd using the Solvita Compost
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Maturity Test and must score 6 or higher to be piadde. The soluble salt content of
compost shall not exceed 4.0 mmhos/centimetertasndimed by using a dilution of 1
part compost to 1 part distilled water. Compost m@ither commercially packaged or
used in bulk form. All compost shall be from DERukated, permitted or approved
facilities. All compost material must be environrtedly acceptable and must be
accompanied by a Materials Certificate and Cedifiest Report in accordance with
Section 1.06.07. The Engineer reserves the rigitaew samples and perform tests as
may be deemed necessary to assure that the matarfatrms to these specifications.

M.13.07.13—Peat:

(b) Compost conforming to Article M.13.06 may be sitb&d for peat.
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Appendix 4: Fact Sheet: CHP Biopower/Anaerobic
Digestion: Have you asked all the right questions?

Sjoding (2005)

Introduction

There are a number of questions that need to edladlkan early stage when considering
the installation of a biopower/anaerobic digestgstem at your dairy or feedlot. It is the
purpose of this factsheet to help ensure upfromtreanication regarding a proposed
biopower/anaerobic digestion system. Categoriegiestions include type of digester
technology, digester experience of project develogpesonomics and financing, coproduct
revenues, management and operations, power equipemangy production, permits,
utility sales and interconnection, and technolqggcsic questions. The following list of
guestions and related comments are intended aspdesof key questions. This list is
not intended to be comprehensive. Different tydenanure (dairy, beef, swine, and
poultry) produce different volumes of methane. Taidsheet is principally targeted to
the dairy industry. However, much of the factshe@bore broadly applicable.

Type of digester technology
What type of digester is proposed? There are a euofidigester technologies. As a
general rule, simpler technology is better for ylaind feedlot operations (there is less
chance for problems). In addition, digesters caarate at a variety of temperatures with
different methane bacteria being used to creatbitgas. A mesophilic system operates
at 95 to 105 degrees F, while a thermophilic ogsrat a higher 125-135 degrees. An
ambient system operates at outside air temperatuwteslows down or stops in the winter.
A list of digester technologies includes:

* Completely mixed mesophilic

» Completely mixed thermophilic

» Contact and anoxic gas floatation

* Plug Flow/mesophilic - simple

* Fixed film

» Covered lagoon/ambient - simple

* Vacuum
What makes the proposed technology/design difféyetier than any other? What is the
basis of the claims? Has any third party (univers&itSDA, or EPA) verified these
claims? If so, who specifically has made that veaifon? What is their contact
information? How is digester efficiency measuredf?ailis the efficiency range of the
design? What factors influence that efficiency?

How concentrated does the waste have to be fqurtmess?

Does the process digest parlor wastewater? If baf 18 its proportion of the waste
stream? Does the process digest flush wastewater?
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Digester experience of project developer

How many commercial digesters have you designeltP?oidow many are currently
operating? What age and size are they? How long ilé@ke to go from contract signing
to operation?

Please provide references of the people you hawe dork for, or you are currently
under biopower contract with?

Economics and financing
What is the cost range per dairy cow for the comepfiacility ($/cow)? What factors
affect the range in costs?

Does the cost estimate include electrical generaguipment with electrical switch gear
and interconnection to the utility? If not, whathsit cost?

What outside sources of funds are available to fuglgd the construction of a digester?
What experience have you had in securing outsidésfdior digesters, including bank
financing?

Will a bank treat a digester system as an asdéeafairy?

Co-product revenues

Economic and financial success often requires meyastreams in addition to power sales.
This is especially true in areas of the U.S whkeedost of power is relatively low. A
variety of other products can be sold includingegreower, carbon credits and digested
fiber. Additional products, such as a crystallipgasphorous fertilizer from the digested
liquid, are also under development by Washingt@teSt/niversity. It is important to
resolve at an early stage of discussions the dtyeand ownership of coproducts and
the degree of reliance upon them for financial easc

What will be the revenue components from the f3é@liUpon what factors are these
estimates based? What assistance is provided @ssiog those markets?

Management and operations

What changes in dairy or feedlot operations aremauended or required? What will be
the operational labor and management requirementkit digester? What training and
support is provided for operating the digester?

Sand is a commonly used bedding material. Whatdrapfo the sand that is mixed with
the manure?

How may this digester change or limit current dufa dairy management decisions?
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Power equipment
What type of generator set is recommended for thgesn dairies and feedlots? Which
manufacturers are chosen and why?

What are the maintenance requirements for the ‘&@&n¥Vhat are the warranties for
each of the major components? Who specifically offier those warranties?

Energy production

What is the typical and range of energy outputlierparticular type of digester
technology? (kWh/cow/day)

How many kWh/cow/day does the proposed system pestifiNormal is 2 to 3)

What will the generator size per cow be? (a nowgealerator size is kWh /24 =0.2
kwWh/cow)

Permits

What are the required regulatory permits for myatamn? Who deals with securing the
required permits (building, air quality, healthlidavaste, etc?)

Utility sales and interconnection

How much will the utility pay for the power? Thesaver is in $/kWh and varies from
utility to utility and state to state. What rate ytau project for my location? Who will
negotiate the sale of power?

What does a typical power sale contract look ligefagth of contract, selling rate basis,
other sales costs (wheeling, etc.).

Is the utility supportive of this project and otenconnection to its electrical system?
Does the utility pay extra for the green poweranbon credits?

Technology specific questions

Plug Flow Digester

What percent of volatile solids conversion to gassia conventional plug flow digester
produce? The answer should be 35 to 40 percent.
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Appendix 5: Fertilizer Values

Manure per cow per year 48700#/2000=24.35 tons

times N P K
Analysis  (Ib/ton of manure) 10 5.5 8.5
equals

Pounds of nutrients produced per cow per year 243.5 133.9 207.0
times

current market value per pound (6/29/09) $ 0.359 $ 0.280 $ 0.580
equals

Value of manure nutrients per cow $ 87.42 $ 3750 $ 120.05
times

number of cows 800 800 800
equals

Value of manure nutrients per herd $ 69933 $ 29999 $ 96,036
Total value of all nutrients per herd $ 195,969

Total value per cow $ 244.96

The process of putting manure through the digester does not change the amount or balance of nutrients.
Anaerobic digestion reduces the volume of manure by 50 to 60% and concentrates the nutrients.
Anaerobic digestion converts nutrients into a form more accessible to plants, enhancing fertilizer value
and reducing potential for run-off.

Liquid effluent is more efficient to store, pump and spread than raw manure.
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Plug-Flow Digester Diagram

Appendix 6
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