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The Mahoosuc Initiative helps communities build vibrant local economies, conserve and
encourage sound management of the region's natural resources, and promote healthy
communities connected to the land.o download a copy of this guide, and to learn more about
the Mahoosuc Initiativeplease visitwww.mahoosucinfo.org

Members of the Mahoosuc Initiative are:

Androscoggin River Watenged Council
Appalachian Mountain Club
Appalachian Trail Conservancy
Biomass Energy Resource Center
The Conservation Fund

Forest Guild

Forest Society of Maine

Mahoosuc Land Trust

Northern Forest Alliance

The Wilderness Society

Tri-County Community Action Rigrams
Trust for Public Land

Thanks to the Biomass Energy Resource Center for information used guiidhesand for
reviewing drafts.


http://www.mahoosucinfo.org/

Introduction

Wood is the oldest source of heat and light for humans, kbeibhited Statesndmany
othercountriesit hasbeensupplantediuring thepastfew centuriedy moredense and
portable sources of energyirst coal, then oil and natural gak the U.S. today, wood
makes up only about 2% of our total national energy sources. sY&t aecognize the
impactthat fossil fuels have on our climate, and as oil grows increasingly expensive and
difficult to access, wood may once aghecomea broadly useanergy source.

In New England, wood never entirely lost its populaasya source of home heand
biomasselectricity plants have operated in our region for several decadeshigBet oil
prices anda push to find renewable sources with lower greenhouse gas emissions could
dramatically expand wood energy use in the coming yelns. Mahoosuc Region is no
exception, with current proposatsculatingfor eledricity generation, wood pellet
manufacturingand conversion of public buildings to wood heat.
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Wood fuel from sustainable forestry operations caa benewable local resource. Its use
keeps energy dollars circulating locally, which supports jobs and provides revenue for
landowners.Wood is not unlimited, howevelWood maycome from land clearing and
other unsustainable operatiorisnergycan compete witpaper or solid wood products

for limited raw materigland there ardrawbacks taemoving more material from the
regionds forests. T h e ofwood energy, frenexpahdeds i on i n
use of home wood stoves to hitgth bierefineries can leave communities feeling
confused about tlrebest choices for the future. Thisportprovides basic information
about wood energgptions including environmental ad community impactsRather

than duplicate the many excellent reports that are already available, we provide a brief
summary here plus a resource list for those who wish to investigate in greater depth.
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Ways to Convert Wood Biomass into Useful Energy

All wood energy uses depend ultimatelybamning fuel to releaseeat (along with

carbon dioxide, other combustion gases, particulates, ash and other byproducts). Direct
use of that heat is most efficient at converting potential energy into useful gnergy
because it does not involve an additional conversion process with associated3tiises
even when wood is burned very efficiently, there are some energy.ld3sesustion
efficiency depends upon the moisture content of the raw wood (the eneriggsttta
evaporate water i3ot available for heatingut instead goes up the stack with the sheam

on thetemperature and oxygen supply that determine how completely material is,burned
and on particle size and uniformity that ensures hot and even buittiegusefulness of

the resulting heat also deperatshoweffectively equipmentaptures the heat and

delivers it aspace heat or hot water or power

Heat

The simplest heating device wasginally an goenfire, soon followed by fireplaces, dn
finally by stoves whicltontrol combustion byegulatingair intakeso that less heat goes
up the stack with the air drafMasonry heaters have a long tradition in some parts of the
world. With large masses that absorb andaéiate the heat from small hotds,

masonry stoves may be up to 90% efficient. But since these devices radiate heat for
many hours, their heat output cannot be quickly adjustedithey require building fires
several times a day, they have not enjoyed wide popularity in theNdlo8em home

wood stovedueled bydry cordwoodypically burn at60 to 80% efficiencyRector et al
2006 t hough their perfor mance whaengrslpply | ower
is limited to reduce heat outputPellet stoves burn more efficiently, attout78-85%
(USDOE 2009) because of thiew moisture contendf pellets(5-10% compared to 20%

for air-dry firewood)anda uniform small particle size that promotes a hot fiRellet

stoves dause electricityhoweveri about 100 kWh per monthandpelletsalsorequire
extraenergyto grind, dry and elletize

Home furnaces are one step up from stoves in complexity, and require hot air ducts or hot
water pipes to distribute the hedlood chip furnaceand gasifiers (which burn the
secondary gases a separate combustion chamlgpically capture about 55% to 75%

of the wood energy as useful hbased on seasonal average operating conditidaker

2004) butcan be as much &% efficientat peak performanceOutdoor furnaces allow
burning of awider variety oflower-quality materials, in larger chunks, but they often

release more pollutants (see bel@amyl theymay be only30 to 40%efficienton a

seasonal average bafiector et al 2006Jue to low combustion temperatures and

additional heatost when hot water is piped into a building.

At a slightly larger scale, biomass heat has been used in recent years to heat schools,
hospitals and other public building@ver40 Vermontschoolsranging in size from

! Efficiency is usually rated at peakrf@mance under ideal conditions (low fuel moisture, optimum air
supply, etc.) Wood burning equipment may operate undetiassdeal conditions for much of the year,
so actual delivery of heat may be less than these numbers imply.
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23,000 and 390,000 square feeat wth wood chips or pellets, and together they use
about20,000tons of wood per yedFrederick 2009) At a similar scale, industrial

facilities, particularly forest products manufacturers, can generate their own space heat or
process heat from waste wootihe Hancock sawmill in Bethel uses sawdust and trim

wood to provide heat for its woedtying kilns.

District heating is another optidhat distributes heat from a central plant to several
clustered buildings Central facilities can also produce donwesiot water, industrial

process heat, and even chilled water for air conditionirige cost othese systems is
minimizedwhen there is a tight concentration of building&.otched Mountain

Rehabilitation Center in Greenfield, New Hampshire obtains vebqes from a local

logging contractor and plans to heat up to 600,000 square feet of buildings burning 3,000
tons of bole chipgproduced from the main trunk and large brancpes)year.

These heating options demonstrate a principle that applies toemeogly at all scalés
convenience, transportability and flexibilibften impose costs through increased
processingr more costly equipmentWood pellets and woeldased liquid fuels are

close substitutes for fosddased fuels, and can be similarly manized. But the extra
processing reduces thetenergy obtained from each cord ofwoddh er e i s 0
thing as a free luncho. Choice of tec
what is best for the household or the community.

Electricity

Aside from heatingf homes and larger structuresod
has also been used in our regionsome timeo
generate electricitylndustrial wood processing plants
have long used their own wood waste for steam heat
and/or electricity production. Dimg the oil crisis of the =
197006s s o me -dosveradelectricutlityw o o
plants were started up, including the McNeil Power &=
Station in Burlington, VermontThis facility began
operating in 1984, and in full operation burns 76 tons ¢
wood chips pehour to generate 50 MW of electricityn §
the area surrounding the Mahoosuat leasb electric
power generators using wood fuel are currently
operating,jncludingthe NewPage paper plant in

Rumford. McNeil Generating Station, Burlington, VT

Older biomass electricity facilities use stoker griachnology, which distributes fuel
along a moving grate with combustion air introdiirem beneath.More receny built
plants (including the converted Schiller planPiortsmouth, NH) often use fluidizezbd
technology, which mixes the wood fuel wihndlike particles and injects air into the
mix to rapidly heat the fuel, strip away charred portions of the fuel, and ensure more
complete combustion.
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Sincewoodmust be burned tproduce steam that turns turbines that in generate
electricity,the overall processf generating electricity iwuch less efficient than for
wood heat lmbne Wood biomass electricity plants typically convabiout20-28% of the
wood energy into useful electricitythe rest is lost as waste heatafdsmission lines
maylose anothel 0% or moreof the dectricity (national averagejue topowerline
resistance on the way to the final custoigergman and Zerbe 2008

To avoid line losses, electricity can be generated at a smaller local Etadéric
generators opetiag on wood gases can opeyat a scale as small as 2 kW (Bergman
and Zerbe 2008)Total small scale electricity generatibtom woodin the U.S. is about
310 MW, burning 550,000 tons dry wood/yéBergman and Zerbe 2008). But
economies of scale makige cost per kWh much lower for larger plangout 1,000
biomass electricity plants operate across the Wig), most of these operatirag
individual industrial facilities (Black and Veatch 2008). Abdfiy | argescale
commercial biomass electrigiplants of 20 t&o0 MW in sizenow operate acroghe
U.S, with concentrations in thidortheastSoutheast| ake StatesandWestCoast(US
DOE, EIA).

Biomass Electricity Plants and Biomass Feedstock in the U.S.
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SourceU.S.DOE, Energy Information Administration

Combined Heat and Power

Combined heat and power (CHP), sometimes also callegeration, caalsobe
equally efficientasheat alone.CHP systems are either designed to meet heating needs
with an added capali¥i to generate electricity wheamergy output exceeds demand. o
they can be built primarily for electricity generatiooapturing heat as an afterthought
(these systems generally hdeerer overall efficiency since much of the heat is still
likely to bewasted). The diagram at right shows how combining heat and power can
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increase efficiency by converting electric generating
losses into useful heat. This type of system requires T .
locating the electricity generation near where heat is | and power
needed. pons i

(121 units)

Power

180 units

At a smaliscale, dl-3 MW thermalwood gasifier could
be reconfigured to produce 500 kW to 1.5 MW of 1y
electricity, but small scale generators are relatively ra
due to their higher cost per kWt the other end of Combined Heat
the scale, downtowns can ube district heating = s
approach described abolg captuing the waste heat T
from a largeelectric generating facility to heat or cool |  iwuis
buildings or provide hot wat@r both The central
business district of St. Paul, Minnesota is heated i
cooled by such a system fueled priityaby urban
wood waste, producing 65 MW of heat and 25 MW of electr{@natkovich et al 2009)

Usel
BOILER oy

Source: Schwartz 2009

New Hampshire currently has 5 combined heat and psitesusing woodwith a

combined capacitgf 39 MW of electricity and about 7 trillion Btyearof heat Maine

has 10 such sitesranging in size from 1 MW to 6MW, with a combinedapacity of

about220 MW and38trillion Btu/yearof heat? Not all of the available heat may be
converted to useful energy, but these existing plants have found CHRrecalnoecause

of their need for large amounts of industrial process heat, so most of the available heat is
probablyutilized onsite. Most of thesenstallationsare wood products facilities with an
on-site supply of wood byproducts for fu@lith the oleéstoperating at paper plarssce

t he 1950 06 ¢Enangy and En9irdérimérgal Analysis, 2009)

The chart below summarizes conversion efficiency for various wood energy alternatives,
based solely on commercially available technologies.

Wood to Energy Conversion Efficiency

(available technology)
100%
90%
80%
T0%
60%
50%

40%
30% -
20% +
10% -
0% T T T T T T

| Electric
B Thermal

-29# ‘e@"" é@\ ~<\0¢ & aqclp‘ g\«\& Q\@& Q\é&
q@fg N Og o.e;é‘aﬁ dgscpqc"éqo‘#
& ‘90 @S@‘sﬁ %

BERC
Biomass Enersy
Technology Rescurce Center

Source: BER 2009

2 Heat output is eBhated based on a typical power/heat ratio of 0.15 for a system using a boiler and steam
turbine (all Maine and New Hampshire weficbd facilities), and typical industrial operation of 7,500
hours/year (Hedman 2009).
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Biofuels

In addition to currently available wood energy technologiaspus processes to produce
oils or ethanol from wood feedstocltse currently in the research or demonstration
phase B e r | BrowrdPaper Mill helpedommercialie new uses fowood feedstocks,
from shortening to cellulose filleand in keeping witlthis historictradition, wood
biorefineriescould have a future in the Mahoosuc region as petroleum gnoveasingly
scarce and expensiv

Gasification is already being usedsiame thermal applicationand has potential for

wider use in smalscale electricity generatiorDuring WWII, Germans drove cars

powered by woodjas when petroleum supplies were cut biit the technology istill

not fully commercialized This processises incomplete combustion to conweadod to a

gas,which can then be burnea a boiler to produce heat, an engine t@roduce

mechanicaénergy or inan engine otturbineto produceelectrical energy Gasification
products are sometimes caliédp ruccer gaso (a mixture of carbo
carbon dioxide, methane, and other gases) at relatively low temperatures, or more pure
Asyngas (mostly carbon monoxide and hydrogen
supplemental oxygenin additionto its rehtively highcost, ontaminantsuch as tars

that shorten equipment life e main obstacle to wider usébiogas

Fermentation of wood to producellclosic ethanoalsoappears close to commercial
feasibility, with a few demonstration plants opergtihroughout the countryMajor
obstacles include inefficiency of fermentation for the more resistant parts of the wood,
and the hgh capital cost of facilitiesMascoma Corporation, of Lebanon, New
Hampshire operates a pilot cellulosic ethanol plaitame, New York and recently

made a breakthrough modifying yeast and bacteria for more wood fermentation.
Facilities must be very larggcale in order to be economically feasible, and even then
depend upon government subsidies to be competitive antduel prices.

A third processalled pyrolysisheats the wood, then cools it to condense @ubls,

with char and gases as usable byproduttee Forest Bioproducts Research Initiative at
University of Maine at Orone helpingto convert a formefGeorgia Pacific paper mill in
Old Town, Maine into a biorefinery that will make fuegredientdrom pulp waste

Over the past several yeakaine Technology Instituteasalso supported biorefinery
research and developmentRamford Maine In 2007, L& DOE provided funding for 15
biorefinery demonstration facilitieround the countryDespite these stepsiofuels
remainmore dream thareality.

The chart belovehows energy output as a percent of energy in the raw wowdrious

biofuels Grossconversion efficiency indicates energy present in the fuel compared to
energy inthe raw material (both wood pellets and wood chips, not shown, essentially
convert all the energy in the raw material into fuel enerddgtconversion efficiency
subtractghe energy required to transport and process the fuel. Due to the considerable
processing energy required, wood pellets are very close to producer gas and synthesis gas
in net terms (wood chips would be a bit higae to minimal processing A final

enegy conversion step from the fuel to useful heat or mechanical enérggaffected



Wood Energy Options for the Mahoosuc Regio 7-15-09

by combustion equipment andnst included in the chart. Because wood pellets with
their low moisture contergnd uniform shapburn more efficientithan chipswood
pedlets and green woodchips are about equal in overall conversion effici@otly are
more efficient than liquid or gas fuels.

Conversion Efficiency: Wood Residues to BieFuels

100%
90%
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70% T
60% -1
50% -1
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Source: BERQ006

One way to look at wood energiioicesis to start with gailable supply and compare

alternative usesThe Berlin NH pulp mill formerly used about 1 million tons of pulp.

There is some suspicion that this amownuld not be sustainableng-term, partly

because of competing iseeelowiandpdntlyduetbhe Awoodsh
impacts on the forest resourddowever, f this entire volumevereused for energy, it

could support a range afternative energgptions.

Alternative Energy Choices

(Uses for 1 Million Tons of Wood Biomags
Heat
- 3,500 schoolsor
- 400 small collegesor
- 80,000 homes with wood stoves
- 60,000 homes with pyrolysis por
Power
- Two 50 MW power plantsor
- Four20 MW power plantsor
Combined Heat and Power
- 50 large university campuses (electricity plus space j@at)
- 350 sawmilé (electricity plus heat for kilnspr
Fuel

- 65 million gallons cellulosic ethanol (replaces 600,000 barrels crude oil)
Source: EERC 2006
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Eachwood energyption has different implications for the local community. The
remainder of this report outlinesrse of the pros and cons of alternativeod energy
uses.

Benefits of Biomass Energy

Replacing fossil fuels with wood fuel has many benefits. Because the fuel is locally
produced, energy spending by residesufigsportdocal workers andorestland owners
Unlike solar, hydroelectric and wind installations, biomalsstricfacilities can operate
24 hours a day, year round and can thus produce the higtlestpeaking power.
Harvesting wood to supply an electric plant yeaund or a heating plant duritige cold
monthsprovidessteadywork for loggers and truckerddeally, a viable market for low
gradewood will helpkeep lands in forest arfdvor good silviculture through timber
stand improvemetrit leaving the best trees to raa¢ into higher qualityavlogs When
projects are communigcale and are used heat publidacilities such as schools or
municipal buildingslocal energyrovides opportunities for students, parents, @thdr
community members to interact witheir fuel suppliersforestes, loggers, and mill
owners

Local economic spinoffs

Eight wood biomass electricity plantsith atotal capacityl08 MW, were operating in

New Hampshire in 2008nd hese plantprovided about 125 direct jobst about 97 jobs
per million tons of chipgINRS and Draper/Lennon Inc. 2002Ylost of these plants are
small (less than 20 MW) arttie number of jobs per ton of wood would be less at a larger
facility. The proposederlin, NH Laidlaw biomass planfor instanceywould useabout
750,000 tons of dps and provide 40 jobs, or 58gs per million tons of chips.

Biomass fants also create jobs for loggers and truck®ased on a Massachusetts study
(Timmons et al 2007Miomass electricity plants usidgmillion tons of wood biomass per
year would spport about 36 logging/chipping jobs and 28 trucking jdtsa total of

117 to161 jobsat the mill, in the woods and on the roges million tons of chips used
Since many of these jobseairom harvesting the wood, jobs will benefit the host
communily only when the wood is harvested nearby. The larger the plant, the more
wood will need to be trucked in from a distance

With indirect and induced effects due to spending by employees and suppli¢osalthe
economic i mpact of Neass plihts operating im20@ightb&ood bi on
as high as $69 million, or about $640,000 per MW of plant cap@dbiyS and

Draper/Lennon Inc. 2003) Not all these economic spinoffs occur in the immediate area,

but someof these dollars will circulate locallgomparedto coal or oil plants which

import their fueland therefore export a significant portion of their energy dollars

% This estimate is lower than the dneluded in the report, because assumptions in the study about

multipliers, and which expenses are subject to local multipliers, seemed overly optimistic. Expenditures

that flow immediately out of the state (like federal taxes and parts and equipmpradated locally) will

not be subject to a staktee v e | mul tiplier; and this fAleakaged is gr e
The study also applied economic output multipliers to jobs, which is not accurate.
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The Greenova pellet mill proposed for Berlin expects to provide 30 to 35 jobs to produce
180,000 tons of pellets per yaasing 400,00 tons of logswhich works out tabout 81

mill jobs per million tons of wootompared to 53 for largecale biomass electricity and

97 for mediurescale) Assuming that woods and trucking jobs are similar to those for
biomass electricityslightly fewerif logs are chipped at thmill rather than at thégging

site), total jobs per million tons of wood might Bbout141, fairly similar to the jobs
provided a mediunscale biomass electricity plant.

Silviculture

Beyondprovidinglocal jobs, biomass uidation can theoretically boost returns to
landowners.Most landowner benefits result from the ability of biomass markets to fund
timber stand improvement activitiekocal markets for low quality wood méaelp
discourage higigradingby partially finanang timber stand improvement cuts that
removedefective treeand reduce competition for the m@sbmising crop trees.

However, chipping operations rarely pay for themselves, but are usually part of a larger
timber harvest operatiorlJnfortunately, thénighestshorttermreturns to both logger

and landowneresult from removing thbest loggimmediately Foresters and

landowners interested in losigrm productivity need to guid@omass harvesting
operatiols to ensure that the future star@mains togpriority.

Stable local energy price and supply

Although the costs of wood heat or electricity may be higher than fossil fuel costs when
fossil fuels are cheaphe costs fothese locally produced fuels are likely to be more
stable over time Qil prices sving up and down with market speculation and international
events global supplies are concentrated in politically unstable regantsit is a safe bet
that these prices will be ratcheting up over tifi@al is produced domesticallgut its

high emissabnsand mining impactsake it an unlikely candidate for future energy
expansion.Natural gas, the most common fossil fuel electricity source in New England,
is likewise not produced in our region and must be piped or shippecfsemhere
Although wodal fuels will follow overall energy pricérends to some extent, their prices
and supply should be more stable and subject to local control.

Greenhouse gases and other pollutants

Wood fuels are oftéa batted fievwanbmnghsumeaib
wood does requirtossil fuelsto harvest, chip, and transporTheseupstreamenergy

expenditures are generally lower for wood than for fossil fuAlsodreleases more

carbon dioxide per @8 of energy than fossil fuelfiowever because itsnolecules

contain more carbon and fewer hydrogen atoBecausevood genedlly burns less

efficiently thanconcentrated fossil fuelthe fuel needed per usefullBof energy isalso

greater Because of these differences in chemistry and combustiaieetfy, switching

from fossil fuel to wood might actually increase carbon dioxide emissions in the short

term.

Over the longun, however, if wood is sourced from a watlinaged forest that
maintains a consistently high inventory of growing trees, remdafassil fuels with wood
will reduce greenhouse gases in the atmosphere. New growth in an intact forest will
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eventuallyreabsorb most of the carbon dioxide released by burning the wood. If woody
crops are planted on formerly cleared land, totalbgical carbon storemayincrease

and the entire foregb-furnace systemmayhave a carboneducing effect.Wood from
clearing for developmenbn the other handks definitely not carbon neutral because the
source forest is no longer available to reabsbelcarbon released when the wood is
burned. The greatest carbon benefits from wood energy can be achieved when wood is
harvestedesponsiblyused locallypurned efficientlyand leadslirectlyto reduced fossil
fuel use.

Aside from its effect on greenbise gases,usning wood alsoreleasesnuch less sulfur
dioxide (the major canibutor to acid rain) andhercury (a hazard to aquatiteliandthe
peopleand wildlifewho eat fishhan coal ooil. The table below provides comparative
emissons rates foa small communityscale heating plant.

Emissions from Wood and FossiFuels

(pounds of emissions per million BTUs of heat generated)
Pollutant PM10 CO NOy SO,
Wood Pellet Boiler n/a 0.510 0.272 n/a
Woodchip Boiler 0.100 0.730 0.165 0.0082
Oil Boiler 0.014 0.035 0.143 0.5000
Coal Boilef 0.041 0.281 0.909 1.0250
Propane Boiler 0.004 0.021 0.154 0.0160
Natural Gas Boiler 0.007 0.080 0.090 0.0005

Source: BERC 2007b

Aside from combustion pollutants, environmental problems also occur throughout the
fuel production cycle. Eastern coal is now commonly mined by moutdginemoval,

which destroys landscape contours and fills stream valleys with rubble. New sources of
natural gas in the eastern U.S. Marcellus shale region require complexfitaaduwing
techniques that may prove hazardous to groundwater supplies. Responsible and
sustainable wood biomass harvestimglocal usecanbe less environmentally damaging
than procuring alternative sources of fuel

Concerns About Biomass Energy

Air pollution and ash

Although wood is less polluting than fossil fuels in some respictoes producenore

of some other pollutants. Wood releas#silar amounts of nitrogen compounds
compared to ojlmore carbon monoxigend substantially more particulateBhe

smallest particles armost harmfu[PM10 are less than 10 micrometePd12.5 are less
than 2.5 micrometers and are of greatest cohdmrause thesemain suspended in the
air and carcarry other toxic substances into the lungs when thepraathed in.Carbon
monoxide from wood burning is not normally a concern in rural areas where it quickly
disperses, buh cities whemair is stagnant this pollutanbald build to harmful levels.
Because they can be operated at lower temperatures, fluidized bedstensipuoduce

* Coal data is from Morris 1999converted from per kWh basis to per BTU basis by dividing by 3,412.

1C
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less nitrogen compounds e extra
turbulence in the combustion chamber
mayresult inmore particulates in their
flue gases A cyclone separatowet
scrubbey electrostatic precipator, or bag
house(fabric filters) may be used to
removemany of these particldsom the
exhaust gases

Home wood stoves emit considerably
more particulates and other pollutants tha
commercial biomass boiler©utdoor
wood boilersproduce 10 to 20 times
higher than EPAapproved wood stoves —
and some statdgve tightened up Outdoor Wood Boiler. Source: Miller 2006
regulationgo prevent nuisance to neighbors.

Outdoor boilers, which frequently limit combustion air to keep fires smoldering during
times of low heat demand, produce more particulates with hazardous organic compounds
attached and tlrelower stack height results in more pollutants at ground level (Miller
2006). Exposure to articulates released from thdsailers has been associated with

asthma and chronic bronchitis, and children are especially gtvikr 2006).

It is not alwgs possible to get into the woods yeaund,sobiomass plants may need to
stockpile large quantities of chips during some times of the year, and under some
conditions these chip piles can ferment and give off undesirable odors. Since
decomposition of dps decreasetuiel value, a well managed storage system will
minimize these problems.

Because opollution concerns, many state Renewable Portfolio Standaegsbelow)

have special emigms tests in order for wood tpualify as a renewable energy sairc
Advanced technologies like fluidized bed combusters and gasification systems can reduce
the level of particulates from wood burnjrigut are not generally economically viable at

small scales

In addition to air pollution, burning wood leaves aboutdRiés mass behind as ash after
burning (thatdéds about 16 to 20 tons per day
combustion is gesrally low in toxic componentshough someources can be high in

cadmium Most of the calcium, magnesium, phosphorus, andyrirane elements

remain in the ash, while most of the nitrogen and salfaemitted into the air. If

handled carefully the ash can be land applied to replenish agricultural and forest soils. If
insufficient appropriate land base is available for lgr@ading however,or if spreading

is too expensive, ash could become a waste disposal burden.
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Water

Like all steangenerators, wood biomass electricity plants require massive amounts of
water togenerate steam to run the turbines, and to condenssté¢hat by cooling
(assuming théyproduct heat is not captutréor district heating or hot water supjply

Open loop systemsmay withdraw 20,000 to 50,000 gallons of water per MWh of
electricity generated, ardischargeaall but about 300 gallonsf thatwater back to the
sourceat a significantly higher temperatufgS DOE 2006). These systemaydama@g
stream life at water intakes armigedownstream water temperaturefich could be
detrimental to cold water fisheries and other stream life

Closed lmp systems, which use cooling towergponds withdraw much less watér
300 to 600 gallons per MWihbut much of the water isvaporatd rather than retued
to the sourc€US DOE 2006)so water impacts from these systems are mosiiy
reduced strearfiows. A 50 MW plantin full operationcould withdrawl.8 million
gallonsper hourand consumever 19,00@allonsof waterper hour For comparison,
the Androscoggin River typicallgveragesbout 56 million gallons per hour (at Ex@o$
USGS stream gaeyy but may flow as little a$0 million gallons per houthrough
Pontook Danwhen itis releasing at minimum flow rates.

Fire hazards

One pellet mill in southern New Hampshire and two in Maine have experienced fires
during the past few years. Once theodads dried and ground, firdry pellet dust can
accumulatendis easilytouched offby stray sparks or other ignition sourcé®orly
maintained wood heating equipment in homes or public buildings can create problems
with creosote and clogged fluekarge piles of green chipped wood have also been
known to overheat and seffnite. Biomass plants and many heowners have been
using wood long enough to develop safe handling technigeelet plants antieating

plant operatorsew to wooduel will need to learn from experien@dmodify

equipment or change handling procedures to increase fire .safety

Truck traffic and chip storage

Wood chip tuckstypically haul 25 to 30 green tons of chiper load 1.7 green tons of
chips will produce about 1 MWbI electricity(INRS 2008) so a 50 MW planbperating

24 hours a dawill require 70to 80truckloads per dayPlants located near residences or
transportation bottlenecks can create local pollution, noise and traffic congestion if traffic
flow is poorly planned. One Finnish study estimated that trublesiling chipsamayidle

for as much as 60% of the time, so pollution and fuel consumption nmeayebligher

than expectetbased omoadmiles alone Chips are relatively bulky fuel, which requires
specidstorage space on site in open piles or in containers or buildings. This storage
space can increase the footprint of a biomass facility compared to one based on more
concentrated fuels.

Damage to the forest resource

Biomass fuels areftend e p i ¢ wea & waoe bufiof course that depends on hihe
material was previously used, by nonhumassvell as by peopleGathering wood that

was formerly left scattered on the forest floor can have a significant impact on the forest.
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Mechanized harvest equigmtusedto collect and transport scattered tops and dead

wood, or to haul out whole treespuld increase soil compaction and erosion iag

damage residual stand$hrough multiple changes of ownership, many large properties

in northern New England hawalready been subjected to very intensive cutting over the
past few decades and poorly conducted biomass removals could slow rather than speed
forest recovery.

Removal of whole trees may also deplete woody debris and nutrieves though limbs

and otter logging slash make the poorest fdeé to contaminanf8ERC 2007c),

loggers may benost likely tosell these materials at fuelwogpdces resering bole

woodfor highervalue markets These parts of the tree are much richgylamt nutrients,
howe\er, and there is some concern that removing most of this material during logging
operations could affect lorggrm site productivity. The chars below showhow six

major plant nutrients are distributed by tree component, compared to the total biomass in
each componentLeaving smaller branches, twigs, leaves and needles behind can clearly
deposit significant nutrients esite.

Amount of Tree Mass

Where Nutrients Are Stored Within Tree Biomass in Each Component
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Source: Hubbard Brook Research Forest, Watershed 65 2002

Shallow forest soils with little buffering capacity might be magherable to nutrient
depletion from epeated whol¢ree harvesting. The orange, brown and tan colored soils

in the map below (IC outwash sands and gravels; IIA steep slopes, rocky or erodible; 11B
wet soils that may be acidic) might be most vulnerableutrient depletion.

® These data were obtained by scientists of the Hubbard Brook Ecosystem Study; this publication has not
been reviewed by those scientists. The Hubbard Brook Experimental Forest is operatethtaided by
the Northeastern Research Station, U.S. Department of Agriculture, Newtown Square, Pennsylvania.
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Beyond the effects of harvest activities, efficient harvesting of wood biomass could lead
to more everage management and less retention of dead wood, both standing and down.
Maine tracks dead wood components of its forest apés forest sustainability
assessmentsThes t at e dwdivérgty geancludes benlemarks to increase the

number oflarge dead trees, standing and deadichare important to cavity nesters as

well as lichens, mosses, fungi, invertebratesaanghibians.| n 1995, Mai neds fo
supportedan estimated 40 milliotarge down treeswith a goal to increaghis numberto

68 million. Yetthe Maine Forest Servic@@08)estimated thabnly 4 million such trees
werepresent as of 2003A forestthat grows more like an agricultural crop woblel

easiest to manage for biomass harvest, eliminatiegneed to work around residual crop
trees or dead wood during harvest. At the most intensive level, conversion of native
forest to shorrotation fastgrowing plantation crops would have the greatest impact
wildlife, recreation, water filtration, and other forest values

In response to concerns about intensive biomass harvestng, states are developing

harvesting guidelinegeared specificallyat these operationsften as part of revised Best

Management PracticesThese guidelinesrayrequire that some amount of coarse and

fine woody materiabe lefton the forestfloorMai neés gui del i nes specif
| ar ger t hlagmygreatei dhh aaan @ lrbemaispercacréand that at least 20% of
branches |l ess than 30 in di afwensandPesdhelul d be
2009) In the absence of state standards, wood biomass facilities can adopt their own.

TheMcNeil generating station in Burlington, Vermont h#&mng-standingprocurement

standards for material sourced in Vermont to minimize damage to forest resources
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