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EXECUTIVE SUMMARY

New Hampshire has the stated goal of expanding its renewable energy portfolio. An option for
New Hampshire to achieve that goal is through the use of biomass fuel. The state’s vast reserves
of potential biomass fuel make it particularly well suited to this source of renewable energy.

New Hampshire is considering a proposal that would allow European boilers that are approved
by the European Committee of Standardization (CEN), EN 303-5, “Heating boilers for solid
fuels, hand and automatically stoked, normal heat output up to 300 kW”. This report will refer to
this code as the “European” code. Currently, New Hampshire only allows boilers that are
approved by the American Society of Mechanical Engineers Boiler and Pressure Vessel Code
(ASME) Section IV, “Rules for Construction of Heating Boilers”. This document will refer to
this code as the “American” code. Boilers built to one code are not compatible with the other
code. The safety record for boilers built to each of the codes is comparable.

Boilers built to the European standard generally have superior efficiency ratings and lower
emissions, although some boilers built to the current American standard have comparable
efficiency and emissions. Allowing the European boilers in New Hampshire would substantially
increase consumer choice for high efficiency, low emission boilers.

There are important obstacles to allowing European biomass boilers into New Hampshire. It is
unclear if insurance companies will be willing to cover the European boilers. Boiler inspectors in
New Hampshire will be unfamiliar with the boilers, their manuals, and maintenance. The
building and fire codes must also be updated across the state.

The State of Oregon decided in 2009 to allow European biomass boilers. However, as of
February 2010, no European boilers had been installed in the state and the impact of the change
is unknown. The Commonwealth of Massachusetts considered adopting the European code, but
decided against it, because Massachusetts did not see the codes as comparable.

It is likely that the reason for the superior efficiency of European boilers is not from their safety
code, but from more stringent emissions standards for boilers across most European countries.
New Hampshire could seek to emulate these countries, which would encourage innovation in
boiler market and might give consumers more choice in the boiler market without adopting a
new safety code.

The United States Environment Protection Agency (EPA) is considering changes to its emissions
standards for smaller commercial and institutional boilers. These new standards are currently
slated to be unveiled in December of 2010. The new rule is likely to have a significant impact on
the biomass boiler market across the country.

1. RENEWABLE ENERGY IN NEW HAMPSHIRE

New Hampshire has prioritized investment in renewable energy initiatives. For example, the
Renewable Portfolio Standards requires that New Hampshire Electric Utilities obtain 25 percent
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of their electricity from renewable sources by 2025. This is known as the 25 x 25 initiative. The
left chart in Figure 1 shows that in 2006, only seven percent of New Hampshire’s total energy
usage came from renewable sources. The right chart in Figure 1 shows that of that seven percent,
43 percent came from hydroelectric sources and 57 percent from biomass sources. (Electrical
imports, solar, geothermal, and wind made up less than one percent.) Biomass sources include
wood, ethanol, biogenic municipal solid waste, and landfill gas. Biomass can play a pivotal role
in helping New Hampshire achieve its 25 x 25 goal.

Other RSl Landfill Gas
Renewables o MSW 2%
7% 4% r

Ethanol
8%

Figure 1. New Hampshire Total Energy Usage and Gross Renewable Energy Sources, 2006
Less than 1% of Renewable Energy: electrical imports, solar, geothermal, biodiesel

1.1 Biomass Overview

Biomass energy is the conversion of biological materials into an energy source. Common
biomass sources are wood (pellets, chips, pulp), alcohol fuels (crops), and waste (garbage,
landfill gas).

Biomass has several advantages over other energy sources. It reduces reliance on nonrenewable
sources such as fossil fuels. This decreases our exposure to price volatility in foreign markets.
Additionally, biomass fuel prices are historically lower than fossil fuel prices. Appendix 1V
provides a cost efficiency comparison of several fuel types. It shows that the biomass fuels most
often used in New Hampshire (woodchips and wood pellets) are more cost effective than other
sources. (Appendix VII provides a breakdown of other potential costs associated with biomass
boilers.)

Another advantage is that biomass is theoretically carbon neutral. Biomass energy releases black
carbon that is already trapped within the source; the carbon it introduces to the atmosphere is not
created and is equal to the amount of carbon that would be released if the tree were to rot
naturally. It is argued, however, that mature forests sequester carbon dioxide much more
effectively than cut over areas. Additionally, introducing carbon to the atmosphere quickly, as
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biomass does, contributes to global warming more than introducing the carbon gradually over
time, as a rotting tree does. The sustainability of biomass is also debated. Harvesters must be
careful with their re-growth efforts to ensure a constant energy supply. A disadvantage of
biomass is that it releases particulate matter that can be harmful to one’s health. The air pollution
caused by biomass can be similar to that caused by fossil fuels.

1.2 Biomass Viability in New Hampshire

Biomass is a viable renewable energy source for New Hampshire. According to the USDA
Forest Service, New Hampshire has a higher density of forest biomass relative to most states.
New Hampshire also has significant viability in overall biomass. Appendices Il and 11l show the
potential for forest biomass in the U.S. and the potential for all biomass in New England. These
maps show that New Hampshire has greater opportunity to harness local biomass than
neighboring states.

Wood comprises over 70 percent of the biomass sources currently used in New Hampshire, so it
is important to consider the details of harnessing wood potential. Appendix VIII provides a
breakdown of forest ownership in New Hampshire. Appendix VII shows the wood harvest by
county in New Hampshire for an average year.

An increased focus on biomass in New Hampshire could create jobs and support local forest and
agriculture development. Furthermore, it has the potential to help residents and commercial
businesses realize energy savings. Appendix | provides two examples of New Hampshire
businesses that have effectively implemented biomass, resulting in economic savings. Biomass
has the potential to help New Hampshire’s economy and to help the state achieve its 25 x 25
goal.

2. BIOMASS BOILER OVERVIEW
Biomass boilers are used to combust biomass and utilize its heat energy. The two most popular

boilers designs in the United States are direct-burn and two-chamber boilers. Figure 2 diagrams
each of these boilers designs.
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Figure 2. Direct-Burn Wood Boiler System and Two-Chamber Wood Boiler System?
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In a direct-burn wood boiler system, air is injected into the primary zone, where the wood is
being burned. The hot air then rises into the combustion chamber to continue the combustion of
solid particles. The hot exhaust then passes through the heat exchanger and into the chimney.
Direct-burn systems are simpler and cost less than two-chamber systems.*

A two-chamber wood boiler system separates the primary chamber from the secondary chamber
with a blast tube, which increases boiler efficiency and decreases particulate matter emissions.
Two-chamber boilers have longer flame paths, more turbulence, and longer retention times of
high-temperature gases, all of which increase the rate of combustion. This also decreases
particulate matter emission because the longer burn time allows for small particulate matter to be
fully combusted.*

Figure 3 shows how a biomass boiler can be integrated into a full system.

ATypical Biomass System

chimney

cyclone flue gas cleaner

combustor

fiel storage bin
(walls not shown)

bin unloading system
{hydraulic scraper type shown)

Courtesy KMW Energy Systems

Figure 3. A Typical Biomass System®

3. U.S. AND EUROPEAN BIOMASS BOILER COMPARISON

New Hampshire’s RSA 157-A:2 currently requires that all boilers and pressure vessels conform
to the American Society of Mechanical Engineers Boiler and Pressure Vessel Code (ASME
Section 1V, “Rules for Construction of Heating Boilers™). Exempt boilers include those with less
than 200,000 BTU per hour output, less than 15 psig working pressure, and less than 210 degrees
Fahrenheit water temperature.® Boilers and pressure vessels that do not meet ASME standards
can be operated if the commissioner approves and if the boiler/vessel is inspected annually by a
qualified person. Although it is not federally mandated, most states require that boilers adhere to
ASME standards. A summary of the standards for northeast states is included in Appendix IX.
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Alternatively, many European countries adhere to standards defined by the European Committee
for Standardization, EN 303-5 (CEN, “Heating boilers for solid fuels, hand and automatically
stoked, normal heat output of up to 300 kW”).” Countries that utilize testing standards of EN
303-5 include: Finland, Austria, Denmark, Germany, and Great Britain.® The CEN adopted EN
303-5 in 1998. These standards apply for boilers up to 300 kilowatts of heat output (about equal
to 1,000,000 BTU per hour).®

The slight differences between American and European standards disallow each type of boiler
from being approved by the other set of standards. European boilers are not approved by the
American code and vice versa. Even though European boilers are not currently approved for use
in New Hampshire, there could be advantages to allowing them in the state. This would improve
consumer choice by increasing the size of the boiler market. Second, European boilers must
adhere to stricter efficiency and emissions standards.

3.1 Efficiency Differences

Efficiency ratings measure the percentage of energy in the fuel that is converted into heat. In
general, biomass is a less efficient energy source than others (natural gas, propane, coal).
Appendix V diagrams how a boiler might lose energy. Efficiency for new European boilers,
however, is comparable to these other sources, at 90 percent efficiency. Comparatively, boilers
in the US are only about 70 to 80 percent efficient.

American standards do not specify an efficiency rating that approved boilers must achieve.™
European standards, on the other hand, specify efficiency ratings for different boiler classes. For
example, the minimum efficiency of a Class 3, 20 kilowatt boiler is 74.8 percent.! Although it is
possible for American boilers to be just as efficient as European boilers, the European efficiency
requirements promote innovation in ways that are not done in the United States.

3.2 Emissions Differences

Wood combustion is a source of pollution, including particulate matter (PM), particulate matter
less than 2.5 microns in diameter (PM, ), carbon monoxide (CO), sulfur dioxide (SO,), nitrogen
dioxide (NO,), and hazardous air pollutants (HAPs: benzene, mercury and dioxins).*? In some
areas, wood combustion is the cause of more than 80 percent of particulate matter pollution.®
Particulate matter affects the respiratory system, and can aggravate asthma and bronchitis. It has
been linked to being a cause of premature death for persons with heart and lung diseases.* In
2007, installation of biomass boilers in several schools in Scotland came to a standstill due to
worries about air quality and particulate matter.*

Boilers in the United States must currently adhere to emission standards set by the EPA.
Compared to the standards set by the CEN, the emission limits in the United States are lenient.
Figure 4 shows that particulate emission limits in Europe are currently 0.054 pounds PM
emission per million British thermal units (MMBtu). Comparatively, emission limits in New
Hampshire are 0.3 pounds PM emission per MMBtu. (Limits in New York and Massachusetts
are 0.6 and 0.1, respectively.)
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Figure 4. Comparison of Particulate Emission Limits for Units Sized from 1 to 10 Million
Btu (Ib PM emission/MMBtu)*®

European boilers must adhere to more stringent emission limits than American boilers. Although
American boilers do not inherently emit more PM and PM,s than their European counterparts,
the European standards force all European boilers to emit low amounts of pollution. These lower
standards encourage innovation in the European market for low emissions boilers. This fuels
innovation in ways that are not done for American boilers. Allowing European boilers in New
Hampshire would broaden the boiler market for consumers, and would increase the options of
boilers that emit less particulate matter.

3.3 Safety Differences

A study conducted by the United States National Board of Boiler Inspectors determined that
ASME safety standards are just as safe as European safety standards.!” Both models of biomass
boilers are equipped with a wide variety of safety features. Most wood-burning boilers feature a
temperature sensor to detect burn back, a water-releasing device to put out fire, and an automatic
system that shuts down the boiler in case of burn back. In addition, biomass boilers are low-
pressure vessels, which are generally safer than regular, high-pressure boilers.*®

There are a few key safety differences between European boilers and American boilers.
European inspectors pressure test each vessel whereas American inspectors test only one boiler
from the manufacturer and then visually inspect the others. In addition, unlike Europeans boilers,
pressure stays in American boilers penetrate the firebox walls. This could potentially lead to the
corrosion of this important boiler part. Non-penetrating stays used in European boilers are
therefore safer than their ASME counterparts.*®
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According to Steve Nichols, owner of BioheatUSA,' a New Hampshire based provider of
biomass, there have been no deaths associated with European boilers to date and not a single
boiler has failed in their 35-year history.”

3.4 Testing Differences

American and European biomass boiler regulations follow different testing measures. American
boilers tests follow EPA Test Method 28 and European boiler tests are outlined by the CEN. The
tests of boiler performance differ in firing rates, particulate matter sampling, and fuel used. The
following table summarizes these differences.?

US EPA Test Method 28

CEN Test Methods

Firing rates

Four burn rates: 15%,
15 - 30%

30 - 50%

maximum capacity

Two rates:
nominal load
30%

Particulate matter sampling
methods

Dilution tunnel sampling

Hot filter sampling
techniques

Pollutants measured

Total particulate matter

Continuous emission

monitoring of: CO,, O,, Co,
Organic carbon, VOC, NOx

Fuel used Crib (dimensional lumber) | Cordwood (random
moisture content)
Inspector Authorized Inspector Notified Body evaluated by

TUV or DNV

Table 1. Comparison of EPA and CEN Biomass Testing Methods

The difference in burn rates is significant because the European test does not require biomass
boilers to be tested at low burn rates (below 30 percent). Without doing this, it is difficult to
assess the performance of European boilers at low levels of operation.?

Other significant testing differences are the particulate matter sampling methods and the
difference in pollutants measured. The EPA dictates that dilution tunnel sampling be used to
measure emissions, rather than hot filter sampling techniques. Dilution tunnel sampling captures
all particulate matter (including filterable and condensable portions), and hot filter sampling
captures only the filterable portion of the particulate matter. This creates a significant difference
in the particulate matter measured for each boiler.?®

! From their website, www.woodboilers.com: “BioHeatUSA, formerly TARM USA, is a third-generation, family
owned business that has pioneered the sales and service of European residential central heating equipment to North
America for over 30 years. BioHeatUSA’s primary objective is to offer European innovation in home heating
solutions, paired with a significant commitment to consumer education and environmental awareness. Exclusive
partnerships with 1SO 9001 certified manufacturers allow BioHeatUSA to offer products with operational reliability,
exceptional efficiency, and to promote the clean burning of carbon-cycle biomass that is critical to the lowering of
net greenhouse gas emissions.”
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The different fuel requirement for EPA and CEN tests is significant because of the varying
moisture content in the different fuels. Moisture content impacts the efficiency and emissions of
boilers; high moisture content fuel can lead to incomplete combustion (decreased efficiency) and
increases in PM emissions.?* The crib fuel used for EPA tests has a specified moisture content.
Comparatively, the cordwood used for CEN tests has a random moisture content.® This could
affect the accuracy of emission and efficiency measures for European boilers.

Finally, different inspectors are required to enforce each of the tests. The EPA uses an
Authorized Inspector, whereas the CEN uses a Notified Body evaluated by TUV Rheinland or
DNV. These inspectors are not interchangeable; ASME inspectors are not authorized to inspect
and approve European boilers.?

4. ADDITIONAL CONSIDERATIONS
4.1 Obstacles to Implementation

There are obstacles to the approval of and demand for European biomass boilers in New
Hampshire. First, technologies that improve efficiency and emission functioning add to the
boilers’ construction costs. For this reason, American boilers are more attractive to the consumer
than European boilers because they are cheaper, despite the fact that they are less efficient and
more polluting. Even if European boilers are allowed in New Hampshire, consumers may not
demand them.?’

The New Hampshire Department of Labor and the Chief Boiler Inspector oppose the
introduction of European biomass boilers into the state. Many insurance companies, risk averse
by nature, express concerns about inspection and repairs of these foreign machines. For example,
foreign vessels often differ from domestic models in welding style and materials, thus requiring
special equipment and training for mechanics. They also require specialized and regular
maintenance.”® Foreign and unfamiliar language, procedures, measurements, and standards
within manufacturer manuals may also pose problems for state inspectors and repairmen.

4.2 EPA Status

In 2004, the EPA began the process of creating emissions standards for boilers classified as “area
sources,” under the Clean Air Act (CAA), using both biomass and other fuel types.? Section 112
of the CAA mandates that the EPA regulate the emissions of area sources for hazardous air
pollutants, such as particulate matter and mercury.® Boilers classified as area sources under the
CAA are industrial, commercial and institutional boilers that emit less than 10 tons annuaII%/ of a
single hazardous air pollutant, and less than 25 tons annually of all hazardous air pollutant.** For
biomass boilers, those with output less than 20 million Btus per hour (MMBtu/hr) will likely fall
under the new regulation.® Boilers affected will include many of those in schools, churches,
small businesses, apartment buildings, hotels, restaurants, and municipal buildings.®

The regulation will likely increase the costs of installing, operating, and maintaining wood
boilers that fall under the area source category.** For most pollutants, the EPA will probably be



2 Rockefeller Center at Dartmouth College Policy Research Shop
The Center for Public Policy and the Social Sciences

creating standards based on generally available control technology (GACT).* For mercury and
polycyclic organic matter, the EPA is required to base its standards on the more stringent
maximum available control technology (MACT), and will likely include the use of fabric
filters.

The rule has faced numerous legal challenges, which have delayed its implementation.®” Under
its current schedule, the rule will reach notice of proposed rulemaking (NPRM) in April 2010, to
be followed by a public comment period.® The final rule is due to be issued in December 2010.
Compliance will not be required immediately, but it is likely that current boilers will be required
to comply with the new standards..*® The regulation may significantly impact the market for
smaller commercial and institutional biomass boilers across the country.

5. STATE CASE STUDIES

Massachusetts and Oregon have considered allowing European boilers in their states.
Massachusetts did not approve this legislation, while Oregon did.

5.1 Massachusetts

In 2009, Massachusetts considered accepting European standards, but the state did not change its
standards. Repairs of European boilers would not have been in compliance with National Boiler
and Pressure Vessel Inspection Code. The state did not consider the two standards to be
equivalent.”> Furthermore, the state questioned the sustainability of biomass in terms of forest
management and greenhouse gases. In June 2009, Massachusetts amended its Renewable
Portfolio Standard (RPS) to require sustainable biomass energy for RPS qualification. In
December 2009, Governor Deval Patrick suspended all biomass projects in Massachusetts until
research proved it to be sustainable.*

5.2 Oregon

Oregon has been a pioneer state in the field of biomass energy. In 2005, the Oregon Biomass
Coordinating Group (OBCG) formed to develop the biomass market according to the state’s
Renewable Energy Action Plan (REAP). This plan aims to promote alternative energy and
economic development within the state.* Most notably, Oregon changed its administrative rules
to enable the installation of European boils on January 1, 2009, provided that the boilers have
been tested and meet EN 303-5 standards. The new standards also stipulate that non-AMSE
boilers must have comparable safety standards to ASME boilers. Despite the rule change,
Oregon has not seen an increase in the installation of European boilers in the state.*®
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6. POLICY OPTIONS
6.1 Reduce Maximum Allowable Particulate Emissions for Biomass Boilers

The efficiency and emissions differences between American and European boilers are likely due
to the stricter emissions and efficiency requirements for boilers in place in many of the European
countries that use the European code.** If New Hampshire adopted similarly strict emissions
standards, it may push the boiler industry to expand consumer choice for high efficiency, low
emission boilers, without adopting European boilers. Figure 4 shows that New Hampshire
currently allows three times as many emissions as Massachusetts. Cleaner ASME approved
boilers would be available if New Hampshire lowered its emission limits.

It would not directly cost the state of New Hampshire to reduce particulate emission limits. The
burden of these costs would fall on the consumer. Appendix VI outlines various costs that could
be associated with reducing particulate emissions for biomass boilers. These range from $7,000
for a cyclone that would remove an additional zero to ten percent of the particulate matter, to
$175,000 for an electrostatic precipitator which would remove 90 percent of additional
particulate matter.*

6.2 Allow EN 303-5 Boilers in New Hampshire

Although there are high efficiency, low emissions biomass boilers currently being built to the
ASME code, allowing those built according to the EN 303-5 code in New Hampshire would
significantly increase their availability, thereby increasing consumer choice.*® Hopefully with
increased choice, New Hampshire choice residents would opt for the higher performing boilers
more frequently. However, if European boilers were allowed in New Hampshire, European
documents and measurements would need to be translated to English or converted to the
American system. In addition, it would be helpful to create an EN 303-5 Training and
Development program in New Hampshire similar to the ASME education programs throughout
Europe.

6.3 Await the EPA’s Upcoming Rule on Boiler Emissions

The EPA’s new regulation on boiler emissions may radically alter the market for smaller
institutional biomass boilers across the United States. Both new and old boilers will come under
regulation, and the impact will be impossible to know until the rule is officially issued. New
Hampshire could wait until after the promulgation of this rule before changing its policy on
biomass boilers.

10
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Appendix I. Biomass in New Hampshire

Harris Conservation Center in Hancock, New Hampshire: The Harris Conservation Center
was the first public building in New Hampshire to use a wood pellet boiler. The boiler, a multi-
heat variable output boiler rated at 146,700 Btu, has been a cost-effective investment; in 2005
fuel for the boiler cost $1,700 a year, 40 percent less than the cost would have been with fuel oil
(%$4,200). Furthermore, the boiler has burned at 90 percent efficiency while heating the 10,000
square foot facility.

Crotched Mountain Rehabilitation Center in Greenfield, New Hampshire: In 2007 the
Center installed a 122MMBtu dual wood boiler to heat and supply hot water (and also chilled
water in the summer) to approximately 250,000 square feet of space. The center has also
successfully lowered particulate matter emissions by using a two stage system to capture
particulates: a cyclone separator removes larger fly ash while a baghouse removes the smallest
particulates. Furthermore, the two boilers have different sizes, and thus have "the capacity for
modulated burning,” which increases the overall efficiency of their operation. The Center
realized total savings of $250,000 in fuel costs during its first heating season (2007-2008).

Appendix Il. Biomass Viability in the U.S.
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Appendix I11. Biomass Viability in the Northeast
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Appendix IV. Fuel Cost Comparison
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Appendix V. Boiler Efficiency Overview
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Appendix VI. Costs and Efficiencies of Particulate Matter Control Devices

Control Removal Effectiveness
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Appendix VII. Costs Associated with Biomass

Cost Estimates and Fuel Usage

Cost
Annual Fuel Equivent Current
e 1 _FUéI Consumption Fuel il Fuel
Storage and Delvery
(Tons) (Galons) | Costfton
Systems)

Residential Pellet Boilar $16.000 8.0 Pallets 1.000 $266
Pellet Stove $3.200 30 Paliats 375 $265
Quialifying Wood Stove $2.500 86 Cord Wood 600 $90
Qualitying Outdoor Waood EBoiler $5.000 17.1 Cord Wood 1,200 $90
Commarcial/industnal Pellet Bailer (100-500 kw) $200.000 263 Pellets 31,666 $266
Commercial/industnal Pellet Bailer (500-1000 low) $360.000 633 Pellets 79,165 $265
Commercialiindustrial Pellet Boiler (1000-5000 low) $1.750.000 2633 Pellets 316,669 $265
Commarcial/industnal Chip Boiler (100-500 kw) $280.000 406 Dry Chips 31.666 $65
Commercial/industnal Chip Boiler (500-1000 kw) $490,000 1013 Dry Chips 79,166 $66
Commercialiindustnal Chip Boiler (1000-6000 lkw) $2.450,000 4063 Dry Chips 316,669 $66

Source: Maine Energy Council, August 2009
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Appendix VIII. New Hampshire Wood Harvests, 4/2005 — 3/2006

County Harvest# \Vhole Tree Chips Pulpwood Fuelwood Sawlogs

Tons Tons Tons 1000 board fi.
Belknap 202 48,872 37,7958 2457 10,815
Carroll 372 72542 100,156 2.609 19,980
Cheshire 339 49.529 60.179 8247 23.240
Coos 367 125,757 503,534 4.980 47,535
Chrafton 597 170,428 190,079 5,985 33,982
Hillsboro 377 117150 42970 R.334 27,051
Merrimack 494 142,571 69.653 6.882 31,413
Rockingham 251 60,823 24,429 5,137 12,437
Strafford 145 38,871 17474 3486 9413
Sullivan 283 35,890 30413 3,907 13717
Totals 3427 862,430 1,076,682 52,024 229,583

Source: NH Division of Forests and Lands

Appendix VIII. New Hampshire Forest Ownership, 2002

Private land
investment State
or owned
manageme / 7%
nt groups
9%
Federal _
owned Non-
15% industrial
private
69%

Source: USDA Forest Service, 2002

15



Policy Research Shop

Rockefeller Center at Dartmouth College
The Center for Public Policy and the Social Sciences

R

Appendix IX. Biomass Codes in the Northeast States

Source: Coneg Report
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