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Summary

This reportsummarizes a recent installation oB41,200 BTU/hfoutput) multi-fuel biomass boiler at
the Vermont Farmers Food Cenigf~FCin Rutland, VTThe boiler heagd the Farme® Hall building
using several alternative fuels to displace propartee boiler was fueled primarily on wood pellets but
was also able to feed and burn grass biomass pddks.demonstration projeatarried a cost premium
when compared to a typical proparheater installation. That premium is paid back over time due to
recurring fuel cost savings.simple payback period of 2t8 8.0 yearsis feasibleagainsta cost premium
of $51,255 for the boiledepending on the fuel used and the amount of use.

Backgound

The VFFC iss#®1(c)(3) nonprofit educational organizatitntatedon the west side oRutland, VT

+ CC/ Qa Yoinaréagemgtesd and availability of locally produced food through the development

of the infrastructure, educational programs andhrkets necessary for the growth of a vibrant and
sustainable regional agricultural system that has the capacity to feed its citizens regardless of economic
status, increase the personal health of the population, and add to the economit&iel of the

community.

¢tKS #CC/ A& K2dzaSR G GKS nHod I ONB F2NN¥SNI arAyidl SN
the property in 2012, the site has benefited from sustained and visionary rehabilitation to support the
NEIA2Yy Q& F22R asBniedtsSncldde therr&vializhtion2the Indkirk building (15,640 ft2)

G2 0S02YS GKS aCIFNXSNRa I Iff¢ oKz2ad aarasS F2N GKS
Market), development of plans for a shared aggregation, packing and storage fadttigypole barn on

the north of the property (4,480 ft2) and development of longerm plans for a commercial kitchen in

yet another building onsite. The group recently completed the installation of a 13 kW solar photovoltaic

array on the pole barn.

Alth2 dzZ3 K C | NhaShismcally Heéhéated with propane unit heaters, the thermostats are set

low to conserve fuel and minimize operating codtsis project resulted in the installation o341,200

BTU/hr EvoWorld HC100 Eco biomass boiler at th€\éfi&o heatti KS CI NYSNR& | Lt Ay ;i
provide an improved customer and vendor experience. bilger is capable of using a variety of coarse

biomass including pellets, chips and densified pucks made from grass and other ag residue.

This installabnisthe secondof this boiler typein Vermont, following a successful early adoption and
demonstration at theMeach Cove Trust in Shelburriéhe lessons learned from Meach Cove were

applied at VFFCThe work at Meach Coviacuseal on solid grass biomafisels wa part of a larger US

DOE funded program, The Vermont Bioenergy Initiative (VBI), which has the mission of significantly
NERdzOAY 3 +SNX¥2Yy(iQa R SieiewaRlé e S/FRCYbecamé iieiisied iR grasy 2 Y
fuels due to the organizatio® A Yy G S3INI A2y gAGK (GKS €20t FIFNYAy3
1) heating the facility with a renewable fuel, 2) possibly helping to produce the fuel with a densifying

system hosted at VFFC for use by partner farms and 3) having both of kinege lbe part of an

alternate food and agriculture model where farms are part of their own fuel supply chain.
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Project Outline & Methods

The proposed project concept included several phases:

1.

dte Work ¢ General cleanup, Light demolition, Grading of siéar boiler room, Layout of boiler
room and fuel bin.

Boiler Room Renovation & Bin Construction / InstglRepair walls and roof, Install new person
and equipment door (north), Construct installfuel bin (west), Masonry repair as needed
Electrical and plumbing mains routed to the boiler room.

Boiler and Buffer Tank Instaff Receive boiler, fuel augers, primary circulator, and buffer tank
from RER / EvoWorld USA and install.

Balance of Plant and Heat DistributianSpecify, procure ancdhstall necessary plumbing,
valves, thermostat controls, unit heaters, baseboard, & circulation pumps to enable operation of
the boiler to heat the buffer tank and to distribute heat to the building.

Commissioning and Test BurqgConfirm installation of abarts, integrate the system,
commission sutsystems and overall system, run boiler on wood pellets to start and tune, and
run alternative fueldbased on learning from Meach Cove

Results
The project delivery followed the outlined plan as noted below.

1.

Sie Work ¢ The boiler room was cleared of debris and basic demolition included cutting a new
doorway on the north side. The fuel bin was laid out by the team in consideration of primary

feed auger length, site layout, snow clearance requirements, maintenaocess and future

odzZ 1 FdzStf RSt AGSNASao® ¢KA& NBadzZ 6SR Ay | HQEM
the boiler room using standard framing constructiofhis will allow for approximately 16 tons

of storage capacity on siteThe prima@ ¥ SSR | dZASNJ f Sy3dK 61 & F R2dza
GKS aidFyRIFENR yQUu (2 LINPOGARS FT2NJ SFaASNI AyidS3anNt
was roughly laid out to allow for a second boiler in the future; favoring the installation of the

first to one side allowing room for a second. The buffer tank, expansion tank and balance of

plant were to be placed along the east wall allowing maintenance access and leaving as much

floor space as possible open for future development.

Boiler RoomRenovation & Bin Construction / Instagl The walls of the boiler room were

repaired with repointing (CMU construction). A new roof deck was installed above the original

steel structural frame and a TPO membrane roof was installed. A new double doimstedied

on the north wall providing personnel access and also future equipment access. The fuel bin was
constructed per plan on the west side of the boiler room and plans are in hand for allowance of

future bulk deliveriesElectrical and water mains werouted to the boiler room.

Boiler and Buffer Tank Insta§ The boiler (EvoWworld HC100 Eco, 341,200 BTU/hr output) was

delivered on schedule by RER along wi@bégallonbuffer tank,expansion tankmixing valve

and circulation pumpThe pimary feedauger and combustion feed auger were also delivered

G GKS ary$S GAYSo ¢tKAa tt26SR F2NJ olaAaoOX aRN
Initially, the boilerto-tank circulation loop was plumbed backwards, i.e. with hot (supply)

coming in the botton of the tank and cold (return) coming in the top of the tank. This was

resolvedprior to startup following a walkthrough inspection by the team
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4. Balance of Plant and Heat DistributianCast iron unit heaters were salvaged from another
building on the poperty. These unit heaters are capable of approximately 450,000 BTU/hr of
cumulative capacity, but not all were used. Instead, each was pressure tested and had the air
fan tested to determine the subset of units to be used initially for the projedimétely,
approximately280,000 BTU/hr of heating capacity was installed in the form of 3 unit heaters.
Additional heating capacity will be installed with additional unit heaters and baseboard heating
units. Balance of plant plumbing, controls, valves paohps were procured and installed as
needed to support the overall installatiomhis portion of the project involved a great deal of
hired labor which was initially intended to belkind contributions. This resulted in the project
cost being higher thabudgetedin this budget category

5. Commissioning and Test BurgRER provided boiler integration and initial commissioning. This
was done with support from the manufacturer, EvoWorld USA / Troy Boiler Works. This work
included final electrical conneciis of main power and control signals. All other plumbing
integration work was done by the project team plumbing lead, Lohsen Plumbing. Electrical
mains were provided by 12 Gauge Electric. Initial commissioning and tuning of the boiler was
done on wood phets due to the desire of VFFC to run on this proven fuel in the first year. Initial
commissioning identified only one issue, the combustion feed auger was running with higher
than normal current intermittently.This resulted in precautionarintermittent shutdowrs by
boiler control system. The issue was linked to a mechanical interference between the feed
auger and the sleeve it rotates in. A new part was ordered and installed to alleviate the issue.
Operation of the boiler during cold weather alselped to identify output (BTU/hr) below what
gl & SELSOGSR 2F GKS dzyAaido [ 2YLI NAy3 GKS 02AfS
rejection of heat from the unit heaters indicated a higher firing rate was possible and needed.
Additional primary aiwas provided with a minor adjustment to tuning and resulted in improved
output. We confirmed the output was approximately 330,000 BTU/hr with a simple tank
temperature vs. time calculatiorDuring this time the project team also ran alternative fuels
through the boiler includingucks made fron50% Miscanthus / 50% wood apdcks made
from Ag Biomass / Field Residue. A project notebook, including a settings log, has been
assembled and is kept onsite in the boiler room to track settings and future chasgeeeded.
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Project Cost and Performance to Budget

The totalcost of the project was $P1481, versus a budgeted project cost$#09,636. The higher
expenses were associated with the plumbing of the heating distribution system which required hiring
more labor than anticipated to be completed.

Key expenses were:

1 Site work, boiler room renovations and fuel bin........... $15054(13%)
1 The boiler, augers, buffer tank and near boiler BOR....$53,30 (45%)
I Heat dstribution and CONtrolS..........coovveevieiiirieeieieeeeeinn, $31,089(26%)
T FUCL et $1586 (1%)
1 Project administration.............cccoevveeeeeiiieeeeiiiieee s $18,252(15%)
Key funding sources were split between sponsors (55%) and VFFC (45%):
1 VSJIF,AAFM Anonymous DONOL.........ccccceeeeeeivvvieenenn. $64,000(54%)
T VFFC Cash...ocviiii e $15,359(13%)
T VFFC & Partners-Kind...........c.coeevevievenieiieiie e $40,122(33%)

A detailed budget report is provided rablel.
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VSJF-VBI & Other Funders VFFC Total Split %
Cash In-Kind Total Cash In-Kind Total Cash In-Kind
Revenue Budget $ 64,000.00; $ - $ 64,000.000 $ 6,000.00; $ 39,636.00; $ 45,636.00
Expense Actual $ 64,000.00; $ - $ 64,000.000 $ 15,359.13 $ 40,121.85 $ 55,480.98,
Budget Balance $ - % - 08 - |$ (9359.13)$  (485.85) $  (9,844.98
Revenue Sources $ 64,000.00: $ 64,000.000 $ 6,000.00; $ 39,636.00 $ 45,636.00] $ 109,636.000 $ 70,000.00; $ 39,636.00
54% 0% 54% 5% 33% 38% 59% 33%
Actual Expenses
Boiler Room
Site Work $ - $ - $ - $ 2,000.00{ $ 2,000.00$ 2,000.00
Demo $ - $ -8 - $ - 18 - |8 -
Masonry $ - $ - $ 500.00;{ $ 2,010.00{ $ 2,510.00{ $ 2,510.00
Bin $ 570.00 $ 570.00| $ 1,788.28| $ 854.85; $ 2,643.13|$ 3,213.13
Roofing $  3,800.00 $  3,800.00( $ - $ - $ - $  3,800.00
Door $ - $ - $ 49.96 $ 700.00; $ 749.96| $ 749.96
Electrical $ 295.00 $ 295.00| $ 1,939.10; $ 547.00{ $ 2,486.10|$ 2,781.10
Boiler Room Total $ 4,665.00] $ - [$ 4665000 427734 $ 611185 $ 10,389.19| $ 15054.19| $ 894234 $ 6,111.85| 13%
Boiler
RER-EvoWorld $ 53,500.00 $ 53,500.00( $ - $ - $ - $ 53,500.00
Boiler Total $ 53,500.00: $ - [$ 53500.00 $ = $ = $ = $ 53,500.00[ $ 53,500.00; $ - 45%
Heat Distribution
Unit Heaters (reclaimed) | $ - $ - s - 1$ 6,890.000$ 6,890.000$ 6,890.00
Hanging Heaters $ - $ - s - 1$ 4950.000$ 4,950.000$ 4,950.00
Plumbing $  4,652.09 $ 4,652.09($ 10,596.79 $ 4,000.00{ $ 14,596.79| $ 19,248.88
Controls $ - $ - 1% - 1 $ - 1% - |8 -
Heat Distribution Total $ 4,652.09; $ = $ 4,652.09($ 10,596.79; $ 15,840.00; $ 26,436.79| $ 31,088.88 $ 15,248.88: $ 15,840.00 26%
Fuel
Wood Pellets $ 1,101.00 $ 1,101.00| $ 485.00! $ - $ 485.00( $ 1,586.00
Fuel Total $ 1,101.00{ $ - [$ 1110100 $ 485.00! $ = $ 485.00( $ 1,586.00$ 1,586.00: $ = 1%
Project Admin & Design
G. Cox $ - $ - $ - $ 4,860.000 $ 4,860.00| $ 4,860.00
R. Steingress $ - $ - $ - $ 1,260.00{ $ 1,260.00 $ 1,260.00
R. Levin $ - $ - $ - $ 50.00| $ 50.00( $ 50.00
C. Brown $ 81.91 $ 8191 $ - $ 12,000.00; $ 12,000.00| $ 12,081.91
Project Admin & Design Total$ 81.91: % = $ 81.91| $ = $ 18,170.00, $ 18,170.00| $ 18,251.91| $ 81.91:$ 18,170.00 15%
Expenses Total $ 64,000.00; $ = $ 64,000.000 $ 15,359.13 $ 40,121.85 $ 55,480.98| $ 119,480.98 $ 79,359.13; $ 40,121.85]
54% 0% 54% 13% 34% 46% 66% 34%
Balance $ = $ = $ = $ (9359.13) $ (485.85) $ (9,844.98)$ (9.844.98)$ (9,359.13} $ (485.85

Tablel - Project budget and actual expenses by project area, expense type and source of funds.
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Cost / Benefit

The installation of a biomass boiler\EFC came at a financial premiwmen compared to a typical

boileras noted in the budget review section above. That premium is the combination of the boiler cost

and the bin cost less the cost of a typical propane or fuel oil boiler of similar sizeificlg, the

biomass boiler cost we53,350 and the bin cost w&®,905 resulting in a total K S I do$ ofE

$56,255. A typical 330,000 BTU/hr fuel oil boiler costs $5,000. Sedkgremium for this system is

$51,255 The basis for this projecs that a biomass fuel will result in recurring savings against fossil

FdzSta GKFIG gAff NBadzZ G Ay aLI @Ay3a ol Olé GKAA LINBY
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depends on considergnfuels in normalized energy units. Knowing the cost of a fuel and the heating

value of it we can determine the cost per heating unit and more easily compare two very different fuels.

The cost obiomasguels varies. Wood pellets at a price of $200 per hormalize to $11.6 per million

BTU. Wood chips at $56 per green (or wet) ton normalize to $5.7 per million BTUb&sadshiomass

puck / briquette fuel costs haveeen estimatedn the range of $8228 per ton ($5.2; 14.4 per million

BTU)in other recent work(Callahan, 2016)

Even at relatively lowrices today, propane at $2.75 per galloas a normalized cost of $29.86r

million BTU and fuel oil at $2.01 per gallon has a normalized cost of $14.58 per million BTU (US DOE EIA,
3/12/2016).The normalized savings possible when ugialiets, chips odensified grass biomass fuels

ranges from nearly zero to $24.65 per il BTU depending on the fuels being compared and current
pricing and assuming comparable appliance efficiencies which is reasonable when considering modern
designs.

Fuel Costs

Knowing the production and densification costs of grass biomass fuels we &aransamparison to
other common fuels in order to determine potential savings in operational costs. A summary of fuel
costs, in normalized termegt current pricingis presented iTable2.

Fuel Cost Cost Units Energy Energy Unit Normal!zgd Fuel Cost
Content $/million BTU

Propane 2.79%/gal 92000BTU/gal 29.8
Fuel Oil 2.01%/gal 129500BTU/gal 15.6
Wood Pellets 225.00%/ton 8600BTU/Ib 13.1
Wood Chips 56.00%/ton (green) 9.9/mill BTU/ton 5.7

Ag Biomass 85-214%/ton 8123BTU/Ib 5.2-13.2
Switchgrass 129-228%$/ton 8353BTU/Ib 7.7-13.6
Miscanthus 129-228$/ton 8105BTU/Ib 8.0-14.0
Reed Canary 129-228%/ton 7898BTU/Ib 8.2-14.4
Mulch Hay 129-228%/ton 7952BTU/Ib 8.1-14.3

Table2 - Comparison of fuel cosits normalized terms.

Potential Fuel Savings

Given the assumed fuel costs above and the potential for modern biomass appliamgesate at
efficiencies similar to standard fossil fueled appliances it is possible to agh&*é savings when using
densified grass biomass as a combustion flidlis is a wide rangdue tothe variability in grass biomass

8
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productioncostsand fossifuel prices. It is likely that propane will be at least $3 per gallon ($3&6
million BTU) in the future when a mature grass biomass fuel can be produced for $130 per ton ($7.93
per million BTU. This suggests a future scenario of 75% fuel cost gayiotential.The impact of that
savings depends significantly on the cpsgmiumof the appliance and the amount of heating load the
site hasi.e. how much fuel is used each year

Cost / Benefit

A building with a peak design load that matches the 340 BROU/hr of the EvoWorld boiler in this study

would have an overall heat transfer coefficient and area product @@9BTU/hr°F(-12 °Fdesign

temperature forRutland VT & 65Finside temperature assumed.) This information allows us to

estimate annuafuel usage by applying heating degree dayhkis approach assumes the boiler is sized

G2 Ndzy F&G YFEAYdzY LR2GSYydAl t  Olandtianitis@isedtkesfthe’ SSRSR
building whenever the outside temperature is below 65 °F.

Using Buington, VT heating degree dagk7,659(65 °Fbasig, annual heat loss is estimated to 8é1
million BTU which translates th024million BTU of fuel input with an assumed heating appliance
efficiency of 85%/For reference, the historical, frugatopane use at VFFC equates to 350 million BTU.

At 350 mill BTU per yeaf fuel input,propane at $2.75 and wood pellets at $200 per ton, the simple
payback period is.B years.

If the boiler use is increased to 600 million BTU per year due to, e.gertighting sefpoint in the
Farmers Hall, longer winter farmers Market season or addition of tenants, still with propane at $2.75 per
gallon but using ag biomass provided at $100 per ton, the simple payback drops/eass.

At an even higher use 4000 million BTU, a slightly higher propane price of $3.00 per gallon and a
lower biomass puck cost of $85 per ton, this payback period decreadedyears.

Simple payback period is summarized for a range of fossil fuel prices, alternative fuel prifes| ase
in Table3.

Next Steps

The boiler installation at VFFC has served as a second demonstration of the feasibility of solid grass
biomass fuels for small commercial and agricultural buildings.

For VFFC, the next steps are:

1. Continue to gain experience and understanding ofttbéer system, fuel sourcing and use and
overall economics.

2. Work to improve and confirm system reliability with continued monitoring, tuning and fuel
guality control.

3. Consider becoming part of the fuel production procespbientially hosting a densificadn
machine and possibly offering processing serviogsrtner farms and others

4. Leverage the biomass heating experience as part of the overaltdomgbusiness and facility
planning process as future capital projects are explpred followon boiler system for
additional heat load
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Cost Premium
Fuel / Energy Use

51255%in yr 0
350 million BTU/yr
22 tons of pucks
3804 gal of propane

Fossil Fuel
Alternative Fuel 1.50 2.25 3.00 3.75 4.50 5.25 6.00
Chips Pellets Biomass Normalized 1.00 1.50 2.00 2.50 3.00 3.50 4.00
$/gr ton $/ton $/ton $/mill BTU 10.9 16.3 21.7 27.2 32.6 38.0 43.5
31 54 50 3.1 18.9 11.1 7.9 6.1 5.0 4.2 3.6
46 81 75 4.7 23.7 12.6 8.6 6.5 5.2 4.4 3.8
62 108 100 6.3 31.7 14.6 9.5 7.0 5.6 4.6 3.9
77 134 125 7.9 47.9 17.2 10.5 7.6 5.9 4.8 4.1
93 161 150 9.4 98.0 21.1 11.8 8.2 6.3 5.1 4.3
108 188 175 10.9 27.3 13.6 9.0 6.8 54 4.5
124 215 200 12.5 38.5 15.9 10.0 7.3 5.7 4.7
139 242 225 14.1 65.3 19.1 11.2 7.9 6.1 5.0
155 269 250 15.6 215.6 24.0 12.7 8.6 6.5 5.3
Cost Premium 51255%inyr 0
Fuel / Energy Use 600 million BTU/yr
38 tons of pucks
6522gal of propane
Fossil Fuel
Alternative Fuel 1.50 2.25 3.00 3.75 4.50 5.25 6.00
Chips Pellets Biomass Normalized 1.00 1.50 2.00 2.50 3.00 3.50 4.00
$/gr ton $/ton $/ton $/mill BTU 10.9 16.3 21.7 27.2 32.6 38.0 43.5
31, 54 50 3.1 11.0 6.5 4.6 3.6 2.9 2.4 2.1
46 81 75 4.7 13.8 7.4 5.0 3.8 3.1 2.6 2.2
62, 108 100 6.3 18.5 8.5 5.5 4.1 3.2 2.7 2.3
77, 134 125 7.8 27.9 10.1 6.1 4.4 3.4 2.8 2.4
93 161 150 9.4 57.2 12.3 6.9 4.8 3.7 3.0 2.5
108 188 175 10.9 15.9 7.9 5.3 3.9 3.2 2.6
124 215 200 12.5 22.5 9.2 5.8 4.2 3.3 2.8
139 242 225 14.1 38.1 11.1 6.5 4.6 3.6 2.9
155 269 250 15.6 125.7 14.0 7.4 5.0 3.8 3.1
Cost Premium 51255%inyr 0
Fuel / Energy Use 1000 million BTU/yr
63 tons of pucks
10870gal of propane
Fossil Fuel
Alternative Fuel 1.50 2.25 3.00 3.75 4.50 5.25 6.00
Chips Pellets Biomass  Normalized 1.00 1.50 2.00 2.50 3.00 3.50 4.00
$/gr ton $/ton $/ton $/mill BTU 10.9 16.3 21.7 27.2 32.6 38.0 43.5
31 54 50 3. 6.6 3.9 2.8 2.1 1.7 1.5 1.3
46 81 75 4.7 8.3 4.4 3.0 2.3 1.8 1.5 1.3
62 108 100 6.3 11.1 5.1 3.3 2.4 1.9 1.6 1.4
77 134 125 7.9 16.8 6.0 3.7 2.6 2.1 1.7 1.4
93 161 150 9.4 34.3 7.4 4.1 2.9 2.2 1.8 1.5
108 188 175 10.9 9.6 4.7 3.2 2.4 1.9 1.6
124 215 200 12.5 13.5 5.5 3.5 2.5 2.0 1.7
139 242 225 14.7 22.9 6.7 3.9 2.8 2.1 1.7
155 269 250 15.6 75.4 8.4 4.4 3.0 2.3 1.8

Fuel Oil $/gal
Propane $/gal
Normalized $/mill BTU

Fuel Oil $/gal
Propane $/gal
Normalized $/mill BTU

Fuel Oil $/gal
Propane $/gal
Normalized $/mill BTU

Table3 - Payback period tables for different volumes of fuel use (i.e. heat [Bad}hree different tables are for three different
volumes of use (350, 600, ab@00million BTU per year) h& horizontal axis represents different fossil fuel costs and the
vertical axis represents different alternative (biomass) fuel costs. The balance of the table is the simple payback/eard i

for each combination of fuel prices assuming a commoniapge cost premium of $51,255. Green cells indicate payback period

less than 6 years, yellow is less than 10 years and grey cells project no payback.

10
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APPENDIX¢ VAAFM REPORTING FORMAT
Task 1Biomass; Feedstock & Combustion Analysis

SubTask Ic Logisics Management

SubTask 1.k Prepare boiler room and heat distribution system prior to EvoWorld
installation.

Outcome The boiler room is prepareuhcluding structural, envelope, chimney, electrical
and mechanical improvements necessary for sustained operation and code compliance.
The heat distribution system will also be installed, including hydronic unit heaters,
thermostat controls and associatédt water plumbing.

Status COMPLETE. The boiler room used for this project is a revitalized boiler room from the

0dzZAf RAY3IQa KAAG2NEO® ¢tKS NBYYlyGa 2F GKS 2fR 02
moved to the nortlside the west side of the der room was built out as a fuel bin. A new

roof was installed. A flue pipe, thimble and exhaust were installed. Smalley Mechanical (C.

Brown) provided code review. The heat distribution system was installed making use of

reclaimed cast iron hydronic / stex unit heaters and themostat controls were integrated.

SubTask 1.Z; Install EvoWorld HC100 ECO boiler and fuel bin.

Product Take possession BffoWorld HC100 ECO boiler (ordered by the Grantee and
delivered by Renewable Energy Resources) and imstiathe Vermont Farmers Food

Center in Rutland. The installation process will be carried out by Smalley Mechanical with
oversight by UVM Agricultural Engineer Chris Callahan.

Outcome TheEvoWorld HC100 ECO boiler and fuel bin is installed and contected
balance of plant and utilities.

Status COMPLETE. The EvoWorld boiler was delivered at the site on 11/4/2015 by RER. The
fuel bin was built off of thevestend of the boiler room using traditional framing following
the delivery to allow for fitupround the primary feed auger and sweep arms.

SubTask 1.3 Receive test quantities of wood chips (from Vermont), wood pellets (from
Vermont Wood Pellet Company) and grass pucks (from Renewable Energy Resources
RER) to be used in EvoWorld boiler cossinning process and testing.

Outcome Three different fuels on site, ready for use in commissioning the boiler.

Status:COMPLETH.est quantities of wood pelletsood chipsnd grass pucks were
delivered to the site for initial commissioning.

SubTask 1.4 Commission the EvoWorld boiler using the three feedstocks above listed, to

confirm fuetspecific settings. This work will be conducted by Smalley Mechanical with
support from RER/EvoWorld and Chris Callahan.

11
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Outcome Operating under reabad conditions, the tests will inform VFFC and RER as to the
combustion characteristics of biomass fuels as well as boiler system operations and
maintenance. Data collected will be shared with the Grantee and the State.

Status:COMPLETIEhe boiler wasarmmissioned following installation on wood pellets by

RER with support from EvoWorld USA (Troy Boiler Works). The settings for use of pellets
were further refined by the larger project team to provide full load boiler output by

increasing primary air suppwhich was limited with the default (factory) settings. Biomass
pucks made of 50% Miscanthus/50% Wood and pucks made of Ag Biomass / Field Residue
(each ~13% moisture contemtre also burned successfully in the boiler with minimal
adjustment Wood chps(9% moisture contentyere also burned successfully

Task 2: Project and Solicitation Administratiofihe grantee will provide the Stateports and
other deliverables in accordance with the Federal Assistance Reporting Checklist.

Product Oneprogress report, a draft final report, and a final report will be provided to the
State.

Status A progress report was provided 11/18/2015. A draft report will be reviewed
3/24/2016 and a final report provided thereafter.
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Biomass Boiler Installation at The Vermonafners Food Center

APPENDIX®BPICTURES

2l
Figurel - An assortment of the fuels that the boiler can burn. Left to Right: wood chips, grass biomass fuel pucks, and wood
pellets.

Figure2 - Near completion of the install. Left to Right: Rob Steisg(VFFC Treasurer), Bill Ene{12 Gauge Electric), and Greg
Cox (VFFC President).
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Biomass Boiler Installation at The Vermonafmers Food Center

Figure3 - Laying out the fuel bin. The measuring tape is set to 10 ft of length to illustrate the rough location of the primary feed
auger. Charlie Brown (Smalley Mechanical) provided engineering support of the project.

Figure4 - The exterior of the boiler room after initial cleanup, but prior to new doorway (in place of window) and prior to the
construction of the fuel bin (off of the large opening in the center of the view). The bin foot print is outlined in the dir
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Biomass Boiler Installation at The Vermonafners Food Center

Figure5 ¢ USDOBBiomass Technology Office Technology Mana@hbristy Sterner (center) visits the site along with Alex DePillis (8ghipr Agricultural
Development Coordinatavith the Vermont Agency of Agriculture, Faotd Marketsto speak with Greg Cox (VFFC, left).
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