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Introduction 

Wood is the oldest source of heat and light for humans, but in the United States and many 

other countries it has been supplanted during the past few centuries by more dense and 

portable sources of energy ï first coal, then oil and natural gas.  In the U.S. today, wood 

makes up only about 2% of our total national energy sources.  Yet as we recognize the 

impact that fossil fuels have on our climate, and as oil grows increasingly expensive and 

difficult to access, wood may once again become a broadly used energy source. 

 

In New England, wood never entirely lost its popularity as a source of home heat, and 

biomass electricity plants have operated in our region for several decades.  But higher oil 

prices and a push to find renewable sources with lower greenhouse gas emissions could 

dramatically expand wood energy use in the coming years.  The Mahoosuc Region is no 

exception, with current proposals circulating for electricity generation, wood pellet 

manufacturing, and conversion of public buildings to wood heat. 

 

Projected U.S. Renewable Electricity Sources (excludes hydroelectric) 
Projected Electricity from Renewable Sources
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Source: U.S. DOE, Energy Information Administration 2009 

 

Wood fuel from sustainable forestry operations can be a renewable local resource.  Its use 

keeps energy dollars circulating locally, which supports jobs and provides revenue for 

landowners.  Wood is not unlimited, however.  Wood may come from land clearing and 

other unsustainable operations.  Energy can compete with paper or solid wood products 

for limited raw material, and there are drawbacks to removing more material from the 

regionôs forests.  The current explosion in proposed uses of wood energy, from expanded 

use of home wood stoves to high-tech bio-refineries, can leave communities feeling 

confused about their best choices for the future.  This report provides basic information 

about wood energy options, including environmental and community impacts.  Rather 

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 

Al l wood energy uses depend ultimately on burning fuel to release heat (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 energy, 

because it does not involve an additional conversion process with associated losses.  Still, 

even when wood is burned very efficiently, there are some energy losses.  Combustion 

efficiency depends upon the moisture content of the raw wood (the energy it takes to 

evaporate water is not available for heating but instead goes up the stack with the steam), 

on the temperature and oxygen supply that determine how completely material is burned, 

and on particle size and uniformity that ensures hot and even burning.  The usefulness of 

the resulting heat also depends on how effectively equipment captures the heat and 

delivers it as space heat or hot water or power. 

 

Heat 
The simplest heating device was originally an open fire, soon followed by fireplaces, and 

finally by stoves which control combustion by regulating air intake so that less heat goes 

up the stack with the air draft.  Masonry heaters have a long tradition in some parts of the 

world.  With large masses that absorb and re-radiate the heat from small hot fires, 

masonry stoves may be up to 90% efficient.  But since these devices radiate heat for 

many hours, their heat output cannot be quickly adjusted, and they require building fires 

several times a day, they have not enjoyed wide popularity in the U.S.  Modern home 

wood stoves fueled by dry cordwood typically burn at 60 to 80% efficiency (Rector et al 

2006), though their performance may be lower during the ñoffò seasons when air supply 

is limited to reduce heat output.
1
  Pellet stoves burn more efficiently, at about 78-85% 

(USDOE 2009), because of the low moisture content of pellets (5-10% compared to 20% 

for air-dry firewood) and a uniform small particle size that promotes a hot fire.  Pellet 

stoves do use electricity, however ï about 100 kWh per month ï and pellets also require 

extra energy to grind, dry and pelletize. 

 

Home furnaces are one step up from stoves in complexity, and require hot air ducts or hot 

water pipes to distribute the heat.  Wood chip furnaces and gasifiers (which burn the 

secondary gases in a separate combustion chamber) typically capture about 55% to 75% 

of the wood energy as useful heat based on seasonal average operating conditions (Maker 

2004), but can be as much as 90% efficient at peak performance.  Outdoor furnaces allow 

burning of a wider variety of lower-quality materials, in larger chunks, but they often 

release more pollutants (see below) and they may be only 30 to 40% efficient on a 

seasonal average basis (Rector et al 2006) due to low combustion temperatures and 

additional heat lost 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 buildings.  Over 40 Vermont schools ranging in size from 

                                                
1 Efficiency is usually rated at peak performance under ideal conditions (low fuel moisture, optimum air 

supply, etc.)  Wood burning equipment may operate under less-than-ideal 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 feet heat with wood chips or pellets, and together they use 

about 20,000 tons of wood per year (Frederick 2009).  At a similar scale, industrial 

facilities, particularly forest products manufacturers, can generate their own space heat or 

process heat from waste wood.  The Hancock sawmill in Bethel uses sawdust and trim 

wood to provide heat for its wood-drying kilns. 

 

District heating is another option that distributes heat from a central plant to several 

clustered buildings.  Central facilities can also produce domestic hot water, industrial 

process heat, and even chilled water for air conditioning.  The cost of these systems is 

minimized when there is a tight concentration of buildings.  Crotched Mountain 

Rehabilitation Center in Greenfield, New Hampshire obtains wood chips from a local 

logging contractor and plans to heat up to 600,000 square feet of buildings burning 3,000 

tons of bole chips (produced from the main trunk and large branches) per year. 

 

These heating options demonstrate a principle that applies to wood energy at all scales ï 

convenience, transportability and flexibility often impose costs through increased 

processing or more costly equipment.  Wood pellets and wood-based liquid fuels are 

close substitutes for fossil-based fuels, and can be similarly mechanized.  But the extra 

processing reduces the net energy obtained from each cord of wood.  There is ñno such 

thing as a free lunchò.  Choice of technology requires balancing all factors to determine 

what is best for the household or the community. 

 

Electricity 

Aside from heating of homes and larger structures, wood 

has also been used in our region for some time to 

generate electricity.  Industrial wood processing plants 

have long used their own wood waste for steam heat 

and/or electricity production.  During the oil crisis of the 

1970ôs some dedicated wood-powered electric utility 

plants were started up, including the McNeil Power 

Station in Burlington, Vermont.  This facility began 

operating in 1984, and in full operation burns 76 tons of 

wood chips per hour to generate 50 MW of electricity.  In 

the area surrounding the Mahoosucs, at least 5 electric 

power generators using wood fuel are currently 

operating, including the NewPage paper plant in 

Rumford. 

 

Older biomass electricity facilities use stoker grate technology, which distributes fuel 

along a moving grate with combustion air introduced from beneath.  More recently built 

plants (including the converted Schiller plant in Portsmouth, NH) often use fluidized-bed 

technology, which mixes the wood fuel with sand-like particles and injects air into the 

mix to rapidly heat the fuel, strip away charred portions of the fuel, and ensure more 

complete combustion. 

 

McNeil Generating Station, Burlington, VT 
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Since wood must be burned to produce steam that turns turbines that in turn generate 

electricity, the overall process of generating electricity is much less efficient than for 

wood heat alone.  Wood biomass electricity plants typically convert about 20-28% of the 

wood energy into useful electricity ï the rest is lost as waste heat.  Transmission lines 

may lose another 10% or more of the electricity (national average) due to power line 

resistance on the way to the final customer (Bergman and Zerbe 2008). 

 

To avoid line losses, electricity can be generated at a smaller local scale.  Electric 

generators operating on wood gases can operate at a scale as small as 2 kW (Bergman 

and Zerbe 2008).  Total small scale electricity generation from wood in the U.S. is about 

310 MW, burning 550,000 tons dry wood/year (Bergman and Zerbe 2008).  But 

economies of scale make the cost per kWh much lower for larger plants.  About 1,000 

biomass electricity plants operate across the U.S., with most of these operating at 

individual industrial facilities (Black and Veatch 2008).  About fifty l arge-scale 

commercial biomass electricity plants of 20 to 50 MW in size now operate across the 

U.S., with concentrations in the Northeast, Southeast, Lake States, and West Coast (US 

DOE, EIA). 

 

Biomass Electricity Plants and Biomass Feedstock in the U.S. 

 
Source: U.S. DOE, Energy Information Administration 

 

Combined Heat and Power 

Combined heat and power (CHP), sometimes also called co-generation, can also be 

equally efficient as heat alone.  CHP systems are either designed to meet heating needs - 

with an added capability to generate electricity when energy output exceeds demand.  or 

they can be built primarily for electricity generation - capturing heat as an afterthought 

(these systems generally have lower overall efficiency since much of the heat is still 

likely to be wasted).  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 

locating the electricity generation near where heat is 

needed. 

 

At a small scale, a 1-3 MW thermal wood gasifier could 

be reconfigured to produce 500 kW to 1.5 MW of 

electricity, but small scale generators are relatively rare 

due to their higher cost per kWh.  At the other end of 

the scale, downtowns can use the district heating 

approach described above by capturing the waste heat 

from a large electric generating facility to heat or cool 

buildings or provide hot water or both.  The central 

business district of St. Paul, Minnesota is heated and 

cooled by such a system fueled primarily by urban 

wood waste, producing 65 MW of heat and 25 MW of electricity (Bratkovich et al 2009). 

 

New Hampshire currently has 5 combined heat and power sites using wood, with a 

combined capacity of 39 MW of electricity and about 7 trillion Btu/year of heat.  Maine 

has 10 such sites, ranging in size from 1 MW to 67 MW, with a combined capacity of 

about 220 MW and 38 trillion Btu/year of heat. 
2
  Not all of the available heat may be 

converted to useful energy, but these existing plants have found CHP economical because 

of their need for large amounts of industrial process heat, so most of the available heat is 

probably utilized on-site.  Most of these installations are wood products facilities with an 

on-site supply of wood byproducts for fuel, with the oldest operating at paper plants since 

the 1950ôs and 1960ôs (Energy and Environmental Analysis, 2009). 

 

The chart below summarizes conversion efficiency for various wood energy alternatives, 

based solely on commercially available technologies. 
 

 
Source: BERC 2009 

                                                
2 Heat output is estimated based on a typical power/heat ratio of 0.15 for a system using a boiler and steam 

turbine (all Maine and New Hampshire wood-fired facilities), and typical industrial operation of 7,500 

hours/year (Hedman 2009). 

Source: Schwartz 2009 
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Biofuels 

In addition to currently available wood energy technologies, various processes to produce 

oils or ethanol from wood feedstocks are currently in the research or demonstration 

phase.  Berlinôs Brown Paper Mill helped commercialize new uses for wood feedstocks, 

from shortening to cellulose filler, and in keeping with this historic tradition, wood 

biorefineries could have a future in the Mahoosuc region as petroleum grows increasingly 

scarce and expensive. 

 

Gasification is already being used in some thermal applications, and has potential for 

wider use in small-scale electricity generation.  During WWII, Germans drove cars 

powered by wood-gas when petroleum supplies were cut off, but the technology is still 

not fully commercialized.  This process uses incomplete combustion to convert wood to a 

gas, which can then be burned in a boiler to produce heat, in an engine to produce 

mechanical energy or in an engine or turbine to produce electrical energy.  Gasification 

products are sometimes called ñproducer gasò (a mixture of carbon monoxide, hydrogen, 

carbon dioxide, methane, and other gases) at relatively low temperatures, or more pure 

ñsyngas (mostly carbon monoxide and hydrogen) at higher temperatures with 

supplemental oxygen.  In addition to its relatively high cost, contaminants such as tars 

that shorten equipment life are the main obstacle to wider use of biogas. 

 

Fermentation of wood to produce cellulosic ethanol also appears close to commercial 

feasibility, with a few demonstration plants operating throughout the country.  Major 

obstacles include inefficiency of fermentation for the more resistant parts of the wood, 

and the high capital cost of facilities.  Mascoma Corporation, of Lebanon, New 

Hampshire operates a pilot cellulosic ethanol plant in Rome, New York and recently 

made a breakthrough in modifying yeast and bacteria for more wood fermentation.  

Facilities must be very large-scale in order to be economically feasible, and even then 

depend upon government subsidies to be competitive at current fuel prices. 

 

A third process called pyrolysis heats the wood, then cools it to condense out bio-oils, 

with char and gases as usable byproducts.  The Forest Bioproducts Research Initiative at 

University of Maine at Orono is helping to convert a former Georgia Pacific paper mill in 

Old Town, Maine into a biorefinery that will make fuel ingredients from pulp waste.  

Over the past several years, Maine Technology Institute has also supported biorefinery 

research and development in Rumford Maine.  In 2007, US DOE provided funding for 15 

biorefinery demonstration facilities around the country.  Despite these steps, biofuels 

remain more dream than reality. 

 

The chart below shows energy output as a percent of energy in the raw wood for various 

biofuels.  Gross conversion efficiency indicates energy present in the fuel compared to 

energy in the raw material (both wood pellets and wood chips, not shown, essentially 

convert all the energy in the raw material into fuel energy).  Net conversion efficiency 

subtracts the 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 higher due to minimal processing).  A final 

energy conversion step ï from the fuel to useful heat or mechanical energy ï is affected 
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by combustion equipment and is not included in the chart.  Because wood pellets with 

their low moisture content and uniform shape burn more efficiently than chips, wood 

pellets and green woodchips are about equal in overall conversion efficiency.  Both are 

more efficient than liquid or gas fuels. 

 

Conversion Efficiency: Wood Residues to Bio-Fuels 
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Source: BERC 2006 

 

One way to look at wood energy choices is to start with available supply and compare 

alternative uses.  The Berlin, NH pulp mill formerly used about 1 million tons of pulp.  

There is some suspicion that this amount would not be sustainable long-term, partly 

because of competing uses within the ñwoodshedò ï see below ï and partly due to 

impacts on the forest resource.  However, if this entire volume were used for energy, it 

could support a range of alternative energy options. 

 

Alternative Energy Choices 

(Uses for 1 Million Tons of Wood Biomass) 

Heat 

­  3,500 schools, or 

­  400 small colleges, or 

­  80,000 homes with wood stoves, or 

­  60,000 homes with pyrolysis oil, or 

Power 

­  Two 50 MW power plants, or 

­  Four 20 MW power plants, or 

Combined Heat and Power 

­  50 large university campuses (electricity plus space heat), or 

­  350 sawmills (electricity plus heat for kilns), or 

Fuel 

­  65 million gallons cellulosic ethanol (replaces 600,000 barrels crude oil) 
Source: BERC 2006 
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Each wood energy option has different implications for the local community.  The 

remainder of this report outlines some of the pros and cons of alternative wood energy 

uses. 

Benefits of Biomass Energy 

Replacing fossil fuels with wood fuel has many benefits.  Because the fuel is locally 

produced, energy spending by residents supports local workers and forest land owners.  

Unlike solar, hydroelectric and wind installations, biomass electric facilities can operate 

24 hours a day, year round and can thus produce the highest-value peaking power.  

Harvesting wood to supply an electric plant year-round or a heating plant during the cold 

months provides steady work for loggers and truckers.  Ideally, a viable market for low-

grade wood will help keep lands in forest and favor good silviculture through timber 

stand improvement ï leaving the best trees to mature into higher quality sawlogs.  When 

projects are community-scale and are used to heat public facilities such as schools or 

municipal buildings, local energy provides opportunities for students, parents, and other 

community members to interact with their fuel suppliers: foresters, loggers, and mill 

owners. 

 

Local economic spinoffs 

Eight wood biomass electricity plants, with a total capacity 108 MW, were operating in 

New Hampshire in 2000 and these plants provided about 125 direct jobs, or about 97 jobs 

per million tons of chips (INRS and Draper/Lennon Inc. 2002).  Most of these plants are 

small (less than 20 MW) and the number of jobs per ton of wood would be less at a larger 

facility.  The proposed Berlin, NH Laidlaw biomass plant, for instance, would use about 

750,000 tons of chips and provide 40 jobs, or 53 jobs per million tons of chips. 

 

Biomass plants also create jobs for loggers and truckers.  Based on a Massachusetts study 

(Timmons et al 2007) biomass electricity plants using 1 million tons of wood biomass per 

year would support about 36 logging/chipping jobs and 28 trucking jobs, for a total of 

117 to 161 jobs at the mill, in the woods and on the roads per million tons of chips used.  

Since many of these jobs are from harvesting the wood, jobs will benefit the host 

community 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 suppliers, the total 

economic impact of New Hampshireôs wood biomass plants operating in 2000 might be 

as high as $69 million, or about $640,000 per MW of plant capacity (INRS and 

Draper/Lennon Inc. 2002).
3
  Not all these economic spinoffs occur in the immediate area, 

but some of these dollars will circulate locally, compared to coal or oil plants which 

import their fuel and therefore export a significant portion of their energy dollars. 

 

                                                
3 This estimate is lower than the one included 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 equipment not produced locally) will 

not be subject to a state-level multiplier; and this ñleakageò is greater for small states like New Hampshire.  

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 year using 400,000 tons of logs, which works out to about 81 

mill jobs per million tons of wood (compared to 53 for large-scale biomass electricity and 

97 for medium-scale).  Assuming that woods and trucking jobs are similar to those for 

biomass electricity (slightly fewer if logs are chipped at the mill rather than at the logging 

site), total jobs per million tons of wood might be about 141, fairly similar to the jobs 

provided a medium-scale biomass electricity plant. 

 

Silviculture 

Beyond providing local jobs, biomass utilization can theoretically boost returns to 

landowners.  Most landowner benefits result from the ability of biomass markets to fund 

timber stand improvement activities.  Local markets for low quality wood may help 

discourage high-grading by partially financing timber stand improvement cuts that 

remove defective trees and reduce competition for the most promising crop trees.  

However, chipping operations rarely pay for themselves, but are usually part of a larger 

timber harvest operation.  Unfortunately, the highest short-term returns to both logger 

and landowner result from removing the best logs immediately.  Foresters and 

landowners interested in long-term productivity need to guide biomass harvesting 

operations to ensure that the future stand remains top priority. 

 

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 cheap, the costs for these locally produced fuels are likely to be more 

stable over time.  Oil prices swing up and down with market speculation and international 

events, global supplies are concentrated in politically unstable regions, and it is a safe bet 

that these prices will be ratcheting up over time.  Coal is produced domestically, but its 

high emissions and mining impacts make 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 shipped from elsewhere.  

Although wood fuels will follow overall energy price trends to some extent, their prices 

and supply should be more stable and subject to local control. 

 

Greenhouse gases and other pollutants 

Wood fuels are often called ñcarbon neutralò ï a better term might be ñlow carbonò since 

wood does require fossil fuels to harvest, chip, and transport.  These upstream energy 

expenditures are generally lower for wood than for fossil fuels.  Wood releases more 

carbon dioxide per Btu of energy than fossil fuels, however, because its molecules 

contain more carbon and fewer hydrogen atoms.  Because wood generally burns less 

efficiently than concentrated fossil fuels, the fuel needed per useful Btu of energy is also 

greater.  Because of these differences in chemistry and combustion efficiency, switching 

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

term. 

 

Over the long run, however, if wood is sourced from a well-managed forest that 

maintains a consistently high inventory of growing trees, replacing fossil fuels with wood 

will reduce greenhouse gases in the atmosphere.  New growth in an intact forest will 
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eventually reabsorb most of the carbon dioxide released by burning the wood.  If woody 

crops are planted on formerly cleared land, total biological carbon stores may increase 

and the entire forest-to-furnace system may have a carbon-reducing effect.  Wood from 

clearing for development, on the other hand, is definitely not carbon neutral because the 

source forest is no longer available to reabsorb the carbon released when the wood is 

burned.  The greatest carbon benefits from wood energy can be achieved when wood is 

harvested responsibly, used locally, burned efficiently and leads directly to reduced fossil 

fuel use. 

 

Aside from its effect on greenhouse gases, burning wood also releases much less sulfur 

dioxide (the major contributor to acid rain) and mercury (a hazard to aquatic life and the 

people and wildlife who eat fish) than coal or oil.  The table below provides comparative 

emissions rates for a small community-scale heating plant. 

 

Emissions from Wood and Fossil Fuels 

(pounds of emissions per million BTUs of heat generated) 

Pollutant PM10 CO NOx SO2 

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 Boiler
4
 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 mountain-top removal, 

which destroys landscape contours and fills stream valleys with rubble.  New sources of 

natural gas in the eastern U.S. Marcellus shale region require complex hydro-fracturing 

techniques that may prove hazardous to groundwater supplies.  Responsible and 

sustainable wood biomass harvesting for local use can be 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 respects, it does produce more 

of some other pollutants.  Wood releases similar amounts of nitrogen compounds 

compared to oil, more carbon monoxide, and substantially more particulates.  The 

smallest particles are most harmful (PM10 are less than 10 micrometers, PM2.5 are less 

than 2.5 micrometers and are of greatest concern) because they remain suspended in the 

air and can carry other toxic substances into the lungs when they are breathed in.  Carbon 

monoxide from wood burning is not normally a concern in rural areas where it quickly 

disperses, but in cities when air is stagnant this pollutant could build to harmful levels.  

Because they can be operated at lower temperatures, fluidized bed combusters produce 

                                                
4 Coal data is from Morris 1999 ï converted from per kWh basis to per BTU basis by dividing by 3,412. 
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less nitrogen compounds but the extra 

turbulence in the combustion chamber 

may result in more particulates in their 

flue gases.  A cyclone separator, wet 

scrubber, electrostatic precipator, or bag 

house (fabric filters) may be used to 

remove many of these particles from the 

exhaust gases. 

 

Home wood stoves emit considerably 

more particulates and other pollutants than 

commercial biomass boilers.  Outdoor 

wood boilers produce 10 to 20 times 

higher than EPA-approved wood stoves, 

and some states have tightened up  

regulations to 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 their lower stack height results in more pollutants at ground level (Miller 

2006).  Exposure to particulates released from these boilers has been associated with 

asthma and chronic bronchitis, and children are especially at risk (Miller 2006). 

 

It is not always possible to get into the woods year-round, so biomass 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 chips decreases fuel value, a well managed storage system will 

minimize these problems. 

 

Because of pollution concerns, many state Renewable Portfolio Standards (see below) 

have special emissions tests in order for wood to qualify as a renewable energy source.  

Advanced technologies like fluidized bed combusters and gasification systems can reduce 

the level of particulates from wood burning, but are not generally economically viable at 

small scales. 

 

In addition to air pollution, burning wood leaves about 1% of its mass behind as ash after 

burning (thatôs about 16 to 20 tons per day for a 50 MW plant).  Ash from wood 

combustion is generally low in toxic components, though some sources can be high in 

cadmium.  Most of the calcium, magnesium, phosphorus, and many trace elements 

remain in the ash, while most of the nitrogen and sulfur are emitted 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 land spreading, however, or if spreading 

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

 
 
 

Outdoor Wood Boiler. Source: Miller 2006 
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Water 
Like all steam generators, wood biomass electricity plants require massive amounts of 

water to generate steam to run the turbines, and to condense that steam by cooling 

(assuming the byproduct heat is not captured for district heating or hot water supply).  

Open loop systems may withdraw 20,000 to 50,000 gallons of water per MWh of 

electricity generated, and discharge all but about 300 gallons of that water back to the 

source at a significantly higher temperature (US DOE 2006).  These systems may damage 

stream life at water intakes and raise down-stream water temperatures which could be 

detrimental to cold water fisheries and other stream life. 

 

Closed loop systems, which use cooling towers or ponds, withdraw much less water ï 

300 to 600 gallons per MWh ï but much of the water is evaporated rather than returned 

to the source (US DOE 2006), so water impacts from these systems are mostly from 

reduced stream flows.  A 50 MW plant in full operation could withdraw 1.8 million 

gallons per hour and consume over 19,000 gallons of water per hour.  For comparison, 

the Androscoggin River typically averages about 56 million gallons per hour (at Errolôs 

USGS stream gauge), but may flow as little as 10 million gallons per hour through 

Pontook Dam when it is 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 the wood is dried and ground, fine dry pellet dust can 

accumulate and is easily touched off by stray sparks or other ignition sources.  Poorly 

maintained wood heating equipment in homes or public buildings can create problems 

with creosote and clogged flues.  Large piles of green chipped wood have also been 

known to overheat and self-ignite.  Biomass plants and many home-owners have been 

using wood long enough to develop safe handling techniques.  Pellet plants and heating 

plant operators new to wood fuel will need to learn from experience and modify 

equipment or change handling procedures to increase fire safety. 

 

Truck traffic and chip storage 

Wood chip trucks typically haul 25 to 30 green tons of chips per load.  1.7 green tons of 

chips will produce about 1 MWh of electricity (INRS 2008), so a 50 MW plant operating 

24 hours a day will require 70 to 80 truckloads per day.  Plants 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 trucks hauling chips may idle 

for as much as 60% of the time, so pollution and fuel consumption may be even higher 

than expected based on road miles alone.  Chips are relatively bulky fuel, which requires 

special storage 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 are often depicted as ñwasteò wood, but of course that depends on how the 

material was previously used, by nonhumans as well as by people.  Gathering wood that 

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

wood, or to haul out whole trees, could increase soil compaction and erosion and may 

damage residual stands.  Through multiple changes of ownership, many large properties 

in northern New England have already 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 nutrients.  Even though limbs 

and other logging slash make the poorest fuel due to contaminants (BERC 2007c), 

loggers may be most likely to sell these materials at fuelwood prices, reserving bole 

wood for higher-value markets.  These parts of the tree are much richer in plant nutrients, 

however, and there is some concern that removing most of this material during logging 

operations could affect long-term site productivity.  The charts below show how six 

major plant nutrients are distributed by tree component, compared to the total biomass in 

each component.  Leaving smaller branches, twigs, leaves and needles behind can clearly 

deposit significant nutrients on-site. 

 

Where Nutrients Are Stored Within Tree Biomass
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Source: Hubbard Brook Research Forest, Watershed 6, 2002

5
 

 

Shallow forest soils with little buffering capacity might be most vulnerable to nutrient 

depletion from repeated whole-tree harvesting.  The orange, brown and tan colored soils 

in the map below (IC outwash sands and gravels; IIA steep slopes, rocky or erodible; IIB 

wet soils that may be acidic) might be most vulnerable to nutrient depletion. 

 

                                                
5 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 operated and maintained 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 even-age management and less retention of dead wood, both standing and down.  

Maine tracks dead wood components of its forest as part of its forest sustainability 

assessments.  The stateôs forest biodiversity goal includes benchmarks to increase the 

number of large dead trees, standing and dead, which are important to cavity nesters as 

well as lichens, mosses, fungi, invertebrates and amphibians.  In 1995, Maineôs forestland 

supported an estimated 40 million large down trees, with a goal to increase this number to 

68 million.  Yet the Maine Forest Service (2008) estimated that only 4 million such trees 

were present as of 2003.  A forest that grows more like an agricultural crop would be 

easiest to manage for biomass harvest, eliminating the need to work around residual crop 

trees or dead wood during harvest.  At the most intensive level, conversion of native 

forest to short-rotation fast-growing plantation crops would have the greatest impact on 

wildlife, recreation, water filtration, and other forest values. 

 

In response to concerns about intensive biomass harvesting, many states are developing 

harvesting guidelines geared specifically to these operations, often as part of revised Best 

Management Practices.  These guidelines may require that some amount of coarse and 

fine woody material be left on the forest floor.  Maineôs guidelines specify that 3 logs 

larger than 15ò and 1 log greater than 21ò should remain per acre and that at least 20% of 

branches less than 3ò in diameter should be left scattered on the site (Evans and Perschel 

2009).  In the absence of state standards, wood biomass facilities can adopt their own.  

The McNeil generating station in Burlington, Vermont has long-standing procurement 

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


