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Abstract

Solid wood is usualy thought of as a renewable,
not a recyclable, resource. However, wood residues
from primary timber processing facilities have been
made into usable products for decades, wooden pal-
lets are being recycled into new pallets or other wood
products at increasing rates. Wood waste from con-
struction and demolition sitesis also being recognized
as an important commodity. Urban wood waste col-
lection may soon prove to be a valuable resource. An
important step in developing wood waste into a viable
resource is to quantify the amounts of wood waste
available by source and type of material. Three major
sources of wood waste exist: municipa solid waste,
new construction and demolition waste, and wood
residues from primary timber manufacturing facili-
ties. Included in municipal solid waste are pallets and
yard waste. Total amounts of wood waste generated,
amounts of wood waste generated by type, and
amounts of wood waste potentially available for recy-
cling are quantified here for each of these three
sources. Estimates are based on published waste gen-
eration rates and volumes, measures of economic
activity, and trends in wood use in specific markets.
Possible uses for each source of wood waste are iden-
tified, and recommendations for better utilization of
the solid wood waste resource are made.

Introduction
Large amounts of waste are generated in the United
States annually. Although much of this material is
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indeed waste, increasing amounts are now becoming
valuable resources. In the past, recycling was limited
to a few commodities such as metal, glass, and old
newspapers. Today, a much more diverse mixture of
waste, including plastic containers and film, used oil
and ail filters, fluorescent lighting tubes, and aerosol
spray cans, is being recycled.

Solid wood waste is usually not considered to be a
recyclable commodity. However, wood residues from
primary timber processing facilities have been made
into usable products for decades. Nearly all particle-
board produced in the United States, for example, is
made from primary timber processing facility resi-
dues. Wooden pallets and containers are recycled at
increasing rates, and solid wood waste from new
construction and demolition (C&D) sites is rapidly
becoming a valuable commodity. Urban wood waste
from the municipal solid waste (MSW) stream is also
gaining importance as a wood resource.

A first step in developing solid wood waste into a
viable resource is to quantify the amounts of waste
available by source and type of material. To do this,
published waste characterization reports were re-
viewed to develop estimates of the types and amounts
of solid wood waste generated for each of three major
sources of wood waste in the United States: 1) MSW,
2) new C&D waste; and 3) wood residues from pri-
mary timber processing. The purpose of this study
was to estimate total amounts of waste generated,
amounts of wood waste generated, and amounts of
wood waste potentially recoverable, by source of ma-
terial for 1994. Waste estimates were then compared
with total industrial roundwood consumption in
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1994. This study updates similar estimates made for
1993 (8). Not included in these analyses are wood
waste from less important sources, residues left in the
woods from logging or cultural operations, and other
nonwood agricultural wastes.

Municipal solid waste

Municipal solid waste is waste from residential,
commercial, institutional, and industrial sources, and
includes waste such as durable and nondurable goods,
containers and packaging, food scraps, yard trim-
mings, and miscellaneous inorganic waste (17). Spe-
cific examples of MSW are appliances, automobile
tires, newspapers, clothing, boxes, disposable table-
ware, office and classroom paper, wooden pallets, and
cafeteria waste. MSW does not include waste from
other sources, such as C&D waste, automobile bodies,
municipal sludges, combustion ash, and industrial
process wastes that may or may not be disposed in
municipal waste landfills or incinerators.

An estimated 189.7 million metric tonnes of MSW
were generated in the United States in 1994 (Fig. 1)
(17). Except for a dight decline in 1991, MSW gen-
eration increased steadily from 79.7 million metric
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Figure 1.—Total and per capita municipal solid waste
generated in the United States, 1994.
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Figure 2.—Percentage of municipal
solid waste generated in the United
States, by type, 1994. Total weight:
189.7 million metric tonnes.
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tonnes in 1960. MSW generation is sensitive to overall

economic conditions. Periods of economic recession,
such as that experienced in 1991, cause deviations of
MSW generation from long-term trends. Between
1960 and 1994, MSW generation increased at an
average annual rate of 2.58 percent per year. Since

1990, the rate was just 1.49 percent per year, compared
with 2.73 percent per year from 1960 through 1990.
Overal, MSW is projected to be 198 million metric
tonnes by the year 2000. This represents an average
annual increase of just 0.7 percent per year from 1993
through 2000. Thus, although total MSW is increas-
ing, it isincreasing at a decreasing rate, and is expected
to do so into the foreseeable future. Per capita MSW
generation averaged 2.00 kg per person per day in
1994, an increase from 1.96 kg in 1990 and 1.21 kg in
1960. Trends in per capita generation closely followed
total MSW generation from 1960 through 1990.

Source reduction and recycling programs initiated in
the late 1980s began to influence waste generation by
1990. Per capita generation began to plateau in the
early 1990s; in 2000, it is expected to increase dightly
to 2.01 kg per person per day.

A wide variety of products are included in the
overall MSW generation figures (Fig. 2). Two catego-
ries of MSW—wood and yard trimmings-contain
solid wood waste. Wood includes items such as
wooden furniture and cabinets, pallets and containers,
scrap lumber and panels from other-than-new C&D
activities, and wood waste from manufacturing facili-
ties. Wood does not include roundwood or unproc-
essed wood. Yard trimmings includes leaves and grass
clippings, brush, and tree trimmings and removals.
The amounts and types generated, currently recov-
ered for recycling, comporting or combustion, and
discarded determine the physical supply of solid wood
waste that may be available for recovery from the
MSW stream.
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Wood

In 1994, 13.2 million metic tonnes of soild wood
waste were generated in the United States as part of
MSW (Table 1)(17). This was nearly 7 percent of al
the MSW generated (Fig. 2). Of this, 1.3 million
metric tonnes were recovered for recycling or com-
posting; the remainder was discarded. The discarded
wood waste was either sent to combustion facilities or
landfills. The exact proportion of discards that were
combusted is available only for overall MSW, not for
specific materials within the waste stream. Approxi-
mately 95 percent of all MSW combustion facilities
burn either unprocessed mixed waste or processed
mixed waste (refuse-derived fuel), both of which con-
tain wood waste. In 1994, 29.5 million metric tonnes
of MSW were burned. Wood waste accounted for
about 10 percent of all combustible MSW in 1994;
therefore, it was estimated that about 10 percent or 3.0
million metric tonnes of wood waste was burned in
1994. Also, some discarded wood waste was too con-
taminated, commingled with other waste, or other-
wise unacceptable for recovery. Overal, an estimated
40 percent or 6.1 million metric tonnes, of al dis-
carded wood waste was either combusted or other-
wise unacceptable for recovery, resulting in an esti-
mated 7.2 million metric tonnes of wood waste
considered to be recoverable in 1994 (4,5).

Yard trimmings
Y ard trimmings were the second largest single com-
ponent of MSW in 1994 at 27.8 million metric tonnes,

or nearly 16 percent of all MSW (17). Of this, 6.4
million metric tonnes were recovered for recycling or
comporting. The remaining 21.4 million metric ton-
nes were discarded. A recent study by the NEOS
Corp. detailed the generation and disposition of al
urban tree and landscape residues, not just the propor-
tion in the MSW stream (11). They estimated that in
1993, 95 percent of all urban tree and landscape
residues, by volume, were woody residues, and 5
percent were leaf and grass clipping residues. Appli-
cation of these percentages to 1994 MSW yard trim-
mings resulted in about 26.4 million metric tonnes of
woody yard trimming residues generated, 6.0 million
metric tonnes recovered, and 20.4 million metric ton-
nes discarded. After combustion and allowance for
unrecoverable material as a result of contamination,
Size, commingling with other materials, and cost of
collection, about 12.2 million metric tonnes were con-
sidered to be available for additional recovery (60% of
the total amount discarded) (Table 1) (4,5).

Total solid wood waste

In 1994, nearly half of all solid wood waste in
MSW, or about 19.4 million metric tonnes, was con-
sidered to be potentially recoverable (Table 1). It
should be emphasized that although these amounts
were deemed potentialy available, many factors affect
recoverability and usability, such as the size and con-
dition of the material, extent of commingling with
other types of waste, contamination, physical location
of the material, and costs associated with acquiring,

Table 1.—Wood waste generated, recovered, combusted, or available for recovery in the United States, by source of

matenial, 1994.

Available for recovery

Source Generated Recovered, combusted, or unusable Amount Percentage of all available
----------------- (million metric tonnes) ---------=------- (%)
Municipal solid waste
Wood waste 13.2 6.1 7.2 19
Woody yard trimmings 26.4 14.2 12.2 32
Total 39.6 20.3 194 51
Construction and demolition
New construction 6.5 0.8 5.7 15
Demolition 227 15.9 6.8 18
Total 29.2 16.7 12.5 33
Primary timber processing
Bark residues 26.7 25.3 14 4
Wood residues 80.1 75.3 4.8 12
Total 106.8 100.6 6.2 16
Total wood waste 175.6 137.5 38.1 100
15
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transporting, and processing the material into a usable
raw material. Overall economic conditions and chang-
ing recycling rates will affect future supplies. Estimates
of recoverable solid wood waste for 1994 are practical
limits to overall supply, given current recovery tech-
nology and costs, not exact amounts that were specifi-
caly available.

New construction and demolition waste

New C&D waste is commonly considered to be a
single form of waste, but it is not. These wastes origi-
nate from distinctly different sources, have different
characteristics, and differ in ease of separation, recov-
ery, and recyclability. New construction waste, par-
ticularly wood waste, originates from the construc-
tion, repair, and remodeling of single-and multifamily
houses and low-rise new nonresidential buildings.
Demolition waste originates at any site where a build-
ing or other structure is being demolished. New con-
struction waste tends to be much cleaner than demo-
lition waste and consists of contemporary types of
materials. Demolition waste is usually contaminated
with foreign materials, such as paints, fasteners, wall
covering materials, and insulation. It typicaly con-
tains a diverse mix of materials. Some materias in
demolition waste are no longer being widely used in
new construction or are considered to hazardous,
making them potentially more difficult to recycle.
New construction waste can be readily separated on
the job site with little effort by the builder, whereas
source separation of waste at the demolition site can
be very time consuming and costly Demolition prac-
tices would have to be radically altered to achieve
adeguate job site source separation. For these reasons,
C&D wastes were evaluated separately.

Although C&D waste recovery is increasing, little
consistent information is available nationally for de-
veloping overall estimates of materials generation and
recovery. Available data are limited to specific case
studies and points in time that mayor may not reflect
overal national trends and vary widely. The C&D
waste generation rates published in the past 25 years
ranged from alow of 0.05 kg/person per day (19.9 kg
per year) to 1.60 kg/person per day (582.6 kg per year)
(14). Factors that affect C&D generation rates include
new construction activity, types of structures being
built or demolished, types of materials in these struc-
tures, rate of demolition activity, age of structure
being demolished, and extent to which materials are
removed from structures for reuse or recycling prior
to demolition. Because of variability in reported C&D
waste generation rates and the many factors that affect
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them, information from specific case studies that
could be linked to national levels of construction
activity and population was used to estimate C&D
waste generation in 1994. The resulting estimates,
athough not precise estimates of the size or extent of
this waste stream, particularly regionaly or locally,
provide a good, overal view of the C&D waste re-
source.

New construction waste

New residentia and nonresidential building con-
struction and nonbuilding construction generate large
amounts of waste amually. Information on the types
and amounts of waste generated is sketchy and lim-
ited to anecdotes or afew case studies. Nearly all new
single-family and low-rise multifamily residential
structures are based on traditional wood-time build-
ing technology. Therefore, information on this type of
construction was used to develop estimates of wood
waste generated and recoverable for new construc-
tion. Specific waste generation rates were obtained
from a case study of the Portland, Oregon, metropoli-
tan area (7). Although specific to the structures exami-
ned, the waste generation rates were typical of all new
residential construction in 1994, because the individ-
ual structures examined had characteristics typical of
al new residential construction. Thisinformation was
used to develop weighted average waste generation
rates based on floor area built for new single-family
and new multifamily houses. These rates were then
applied to total floor area of each type of structure
built in the United States in 1994 to devel op estimates
of total waste generated for residential construction.
Estimates were then adjusted to account for new
nonresidential construction and residential repair and
remodeling. Waste from the production of mobile homes
and manufactured housing was not included with new
construction because it is a component of MSW.

An estimated 2,237 kg of solid wood waste and
1,215 kg of al other waste (including waste paper)
were generated for the average 188.3 m’single-family
house built in the Portland metropolitan area in 1993
(7). Wood waste was generated at the rate of 11.86
kg/m®of finished floor area. Overall, an estimated 88
percent of the wood waste generated was considered
to be recoverable. New multifamily construction gen-
erated 619 kg of wood waste and 390 kg of other waste
per living (apartment) unit. These amounts included
not only materials generated per unit, but also pro-
rated amounts generated for common areas such as
laundry rooms, lobbies, and recreational areas. Wood
waste was generated at the rate of 7.42 kg/m’ of
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finished floor area; 88 percent of this material was aso
recoverable.

In 1994, 1,198,000 new single-family houses with
an average 195 m’of floor area and 187,000 multifa-
mily living units with an average 96 m’of floor area
were built nationally (15). Applying the average wood
waste generation and recoverability rates resulted in
an estimated 2.8 million metric tonnes of wood waste
generated and 2.5 million metric tonnes of wood
waste potentially recoverable in 1994 for new single-
family construction, and 0.1 million metric tonnes for
new multifamily construction generation and recov-
ery (Fig. 3). Based on materia use factors (amounts
of building materials required per unit of finished
floor area) for new residential construction, an esti-
mated 29.0 million metric tonnes of wood products
were required in 1994 for al new residentia construc-
tion (1, 10). Wood waste was about 10 percent of the
total amount of wood required to build the structures.
Conventiona wisdom isthat about 5 to 15 percent
waste can be expected in new construction. The waste
estimates developed here confirm this.

Large amounts of wood products are required for
residentia repair and remodeling and new nonresi-
dential construction. Therefore, these activities
should generate large amounts of wood waste. Reli-
able information on waste generation rates for these
types of construction was not available. However, the
types of materials and construction techniques typi-
cally used for residential repair and remodeling are the
same as those used for new single-family construction.
Waste generation for residentia repair and remodel-
ing was therefore based on waste generation rates for
new single-family construction. Data on wood prod-
ucts use in 1991 for residential repair and remodeling
were updated to 1994 using data on total expenditures
by type of repair or remodeling activity from the U.S.
Department of Commerce (9,16). Total wood prod-
ucts use was estimated to be 25.2 million metric ton-
nes, with about 2.5 million metric tonnes of wood
waste generated and 2.3 million metric tonnes poten-
tially recoverable in 1994 for residentia repair and
remodeling activities (Fig. 3).

Estimates of amounts of wood products used per
constant dollar of expenditure for new nonresidential
construction in 1986 were used to estimate total wood
products used in 1994 (12). In 1994, an estimated 13.0
million metric tonnes of wood products were used for
new nonresidential construction. This is about 45
percent of that used for new residential construction.
The wood products and construction techniques typi-
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caly used to build low-rise, light-frame nonresidential
buildings, such as stores and office buildings, are
similar to that used for new residential construction.
Waste generation is also expected to be similar. Wood
is not typicaly used as the primary construction ma-
terial for larger nonresidential projects, such as ware-
houses, high-rise buildings, and highways, and the
building techniques are different. Information needed
to estimate waste from such building activities was not
available. However, wood is not the primary building
material for these larger nonresidential projects; there-
fore, total wood waste generation should not be
greatly affected. Using waste generation and recovery
rates for new single-family house construction, an
estimated 1.0 million metric tonnes of wood waste
were generated and 0.9 million metric tonnes poten-
tially recoverablein 1994 (Fig. 3).

Wood waste generation for al new construction
(new single- and multifamily residential, residential
repair and remodeling, and new nonresidential) was
estimated to be 6.5 million metric tonnes in 1994, with
5.7 million metric tonnes available for recovery (Table
1). Only 0.8 million metric tonnes of the generated
wood waste was not considered to be recoverable.

Demolition waste

Demolition waste is the heterogeneous mixture of
building materials generated when a building or other
structure is demolished. It typically contains aggre-
gate, concrete, wood, paper, metal, insulation, glass,
and other contemporary building materials. Depend-
ing on the age and type of structure, it may also
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contain asbestos, lead-based finishes, mercury, poly-
chlorinated biphenyl compounds (PCBs), and other
contaminates or hazardous materials. Estimates on
the amounts of demolition waste generated have been
made over the years. These estimates are usually for
specific localities, typically include new construction
waste, and are based on the size of the resident popu-
lation. (Urban areas tend to generate more C&D
waste per capitathan suburban or rural areas.) The
Solid Waste Association of North America 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, respec-
tively (Fig. 4) (14). Because of the consistency be-
tween the New York and California rates, and the
relationship of waste generation to population, the
New York C&D generation rates were used to esti-
mate demolition waste generated in the United States
in 1994,

To estimate demolition waste, total C& D waste
was first estimated by annualizing the generation rates
from the 1991 New Y ork study and multiplying these
rates by the size of the population living in metropoli-
tan and nonmetropolitan statistical areasin 1994. The
estimated amount of new construction waste (wood
and nonwood wastes) was then subtracted, resulting
in an estimated 43.8 million metric tonnes of demoli-
tion waste generated in 1994. Information from a 1991
Metropolitan Toronto Waste Composition study in-
dicated that 52 percent of the demolition waste being
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Figure 4.—Construction and demoiition waste generation
rates for California and New York.
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disposed in metropolitan Toronto landfills was wood,
and 48 percent was other materials (14). Application
of these percentages resulted in an estimated 22.7
million metric tonnes of wood in the demolition waste
generated in the United Statesin 1994 (Table 1).
Recoverability of demolition waste is difficult to
determine. The charcteristics of demolition waste
make it more difficult to recover and recycle than new
construction waste. Existing demolition waste recy-
cling operations are very sensitive to contamination.
Entire loads of demolition waste are typically rejected
if contaminated. Only about 15 percent of the wood,
by weight (38% by volume), received at a Massachu-
setts demolition waste recycling facility is usable (6).
These figures are for a 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,
products manufactured, and source of demolition
waste affect the utilization rate. Based on an assumed
overall 30 percent utilization rate, approximately 6.8
million metric tonnes of wood demolition waste were
estimated to be recoverable in 1994 (Table 1).

Primary timber processing mill residues

Primary timber processing facilities in the United
States generate large amounts of residues in the form
of bark, sawmill slabs and edging, sawdust, and peeler
log cores. The USDA Forest Service estimated that
26.0 million metric dry tonnes of bark and 74.5 mil-
lion metric dry tonnes of wood residues were gener-
ated at primary timber processing facilities in 1991
(13). Mill residue generation for 1994 was estimated
by adjusting the amount of residues generated in 1991
by the change in overall industrial roundwood produc-
tion between 1991 and 1994. This resulted in an
estimated 26.7 million metric tonnes of bark and 80.1
million metric tonnes of wood residues being gener-
ated in 1994 (Table 1). Nearly al mill residues are used
to produce other products, primarily fiber products,
nonstructural panels, and fuel. Just 5 percent of the
bark (1.4 million metric tonnes) and 6 percent of the
wood residue (4.8 million metric tonnes) were not
used in 1994. All this unused residue is considered to
be potentialy recoverable.

Other sources
There are many other sources of wood waste, in-
cluding chemically treated wood used for railroad
cross ties, 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
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the woods, chipped brush and limbs resulting from
maintenance of utility right-of-ways, and industria
wood waste outside the MSW stream. This material
is either reused, burned, or disposed in hazardous
waste landfills, much is being left on site. Chemical
treatments and cost of collection makes much of this
material difficult to recover. The amounts of wood
available from these other sources (with the exception
of logging residues) are fairly small compared with
that from MSW, C&D waste, and mill residues. For
example, in 1993 12.3 million metric tonnes of rail-
road cross ties were replaced (2). The replacement ties
were al treated wood and had an estimated volume
of 1.2 million m’. Bridge and switch tie replacements
constituted an additional 0.1 million m’. The com-
bined volume was equivalent to nearly 0.8 million
metric tonnes of ties replaced. If half the volume of
wood in the removed ties was sound, then less than
0.5 million metric tonnes of wood would have been
recoverable from all railroad tie replacements. This is
approximately 10 percent of the recoverable wood
residue from primary timber processing mills, the
smallest of the three major sources of wood waste.
Although wood from other sources may become a
valuable resource in the future, they were not included
here because of their smaller volumes or obstacles to
recovery.

Concluding remarks

An estimated 175.6 million metric tonnes of wood
waste were generated in the United States in 1994
from the MSW stream, new C&D waste, and primary
timber processing facilities (Table 1). Much of this
waste was used to produce new products, for fuel, or
was not suitable for other uses as a result of contami-
nation or other physical characteristics. Of the total
amount generated, 38.1 million metric tonnes or 22
percent was suitable for additional recovery. In com-
parison, an estimated 349.6 million metric tonnes of
roundwood timber were consumed in the United
Statesin 1994 (3). Recoverable wood waste was there-
fore about 10 percent of roundwood timber products
consumption. More than haf the recoverable wood
waste was from MSW, about a third from C&D wood
waste, and the remainder from primary timber proc-
essing mill residues.

Many technical and economic obstacles need to be
overcome before much of the recoverable wood waste
can be recycled. Nevertheless, this is a valuable re-
source, and it is playing an ever-increasing role in
satisfying the demand for wood-based products. Ad-
vances are constantly being made in current utiliza-
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tion and new uses are being found. In the forest
products industry, for example, furnish consisting of
up to half recycled construction waste, pallets, crating,
and other wood waste is being used to produce parti-
cleboard at a west coast plant. Also, funding and site
planning are underway for a medium density fiber-
board plant in Canada that will use urban and indus-
triadl wood waste exclusively. This company is plan-
ning six additional medium density fiberboard plants
for large metropolitan areas in the United States and
Canada. The USDA Forest Service Recycling Initia-
tive is aimed at developing uses for wood waste and
paper, particularly for building products to be used in
residential construction.
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