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EXECUTIVE SUMMARY

Statewide biomass estimates have increased from 752 million
dry tons in 1982 to 980 million dry tons in a more recent 2003
estimate. These estimates are produced using Forest Inventory
& Analysis (FIA) data collected during Maine’s periodic and now
annualized inventory design.

Biomass has both a suite of aboveground components (bole,
foliage, limbs and tops, and saplings) and a suite of belowground
components (stumps and coarse roots). The contribution of the major
pieces has been fairly steady over the years with boles contributing
in the range of 45% to 51%, saplings in the range of 15% to 19%,
and stumps and roots a consistent 15%.

The Maine Forest Service began tracking and reporting on
wood flows of biomass in 1986. For the last 20 years (1986-2005)
the total annual harvesting of all products has ranged between 6
and 7 million cords, extracted from a standing inventory that is
currently estimated to be 277 million cords.

Deriving three estimates of available and additional biomass
products was done using slightly different techniques and data
sources. The first assumes that additional biomass can be obtained
as a proportionate and companion removal during existing harvest
operations. Each biomass estimate came from specific counties and
was attributed to a specific pulp and paper mill. The eight estimates
ranged from 0.3 to 1.9 million dry tons and totaled a maximum
availability of 6.6 million dry tons within Maine on a sustainable
basis. The second process created three wood-drain polygons,
spatially specific, representing an approximate 60-mile-drain ra-
dius, and drawing on current inventory data from Maine and New
Hampshire. These estimates ranged from 0.9 to 3.0 million dry tons
and suggested a total available biomass volume of 6.4 million dry
tons. The third estimate used the most recent 2003 FIA inventory
data and recognized that available volumes in various components
(branches, cull trees, salvable dead trees, and saplings) might need
toaddress other ecological, sustainable, or wildlife habitat concerns.
The range in availability then is from the current biomass harvest
of 0.6 million dry tons to a potential maximum of 6.4 million dry
tons. Saplings alone represent 57% of the potential available and
additional biomass volume.

In conclusion, there is a need to continue the triad of research,
development of estimation tools, and harvesting techniques to bet-
ter inform the discussion of biomass allocation and to benchmark
availability in Maine.
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INTRODUCTION

Recent years have seen a dramatic increase of interest in
Maine’s forest biomass resource. This interest in forest biomass
inventory and availability, however, i1s not unprecedented over
the last 40 years. The first wave of interest occurred during the
1970s when whole-tree chipping was introduced as an alternative
for producing pulp-quality chips from a variety of new raw mate-
rial sources and sizes. The University of Maine led major research
efforts at the time to find ways to convert traditional wood volume
measurements of cords or board feet into biomass for various tree
components (Young 1964; Young et al. 1964; Young 1965; Young
and Chase 1965; Young and Carpenter 1967; Chase et al. 1973;
Chase and Young 1978; Young et al. 1980).

The second wave of interest occurred during the late 1980s,
following the first major rise in world crude oil prices during the
late 1970s and early 1980s when federal legislation was passed that
favored the development and construction of new biomass energy
plants as generation sources of electricity for regional grids.

The current heightened interest in forest biomass supplies is
again in response to supply/demand changes in the global market
for petroleum products. Crude oil is currently selling in excess of
$100 per barrel, which is favoring the expanded development of al-
ternative fuel sources, including ethanol from corn or new bio-based
products from the cellulosic materialsin plants and trees. The recent
“Billion Ton Report” has substantiated that the land resources of
the United States are capable of producing a sustainable supply of
biomass to displace 30% or more of the nation’s present petroleum
consumption and that one-quarter of the amount could come from
woody biomass resources (Perlack et al. 2005).

Maine was recently identified by Milbrandt (2005) as one of the
highest biomass-producing locations in the United States (Figure
1). This information coupled with the University of Maine’s new
Forest Bioproducts Research Initiative (FBRI) and other bioen-
ergy/bioproduct interests by forest industry across the state has
increased the need for accurate and spatially specific standing
inventory estimates. In addition, an estimate of annual sustainable
harvest levels and the biomass availability of specific tree species,
tree sizes, and/or tree components are alsoneeded. Finally, the most
recent report on Maine’s forest inventory is now nearly five years
old. This combined with the availability of new data and questions
about Maine’s forest biomass resource suggest the need for a more
comprehensive analysis.
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The objectives of this current study were (1) to document historic
estimates of forest biomass; (2) to outline the current estimation
process; and (3) to estimate availability of various forest- and tree-
based biomass components at a variety of scales. This analysis uses
a variety of data including previously published reports, current
Maine Forest Service wood processor reports, and the latest USDA
Forest Service Forest Inventory and Analysis (FIA) data.

METHODS AND RESULTS

Historic Estimates of Forest Biomass

The first published biomass estimate for the stateis Aboveground
Tree Biomass Statistics for Maine: 1982 (Wharton et al. 1985), and
it provides an initial accounting of volume in the total aboveground
wood resources, using the FIA data collected in the 1980-1982
periodic inventory of Maine. Sections of this report (“Foreword,”
“Background,” and “Reliability of the Estimates”) provided ad-
ditional detailed information on the data collection, compilation,
and error sources, and readers are urged to peruse these sections
for important details. In this report, aboveground tree biomass
consisted of the following tree components:

*  Stump—biomasscontainedinthe stumpbetween the ground
level and a 1-ft stump height.

*  Merchantable stem—biomass contained in the bole be-
tween a 1-ft stump height and a 4-inch diameter outside
bark (DOB) top, for trees that have a >5.0-inch diameter
at breast height (DBH). This component can be subdivided
into several other biomass volumes:

o a sawtimber component for qualified trees is to a
7- or 9-inch top;

o anupper stem component is that portion above saw-
timber top to a 4-inch top;

o a poletimber component for qualified trees is to a
4-inch top;

o cull trees are rough or rotten quality and are esti-
mated to a 4-inch top.

+ Salvable dead trees—the entire tree above a 1-foot
stump.

*  Saplings—trees with between 1.0- and 4.9-inch DBH, and
their biomass estimate is for the entire tree above the
ground.
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*  Tops and branches—the biomass above a 4-inch DOB, ex-
clusive of foliage for merchantable stems.

The report estimated an approximate 1.5 billion green tons of
aboveground biomass in Maine with an average of 88.2 green tons
per timberland acre. Most of the biomass was in the merchantable
stems of growing stock trees (51%), tops and branches (23%), and
saplings (15%).

The second major publication and estimate of biomass for the
state, Estimating Total Forest Biomass in Maine, 1995, was devel-
oped using FIA data from the 1995 periodic inventory of Maine’s
forest resources (Wharton and Griffith 1998). This publication
contains several sections of very detailed descriptions on parts of
the estimation process. In the section “Procedures for Estimating
Green Weight,” the use of regional regression equations, and devel-
opment of a total tree height regression model are explained. The
section “Procedures for Estimating Dry Weight” explains in detail
how biomass is calculated for different timber/nontimber trees
and the various parts of trees. This publication is a more expan-
sive documentation of timber and nontimber components, adding
foliage, seedlings, and shrubs, plus new estimates of belowground
components, stumps and roots of trees that are >5.0-inch DBH.
The estimation also switched to a dry-weight basis, citing its better
consistency over time, comparability to other vegetation, and the
easier conversion to other important environmental metrics, like
carbon. This report estimated 900 million dry tons of biomass on
timberland. The major components were growing stock boles (45%),
saplings (17%), and the combination of stumps and roots (15%).

The newest inventory report for the state, The Forests of Maine:
2003 (McWilliams et. al. 2005) contains a brief description of the
current status and distribution of biomass (p. 47 and Figure 55).
In the appendix, there is an additional suite of tables including
A16 and A40 through A46. The estimation procedures for the 2005
report follow the same process as outlined in the 1998 report. This
report estimates a total biomass of 980 million dry tons, with grow-
ing stock stems representing 47%, saplings 19%, and stumps and
roots 15% of the total biomass on timberland.

Figure 2 displays the three statewide inventory estimates of
biomass on a nearly equivalent basis (million dry tons) for both
above- and belowground components.

The most recent estimate in 2003 is 9% and 11% higher for
above- and belowground components, respectively, than the com-
parable 1995 estimate.
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Figure 2. Inventory of major biomass components, Maine, 1982, 1995,
and 20083 (million dry tons).

The three published biomass reports all contain additional
tables and levels of detail not herein described. By using these,
other evaluations of inventory and estimates can be extracted and
summarized by various aggregations of area, including county, FIA
unit, or other multi-county regions. In addition, estimates by different
cross-tabulations of species or specific biomass components can also
be obtained. The only constraint is that these are static estimates of
standing volume, providing noindication of potential extractable and
sustainable harvest volumes or of the willingness of the underlying
landowners in marketing a potential new resource.

Current Estimation Techniques

The current USDA Forest Service, Northern Research Station
FIA has been actively monitoring Maine’s forest resources on both
a periodic and/or annual basis since before 1959. These inventories
and their companion reports (1959, 1971, 1982, 1995, and 2003) are
based on a multi-phased systematic sampling approach, consisting of
aerial photography/remote sensing, on-the-ground forest inventory
sampling, and on-the-ground forest health sampling. Though the
plot design, sample intensity, and variables collected have continu-
ally changed to some degree over the nearly 50-year period, each
estimate and report was statistically sound with known levels of
confidence and estimates of standard error. Above- and belowground
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estimates of biomass can be obtained with the use of regional al-
lometric equations recently complied by Jenkins et al. (2004).

Current Estimates of the Forest Biomass Availability

Maine Forest Service wood processor reports

Using data submitted by Maine’s primary wood processors, the
Maine Forest Service (MFS) collects, collates, and reports on an an-
nual calendar-year basis, the species, products, and the processing
destination of wood flows in Maine. These Wood Processor Reports
detail in-state harvesting, import and export information, and pro-
cessing by county, products, and species. Reported products include
sawlogs, pulpwood, sawmill residue, biomass chips, hog fuel, and
construction and demolition (C and D) waste. The products that
are directly removed from Maine’s timberlands include sawlogs,
pulpwood, and biomass chips. Adding in an assumed volume of
400,000 cords to represent firewood consumption, Figure 3 displays
that for the last 20 years, the reported annual harvest volume has
been within the range of 6.0 to 7.0 million cords (Figure 3).

Over a similar period, Maine’s standing inventory of pulpwood
quality or better has ranged in volume from 313 million cords in 1982
to latest estimate of 277 million cords in 2003, with the estimated
inventory being statistically equivalent for the entire 1995-2003
timeframe (Figure 4).

T

Tl

. F T
Nt
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TN L T 158 £ T e 195 = an E ]

Figure 3. Total harvest (million cords), 1986-2005 (sawlog, pulpwood,
firewood, biomass chip) (displayed as a 5-year trailing average).
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Figure 4. Volume estimates of pulpwood quality or better trees and the

95% confidence interval. Pulpwood quality or better trees contain the tree

classes of growing stock and rough cull.

The initial premise in estimating annual availability is that as
Maine’s timberlands are accessed on an annual basis for the ongo-
ing harvest of sawlogs, pulpwood, and biomass chips, the volume
of these removals represent an annual percentage of the standing
inventory, a value that is approximately 2%. Add to this the further
acknowledgement that inventory and harvest have been relatively
stable for at least the last 10 years, it can be promulgated that our
forest resources are approximating a sustainable situation where
annual growth and removals are in balance. Therefore, to derive an
estimate of available and additional biomass products initiatives, it
1s currently assumed that the same percentage of normal product
removal can be extended to other biomass components occurring
on same landscape and project their concurrent removal as part
and parcel of the ongoing harvest, thereby delivering new biomass
volumes roadside for either further processing or transporting to
a bio-refinery. This proportionate method of acquiring additional
biomass components can be readily estimated on an individual
county basis or for groups of counties.

Theinitial assessment using this proportionate approach began
earlyin 2003. The first step is converting the published wood proces-
sor county-level tables into the preferred unit of dry tons (Table 1).
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Table 1.  Converting MFS wood processor reported products to a dry ton

basis.
MBF to Cords  Cords to Green  Green Tons to Dry
Species Group (Multiply by)  Tons (Multiply by)  Tons (Multiply by)
Spruces and Fir 2.0 2.25 0.5633
Hemlock 2.0 2.70 0.5633
White & Red Pine 2.0 2.50 0.5633
Cedar 2.0 2.00 0.5633
Other Softwoods 2.0 2.00 0.5633
Tolerant Hardwoods 2.0 2.80 0.5633
Intolerant Hardwoods
(Aspen and White Birch) 2.0 2.60 0.5633
Biomass Chips 0.5633

As published, sawlogs are reported in MBF (thousand board feet),
pulpwood is reported in cords, and biomass chips are reported in
green tons. To convert everything to a dry-ton basis, the following
species, product, and moisture conversions, drawn from published
sources, were used. This conversion process can undoubtedly be
enhanced with finer-scale conversion values for individual species,
especially in converting cords to green tons and then a green ton
to its dry-ton basis.

Average harvest volumes for softwood, hardwood, and biomass
chips were calculated for the six-year period of 1996-2001. For ex-
ample, Aroostook County averaged 1,093 thousand dry tons (MDT)
of softwood products, 854 MDT of hardwood products, and 121 MDT
of biomass chips for the period of interest (Appendix Table A2.).

The then Northeastern Research Station (NERS) provided a
preliminary biomass estimate based on the first four panels of
Maine’s new annualized inventory (1999-2002) (Table 2) that was
further delineated into softwood and hardwood species groups.

The next step then linked, at the time, specific counties to ex-
isting pulp and paper mills. This county-to-mill linkage was based
on the idea that existing pulping facilities were already permitted
and could easily integrate a new bio-refinery within their mill
complex and brownfield footprint. Therefore in a somewhat crude
and maybe arbitrary fashion, the 13 mills were assigned counties
in the following manner:

+ International Paper Co. in Jay linked to Androscoggin,
Kennebec, Lincoln, and Sagadahoc counties;
*  Fraser Paper in Madawaska linked to Aroostook County;
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* SAPPI mill in Westbrook linked to Cumberland and York
counties;

*  Madison mill in Madison or the SAPPI mill in Hinckley
linked to Franklin and Somerset counties;

+ International Paper Co. in Bucksport linked to Hancock,
Knox, and Waldo counties;

*  MeadWestvaco mill in Rumford linked to Oxford County;

+  Eastern Fine Paper mills in Brewer or Lincoln, or the
Georgia-Pacific mill in Old Town, or the Katahdin Paper
millsin Millinocket and East Millinocket linked to Penobscot
and Piscataquis counties;

* Domtar mill in Woodland linked to Washington County.

The linking of candidate mills to specific county or multi-county
biomass estimates and average harvest history allowed the estima-
tion of the proposed available biomass components (branches, cull
trees, salvable dead trees, and saplings) that could be harvested
annually at the same time as ongoing operations and potentially
transported to the associated mill. The development of availabil-
ity 1s a simple proportioning process. For York and Cumberland
counties, the softwood harvest of pulp and sawlogs is an annual
292 MDT out of an estimated inventory of 13,509 MDT, an annual
removal rate of 2.16%. This percentage is then applied to other vi-
able biomass components in the softwood inventory for a deduced
estimation of their annual availability. Theidentical processis done
separately for the hardwood harvest and inventory. The harvest
of biomass chips are already sourced from in-the-woods whole-tree
chipping, and it was deemed that this product provided limited ad-
ditional opportunity for an estimation of new component volumes.
The eight estimates ranging in annual availability from a low of
194 MDT from Cumberland and York counties to the SAPPI mill
in Westbrook (Table 3 and Appendix Table A3) to a high of 1,905
MDT from Penobscot and Piscataquis counties to either mills in
Brewer, Old Town, Lincoln, East Millinocket, or Millinocket (Ap-
pendix Table A7).

The second biomass assessment was a more targeted approach
and a cooperative effort, working with NERS to spatially group
pulp and paper mills into unique regions. For Maine’s timberland
the source was the same FIA data as the first estimate, but this
assessment was enhanced with addition of New Hampshire FIA
data. Each of the then existing 11 mills had a wood-drain circle
established around their GPS location (radius = 60 miles). Inter-
secting arcs were dissolved until three spatially explicit regions
remained (Figure 5.).
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Biomass Estimates for Three Mill Groups

Figure 5. Circular drain areas (radius = 60 miles) and resultant polygons
for three pulp and paper mill groupings used to develop a spatial biomass
estimate. Southwest Maine—five mills within the blue polygon; Downeast
Maine—five mills within the red polygon; northern Maine—one mill within

the green polygon.



14 MAFES Technical Bulletin 197

NERS then selected all timberland FIA plots, by their exact
GPS location, that fell within each of the drain polygons. This spa-
tial selection included plots from both Maine and New Hampshire.
NERS processed the plots, producing unique biomass estimates for
each of the three regions. Each region then had an biomass avail-
ability estimate developed using the same proportioning technique
of harvest to inventory as described previously in the first assess-
ment. An example of the estimated availability on an annual basis
for the southwest region is a total of 2,500 MDT, being recovered
as part of ongoing harvest operations (Table 4). These three spatial
estimates also nicely convey the idea that there might be competi-
tion for procuring these biomass components amongst the existing
facilities, both within and between the three regions (Appendix
Tables B1-B3).

Forest Inventory and Analysis (FIA) data

The third assessment of biomass availability was a combination
of an update using the newer and a more complete FIA sample and
the idea that not all additional biomass components have equal
availability. Extraction of the various biomass components can
be facilitated by existing harvest operations or restricted because
certain components have other operational, biological, or ecological
uses and values that are deemed more important. Maine completed
it first complete measurement of the new annualized FIA panel
design in the fall of 2003. The data from those plots were available
for generating revised biomass estimates in early 2005. The same
concept and technique as outlined in the first assessment was fol-
lowed with some revisions. The average annual harvest for each
county was recalculated to encompass the period of 1996-2003,
representing an equal temporal timeframe measured by the FIA
plot data. NERS supplied new county-level estimates of biomass,
as of 2003, using the entire timberland sample from Maine’s fifth
cycleinventory (McWilliams et al. 2005: 137—-143, Tables A40—-A46).
The estimation of extractable biomass components was expanded to
separately present softwood, hardwood, or biomass chips sources.

For example, again selecting the Westbrook Mill and Cumber-
land and York counties, the same mill/county association as was
done in the first availability assessment, the average harvest has
decreased from a total of 475 MDT in 2002 (Table 3) to 472 MDT in
2003 (Table 5). However, due to an increased estimate in biomass,
the annual biomass availability marginally increases from 194 MDT
(Table 3) to 196 MDT (Table 5). Table 5 further accumulates the
maximum biomass components that are potentially available on an
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annual basis in a series of steps, recognizing that the maximum
limit needs to be discounted for other holdbacks relative to wildlife,
ecological, and sustainability concerns.

*  Current harvest of 472 MDT already includes some portions
of the biomass components of branches, cull trees, salvable
dead trees, and saplings.

*  Branches are the most likely additional and available
biomass component deliverable roadside with existing
equipment and represent a total of 68 MDT. This value
needs to be discounted because branches are already used
in the harvest operation in a haul-back to minimize skid
trail erosion and rutting.

*  Cull trees are the next most likely and available biomass
component and could provide a total of 45 MDT annually.
This componentis alsoneeded to meet Sustainability bench-
marks for wildlife trees and is the source for future large
dead snags (>16 inches DBH)

* While dead trees only make up a minor source of biomass,
a total of 9 MDT, this component also needs some on-site
reservation to meet existing sustainability benchmarks.

*  Saplings represent the largest pool of potentially available
biomass, a total of 74 MDT. But it is critical that sufficient
post harvest stocking be retained for continued and sustained
stand development.

+ The best estimate of real, additional, and extractable bio-
mass lies somewhere between the current annual harvest
of 472 MDT and 669 MDT, after adding in the maximum
of all equivalent additional biomass components without
their individual discounts (Table 5).

CONCLUSIONS

The new annualized design of the FIA inventory provides a
more real-time estimation capability to Maine’s forest resources,
providing both a static estimation of various inventory attributes
and the dynamic changes in attributes through the remeasure-
ment of the same plot every five years. Use of this data and other
sources of information suggest that Maine’s forest resources are
approximating a sustainable situation where annual growth and
removals are in balance. The continued collection and use of this
information as demonstrated in this report will be an important
source for addressing the emerging questions regarding the state
of Maine’s forest biomass resource.
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The USDA Forest Service, the Northern Research Station, and
others are continuing to conduct research on methods to improve
the volumetric estimation of the various biomass components of
standing trees. In particular, new research is needed to derive the
production and cost efficiencies of existing harvesting equipment,
or the development of new equipment, to deliver appropriate and
various biomass components roadside.

Finally, a very large cooperative effort is needed to address the
concerns, examine, and balance the utility of these various biomass
components. With an end result of providing a compromise allo-
cation to their potential and multiple endpoints, i.e., a harvested
product being sourced for a new biorefinery process, wildlife habitat,
ecological service, or sustainability benchmarks.
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