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ABSTRACT

Waste is becoming a valuable resource. Al-
though wood is usualy thought of as a renewable
resource, applications for recycled wood waste
are growing. This paper provides information on
the sources and availability of recovered wood
and fiber in the United States, presents options
for using these materials to produce various
wood-based composites, and discusses the po-
tential impact of increased recovery of wood
wastes. Total amount of wood waste generated,
amount of waste generated by type, and amount
of waste available for recovery are quantified for
three major sources of wood waste: municipal
solid waste, new construction and demolition
waste, and wood residues from primary timber
manufacturing facilities. A combination of mill
residues, municipal solid waste, wood and paper
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waste, and construction and demolition waste
may provide the resource of the future for the

panel industry based on fiber and small particles
for furnish.

INTRODUCTION

A significant environmental challenge facing
most developed nations is finding disposal and
recycling methods for an enormous and ever-in-
creasing amount of waste materials. Although
nearly half the municipal solid waste stream
consists of wood waste and waste paper. the lack
of developed collection. sorting. cleaning. and
marketing systems continues to be a major bar-
rier to keeping these items out of landfills. One
promising use for waste wood is in the manufac-
ture of new and improved products from recov-
ered wood, which can be marketed as being
produced from “green” materials and technolo-



gies. This alone may provide incentives to entre-
preneurs to accelerate the development of collec-
tion and distribution systems for recovered wood
materials. Once distribution systems are in place,
it is predicted that many different composite
products containing recovered materials will
soon be available in the marketplace.

The U.S. forest products industry is both a
major consumer and manager of the Nation's
forests. The industry includes nearly 52,000
plants that produce wood products, pulp and
paper, and furniture. In 1991, total shipments of
forest products were valued at $215,000 million,
a26% share of all industries. Forest products
industries provide 1 in 10 manufacturing jobs,
most of which are located in rural America, an
area traditionally plagued with high unemploy-
ment. These industries also contribute four per-
cent to the gross domestic product and provide
essential products to all sectors of industry, from
basic construction through all professional serv-
ices. The use of recovered waste wood and fiber
in products made by the forest products industry
will contribute greatly to long-term sustainable
development and forest ecosystem management,
and it will allow markets for wood-based com-
posites to grow while minimizing the use of
virgin timber.

Examples of conventional wood composites
currently on the market, some of which already
use recovered materials and which have a high
degree of customer acceptance, include particle-
board, hardboard, fiberboard, and various types
of flakeboard. Other *“nonconventional” wood
composites-such as products made from a blend
of wood fiber and thermoplastic resins, as well
as inorganic bonded wood and fiber composites-
also provide opportunities to utilize significant
guantities of recovered wood waste.

WASTE RESOURCE

Large amounts of waste are generated in the
United States annually. Although much of this
material is, indeed, waste, an increasing share
has become a valuable resource. In the past,
recycling was limited to a few commodity items
such as metal, glass, and old newspapers. Today,
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such diverse items as plastic containers and film,
used oil and oail filters, fluorescent lighting tubes,
and aerosol spray cans are being recycled. One
can only speculate as to what materials will be
included on the recycling list of the future.

Wood, although usually not considered as a
recycled commodity, is recyclable. Residues
from primary timber processing facilities have
been recycled into usable products for decades.
Today, wooden pallets are being recycled into
new pallets or other wood products at an increas-
ing rate, and wood waste from construction and
demolition sites is now becoming an important
commodity. Perhaps in the near future wood
from urban waste collection will aso prove to be
a valuable resource.

The first step in developing waste wood into
a resource is to quantify the amounts of waste
wood available by source and me of material.
Before time and money are invested in technolo-
gies for using a new resource, information is
needed about the location and form of the re-
source. Three principal sources of wood waste in
the United States are examined in the following
text: municipal solid waste, new construction
and demolition waste, and wood residues from
primary timber processing facilities. ” For each
source, estimates were derived for total amounts
of waste generated, amounts of wood waste gen-
erated by type, and amounts of wood waste
available for recovery. Wood waste from other
sources was identified, but not included in this
analysis because of their relatively small vol-
umes compared to those examined here. In addi-
tion, the analysis did not include residues re-
maining in the woods after logging or cultural
operations, and nonwoody agricultural biomass
that could be used as a wood fiber substitute.

Municipal Solid Waste

Municipal solid waste (MSW) is waste from
residential, commercial, institutional, and indus-
trial sources and includes such things as durable
goods, nondurable goods, containers and pack-
aging, food scraps, yard trimmings, and miscel-
laneous inorganic waste (Figure 1) (U.S. Envi-
ronmental Protection Agency [EPA] 1994).
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Figure 1. —Materials in municipal solid waste (MSW), 1993

Examples include appliances, automobile tires,
newspapers, clothing, boxes, disposable table-
ware, office and classroom paper, wooden pal-
lets, and cafeteria waste. Not included are waste
from other sources-such as new construction and
demolition waste, automobile bodies, municipal
sludges, combustion ash-and industrial process
wastes that may or may not be disposed of in
municipal waste landfills or incinerators.

An estimated 206.9 x 10°short tons (187.7
x 10°metric tonnes [t]) of MSW was generated
in the United States in 1993 (Figure 2). Through-
out this report, the term ton refers to a short ton
(2,000 Ib); this measurement is followed by the
metric equivalent (referred to in tonnes, abbrevi-
ated t). In 1960, 87.8 x 10°tons (79.7 x 10°t)
was generated; since then (with the exception of
1991), MSW generation has increased steadily.
(Note: MSW generation is sensitive to overall
economic conditions. Periods of economic re-
cession, such as in 1991, cause deviations in
MSW generation from !ong-term trends.) Be-
tween 1960 and 1993, MSW generation in-
creased at an average rate of 2.6% per year. Since
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1990, the rate has been only 1.5% per year
compared to 2.8% per year for the period 1960
through 1990. The EPA projects that overall
MSW will be 218 x 10°tons (197.8 x 10°t) by
the year 2000. This represents an average annual
increase of just 0.7% per year for the period 1993
through 2000. Thus, although total MSW is in-
creasing, it is increasing at a decreasing rate, and
it is expected to do so into the foreseeable future.

Per capita MSW generation averaged 4.39 |b
(1.99 kg) per person per day in 1993, an increase
from 4.35 Ib (1.97 kg) in 1990 and 2.66 |b (1.21
kg) in 1960. Trends in per capita generation
closely followed total MSW generation from
1960 through 1990. By 1990, source reduction
and recycling programs initiated in the late 1980s
began to influence waste generation. Per capita
generation began to plateau in the early 1990s;
in 2000, it is expected to decrease (to 4.32 |b
[1.96 kq]), for the first time since 1960.

A wide variety of products are included in
the overall MSW generation figures. It is the
wood waste, yard trimmings, and paper and pa-
perboard waste portion of MSW that may pro-
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Figure 2—Total and per capita MSW generation, 1960-2000. 1 Ib = 0.45 kg

vide a resource from which to produce wood-
based panels and composite products. Wood
waste includes such items as wooden furniture
and cabinets, pallets and containers, scrap lum-
ber and panels from other-than-new construction
or demolition activities, waste from manufactur-
ing facilities, and a variety of other rniscellane-
ous products. Wood waste does not include
roundwood or unprocessed wood. Yard trim-
mings include leaves and grass clippings, brush,
and tree trimmings and removals. The amounts
and types generated, currently recovered for re-
cycling, composting, or combustion, and dis-
carded determine the physical supply of this
material.

Wood

In 1993, 13.7 X 10°tons (12.4 X 10°t) of
wood waste was generated in the United States
as part of MSW (Table 1, Figure 3). This
amounted to nearly 7% of all MSW generated
(Figure 1). Of this wood waste, 1.3 X 10°tons
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(1.2 X 10°t) was recovered for recycling or
comporting, and 12.4 X 10°tons (11.2 X 10°t)
was discarded-either combusted or sent to land-
fills. The exact proportion of discarded waste
that was combusted is available only for overall
MSW, not for specific materials within the waste
stream. In 1993, 32.9 X 10°tons (29.8 X 10°t)
of MSW was combusted. Approximately 95% of
this material was unprocessed mixed waste or
processed mixed waste (refuse-derived fuel),
both of which include wood. Since wood waste
accounts for about 10% of al combustible mixed
MSW, about 3.3 x 10°tons (3.0 x 10°t) of wood
waste was probably burned in 1993. In addition,
some discarded wood waste was too contami-
nated, commingled with other waste, or other-
wise unacceptable for recovery. Overall, about
60% of all discarded wood waste was considered
to be recoverable (Ince and McKeever
1995a, 1995b). In 1993, 7.4 x 10°tons (6.7 x 10°
t) of wood waste was recoverable from MSW
(Table 1).



Table 1.—Solid wood, paper, and paperboard waste generated and recoverable from various sources,
1993*

Generated Recoverable
Source and Material 106 tons (106 ¢) 106 tons (106¢) %
Municipal solid waste
Solid wood ,
Wood waste 13.7 (12.4) 7.4 6.7) 54
Woody yard trimmings 31.1 (28.2) 15.1 (13.6) 48
Total 448 (40.6) 22.5 - (20.3) 50
Paper and paperboard 71.8 (70.6) 30.8 (28.0) 40
Total MSW 122.6 (111.2) 533 (48.3) 43
Construction and demolition
New construction waste
Solid wood 6.7 (6.1) 5.9 (54) 88
Paper and paperboard 0.2 0.2) 0.2 0.2) 89
Total 6.9 6.3) 6.1 (5.5) 88
Demolition waste
Solid wood 25.0 (22.7) 1.5 (6.8) 30
Paper and paperboard 0.3 (0.3) o** (0*%) 2
Total 253 (23.0) 7.5 (6.8) 30
Total C&D
Solid wood 31.7 (28.8) 13.4 (12.2) 42
Paper and paperboard 0.5 0.5) 0.2 0.2) 40
Total ' 322 (29.2) 13.6 (12.3) 42
Primary timber processing
Solid wood residues 82.1 (74.5) 4.7 (4.3) 6
Total, all sources ,
Solid wood 158.6 (143.9) 40.6 (36.8) 26
Paper and paperboard 783 (71.1) 31.0 (28.2) 40
Total 236. 9 (215.0) 71.6 (65.0) 30

* Data reported as short tons (1 short ton = 2000 Ib); metric tonnes (t) are in.parentheses (1 t = 1000 kg)
** <50.0 x 10’ tons
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Figure 3.—Generation, recovery, and discards of wood waste, yard trimmings, paper, and paperboard,

1993

Yard Trimmings

Yard trimmings constituted the second larg-
est single component of MSW in 1993—32.8 X
10°tons (29.8 X 10°t) (16%) (Figures 1 and 3).
Of this, 6.5 x 10°tons (5.9 x 10°t) was recovered
for recycling or composting; 26.3 X 10°tons
(23.9 X 10°t) was discarded. A recent report by
the NEOS Corporation (1995) provides details
on the generation and disposition of all urban
tree and landscape residues, not just the propor-
tion in MSW. The authors estimated that in 1993,
95% of all urban tree and landscape residues, by
volume, was wood residues; 5% was leaf and
grass clipping residues. Application of these per-
centages to MSW vyard trimmings resulted in an
estimated 31.1 X 10°tons (28.2 x 10°t) of woody
residue being generated and 25.0 X 10°tons
(22.7 X 10°t) being discarded in 1993. After
combustion and allowance for unrecoverable
material resulting from contamination, size,
commingling with other materials, and cost of
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collection, about 15.1 X 10°tons (13.6 X 10°t)
was available for recovery (60% of total amount
discarded) (Table 1).

Paper and Paperboard

Paper and paperboard constitute the single
largest component of MSW by far. In 1993, 77.8
X 10°tons (70.6 X 10°t) of paper and paperboard
entered the MSW stream (38% of all MSW)
(Table 1, Figures 1 and 3). Paper and paperboard
was the most recovered component—34.0% of
all paper and paperboard generated, and 58.8%
of all recovered MSW. In total, 26.5 X 10°tons
(24.0 X 10°t) was recovered for recycling and
comporting; 51.4 X 10°tons (46.6 X 10°t) was
discarded. Using the same assumptions used to
estimate the recoverable proportion of discarded
wood waste and yard trimmings, about 30.8 X
10°tons (28.0 X 10°t) of paper and paperboard
was available for recovery in 1993 (Table 1).



Total Waste Wood, Paper, and Paperboard

Overall, 1226 x 10°tons (111.2 x 10°t) of
solid wood (wood waste and woody yard trim-
mings) and paper and paperboard waste was
generated in MSW in 1993 (Table 1). Of this,
53.3 x 10°tons (48.3 x 10°t) was available for
recovery. It should be emphasized that although
these amounts were potentially available, many
factors affected their availability and usability.
These factors included condition of the material,
extent of commingling with other types of waste,
contamination, physical location, and costs asso-
ciated with acquiring, transporting, and process-
ing the material into a usable form. Overall eco-
nomic conditions and changing recovery rates
will affect future supplies of recyclable materi-
als. The amounts estimated for 1993 should be
viewed as upper bounds on overall supply, not
exact amounts available.

New Construction and Demolition Waste

New construction and demolition (C&D)
waste materials, although usually considered to
be a single form of waste materia, originate from
distinctly different sources, have different char-
acteristics, and differ in their ease of separation
and recoverability. New construction waste, par-
ticularly wood waste, originates from the con-
struction, repair, and remodeling of new single-
family and multifamily houses and new low-rise
nonresidential buildings. Lesser amounts of
wood waste are generated by the construction of
high-rise residential and nonresidential build-
ings and other nonresidential structures. Demo-
lition waste originates at any site where a build-
ing or other structure is being demolished. New
construction waste consists of contemporary
types of materials and tends to be much cleaner
than demolition waste. In contrast, demolition
waste typically contains a more diverse mix of
materials and is usually more contaminated with
foreign materials such as paints, fasteners, wall
covering materials, and insulation. Many mate-
rials in demolition waste are no longer being
widely used in new construction, which makes
them potentially more difficult to recycle. New
construction waste can be separated on the job
site with little additional effort by the builder,
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whereas source separation of waste at the demo-
lition site can be very time-consuming and
costly. Demolition practices would have to be
altered radically to achieve adequate source
separation. For these reasons, new construction
and demolition wastes were evaluated sepa-
rately.

Although some C&D waste is now being
recovered, little consistent information is avail-
able nationally for developing overall estimates
of materials generation and recovery potential.
Available data are limited to specific case studies
that vary widely and that may or may not reflect
overall national trends. The C&D waste genera-
tion rates published over the past 25 years are
summarized in Figure 4. Rates ranged from a low
of 0.12 Ib (0.05 kg) per person per day (43.8 Ib
[19.9 kg] per year) to 3.52 Ib (1.60 kg) per person
per day (1,284.4 |b [582.6 kg] per year). Factors
that affect C&D generation rates include the
level of new construction activity, types of struc-
tures built, types of materials used, level of
demolition activity, type and age of structures
demolished, and extent to which materials are
recovered from structures prior to demolition.
Because of variability in reported C&D waste
generation rates and the many factors that affect
them, information from specific case studies that
could be linked to national levels of construction
activity was used to estimate amounts of C&D
waste generated in 1993. The resulting genera-
tion and recovery estimates, although not precise
estimates of the size or extent of the waste
stream, particularly on a regional or loca level,
provided a good overal view of the C&D waste
resource available in 1993.

New Construction Waste

The construction of new residential and non-
residential buildings, together with new non-
building construction, generates considerable
amounts of waste material annually. Information
on the types and amounts of waste generated is
sketchy and limited to anecdotes or a handful of
case studies. Since nearly all new single-family
and low-rise multifamily residential structures
are based on traditional wood-frame building
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Figure 4.—Published construction and demolition (C&D) waste generation rates

technology, information on this type of construc-
tion was used to develop estimates of wood waste
generated and recoverable for new construction.
Specific waste generation rates were obtained
from a case study conducted by McGregor and
others (1993) in the Portland, Oregon metropoli-
tan area.

Although specific to the individual structures
examined, the waste generation rates were typi-
cal of all new residential construction in 1993
because the individual structures examined
showed physical characteristics typical of all
new residential construction. Information from
the Portland area was used to develop weighted
average waste generation rates based on the
square feet (meters) of floor area built for new
single-family and multifamily houses. These
rates were then applied to the total floor area of
each type of structure built in the United States
in 1993 to develop estimates of total waste gen-
erated for residential construction. These esti-
mates were then adjusted to account for new
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nonresidential construction and for residential
repair and remodeling. Waste from mobile home
and manufactured housing production was not
included; waste from these sources was ac-
counted for in the MSW estimates.

An estimated 4,931 Ib (2,237 kg) of solid
wood waste, 130 |b (59.0 kg) of paper and pa-
perboard waste, and 2,548 Ib (1,156 kg) of other
nonwood, nonpaper waste were generated for the
average 2,027-ft°(188.3-m’) single-family
house built in the Portland metropolitan area in
1993 (McGregor and others 1993). These
amounts were equivalent to 2.43, 0.06, and 1.26
Ib per ft’(11.86, 0.29, and 6.15 kg/m?®) of fin-
ished floor area, respectively. Overall, an esti-
mated 88% of this material was considered to be
recoverable. New multifamily construction gen-
erated 1,365 Ib (619 kg) of wood waste, 37 |b
(16.8 kg) of paper and paperboard waste, and
823 Ib (373 kg) of nonwood, nonpaper waste per
living (apartment) unit. These amounts included
not only materials generated from each living



unit, but also pro-rated amounts generated for
common areas such as laundry rooms, lobbies,
and recreational areas; the amounts were equiva-
lent to 1.52,0.04, and 0.92 Ib per ft*(7.42, 0.20,
and 4.49 kg/m® of finished floor area, respec-
tively. Eighty-eight percent of this material was
considered to be recoverable.

In 1993,1,126,000 new single-family houses
with an average of 2,095 ft*(195 m") of floor
area and 153,000 multifamily living units with
an average of 1,065 ft°(99 m?) of floor area were
built nationally (U.S. Department of Commerce,
Bureau of the Census 1994a). Applying the av-
erage waste generation rates per square foot
(square meter) of floor area resulted in the gen-
eration of an estimated 2,994 x 10°tons (2,716
x 10°t) of wood 79 x 10°tons (72 x 10°t) of
paper and paperboard, and 1,558 x 10°tons
(1,413 x 10°t) of nonwood, nonpaper waste for
new residential construction in 1993 (Figure 5).
Based on materials use factors (amount of a
given building material required per unit of fin-

ished floor area) for new residential construction
published by Anderson and McKeever (1991)
and McKeever and Phelps (1994), an estimated
29.9 x 10°tons (27.1 x 10°t) of wood products
was required for new residential construction in
1993. (Paper and paperboard consumption esti-
mates for new single-family construction were
not available.) Waste wood generated was, there-
fore, about 10% of the wood used to build the
structures.

Large amounts of wood products are re-
quired for residential repair and remodeling and
new, nonresidential construction annually, and
these activities, therefore, generate large
amounts of wood waste. Reliable information on
the amounts of waste generated by these types of
construction was not available. However, the
types of materials and constriction techniques
typically used for residential repair and remod-
eling are used for new single-family residential
construction as well. Therefore, it was possible
to estimate waste generation for residential re-
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Figure 5.—Estimated waste generated by new residential construction, 1993
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pair and remodeling based on waste generation
rates for new single-family construction.

Data from McKeever and Anderson (1993)
on wood products use in 1991 for residential
repair and remodeling were updated to 1993
using expenditures data from the U.S. Depart-
ment of Commerce (1994b) and converted to
tons. Total wood products use for residential
repair and remodeling was estimated to be 28.4
x 10°tons (25.8 x 10°t), dightly less than that
for new single-family construction. Based on the
ratio of waste generated to total materials used
for new single-family construction, an estimated
2,858 x 10°tons (2,593 x 10°t) of wood waste
and 76 x 10°tons (69 x 10°t) of paper and
paperboard waste were generated in 1993 by
residential repair and remodeling activities.

Estimated amounts of wood products used
for new nonresidential construction in 1986
(Phelps and McKeever 1990) were used to esti-
mate that used in 1993. In 1993, about 9.5 x 10°
tons (8.6 x 10°t) of wood products was used for
new nonresidential construction, one-third of
that used for new single-family construction.
The wood products and construction techniques
typically used to build low-rise, light-frame non-
residential buildings such as stores and office
buildings are similar to that used for new resi-
dential construction. Waste generation is also
expected to be similar. Typically, wood is not
used as the primary construction material for
larger nonresidential projects such as ware-
houses, factories, high-rise buildings, public
buildings, and highways. Also, the building tech-
niques are very different from that used for
wood-based construction. Information needed to
estimate waste generated from larger nonresi-
dential projects was not available. However,
since wood was not the primary building mate-
rial, it was assumed that most of the wood waste
generated was accounted for by low-rise, light-
frame nonresidential construction. (Only an un-
known portion of the nonwood waste generated
by new nonresidential construction was ac-
counted for.) In 1993, the combined use of wood
products for residential repair and remodeling
and for new nonresidential construction was
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about 27% greater than that for new residential
construction (single-family and multifamily
combined) and generated 25% more wood
waste.

Waste generation for all new construction
(new single- and multifamily residential, resi-
dential repair and remodeling, and new nonresi-
dential) was estimated to be 6.7 x 10°tons (6.1
x 10°t) of wood and 0.2 x 10°tons (0.2 x 10°t) of
paper and paperboard in 1993 (Table 1). Nearly
59 x 10°tons (5.4 x 10°t) of solid wood and 0.2
x 10°tons (0.2 x 10°t) of paper and paperboard
waste were considered to recoverable.

Demolition Waste

Demolition waste is the heterogeneous mix-
ture of building materials generated by demol-
ishing a building or other structure. It, typicaly,
contains aggregate, concrete, wood, paper, met-
al, insulation, glass, and other contemporary
building materials. Depending on the age and
type of structure, it may also contain ashestos,
lead-based finishes, mercury, polychlorinated
biphenyl (PCB) compounds, or other contami-
nates. Estimates on the amounts of demolition
waste generated have been made over the years.
Usually, these figures have been estimated for
specific localities, have typically included con-
struction waste, and have been based on the size
of the resident population. (Urban areas tend to
generate more C&D waste per capita than sub-
urban or rural areas.) The Solid Waste Associa-
tion of North America (1993) reported C&D
waste generation rates made by the California
Waste Management Board and the New York
Solid Waste Management Board for 1968 and
1991, respectively (Figure 6). Because of the
consistency between the New York and Califor-
nia rates, and the relationship between commu-
nity size and waste generation, the New York
C&D generation rates were used to estimate
demolition waste generated in the United States
in 1993.

To estimate national levels of demolition
waste in 1993, generation rates from the 1991
New York study for areas with <10,000 and
10,000-100,000 people were first weighted to
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form a single rate. Next, the daily rate for com-
munities with population in excess of 100,000
was annualized and multiplied by the 1993 U.S.
resident population in Metropolitan Statistical
Areas (MSAs). The weighted daily rate for com-
munities of <100,000 was annualized and multi-
plied by the resident population of the United
States in non-MSAs. The products were
summed, resulting in an estimate of the total
amount of C&D waste generated in the United
States in 1993. The estimated amount of new
construction waste was then subtracted, leaving
an estimated 48.3 x 10°tons (43.8 x 10°t) of
demolition waste generated in 1993. Final fig-
ures were calculated using information from a
1991 Metropolitan Toronto waste composition
study (Solid Waste Association of North America
1993), which indicated that 52% of demolition
waste being disposed of in metropolitan Toronto
landfills was wood, 1% paper and paperboard,
and 48% other materials. Application of these
percentages resulted in an estimated 25.0 x 10°
tons (22.7 x 10°t) of wood, 0.3 x 10°tons (0.3
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x 10°t) of paper and paperboard, and 229 x 10°
tons (20.8 x 10°t) of other materials in demoli-
tion waste in the United States in 1993 (Table 1).

Recoverability of demolition waste is diffi-
cult to determine. The characteristics of demoli-
tion waste make it more difficult to recover than
construction waste. Recovery operations are
very sensitive to contamination. Typicaly, entire
loads of demolition waste are rejected if con-
taminated. According to James McElvenny
(1995), about 15% of the wood, by weight (38%
by volume), received at his facility is usable.
Little, if any, of the paper and paperboard is
usable. These percentages are for one specific
operation producing a single product and are
based on primary crushing of the incoming
demolition waste to achieve uniform material
size. Differences in treatment technology, prod-
ucts manufactured, and source of demolition
waste affect the utilization rate. Based on an
assumed overall 30% utilization rate, approxi-
mately 7.5 x 10°tons (6.8 x 10°t) of wood,



paper, and paperboard demolition waste was
considered to be recoverable in 1993 (Table 1).

Primary Timber Processing Mill Residues

Primary timber processing facilities in the
United States generate large amounts of residues
in such forms as bark sawmill slabs and edging,
sawdust, and peeler log cores. In 1991, an esti-
mated 28.7 x 10°dry tons (26.0 x 10°t) of bark
and 82.1 x 10°dry tons (74.5 x 10°t) of wood
residues were generated (Table 1) (Powell and
others 1993). Of these wood residues, 61% was
coarse materials and 39% fines. Many residues
were used to produce other products, primarily
fiber products, or fuel. Only 5% of the bark (1.5
x 10°tons [1.4 x 10°t]) and 6% of the wood
residue (4.7 x 10°tons [4.3 x 10°t]) were not
used. Regionally, most of the unused wood resi-
due was in the North (3.0 x 10°tons [2.7 x 10°
t]) (Table 2).

Unused wood residue is a potentially valu-
able source of wood. However, the proximity of
unused residue to mills is a mgor obstacle lim-
iting future use. Unused bark residue, although
potentially valuable as fuel or for mulch-type
products, is probably not a viable alternative for
wood-based products. Table 2 shows the amount
of wood residues generated, used, and recover-

able from primary timber processing facilities in
1991, by region and type of use. Since overall
lumber and plywood production changed little
between 1991 and 1993, the 1991 mill residue
data were used as an estimate for 1993.

Other Sources

There are many other sources of waste wood,
paper, and paperboard, including chemically
treated wood used for railroad crossties, switch
ties and bridge timbers, telephone and utility
poles, and pier and dock timbers, and untreated
wood in the form of logging residues left in the
woods, chipped brush and limbs resulting from
maintenance of utility right-of-ways, and indus-
trial waste wood and paper outside the MSW
stream. Some of this material is being reused,
burned, and disposed of in hazardous waste land-
fills, and much is being left on site. Chemical
treatments and cost of collection render much of
this material unusable.

The amounts of wood, paper, and paperboard
available from these other sources (except log-
ging residues) were fairly small compared to that
from the three major sources of material pre-
viously discussed. For example, information
provided by Clyde Crimmel of the Association
of American Railroads (1995) indicated that a

Table 2.—Wood residues generated, used, and recoverable from U.S. primary timber processing

facilities, 1991*

Type of Wood Residue Use

Generated Fiber Products Fuel Other Recoverable

106 106 106 106 106
Region tons (105t) tons (106t) tons (105t) tons (106t) tons (106t) %
North 219 (199) 7.0 6.4) 63 (5.7 5.7 (5.2) 3.0 2.7 ;
South 365 (33.1) 212 (19.2) 106 (69) 3.8 (3.4 1.0 0.9) 3
West 23.6 (214) 135 (12.2) 7.7 (7.0 1.8 (1.6) 0.7 (0.6) 3
U.s. 82.1 (745) 416 (37.7) 246 (223) 112 (102) 4.7 4.3) 6

* SOURCE: Powell, Douglas S.; Faulkner, Joanne L.; Darr, David R.; Zhu, Zhiliang; and MacCleery,
Douglas W. 1993. Forest Resources of the United States, 1992. USDA Forest Service General Technical
Report RM-234. U.S. Department of Agriculture, Forest Service. Rocky Mt. Forest and Range Experiment

Station. Ft. Collins, CO.
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total of 12.3 x 10°railroad crossties was replaced
in 1993. The replacement ties were all treated
wood and had an estimated volume of 491 x 10°
board feet (MMBF) (1.2 x 10°m?®). Bridge and
switch tie replacements added an additional 44
MMBF (0.1 x 10°m?®. The combined volume of
535 MMBF (1.3 x 10°m?®) was equivalent to
nearly 0.9 x 10°tons (0.8 x 10°t) of ties replaced.
If half the wood in the removed ties were sound,
then <0.5 x 10°tons (<0.5 x 10°t) of wood
would have been recoverable from all railroad tie
replacements. This volume was only about 10%
of the wood residue potentially available from
primary timber processing mills, the smallest of
the three major sources of wood waste.

Although wood from other sources may be-
come a valuable resource in the future, these
sources were not examined in the volume esti-
mates presented here because of their smaller
volumes or obstacles to recovery.

Summary of Waste Resource

In 1993, an estimated 237 x 10°tons (215 x
10°t) of waste wood, paper, and paperboard was
generated in the United States from three princi-
pal waste sources. MSW, C&D waste, and pri-
mary timber processing facilities (Table 1). Two-
thirds of this material was wood and the
remainder, paper and paperboard. Much waste
wood, paper, and paperboard was being used for
new products and for fuel, or was not suitable for
other uses because of contamination or other
physical characteristics. Of the total amount gen-
erated, an estimated 72 x 10°tons (65 x 10°t)
was recoverable. This volume consisted of 41 x
10°tons (37 x 10°t) of wood and 31 x 10°tons
(28 x 10°t) of paper and paperboard. Overall,
30% of the waste generated was considered to be
recoverable; 26% of wood waste and 40% of
paper and paperboard waste generated were re-
coverable. Although technical and economic ob-
stacles have hindered the use of much of this
material, it is nevertheless a valuable resource
that will play a magor role in satisfying the de-
mand for wood-based products in the future.
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THE WOOD-BASED COMPOSITES
OF PARTICLEBOARD, MDF,
HARDBOARD, INSULATION
BOARD, AND HARDWOOD

PLYWOOD

Many currently manufactured products con-
tain wood in the form of flour, fiber, or particles.
The largest category of wood-based products, in
terms of wood used and type of product, is that
of wood composites used primarily as substrates
for various covering applications. Wood fiber-
plastic composite products are a recent innova-
tion, and markets are just beginning to develop
for these materials. Inorganic-bonded wood
composites are used in large quantities in many
different parts of the world, but they are just
beginning to be used by the construction industry
in the United States.

Five types of panels: particleboard, medium-
density fiberboard (MDF), hardboard, insulation
board, and hardwood plywood are the subjects
of this discussion. With the exception of hard-
wood plywood, all of these products are pro-
duced from reconstituted wood in the form of
chips or fibers, and are, therefore, potential can-
didates for the use of recovered wood, paper, and
paperboard in the production process. To varying
extents, recovered wood from primary timber
processing mill residues is currently used in par-
ticleboard, MDF, hardboard, and insulation
board.

Using wood fiber blended with thermoplas-
tic resins to make products previously made with
pure plastics is gaining in popularity. The use of
wood-based materials to reduce the cost of ther-
moset plastics dates to the beginning of the cen-
tury. A recent innovation is using recovered
wood or paper fiber as a reinforcing filler in
thermoplastics. Most commodity thermoplastics
--such as low- and high-density polyethylene
(LDPE and HDPE), polypropylene, and polysty-
rene---can be blended with waste wood or paper.
Using wood and paper fiber as reinforcing fillers
decreases raw material costs and significantly
increases product rigidity and strength.



The manufacture of wood fiber-plastic com-
posites represents a very small portion of the

total composites industry at present. This tech-.

nology lends itself to the use of recycled fiber in
the form of waste wood or paper, and production
facilities can be located in urban settings where
recovered fibers from MSW are prevalent. Al-
though commercial activity is beginning, many
production and optimization studies remain to be
done. Research at the Forest Products Labora-
tory of the USDA Forest Service is addressing
issues relating to using recovered wood fibers in
composites and to improving mechanical prop-
erties through the use of compatibilizers, cou-
pling agents, and lubricants.

Inorganic-bonded wood composites contain
different forms of wood bonded with either mag-
nesiurn oxide, gypsum, or portland cement. Both
magnesium oxide and gypsum are moisture sen-
sitive, and composite products made with them
are used primarily for interior applications. Port-
land-cement-bonded products are more durable
than products bonded with magnesium oxide or
gypsum and are used for both exterior and inte-
rior applications.

All inorganic-bonded wood products are
highly resistant to fire, insect, and pest damage.
All of these products are either made from a
slurry of wood, water, and binder or at least have
a high moisture content during manufacturing.
These products are particularly interesting from
the standpoint of wood fiber recycling. Many
paper mill wastes consist of short wood fibers
with high moisture content and contamination
with undesirable materials, like plastic shreds. At
present, these wastes are either landfilled or
burned, but potentially they could be used in the
manufacture of inorganic-bonded products for
many different applications. Another advantage
to this technology is the fact that these products
can be made using a range of manufacturing
techniques-from low cost labor-intensive opera-
tions to sophisticated, high production volume
technology. Research in all of these areas is
ongoing.

Because data were readily available, produc-
tion trends for particleboard, MDF, hardboard,
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and insulation board were examined and used to
estimate overall raw material requirements for
each panel type based on current production
technologies. The potential impact of increased
use of waste wood, paper, and paperboard by the
composites industry where possible was evalu-
ated in terms of overall raw material require-
ments and amount recoverable. Because the vast
majority of wood particles and fibers for manu-
facturing commercial products is used by the
aforementioned panel manufacturing facilities,
this product category was emphasized.

Production

Combined production of particleboard,
MDF, hardboard, and insulation board, totaled
15,947 x 10°ft, 3/8 in. basis (14.1 x 10°m?®) in
1993 (Anonymous 1994). This volume was
equivalent to approximately 10.5 x 10°tons (9.5
10°t) or 498 x 10°ft°(14.1 10°'m?) of
panels. Particleboard production accounted for
more than half of total production—an all-time
high of 8,482 x 10°ft’, 3/8 in. basis (7.5 x 10°
m?® (Figure 7). Medium-density fiberboard also
achieved record production: 2,322 x 10°ft’, 3/8
in. basis (2.1 x 10°m°), 15% of total production.
Hardboard and insulation board constituted 11
and 21% of total production, respectively.

X X

Particleboard
53%

MDF N
15% insulation
board
Hardboard 21%
1%

Figure 7.—Particleboard, MDF, hardboard, and
insulation board panel production in the United
States, 1993



Raw Material Requirements

The composite products mentioned above
are produced from a variety of raw materials.
Mill residues from primary timber processing
facilities are the preferred material and account
for a large majority of the raw material used.
Roundwood and waste paper are used also, but
to much smaller and varying extents. Precise
estimates of the proportions of mill residues,
roundwood, and waste paper used were not avail-
able. However, in general, producers in the west-
ern half of the United States traditionally have
used nearly 100% mill residues for furnish,
whereas producers in the east and south have
used larger amounts of roundwood. Insulation
board producers have used waste paper to aug-
ment their residue and roundwood furnish.

The types and amount of raw material furnish
used to produce such panels are dictated, in part,
by the types and amount locally available. In the
past, producers in the west traditionally have had
a large sawmill and planer mill industry from
which to obtain mill residues. Recent changes in
both the availability and size of the timber re-
source in the west and improvements in process-
ing technologies in general are tending to reduce
the amount of primary timber processing mill
residues available to the panel industry. Short-
falls in mill residues necessitate the increased use
of roundwood and other types of furnish to main-
tain production levels.

Based on factors of raw material volume to
volume of product produced (Jackson 1990), an
estimated 622 x 10°ft(17.6 x 10°m?) of
residues, roundwood, and waste paper were con-
sumed in 1993 to produce 498 x 10°ft’(14.1 x
10°m?) of three types of panels (Figure 8). In
1993, the ratio of the volume of raw material
required per unit volume of output, weighted by
production, was 1.25. This ratio has been in-
creasing steadily over time as a result of in-
creases, in particleboard and MDF production
relative to that of hardboard and insulation board.
An assumed overal mix of 90% mill  residues,
9% roundwood, and 1% waste paper and paper-
board resulted in an estimated consumption of
560 x 10°ft'(15.8 x 10°m°) of residues, 56 x

211

10°ft°(1.6 x 10°m®) of roundwood, and 6 x 10°
ft'(0.2 x 10°m°) of waste paper by the this part
of the panel industry in 1993.

Potential Impact of Increased Recovery

Increased use of waste wood, paper, and
paperboard by the composites industry using
fiber and small particles appears to be inevitable.
Sustainability and ecosystem management is-
sues, timber supply reductions, decreasing log
sizes, improvements in processing technologies,
and increased production of reconstituted wood
products are al working to reduce the amount of
primary timber processing mill residues avail-
able to the panel industry.

Timber supply restrictions and price in-
creases may also limit the use of roundwood
timber. The 56 10° ft * (1.6 10°'m®) of
roundwood used by the fiber/small particle panel
industry in 1993 was equivalent to nearly 1 x 10°
tons (0.9 x 10°t). Local and regional reductions
in available roundwood and mill residues may
necessitate the acquisition of an additional 0.5 x
10°tons (0.5 x 10°t) of furnish from alternative
sources.

X X

The most likely source of raw material is
wood, paper, and paperboard waste. A total of
71.6 x 10°tons (65.0 x 10°t) of waste wood,
paper, and paperboard was considered to be re-
coverable in 1993 (Figure 9). Nearly two-thirds
of this was waste wood. There seems to be littte
reason to believe that 1.5 x 10°tons (1.4 x 10°
t) of this material could not be diverted from the
waste stream to this part of the panel industry.
The extent and speed by which this waste mate-
rial is diverted from the landfill to individual
composite products plants depends to a great
extent on the economics of using the waste ma-
terial.

Long-term costs of using the existing mix of
furnish must be evaluated against the costs of
acquiring and transporting the waste material,
costs of acquiring and maintaining specialized
equipment needed to use the waste material, and
anticipated revenues from products to be manu-
factured. The resource of the future may well be
a combination of mill residues and waste wood
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Figure 8.—Raw materials consumed, by type, for particleboard, MDF, hardboard,
and insulation board production, 1993
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Figure 9.—Recoverable waste wood, paper, and paperboard, and furnish suitable for
substitution by recovered waste, 1993
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and paper from MSW, new construction waste,
demolition waste, and other waste sources.

In fact, the future has arrived. One particle-
board plant in Eugene, Oregon reports using
furnish consisting of up to half recovered wood,
consisting of construction site waste, pallets,
crating, and other waste wood. (This plant is
being converted to MDF production.) Funding
and siting for a planned MDF plant in Toronto,
Canada, is currently underway. The plant will
use exclusively urban and industrial waste in
such forms as demolition waste and pallets. Pa-
per waste is also being considered as a raw
material. This plant is also considering the estab-
lishment of six MDF plants in large metropolitan
areas in the United States and Canada.

Summary of the Wood-Based Composites
Industry Based on Fibersand Small
Particles for Furnish

Timber supply reductions, decreasing log
sizes, improved processing technologies, and in-
creased production of reconstituted wood prod-
ucts are reducing the amount of primary timber
processing mill residues available to this part of
the composites industry in general and to indi-
vidual plants and manufacturing facilities in par-
ticular. Timber supply restrictions and price in-
creases may also limit the use of roundwood
timber. The most likely source of alternative
material for these composites is waste wood and
paper. The resource of the future may well be a
combination of mill residues and waste wood
and paper from municipal solid waste, new con-
struction and demolition waste, and other waste
sources.
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