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A List of Acronyms
CHP
Cogeneration of Heat and Power
CMR
Code of Massachusetts Regulations
CO
Carbon Monoxide
CO2
Carbon Dioxide
CONEG
Conference of New England Governors
DOER
Massachusetts Department of Energy Resources
EU
European Union
FBC
Fluidized Bed Combustion
GHG
Greenhouse Gas
IPCC
Intergovernmental Panel on Climate Change
NESCAUM Northeast States for Coordinated Air Use Management
NOX
Nitrogen Oxides
PM
Particulate Matter
PM2.5
Particulate Matter smaller than 2.5 microns
ppm
parts per million
REC
Renewable Energy Credit
RPS
Renewable Portfolio Standard
SO2
Sulfur Dioxide
VOC
Volatile Organic Compounds
A Short List of Units
Btu
kwh
MMbtu
MW
MWh
Quad

British Thermal Unit = heat required to raise 1 lb water by 1o F
Kilowatt hour
1 million Btu
Megawatt
Megawatt hour
1015 Btu = 3x1011 kilowatt-hours

The Use of Woody Biomass as an Energy Source in Western Massachusetts
A Study for the Amherst League of Women Voters”
A Brief History of the Study
At its Annual Meeting on May 27, 2010, the League of Women Voters of Amherst adopted a
proposal for a study “to evaluate the use of biomass in producing energy in western Massachusetts”.
The first meeting the study group was held on July 12, 2010; the group has met approximately
every two weeks since then. The group members include: Jane Harrington, Richard Kofler, Rita
Kropf, Peter Lillya, Mira Menon and Susan Millinger. The group learned quickly that the issues are
complex, and the possible use of biomass needs to be studied in the broader context of the entire
range of energy production methods and consumption in the U.S. along with the pros and cons of
each energy option. An important influence on the deliberations has been the policies that are under
consideration by the state of Massachusetts to encourage the use of renewable energy sources,
including solar, wind, and biomass. Due to its excessive emission of greenhouse gases, and amid
concerns about global warming, the use of woody biomass as a renewable fuel has become
controversial. In an attempt to evaluate the use of wood as a biofuel, the state commissioned a
study, “Biomass Sustainability and Carbon Policy” by the Manomet Center for Conservation
Sciences, a scientific study group located in Manomet, Massachusetts1. Its analysis is contained in
a lengthy report, which was submitted to the state in July 2010. The state is expected to make final
policy decisions by the end of 2010. In order that the results of our study might be useful in
developing a league consensus on this issue, we have had to balance the thoroughness and
timeliness. Hence this report is focused on issues related to the use of wood as a source of biomass
energy in Massachusetts. Attached to this study are 2 appendices: “Greenhouse Gases and the
Greenhouse Effect” and “The Carbon Cycle”. It is anticipated that a study that addresses broader
energy issues, including national policy development, might follow this study.
1 Introduction
Energy production and utilization is extremely important in all aspects of modern human endeavor,
including the global economy, the global environment, foreign policy, and the daily comforts to
which we have become accustomed. Fuel sources and methods of energy conversion and utilization
are diverse. It is important to understand some of the general features of energy use before
evaluating any specific proposal.
1.1 Energy Use in the U.S. – The Big Picture
The total annual energy consumption in the U.S. is approximately 94.6 Quads, where 1 quad = 1015
Btu = 3x1011 kilowatt-hours. If spread uniformly over time and among the population, this
corresponds to a continuous, 24/7, energy rate equal to 10,800 watts for each person in the U.S. A
summary of the sources of energy and their use in the United States is shown graphically in a chart
prepared by the U.S. Department of Energy at the Lawrence Livermore Laboratory2 (See Fig. 1 on
next page). The graph displays the sources of energy at the left and shows how the energy from
each source is distributed among several categories of use: Residential, Commercial, Industrial, and
Transportation. Also shown is the amount of energy from each source that is used to generate
electricity before being distributed to the end uses. Finally, the graph shows the amount of energy
that is actually useful, and the amount that is “rejected”. Several important features of energy use
are noticed immediately:
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• The total energy from fossil fuel sources (petroleum, coal and natural gas) is 78.4 Quads, or
83% of the total energy from all sources.
• The energy from biomass (mostly ethanol from corn) is 3.88 Quads or 4.1% of the total.
• Nuclear energy constitutes 8.35 Quads, slightly under 9% of the total energy.
• The total energy from all sources that is used to generate electricity before being distributed
among the end uses is 38.19 Quads, 40% of the total.
• The total energy from all sources considered both “renewable” and “green” (solar, hydro, wind
and geothermal) is 3.86 Quads, or 4% of the total energy from all sources. (Because they are
carbon gas emitters, biomass fuels are not considered “green”)
• Of the total energy from all fuel sources, 54.64 Quads, or 58%, is “rejected”, mostly dumped
into the environment in the form of heat.

Figure 1
1.2 Energy efficiency and “Rejected” Energy
In the case of fossil fuels, biomass, and nuclear the first step in the conversion process is the
production of heat energy by burning. If the end use involves heating (water or space heating) the
efficiency of the energy use can be as high as 90 to 95%. On the other hand, in the conversion of
heat into electricity or the conversion of heat to produce the kinetic energy of motion
(transportation), only 25-40% of the heat energy can be converted. The remaining 60 to 75% of
the heat energy must be “rejected” into the environment, typically by heating or evaporating large
amounts of water. This limitation on the conversion of heat energy to electricity or kinetic energy
is fundamental and well understood within the science of thermodynamics. A more efficient use
of the heat energy is possible if the “rejected” heat from an electrical generating plant can be
distributed for space or water heating in nearby buildings. This combined heat and power (CHP)
generation can achieve efficiencies as high as 80%, but the production of the useable heat comes
at the sacrifice of some of the electricity generation. Furthermore, since heat can only be
distributed over short distances, CHP facilities are only feasible for moderate size electric
generating stations that are situated near large buildings or communities, such as hospitals or
college campuses. For example, Cooley Dickinson Hospital has a 250 kWatt CHP generator that
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uses wood for fuel; and the UMass Power plant is a CHP facility that generates 10 MWatts and
uses natural gas as the fuel.
In the European Union, cogeneration (often using natural gas) is seen as an important way to
reduce greenhouse gases (GHG) because of the greater efficiency of CHP than electricity-only
plants: there is a CHP Directive (2004), which, however, has not yet had much effect. In 2009, a
EurActiv report noted that “The share of final EU energy consumption produced by cogeneration
has hovered around the 13% mark in recent years.”3 The same report, however, indicates that
Finland and Denmark “produce over 40% of their energy by cogeneration.”4 Finland has a long
tradition of using biomass CHP technologies. “The first (biomass) industrial cogeneration plants
were built at the turn of the 1920s and 1930s, followed by the first district heating plants in the
1950s.”5 From the 1990s, small-scale, wood-based heating plants were developed, often in rural
areas. By the end of 2004, there were 254, usually producing 1-50 MW, with a total heat output of
129 MW(thermal). The number of plants was expected to double by 2010.6
1.3 Renewable vs. Non Renewable Energy Sources
The fossil fuels (Coal, Oil, Natural Gas) required millions of years in their creation during the 4.5
billion year history of the Earth. The nuclear fuel used in fission reactors originated from the
material of which the Earth was originally formed. Fossil and nuclear fuels are large, but finite,
sources of energy and hence irreplaceable (non renewable) once they are exhausted. At current or
expected future rates of consumption, various estimates envision that these sources will run out
sometime between 100 and 300 years from now. On the other hand, Solar, Hydro, Wind,
Geothermal, and Biomass sources, currently a much smaller percentage of the total usage, can be
replenished over much smaller timescales, typically within a day (in the case of solar and wind) to
decades (in the case of woody biomass fuels). It is clear that, at some time in the future, energy use
will have to rely on renewable sources.
1.4 Biomass Energy
The term biomass refers to a variety of renewable biological fuel sources from living or recently
living organisms including, but not limited to, corn, switchgrass, wood, garbage, landfill gases, etc.
It is distinguished from fossil fuels (that also originated from biological fuel sources, but were
transformed into coal, oil or natural gas by geological processes ages ago) whose carbon has been
stored outside of the earth-surface carbon cycle for a very long time. Corn, a common fuel source
grown in the mid-western states, is converted to ethanol by fermentation and is then distributed
nationally. Gases that are created naturally in landfill sites are often collected as a source of energy,
but their potential as a large-scale source of energy is limited. The burning of garbage as an energy
source is similarly limited. Wood is a much more plentiful source of biomass energy in the
northeast states. In the nineteenth century it was the dominant source of energy in the New England
states as well as nationwide. There are currently a number of proposals for new wood-burning
facilities throughout New England, including proposals for a handful of electricity generating plants
in Western Massachusetts. The use of wood as a renewable energy source is the main focus of this
report.
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1.5 Green sources of Energy
The fossil fuels and biomass fuels that dominate our current sources of energy have serious
deleterious effects on the environment. They are primarily burned to generate heat, which creates
greenhouse gases (GHGs), particulate matter and other pollutants that are vented into the
atmosphere. Coal is one of the worst polluters: it emits more GHG per kilowatt-hour than oil or
natural gas, and emits the greatest amount of particulate matter and heavy metals like mercury. It
also emits measurable amounts of the naturally occurring radioactive substances that are found in
coal deposits. Although nuclear fuels emit no GHG in their use, they do generate radioactive
residues that remain radioactive for thousands of years. These residues must be isolated from the
environment for periods that are comparable to, or greater than, the timescale of human history.
On the other hand the “green” sources of energy (solar, geothermal, and hydroelectric) are not
only renewable, but they emit almost no pollutants into the environment in their utilization.
Unfortunately, as noted above, these sources of energy currently constitute only 4% of the total
energy used in the U.S.
In Europe the use of renewables is greater, since the member states of the European Union have
committed to reducing GHG emissions in line with their Kyoto Protocol commitments. By 2020,
20% of (overall) European energy consumption is to be from renewable sources; 6% is to be from
biomass solids and waste. States already making substantial use of renewable fuels for energy
have higher targets. Thus, for example, Finland’s renewable target for 2020 is 38%; Sweden’s,
50%.7 It should be noted that biomass has played a smaller role than other renewables. For
example, in 2009 only 3.5% of the 19.9% of European energy consumption powered by
renewables was from biomass.
2 Massachusetts Energy Policy and Biomass
2.1 Renewable Energy Incentives
There are several major policies that the state of Massachusetts has adopted, or is considering, that
impact the use of biomass energy in Massachusetts. Incentives for increasing the use of renewable
fuel sources in Massachusetts are outlined in a set of policies entitled “Renewable Energy Portfolio
Standard” (RPS). Most states have such policies8 . The Massachusetts RPS9 obligates suppliers to
provide a minimum percentage of electricity from renewable energy sources for their retail
customers. A minimum of 1% from renewable energy sources was required when the policy went
into effect in 2003. This requirement was then increased by one-half percent annually until it
reached 4% in 2009. In 2009, as a part of the Green Communities Act of 2008, the RPS annual
obligation was set to increase by 1% annually, reaching 15% by the year 2020. The list of
qualifying renewable energy sources includes: solar, wind, small hydropower, landfill methane and
anaerobic digester gas, marine or hydrokinetic energy, geothermal energy, and eligible biomass fuel
including, but not limited to, wood.
For generating plants that exceed the minimum renewable energy requirement, the state issues to
the plant owners Renewable Energy Certificates (REC) on the excess renewable energy at the rate
of 1 REC for each Megawatt-hour (MWH) of electrical energy. These certificates can then be sold
to electricity suppliers who do not meet the minimum renewable requirement and must purchase
RECs to compensate for their deficiency. (Although it is essentially a “cap and trade” system, that
terminology is not used in the state.)
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Other incentives are conceivable: the EU has a cap and trade system, now in its second phase, from
2008-2012; its scope is to be broadened in the third phase starting in 2013.10 In addition, there are
energy taxes, with minimum rates set by the EU. Finland, for example, initiated a carbon tax in
1990. In 1997, Finland switched from a tax on the fuels used to generate electricity to a tax on
electricity itself. (Electricity taxes are lower on industries and professional greenhouse growers than
for residential use.) In heat generation, there is still a tax in Finland based on the carbon content of
the fuel; renewables like wood are not taxed.11
2.2 Greenhouse Gas Policy
In 2008 Governor Patrick signed two important bills12 to position Massachusetts as a leader in clean
energy and environmental stewardship: the Green Jobs Act, which supports development of the
clean energy technology industry, and the Global Warming Solutions Act, which set goals for the
reduction of greenhouse gas (GHG) emissions to the atmosphere. The goals call for statewide
reductions of GHG (from the 1990 emission levels) of 25% by 2020 and a reduction of 80% by
2050.
2.3 The Manomet Study:
A) How the Study Came About
Until 2009, all forms of biomass were included in the list of renewable fuel sources that qualify
for RECs under the RPS policy, and biomass was commonly viewed as a carbon-neutral source
of energy. The Massachusetts Department of Energy Resources (DOER) promoted, uncritically,
woody biomass plants for generating electricity in Western Massachusetts. Proponents of wood
argued that the carbon that is emitted to the atmosphere by the burning of wood is eventually
removed again during the re-growth of the forest land that was harvested for wood fuel, and that
wood is a plentiful fuel source in Massachusetts.13 However it was becoming increasingly clear
that burning wood as a source of energy in electric generating plants conflicts with the goals for
the reduction in greenhouse gas emissions. The non-greenhouse gas emissions are also large. It
should be noted that in Europe, too, the assumption had been that woody biomass is carbon
neutral; however researchers have increasingly questioned the assumption. Figure 2 illustrates
that the CO2 emissions per unit of energy are higher for woody biomass than they are for any of
the fossil fuels: coal, oil, or natural gas 14.

CO2 Emissions (Pounds) per MegaWattHour for Biomass compared to Fossil Fuels
Figure 2
A June 2010 report15 from Birdlife International, a global partnership of conservation groups,
has pointed out numerous problems with the assumption, but the EU has yet to act upon these
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findings. In 2009 the state of Massachusetts commissioned a study of these issues by the
Manomet Center for Conservation Sciences, a scientific study group located in Manomet,
Massachusetts.
B) The Objectives of the Study
The charge to the committee included the following questions:
1. What are the atmospheric greenhouse gas implications of shifting energy production from
fossil fuel sources to forest biomass?
2. How much wood is available from forests to support biomass energy development in
Massachusetts?
3. What are the potential ecological impacts of increased biomass harvests on forests in the
Commonwealth, and what if any policies are needed to ensure these harvests are
sustainable?
3 The Manomet Study Conclusions and the Booth Critique
After nearly a year, the Manomet group has issued its full report16, “Biomass Sustainability and
Carbon Policy Study” (182 pages), and an executive summary17 (8 pages). A critical review18 of
that study by Mary Booth for the Clean Air Task Force group appeared I July 2010. These reports,
among others, have been major sources of information for this study.
3.1 How Much Wood Can Be Harvested Sustainably?
The amount of wood that grows each year in Western Massachusetts and what can be harvested
economically and sustainably are vastly different. Table 1 displays the Manomet estimate of new
wood that could be harvested sustainably in Massachusetts forests.
Low-Price

High Price

Private Lands

150,000-250,000 tons

650,000-850,000 tons

Public Lands

0

35,000

TOTAL

150,000-250,000 tons

685,000-885,000 tons

Table 1. Available Forest biomass Fuel Supply 2010-2025
(From Manomet Study, p54)
Manomet assumes that the amount of forest currently harvested for timber will also be required for
timber use in the future, and that expanded wood harvest will be needed to fuel new biomass plants.
For economic reasons Manomet expects biomass harvests to take place simultaneously with, and on
the same stands as, timber harvests. Manomet’s model compares growth on a forest stand harvested
both for timber and biomass to growth on the same stand harvested for timber only. The additional
growth on the former is the “incremental growth” and is the key to sustainability. The low price, a
stumpage fee of $1-2 per green ton is the current prevailing price and close to the most a large
electric power generator could afford at today’s energy prices. The high price refers to a stumpage
fee of $20/green ton, a price only heating plants and some co-generators of heat and electric power
could afford (Manomet pp 31,2). The Manomet model assumes that 65% of tree tops and limbs will
be harvested for biomass in stands harvested by whole-tree methods. In her critique, Booth argues
that neither good forest practice nor the realities of current harvesting methods in Massachusetts are
consistent with a 65 % tops/limbs harvest (Booth, p15-18). This disagreement has become less
6

important, since new proposed regulations allow only the equivalent of 50% of tops and limbs to be
considered eligible biomass.19
Wood from border counties in neighboring states could supplement the Massachusetts harvest. The
Manomet Study offers the “guesstimates” for border counties at 50% more than what could be
produced in MA. Thus in a low-price scenario 225-375 green tons and in a high-price scenario 1.01.3 million green tons might become available. But wood can travel both ways, and proposed
biomass plants in neighboring states would compete for these supplies and for supplies in
Massachusetts. Table 2 shows proposed bioenergy plants in Massachusetts as well as plants in
neighboring states that could affect the wood availability in Massachusetts.
State

Company

Location

MA

Russell Biomass
Greenfield Biomass
Tamarack energy
Palmer Renewable
MA subtotal
Clean Power Development
Clean Power Development
Alexandria Power
Greenova Wood Pellets
Laidlaw Energy
Vermont Biomass Energy
Brattleboro District Heat
Decker International
Tamarack Energy

Russell
Greenfield
Pittsfield
Springfield

50
50
30
30

Berlin
Winchester
Alexandria
Berlin
Berlin
Island Pond
Brattleboro
Plainfield
Watertown

29 CHP
15
16
pellets
40
pellets
NA
30
30

NH

VT
CT

Size (MW)

Wood/year (tons)
550,000
550,000
350,000
430,000
1,880,000
340,000
150,000
200,000
400,000
400,000
200,000
NA
400,000
400,000

Table 2
(Adapted from Manomet Report, Exhibit 3-23, p60)
Wood from non-forest sources was mentioned in the Manomet Study, Sec 3.5, p 54, but not
analyzed in detail partly owing to lack of reliable data. Sources like land clearing and conservation
(sec.3.5.1) and tree care and landscaping (sec. 3.5.2) could be substantial. The Manomet Study took
as a goal the determination of the sustainable yield of forest biomass in Massachusetts. Their figures
in Table 1 above represent sustainable yields in their estimation. Booth18 questions their
conclusions. Broadly speaking, she argues that Manomet’s assumptions constitute an idealized
scenario and fail to capture how harvesting and forest management is actually practiced in
Massachusetts. It should be noted that the four proposed power plants in western Massachusetts
would require 1,888,000 tons of wood per year while the Manomet group estimates wood
availability in the state at only 885,000 tons annually under the most optimistic (high price)
assumption.
3.2 The Carbon Emission Problem
A) Carbon neutrality:
The idea that burning biomass to generate energy is “carbon-neutral” is based on a simple
model. Biomass is harvested and burned releasing its carbon to the atmosphere as carbon
dioxide. The forest then re-grows, removing the emitted carbon from the atmosphere (see
Appendix 2). If fossil fuels are burned to generate energy, however the fuel does not re-grow
and there is no fuel regeneration that removes the atmospheric CO2. But a full lifecycle analysis
of carbon emissions from forest biomass yields a more complex picture of carbon neutrality.
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B) Carbon debt:
The energy content of wood per ton of carbon is substantially lower than that of fossil fuels.
Thus, to generate the same energy, more carbon is emitted to the atmosphere from wood than
from a fossil fuel (see Figure 2). An analysis model from the Manomet study (sec 6.1.2, pp 9699) is illustrative. Generation of a unit of energy from a fossil fuel emits 11 tons of carbon
dioxide, while generation of the same amount of energy from wood emits 20 tons. The initial
“carbon debt”20 relative to the fossil fuel is 9 tons. Since the model forest stand that has been
harvested both for timber and biomass is sunnier than a comparable stand harvested for timber
only, it re-grows faster, thus sequestering more carbon and diminishing the carbon debt as forest
re-growth continues with time. The next 32 years of forest re-growth thus sequesters the
“carbon debt” from the first year and achieves equality of carbon emissions between wood and
fossil fuel. Beyond year 32 there is a “carbon dividend”: the net atmospheric carbon remaining
from the first year biomass emission is less than that from the fossil fuel. Re-growth in the
“doubly-harvested” stand continues until at 100 years nearly all the carbon dioxide emitted by
burning the wood harvested in “year one” has been removed from the atmosphere and
sequestered in new wood. This requires that there be no further harvest for approximately 100
years in the forest stand from which the wood came.

Figure 3
Carbon debt (relative to fossil fuel) vs. time following one year of wood burning
(from the Manomet Study)
In its analysis, the Manomet study focuses on he atmospheric carbon from the first year’s
cutting. But Booth points out that wood must be cut and burned every year to fuel a biomass
generating plant. At year 32, when the carbon debt for the first year’s cutting has been paid, the
remaining emissions from the burning in years 2-32 are still in debt. Booth estimates the
remaining emissions from 6 additional equally spaced one-year burnings at years 5, 10, 15, 20,
25, and 30. At year 32, total carbon emissions from all 7 years of biomass burning total 113
tons, compared to 77 tons from 7 years of fossil fuel burning to generate the same energy.
While it demonstrates that continuous operation of a biomass generating plant is in carbon debt
8

beyond 32 years, this estimate doesn’t show how long it takes to reach parity with the emissions
from fossil fuels. What is really needed is an analysis of the cumulative effect, at any given
year, of the carbon debt from the sum of all of the preceding years of operation. An analysis of
this type has been performed by one of the authors of this report (Kofler). The analysis assumes
that the emitted CO2 from fossil fuel is 11 tons per year for each year of operation, all of which
remains in the atmosphere. It also assumes that each year of biomass operation contributes 20
tons of CO2, but the amount that remains in the atmosphere diminishes according to the
Manomet result shown in Figure 3. For example, after 50 years of operation, the amount of CO2
remaining in the atmosphere from the woody biomass burned in the first year of operation is
only 5.4 tons (cf. Figure 3). At any given year, the total CO2 remaining in the atmosphere is just
the sum of the remaining CO2 contributions from each of the preceding years of operation. The
result is shown in Figure 4:

Figure 4
Atmospheric CO2 remaining in the atmosphere (tons) vs. year after startup
for a generating plant using biomass compared to a generating plant using
fossil fuel. The analysis is based on the model for carbon debt and forest
re-growth from the Manomet report (pp 96-99) and Figure 3 above.
This analysis shows that the CO2 remaining in the atmosphere is higher for generating plants
using woody biomass (carbon debt) than for plants using fossil fuels for the first 66 years. After
the initial 66 years there is an increasing carbon dividend to using woody biomass.
C) Carbon Neutrality and Sustainability
These analyses show that to remove the atmospheric carbon from the burning of any given
wood harvest, the re-growth of the harvested wood stand must continue for time periods on the
order of 100 years; and forest owners must refrain from a second cutting that stand during this
time frame. Both Booth (p13) and Manomet (sec 5.4.1, p86) point out that this inactivity is
unlikely.
9

D) Plant Efficiency:
Massachusetts has 10 natural gas fired generating plants, 4 coal plants, 7 oil plants and 1 nuclear
plant. They all use steam turbine technology, with typical efficiencies of 25 to 32%. Plants
using renewable fuels (mostly landfill gas) contribute only 4.3% of the demand. As pointed out
previously in Section 1.2 of this report, the Manomet report also mentions that wood-fired
plants can achieve high efficiency (80% or more) if they utilize their waste heat; but they are
low efficiency generators of electric power if the waste heat is discarded into the environment
as it is in most large generating plants. They conclude that efficient use of wood would require
relatively small heating plants. Cogeneration of both electric power and heat can improve
efficiency but is generally not currently cost effective for small heating plants (Manomet sec
2.4, p22).
The greatest potential advantages of replacing fossil fuels with wood can be realized by
replacing the dirtiest fuel (coal) and the least efficient (older) plants. Small, distributed CHP
plants at hospitals, colleges, and industrial facilities seem optimum.
4 Recent Updates to Massachusetts Policy for Electricity Generators
On September 17, 2010, the Massachusetts Department of Energy Resources (DOER) issued
proposed changes to biomass eligibility for the Massachusetts Renewable Energy Portfolio Standard
(RPS) program (Proposed Biomass Regulations). The proposed regulations come in the form of
revisions to the existing9 RPS regulations, 225 CMR 14.00 (RPS Regulations). The Proposed New
RPS Regulations19 add the following requirements for RPS eligibility:
1. requirements on the forest harvesting for biomass fuel,
2. restrictions on the types of fuel sources,
3. a fuel certification, tracking and verification mechanism,
4. efficiency criterion for biomass units, and
5. a demonstration to DOER of a reduction of life-cycle greenhouse gas emissions of at least
50% over 20 years.
4.1 Biomass Forest Harvest Requirements
No more than 15%, by weight, of all forest products harvested can be used for biomass fuel. A
further restriction requires that at least 50% of tops and limbs must be left in the forest to supply
nutrients for re-growth.
4.2 Eligible Biomass Fuel Changes
The Proposed Biomass Regulations completely eliminate the first clause of the definition of
“Eligible Biomass Fuel” and replaces it with “Eligible Biomass Woody Fuel” and “Manufactured
Biomass Fuel.” This change effectively limits the eligibility of biomass fuel for RPS to non-forest
derived and forest derived residues, forest salvage and energy crops. Manufactured Biomass Fuel is
simply fuel mechanically produced from Eligible Biomass Woody Fuel, such as chips or pellets.
The definition of Eligible Biomass Woody Fuel is much more complex.
A. Forest derived residues include waste wood, unacceptable (weak) growing stock, trees
removed as part of thinning operations and other woody vegetation that would otherwise
interfere with regeneration goals and must meet a strict limit whereby no more than 15% of all
forest products harvested by weight can be considered eligible biomass fuel.
B. Forest salvage includes downed woody material due to storm damage, or required tree
removals for the purpose of controlling pest infestations.
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C. Non-forest derived residues include lumber mill or lumber processing residues, other woody
biomass produced by the secondary forests products industry (e.g., clean residue from
woodworking shops/furniture factories, timber sources cut down for purposes of residential,
commercial or farm land development), yard waste and wood waste.
D. Dedicated energy crops include woody or cellulosic fuel purposely grown as a fuel source
and harvested on lands that do not have the economic potential to support production of any
other agricultural crop for human consumption.
4.3 Fuel Certification, Tracking and Verification Requirements
Each delivery of Eligible Biomass Woody Fuel or Manufactured Biomass Fuel to a generation unit
must be accompanied with a Biomass Fuel Certificate. The certificate must include, among other
things, eligibility, source and tonnage information (including supporting documentation). DOER
may conduct document inspections, audits and site visits to verify compliance. The Proposed
Biomass Regulations also set up an advisory panel to review compliance and require DOER (in
coordination with the Department of Conservation and Recreation) to conduct a forest impact
assessment every five years.
4.4 High Efficiency Requirements
The Proposed Biomass Regulations require enhanced efficiency for certain biomass units to receive
full REC benefits. A generation unit that uses Eligible Biomass Woody Fuel or Manufactured
Biomass Fuel must achieve 60% or higher efficiency in a quarter to receive one REC for each MWh
of generation. A unit achieving 40% efficiency in a quarter will receive only one-half of a REC for
each MWh of generation. A unit achieving between 40% and 60% efficiency will receive a
prorated REC for each MWh of generation. These generation units are also required to file
quarterly reports re their efficiency and related issues.
4.5 Additional Unit Qualification Requirements
The Proposed Biomass Regulations set forth additional unit qualification requirements for
generation units using Eligible Biomass Woody Fuel or Manufactured Biomass Fuel. Such units
must provide the following information with their Statement of Qualification Application:
A. a fuel supply plan indicating the anticipated fuel types, sources and amounts (this
information must also be provided on annual basis no later than January 1st of each year);
B. a design and operational plan demonstrating that the unit will achieve at least 40%
efficiency on a quarterly basis; and
C. an analysis of net Lifecycle Greenhouse Gas Emissions demonstrating that such emissions,
over a 20 year life cycle, yield at least a 50% reduction in greenhouse gas emissions per unit
of useful energy (compared to natural gas combined cycle electric generation and any fossil
fuel emissions displaced from serving thermal loads).
D. Existing biomass generating units qualified under current RPS Regulations will be required
to demonstrate compliance with the Proposed Biomass Regulations to remain qualified
beyond 2015. Qualifications may be rescinded as soon as the end of 2012 if generating units
fail to provide fuel supply plans or fail to comply with the certification and verification
procedures described above.
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4.6 Impact of Proposed Requirements
DOER does not anticipate that electric generating units would be able to be qualified for RECs
beyond compliance year 2014 without substantial increases in efficiency. Existing plants will not
meet the requirements in the Proposed Biomass Regulations and would have to
(i) change equipment,
(ii) change their location/thermal output, or
(iii) hope for technological advances to qualify for RECs.
Significantly, DOER is not aware of any technology that would allow existing facilities (or new
facilities) to meet the proposed criteria and qualify by 2015. Consequently, the Proposed Biomass
Regulations, if adopted, will likely disqualify existing biomass facilities from eligibility under the
RPS Regulations. Going forward, DOER would expect smaller combined heat and power biomass
facilities with higher efficiencies to be developed rather than stand-alone electricity generating
biomass facilities.
5 Other Considerations
5.1 Non-Greenhouse Gas Emissions:
The problem of greenhouse gas emissions from power plants fueled by woody biomass was
addressed extensively in the Manomet report. However there are additional emissions that also
need to be considered. The Coalition of Northeast Governors (CONEG) was asked by the
Massachusetts Department of Energy Resources (DOER) to evaluate the impact of other emissions
on the viability of using biomass as an energy source in both small and large facilities. A report was
prepared for CONEG by a research team composed of Rick Handley and Associates, Ray Albrecht,
and staff at the Northeast States for Coordinated Air Use Management (NESCAUM). It was
submitted to the Massachusetts DOER in June, 200921. Among the many findings, the report
presents a comparison of non-greenhouse gas emissions from wood, oil and natural gas. The
emissions include particulate matter (PM), particulate matter smaller that 2.5 microns in size
(PM2.5), volatile organic compounds (VOC), carbon monoxide (CO), nitrogen oxides (NOX), and
sulfur dioxide (SO2). The results shown in Figure 5 indicate that wood is a substantially larger
emitter of these byproducts than either oil or natural gas. In addition, the U.S. federal and state
emission limits for fossil fuel fired electric generation plants are substantially stricter than those for
wood fired plants.

Figure 5
Non-GHG emissions (lbs/MMBtu) for Natural Gas, Oil And Wood
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5.2 Massachusetts Emissions Regulations
The CONEG report also presents a comparison of current emissions regulations, not only among
the New England states, but also with several European Union regulations. The results are
summarized in Figure 6.

Figure 6
PM2.5 Emission limits (lbs/MMBtu) for several Northeast states and the EU
Although the Massachusetts regulations are the most stringent of the Northeast states, the European
Union has tighter limits by nearly a factor of 2; and Germany will have tighter limits by a factor of
5 in the year 2015. The German regulations are challenging to the manufacturing community and
are meant to force additional research and possible inter-company alliances to enable all
manufacturers to achieve such best-in-class performance capability.
European units have PM2.5 emissions in the range of 0.02 to 0.04 lb/MMBtu, representing a 90
percent or higher reduction compared to older technologies still used in the United States. (From
Ref 21, p9, footnote 11)
European units also typically emit carbon monoxide (CO) at lower rates than U.S. units. Emissions
for best-in-class products in Europe are typically under 100 ppm and thus comparable to modern
gas and oil-fired boilers. (From Ref 21, p9, footnote 12)
5.3 Public Health
Numerous health studies have linked short- and long-term exposure to elevated levels of PM2.5 with
a wide range of damaging impacts on the circulatory system and lungs.22 Burning solid fuel yields
particulate pollution - solid particles smaller than a red blood cell which have been implicated in
30,000 deaths in the US and 2.1 million deaths world wide per year.23 As already shown in Figure 5
the emission of particulates from wood burning is much worse than oil or natural gas. In fact, wood
smoke is chemically active in the body 40 times longer than tobacco24.
The public health concerns intensify, especially when wood-burning units are located in homes,
schools or hospitals, in close proximity to sensitive populations, such as children, asthmatics, and
individuals with pre-existing respiratory disease or cardiac problems.

13

5.4 Possible Additional Considerations
Although not addressed in this report, there are many other issues that can affect decisions about
whether to support wood-fueled energy facilities. They include:
• Environmental and aesthetic impacts of wood harvesting
• Environmental effects of fossil fuel harvesting
• Avoiding irreversible removal of carbon from the geo-sphere
• Energy security
• Local economy & jobs
• Local self‐sufficiency
6 The Consensus Question(s)
In view of the recent controversy concerning the use of wood as a renewable source of energy, and
due to the short time-span of this study, this report focuses on the question of the appropriateness of
the use of wood as an energy source in Massachusetts. Given the information found and presented
in this study, the Biomass Study committee suggests the following consensus question(s) for
consideration:
Should the Amherst LWV support the use of woody biomass as a renewable energy source? If so,
under which of the following conditions and/or restrictions:
1. Types of woody biomass;
2. Forest management practices;
3. Plant size and/or efficiency restrictions;
4. Government regulation(s);
5. Enforcement procedures;
6. Lower emission limits;
7. Other conditions and/or restrictions;
8. No conditions or restrictions?
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Appendix 1. Greenhouse Gases and the Greenhouse Effect1, 2, 3
Definitions
Greenhouse gas (GHG) – A gas that is transparent to incoming near UV and visible (short
wavelength) radiation from the sun but that absorbs some of the outgoing infrared (long
wavelength) radiation, e.g. carbon dioxide, water and methane
Permanent greenhouse gas – A GHG that will not condense as a liquid or solid from the atmosphere
over the range of observed atmospheric temperature and pressure. Carbon dioxide, methane and
nitrous oxide are the most important GHGs.
Greenhouse effect –Absorption of some outgoing infrared radiation by GHGs in a planetary
atmosphere, causing an increase in surface atmospheric temperature
Flux –Flow of a substance, in this case carbon, from one reservoir to another
Carbon cycle - The network of processes (fluxes) that transfer carbon between the Earth’s major
carbon reservoirs
The Greenhouse Effect Maintains an Equable Temperature on Earth.1
In the absence of an insulating atmosphere, earth would be uncomfortably cold with an
average temperature of about -1oF. In fact, because GHGs like carbon dioxide in the atmosphere
absorb some of the outgoing infrared radiation and radiate some of it back to the earth’s surface, the
atmosphere must warm until the incoming radiation from the sun and the outgoing infrared
radiation are in balance. Because of this “greenhouse effect” the average temperature at the earth’s
surface is about 59o F.

Figure 1. Reference 3, FAQ 1.3, fig 1
Emission of Greenhouse Gases (GHGs) Drives Climate Change.1,2
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The net effect of GHGs is to trap some of the heat that would otherwise escape to space, creating
the “greenhouse effect”. Human activities like wood and fossil fuel burning, land clearing and
cement manufacture have increased the flux of GHGs to the atmosphere, leading to increased GHG
concentrations.4, 5 The resulting “enhanced greenhouse effect” has altered the Earth’s radiation
budget, increasing the average temperature of the atmosphere and driving climate change. Carbon
dioxide (CO2) is the most important of the permanent GHGs but contributes only about 20% of the
total greenhouse effect.

Figure 2. Atmospheric carbon dioxide concentrations for the last 1000 years from multiple data sets.
(Ice core data through 1977, direct measurements from 1958 at Mauna Loa5) (Figure from ref. 5)
Carbon Dioxide Controls the Earth’s Temperature.6
Rough contributions to the enhanced greenhouse effect are listed below.6
Water vapor (humidity)
50%
Clouds
25%
Carbon dioxide
20%
Other permanent GHGs
5%
In light of these data, it is not surprising that some have questioned whether controlling carbon
dioxide emissions will limit climate change.7 The fallacy here is that carbon dioxide controls the
water content of the atmosphere. Water concentration changes in response to atmospheric
temperature changes by evaporation and condensation. Carbon dioxide, the most important of the
permanent (non-condensable) GHGs, controls the temperature of the atmosphere which, in turn,
controls the amount of water vapor in the atmosphere.6 An increase in carbon dioxide leads to an
increase in temperature which, in turn, leads to an increase in the water content of the atmosphere.
This effectively magnifies the effect of the carbon dioxide increase and is called a positive feedback.
The permanent GHGs control the entire greenhouse effect by contributing 25% of the radiative
forcing , with the remaining 75% arising from fast feedback caused by water vapor and clouds.
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Over the past 1000 years, atmospheric temperature at the earth’s surface has “tracked” carbon
dioxide concentration; compare Figs. 2 and 3.

Figure 3. IPCC 2001 Working Group I – The Scientific Basis8
The Fate of “Extra” Carbon Dioxide Emissions
Evidence that some of the “extra” carbon dioxide emissions accumulate in the atmosphere is
clear. (See Figure 2 above and references 4 and 9.) Roughly half of our “extra” emissions
accumulate, driving the atmospheric concentration higher each year (see Appendix 2 below).
Confusion about how long our “extra” carbon dioxide emissions last is pervasive. Appendix
2 discusses the lifetimes of carbon dioxide in the atmosphere and points out that a fraction of our
“extra” emissions will linger for more than a thousand years.10 Climate change is a long-term
problem.
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Appendix 2. The Carbon Cycle
The Carbon Cycle
Carbon atoms, mostly in the form of carbon dioxide, cycle constantly through four major
reservoirs: atmosphere, terrestrial biosphere, oceans, and geosphere or sediments (including fossil
fuels).11 In the simplified IPCC diagram, Figure 4 below, natural fluxes appear as solid blue arrows
while anthropogenic fluxes are red broken arrows. Not shown is the largest of the reservoirs, the
geosphere with a content of 90,000,000 G tons of carbon.
Carbon cycles relatively rapidly between the first three reservoirs but very slowly between
them and the geosphere. Carbon lifetimes in these reservoirs are:12
Atmosphere
5 yr (calculated from data in ref 12)
Land-based biosphere
12 yr
Ocean
610 yr
Geosphere
390,000,000 yr

Figure 4. Simplified Carbon Cycle.8 Reservoir contents, circa 2000, are in Gigatons of carbon,
fluxes in Gigatons carbon/yr
Evidence Shows that Carbon Dioxide Has Accumulated in the Atmosphere
Analysis of bubbles trapped in polar ice cores shows that, over the last 10,000 years, the
carbon dioxide concentration in the earth’s atmosphere was stable in the range 260-280 ppm.2, 3,9 An
1100-year record is shown in Fig. 2. However since 1750, wood and fossil fuel combustion has
perturbed this steady state and has caused the carbon dioxide concentration to rise to 387 ppm in
2009.6 The current concentration is higher than at any time in the previous 800,000 years.13 The
longest continuous record of direct atmospheric measurements is that from the summit of Mauna
Loa in Hawaii beginning in 1958. (Figure 5 below)
20

Figure 5 NOAA (reference 4)
Annual Fluxes of Carbon Dioxide In and Out of the Atmosphere Are No Longer in Balance.
The annual fluxes of carbon dioxide to and from the atmosphere, shown in Figure 4, are
massive. Over thousands of years prior to 1750 these fluxes were in balance since carbon dioxide
concentration varied only within a narrow range of less than 10%. Figure 2 shows some of this
record. The largest contribution to “extra” emissions, fossil fuel burning, is known; the annual total
of 8 gigatons is known with good confidence. This flux is unimpressive compared to the total of
about 220 gigatons/yr, yet it has perturbed the previous delicate balance, Figure 3. The long
equilibration time between ocean surface waters and the deep ocean leads to carbon dioxide
saturation at the surface before all the “extra” carbon dioxide has dissolved.10
Houghton14 lists the fate of recent “extra” emissions shown in Table 1 below. “Extra”
emissions have been increasing. The oceans take up roughly half of the “extra” carbon dioxide, first
into surface water followed by slower equilibration with deep water. The land fluxes are more
difficult to measure and are apparently more variable. The parts that make up the “residual
terrestrial reservoir” of Table 1 have not all been identified.
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Table 1. “Extra” Carbon Budget in Gigatons of carbon/yr. Positive values are fluxes to the
atmosphere, negative values are fluxes out of the atmosphere.14
1980’s
1990’s
2000-2005
Emissions (fossil fuel,
5.4±0.3
6.4±0.4
7.2±0.3
cement)
Atmospheric increase
3.3±0.1
3.2±0.1
4.1±0.1
Atmosphere to ocean flux
-1.8±0.8
-2.2±0.4
-2.2±0.5
Atmosphere to land flux*
-.03±0.9
-1.0±0.6
-0.9±0.6
*partitioned as follows
Land-use change
1.4 (0.6 to 2.3)
1.6 (0.5 to 2.7)
Na
Residual terrestrial sink
-1.7 (-3.4 to 0.2)
-2.6 (-4.3 to -0.9)
Na

Some of the “Extra” Carbon Dioxide Will Remain in the Atmosphere for Thousands of Years.
Flux data in Figure 4 and the lifetime data just above it show that massive amounts of
carbon dioxide exchange rapidly between the land and ocean reservoirs and the atmosphere. The
terrestrial biosphere, ocean surface waters, and atmosphere comprise a rapidly equilibrating coupled
system. Extra carbon dioxide emitted to the atmosphere equilibrates rapidly with the other two
sinks. Equilibrium with ocean surface water is reached when about half the “extra” carbon dioxide
has dissolved. No further net transfer from atmosphere to ocean can occur until carbon dioxide is
transferred from surface water to deep water, a slow process. Furthermore, as the ocean becomes
enriched in carbon dioxide, the laws of chemical equilibrium diminish its capacity to take up
additional carbon dioxide.14
The last IPCC assessment, Climate Change 2007 put it like this for a one-time emission of
carbon dioxide.
o “About 50% of a CO2 increase will be removed from the atmosphere within 30
years,
o and a further 30% will be removed within a few centuries.
o The remaining 20% may stay in the atmosphere for many thousands of years.”
For a recent summary of carbon dioxide longevity at an introductory level, see ref.10,15
GHG-driven climate change is a long-term problem that our descendents will have to live
with.
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Additional sources on climate change.
The following try to be objective.
Pew Center on Global Climate Change, http://www.pewclimate.org/ See Climate change
101. A good and comprehensive source at an introductory level.
US Government sites have lots of graphics and are mostly at a basic level:
NASA http://climate.nasa.gov/
EPA http://www.epa.gov/climatechange/
NOAA - http://www.climate.gov/#climateWatch and
http://www.climate.gov/#understandingClimate
Frequently asked question:
http://www.ncdc.noaa.gov/oa/climate/globalwarming.html
Paleoclimatology:
http://www.ncdc.noaa.gov/paleo/paleo.html
Also see the Union of Concerned Scientists http://www.ucsusa.org/global_warming/
At a higher technical level is http://www.realclimate.org/ RealClimate, climate change from climate
scientists. On this site climate scientists describe the latest state of climate science and respond to
arguments of “climate change skeptics”. They make an effort to write for the general public, but
some of the posts are pretty technical.
There are an almost uncountable number of websites with distinct point of view.
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