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1.0 INTRODUCTION

The Clean Air Act Amendments of 1990 (promulgated November
15, 1990) authorize the U. S$. Environmental Protection Agency
(EPA) to designate areas that violate the National Ambient Air
Quality Standards (NAAQS) for particulate matter 10 microns or
smaller in diameter (PM-10) as nonattainment areas (see
Section 107{(d) of the Clean Air Act). Section 188(a) of the Act
provides that every area designated nonattainment for PM-10 shall
be classified as a "moderate" nonattainment area at the time of
designation by operation of law. A moderate area can
subsequently be reclagssified as "serious" if EPA determines that
(1) the area cannot practicably attain the PM-10 NAAQS by the
applicable attainment date or (2) the attainment date has already
passed and the area has failed to attain the standards.

State implementation plans (SIP’s) for moderate
nonattainment areas must, among other things, provide for the
implementation of all reasonably available control measures,
including reasonably available control technology (RACT), to
achieve emission reductions from existing stationary sources (see
Sections 172{(c¢) and 189 (a) (1) (C) of the Act). In addition to the
requirements for moderate areas, SIP’s for serious areas must
include, among other things, provisions to ensure that the best
available control measures for controlling PM-10, including "the
application of best available control technology (BACT) to
existing stationary sources" [H.R. Rep. No. 480, 101st Congress
2d Sess. 267 (1990)], are implemented no later than 4 years after
the areas are reclassified as serious (Section 189(b) (1) (B)).




In accordance with Section 190 of the Act, EPA

determined that information for use in determining RACT and BACT
was needed for the wood products industry. Therefore, EPA

prepared this guideline document on alternative control
techniques (ACT) to assist States in identifying RACT and BACT
alternatives for significant process sources of PM-10 in the
industry. Although ACT documents review existing

data concerning the technology and cost of various control
techniques to reduce emissions, they are, of necessity, general
in nature and do not fully account for unique variations within a
stationary source category. Consequently, the purpose of ACT
documents is to provide State and local air pollution control
agencies with an initial information base for proceeding with
their own analyses of RACT and BACT for specific new and existing
stationary sources.

1-2
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2.0 SOURCES AND POLLUTANT EMISSIONS

This chapter gives an overview of the plywood and veneer
industry, including geographic distributions, production trends,
and the major subdivisions within the industry. The chapter
contains process desgcriptions for producing veneer and subsequent
manufacture of plywood from the veneer. 1!

Section 2.1 provides a description of the plywood industry.
Section 2.2 describes the process operations in the manufacture
of plywood. Sources of PM-10 are identified in Section 2.3.
Model plants and corresponding emission estimates are developed
in Section 2.4. Finally, Section 2.5 lists the references cited
in this chapter.

2.1 INDUSTRY DESCRIPTION

This section provides a description of the plywood industry.

Typical uses of plywood are also described.

Figure 2-1 clarifies the relationship of the various types
of wood panel products by providing a graphic representation of
the Standard Industrial Classification (SIC) code hierarchy.
Panels constructed from wood veneers are classified as plywood.

Figure 2-2 depicts trends in U.S. plywood consumption and
production from the 1950’s to 1987.2 The trends indicate that
total plywood production and consumption have risen fairly
congistently since 1950, with softwood plywood production and
consumption mirroring the whole industry rise. Hardwood plywood
production and consumption, however, has remained relatively
flat.

Tableg 2-1 and 2-2 summarize statistics describing the
production of sgsoftwood and hardwood plywood, respectively.3 In
1987, the leading States in production of softwood veneer and

2-1
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plywood producticn were Oregon, Washington, Louisiana, and Texas.
For hardwbod veneer, the leading States were North Carolina,
Indiana, Wisconsin, and Virginia.

The following paragraphs describe the plywood industry
including the different types of wood used and the uses of
plywood.

Plywood is a panel prodﬁct of wood veneers (plies) glued
together so that the grain direction of some veneers runs at
right angles and others run parallel to the long axis of the
panel. Wood veneer is a thin layer of wood of uniform thickness
produced by cutting or peeling sheets of wood from a log or block
of wood. 1In most types of plywood, the grain of every other
layer is at right angles to the previous layer. The predominant
gource of roundwood for producing plywood is conifer trees or
softwoods. Deciduous trees are the source of hardwood veneers,
used as laminates, and for hardwood plywood.

Softwood plywood is used principally as a construction
material. Thick low-grade veneers are used extensively for
construction plywood. Construction plywood is manufactured both
in unsanded grades, which are applied mainly as sheathing and
subflooring, and in sanded grades, which are suited for a wide
variety of uses both decorative and structural.

Hardwood veneer is used to manufacture plywood for paneling,
industrial parts, furniture, and as a construction material.
Hardwood veneer is also used as a separate laminant in doors,
tables, and case goods. )

The softwood plywood industry originally developed on the
West Coast and was concentrated there because of the quantities
of available high-quality timber. However, developments in resin
technology and manufacturing equipment in the early 1960’'s made
it possible to produce softwood plywood from relatively small
southern pine logs. The softwood plywood industry has grown
rapidly in the South, and production from that region has
exceeded production from the West Coast since 1980. About
15 percent of the softwood timber volume consumed for industrial
products goes for plywood pfoduction.l

2-4
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The hardwood plywood industry is concentrated in the South.
This indﬁstry is very diverse -- from small firms that produce
custom-ordered plywood for specific architectural applications to
large, high-capacity plants producing thin panels in production
lines similar to those in the softwood industry. Almost all
important hardwood species grown in the United States are used to
some extent for hardwood plywood manufacture.

In 1987, plywood and veneer production in the U.S. amounted
to 1,560 million cubic feet (MMft3), consisting of 1,490 MMEt3 of
softwood and 70 MMft3 of hardwood.? Thus, hardwood plywood and
veneer production represents only 4.5 percent of total plywood
production on a volume basis. As indicated in Tables 2-1 and
2-2, in 1987, a total of 231 plants produced $4.395 billion worth
of softwood veneer and plywood, while a larger number of hardwood
plants (310) produced $1.832 billion worth of hardwood plywood
and veneer.?

Softwood plant sizes vary widely from very small to very
large (from less than 20 million, up to 750 million square feet
[MMft?] /yr, 3/8-inch [in.] basis), with veneer plants tending to
be larger than medium-sized plywood plants. The variation in
plant capacity is even greater for hardwood plants, where plants
tend to be smaller on average than softwood plants. On a volume
basis, hardwood veneer output is only 4.5 percent of the total
veneer production; on a weight basis, about 5.2 percent. The
production capacities reported by hardwood plywood and veneer
plants are highly variable. Based on data from 33 plants, the
range in production is from 1 million to 2,880 million ftz/yr. on
a l/4-in. basis.?

2.2 PROCESS DESCRIPTIOCN

This section presents a brief overview of the manufacturing
and auxiliary processes involved in producing veneer and plywood.
Each step of the processes is subsequently described in greater
detail. Processes described in this section include debarking
and heating the blocks (logs cut to required length}; cutting,
slicing, and clipping veneer; veneer drying; layup and glue
spreading; hot pressing; and trimming and sanding. Auxiliary

2-7




processes include material storage and handling, heat generation,
and waste disposal.

Most veneer for blywood is produced by peeling a continuous,
thin layer of wood from a log as it is rotated. The large sheets
of wood produced are then cut to size, dried, layered with the
directions of the grain alternating, glued, and hot pressed. To
reduce the tendency to warp, an uneven number of veneers is used
{(three, five, seven, etc.). Thesel plywood constructions

are illustrated in Figure 2-3. Sbme plywood, however, is
produced with an even number of veneers, the prime example being
softwood plywood made up of four or six plies (veneers). 1In this
case, two veneers are laid with grain parallel to form a thick
center core. These types ¢f panels are also illustrated in
Figure 2-3.

Plywood is also produced with lumber or particleboard as the
core. Nonveneer-core plywoods are commonly used in the furniture
industry. Several plants produce’ the three-ply cbmposite panel
shown in Figure 2-3. This type of wood panel, with a
particleboard core, is used for the same purposes as construction
grades of softwood plywood.1

High-quality wood veneers are generally used in furniture
and door manufacture as an overlay on cores of particleboard or
medium-density fiberboard (wood composition boards). Core-type
hardwood plywood consists of the hardwood veneer over a
particleboard or fiberboard substrate. Most of the volume of the
material is composition board, not hardwood plywood. Veneers are
applied to the substrate by conventional hot- or cold-pressing.5

The major steps in the manufacture of plywood congist of the
following:

1. Wood preparation: debarking and heating the blocks;
Cutting, slicing and clipping veneer;

Veneer drying;
Gluing and pressing; and

m b w N

Finishing.
These steps and several auxiliary processes are described in the
following subsections.




All veneer

Figure 2-3.

construction

S-layer

Various types of plywood construction.
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2.2.1 Wood Preparation
2.2.1.1 Debarking.6 Debarking is the removal of bark from

a log. Several types of debarkers are used, depending on the
gsize of the mill, the size and type of log, and the production
rate. The most common debarker in medium to large mills is the
ring debarker. In this device, the log passes through a rotating
ring that holds a number of pressure bars against the log that
tear off the bark.

For lower production rates, or where croocked or stubby logs
must be debarked, 'a rossing head type of debarker is used. The
rossing head is a rotating cutterhead that rides along the log
and cuts off the bark as the log is rotated.

Hydraulic debarkers are used for large, old-growth logs with
thick, heavy bark. With this device, bark is blasted loose with
jets of high-pressure water directed against the log surface.

Use of this type of debarker is diminishing because of the
expensive water treatment needed to meet environmental
regulations.

2.2.1.2 Heating the Blocks.®%
required for rotary veneer cutting are called blocks. Almost all

Logs cut to the length

hardwood and many softwood blocks are heated prior to cutting the
veneer. Heating softens the wood and knots, making it easier to
cut. Heating also improves surface quality, reducing roughness.
A variety of methods are used to heat the logs. Steaming,

soaking in hot water, spraying with hot water, or combinations of
these methods are all suitable for some situations. Dense
hardwoods are usually heated by hot water scaking at temperatures
', Regardless of the heating medium, the

objective is to heat the log to a suitable temperature as deeply
into the log as veneer will be cut. -

2.2.1.3 Cutting, Slicing, and Clipping Veneer.§§ Two major
methods for producing veneer are peeling (rotary cutting) and
slicing. The veneer ribbon is then clipped to usable widths.

Most veneer is produced by peeling, which is accomplished on

a veneer lathe. Slicing is used for producing decorative veneers
from high-quality hardwood and is seldom used with softwoods.

2-10
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The cutting action on a lathe and on a slicer are similar and are
illustrated in Figure 2-4. 1In either case, the wood is forced
under a pressure bar that slightly compresses the wood as it hits
the cutting edge of the knife.

On the veneer slicer, the wood is rigidly clamped to a
carriage that oscillates, cutting on the down stroke. 1In a
rotary lathe, the logs move forward continuously as the block
rotates. The horizontal gap between the pressure bar and the
knife is set slightly less than the thickness of the veneer to be
cut to provide the necessary compression to reduce checking
(splitting along the grain) of the veneer as it is severed from
the log. After the cutting action has taken place and the veneer
has moved past the pressure bar, the thickness of the veneer
springs back as the compression is released.

One of the keys to high-speed production in modern mills is
an automated means to load the lathe. Equipment of this type can
load the lathe, peel the veneer down to the core, and discharge
the core in about 10 seconds.

The green veneer is handled gently and rapidly as it comes
from the lathe. The veneer is peeled at a rate of from 300 to
800 linear feet/minute (ft/min). A series of trays is used in
many softwood plywood plants to handle these long ribbons of
wood. Trays are often about 120 ft long, which is long enough to
handle the veneer that comes from a typical 15-in. block. In-
hardwood mills, the green veneer is often wound into a roll and
then moved to the clippers. Other hardwood mills uge directly-.
coupled conveyors between the lathe and the clipper. This is
possible when the clipper speed is as fast as the output from the
lathe. |

Clippers are high-speed knives that chop the veneer ribbons
to usable widths. In hardwood veneer mills, clipping may be done
manually to obtain the maximum amount of clear (unblemished)
material. In softwood mills and in some hardwood mills, clipping
is often done automatically at speeds of up to 1,500 lineal
ft/min. The clipper cuts the veneer to about 54 in. wide (the
panel width plus an allowance for shrinkage and panel trimming)
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if possible. However, if defects are present, the veneer may be
clipped to less than full panel width.

2.2.1.4 Veneer Drying. Veneer dryers consgsist of a means of
conveying the veneer through a heated chamber where temperatures
range from 1509 +te—268°C {30622t 500°F) ; In clder
roller dryers, air circulates through a longitudinal zone

parallel to veneer movement. This type of dryer is still in wide
use for hardwood veneer. Most plants built in recent years,

~however, use jet dryers. These are also called impingement

dryers since a curtain of air at velocities of 2,000 to

4,000 ft/min is directed through small tubes against the surface
of the veneer. The high velocity produces turbulent air on the
gsurface of the veneer. This eliminates the laminar boundary
layer of moist air that acts as an insulator and increases heat
and moisture transfer as compared with dryers using low-velocity
air circulation. Figure 2-5 illustrates the principle of the jet

impingement dryer.éLl
Developments such as the use of microwave energy, the use of

high temperature preheaters, and increased drying temperatures

may find use for some types of

veneer drying. In most softwood veneers, however, temperatures

over about 400°F have adverse effects on glueability.QL—
Veneer dryers may be heated indirectly with steam, generated
by a separate boiler, which is circulated through internal coils
in contact with dryer air. They may also be heated directly by
the combustion gases of a gas- or wood-fired burner. The gas-
fired burner is located inside the dryer, whereas combustion
gases from a wood-fired burner are mixed with recirculating dryer
air in a blend box outside the dryer and then transported into
the dryer. Most of the new dryers installed are direct-fired or
gteam-heated jet dryers. Jet dryers use higher temperatures than

do the older longitudinal dryers.§+1§

2.2.2 Gluing and Presgingﬁﬁ

2.2.2.1 Layup and Glue Spreading. Almost all adhesives
used in the plywood industry in the United States are '
thermosetting (i.e., becoming permanently rigid when cured by
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Figure 2-5.

Principle of the jet (impingement) dryer.

1



heat) synthetic resins. The two most important types of resins
used are phenol-formaldehyde, which is used for interior and
exterior grades of softwood plywood and for exterior grades of
hardwood plywood, and urea-formaldehyde, which is used to
manufacture interior grades of hardwood plywood.

A recent development is the introduction of resing that can
be applied to "wet" veneers with meisture contents of 15 percent
or higher. (Normal phenolic mixes generally are recommended for
veneers at less than 10 percent moisture content). The major
advantage of the wet-veneer adhesive is that it allows increased
production through the veneer dryer, which is often the process
that limits the production volume in a plant.

The processes of applying adhesives to the veneers,
assembling and gluing veneers into a panel, and moving the panels
in and out of the press are often the most labor-intensive steps
in plywood manufacture. Veneer is highly variable in width,
length, and quality, which makes it a difficult material to
handle with automated systems. Yet major advances have been made
to increase automation in this stage of manufacture.

2.2.2.2 Hot Pressing.=2%
prepress the loads of laid-up panels prior to final pressing in

Most softwood plywood plants

the hot press. Prepressing is done in a cold press at lower
pressure. The purpose is to allow the wet adhesive to "tack" the
veneers together allowing easier loading of the hot-press and
helping prevent the veneers from shifting during loading.

Hot pressing of the panels is usually done in multiopening
presses. Such presses can produce 20 to 40 four- by eight-foot
panels at each pressing cycle, which may take 2 to 7 minutes.

The purpose of the press is twofold: (1) to bring the veneers
into close contact so that the glue layer is very thin, and

{2) to heat the resin to the temperature required for the glue to
polymerize. Adhesives made from phenol-formaldehyde resins are
used for exterior and all southern pine plywood. These resins
typically require temperatures of II52C—{(2409F}
innermost glue layer for approximately 90 seconds to cure

in‘the

properly. Resin systems must be carefully tailored to the
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specific conditions in a plant. Press time and temperature can
also be modified (e.g., a shorter press time may be possible if
press temperature is increased).

One of the goals in designing the pressing process is to use
enough pressure to bring the veneer surfaces together without
overcompressing the wood. The better the job the lathe does in
cutting the veneer (i.e., the smoother and more uniform the
thickness), the less pfessure is required. Some mills decrease
the pressure during the press cycle to reduce unnecessary
compression of the plywood. The finished plywood must meet
industry thickness standards; therefore, if it is overcompressed
during pressing, the thickness of the veneer must be increased to
compensate. This reduces the yield from the blocks. Pressing
pressures typically used in the industry vary from 110 pounds per
square inch (psi) for low-density woods to over 200 psi for dense
gspecies. )

2.2.3 Finishing$®

Stationary circular saws trim up to 1 in. from each side of
the pressed plywood, producing even-edged sheetsa. About 20 per-
cent of annual plywood production is sanded. Some plants do no
sanding; some plants sand all of their production. Sanding depth
varies with product type. Those that are sanded may be sanded on
both sides or only one. Sheets move through enclosed automatic
sanders while pneumatic collectors above and below the plywood
continuously remove the sanderdust. Sawdust in trimming

operations is also removed by pneumatic collectors.
6

2.2.4 Heat Generation—=




2.2.4.2 Material Storage and Handling. Sawdust, sander-
dust, and hogged trim (waste trimmed materials that are ground
into smaller particles for fuel) are the major PM stored and
handled in plywood manufacture. Information specific to plywood
plant handling of these materials was not found other than that
the sanderdust emissions are well controlled and that all are
burned as fuel. Storage piles are probably enclosed.

2.2.4.3 Waste Digposgal. Bark, trim, and other large wood
residues may be hogged for use as fuel. Sanderdust and sawdust
are also used as fuel for boilers or for direct-fired combustion

units. Cores from the veneer lathe are sawed into boards.
2.3 PM-10 SOURCE DESCRIPTION

The major PM-10 sources in the plywood industry are wood
waste fuel burning for heat generation (common to any industry
burning wood residues), and the veneer dryers. There is no
reliable estimated emission factor published for plywood sanding,
but estimates made in this report show that it is not a major
source of PM-10, even if uncontrolled. Minor sources of PM-10
emissions are materials handling, waste disposal, storage piles,
and roadways. _

Table 2-3 summarizes published literature and test
information on PM emissions from plywood manufacturing
plant's.g'18 The PM-10 estimates, in most cases, are based on
agsumptions and on data from similar particleboard operations.

All calculations for this report required conversion of
volume to weight measurements. Specific gravity was assumed to
be 0.51 (31.8 1lb/ft3).13




TABLE 2-3. ESTIMATED TSP AND PM-10 EMISSICN FACTORS FOR PLYWOOD
MANUFACTURING PLANTS®
"] Estimated
TSP emission | PM-10 emission
Source factor, lb/tonb factor, Ib/ton® Comments
Log debarking 0.024
Bucking and log handling neg,
Log sawing 0.35

Sawdust handling (pile

loading, unloading and

1

i Hogged fuel
Hogged trim
Dry fuel collector

storage)
i
Veneer cutting neg. Log is cut wet.
Veneer drying £2.1 References 14, 15.
Hot pressing N/A N/A N/A
Sanding Reference 9 estimates 0.1 Ib TSP/ft* of finished
Uncontrolled 201+ 0.2 product. Based on a plywood specific gravity of 0.51
Cyclone (99% eff.) 2.01 0.2 and a thickness of 3/8 inches, this translates to 201+ Ib
Fabric filter 0.02 0.002 |TSP/ton of finished product. Assuming that 0.1% of
this TSP is PM-10, the uncontrolled PM-10 emission
factor is 0.2 Ib/ton of finished product.!> Based on a
TSP control efficiency of 99% for the primary cyclone,
the TSP emissionl gactor at the outlet of the cyclone is
2.01 Ib TSP/ton."® Since no control is assumed for
PM-10, the PM-10 emission factor at the cyclone outlet
is 0.2 Ib/ton.
Baghouse outlets on Reference 17.
pneumatic collectors
Tow: | om | oemp;
o @

F_ugitive road dust |

Reference 17.

expressed as lb/ton of
burned)

Uncontrolled
Multiclone

e
f:

Wood waste burner (factors

bEmission factors given

fuel

7.2
6.0

particulates.

6.48
5.46

or 0.99 lb/sq ft; 3/8-in. basis.
as lb/ton dry furnish or plywood

anel

Reference 18.




2.3.1 Veneer Cutting
Veneer cutting is performed within enclosed buildings.

Further, the logs are wet when they are cut. Therefore, there is
no potential for PM-10 to be emitted during veneer cutting.
2.3.2 Veneer Drying

Organic aerosols and gaseous organic compounds, along with a
small amount of wood fiber are found in the emissions from veneer
dryers. A mixture of organic compounds is driven from the green
wood veneer as its water content is converted to steam in the
drying process. Aerosols begin to form as the gaseous emissions
are cooled below about I582€—3029F)
fraction of the emissions remain in the vapor state at 232€
The vapor at z23e&
carbon gpecies) such as «a-pinene. Most of the aerosol fraction
at 230e7HoE

acids, and neutral sesqui and di-terpene compounds. All of the
19

, although a large

is largely monoterpenes (10-

' comprises resin acids (such as abietic acid), fatty

aerosol compounds have at least 15 carbon atoms per molecule.
These aerosols form visible emissions called blue haze.

Douglas fir and ponderosa pine are the western species
producing the greatest opacity under any given drying condition.
Softwoods with a lower resin content provide less of a problem.
Drying temperatures over 2842€—4069F}4 :
emigsion problems.

! produce the greatest

Uncontrolled total solid particulate (TSP) emission factors
from reviews of test data including data compiled by the National
Council of the Paper Industry for Air and Stream Improvement
(NCASI) were pooled to derive a PM emigsion factor of 2.2 1lb/ton
of finished product (FP) .14:15 Measurements of 15 to 95 percent
of the TSP .as condensible organics were reported. For the model
plant calculations, the PM-10 emission factor used is s
2.1 lb/ton FP (95 percent of 2.2 lb/ton), since condensable
organics may be assumed to be 100 percent PM-10.

2.3.3 Gluing

The gluing operation is performed by passing veneer through
rollers. No PM-10 emission data are available. Further, since
no spraying is involved, no PM emissions are expected.
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2.3.4 Hot Pressing
Any PM emitted from the press would consist of condensible

organics. However, no PM emission data are available for the
veneer pressing operation.
2.3.5 Sanding

A PM emission factor of 0.1 1b/ft2 has been reported in
AP-42 for sanding operations.ll% Based on a product thickness of
0.375 in. {(3/8 in.) and a specific gravity of 0.51, this
translates to 201-% 1lb/ton of finished product. Mick and
McCargar (1969) have reported that PM-10 content in sanderdust
generated at particleboard plants is 0.1 percent.13 Assuming the
gsanderdust at plywood plants have the same characteristics as
particleboard sanderdust, the PM-10 emission factor is estimated
to be 0.2 1lb/ton of finished product. Mick and McCargar (1969)
have also indicated that many Oregon firms were installing well-
engineered cyclone systems for primary collection. with fabric
filters for final collection in the late 1960’s.13 Based on a
99 perdeﬁt PM-10 control efficiency,'the PM-10 emissgion factor at
the outlet of the fabric filter is estimated to be 0.002 1lb/ton
of finished product. ‘
2.3.6 Heat Generation

As explained in Section 2.2.4, most of the wood residues
generated are burned to heat the dryer or to fire the boiler to
produce steam to heat the press platens. A PM-10 emission factor
was not estimated directly for the wood waste burners, because it
is common practice to run the exhaust from the burner directly
into the dryers to heat the furnish. The fraction of PM-10 in
the wood fly ash is reported to be about 90 percent.18 For the
purposes of this report, the AP-42 multiclone emission factor of
5.46 1b/ton of wood and bark burned for boilers (with flyash
reinjection) was used.l8

2.3.7 Auxiliary Procegses

2.3.7.1 Materials Handling and Storage. Several plywood
manufacturing and auxiliary processes may generate some fine PM

with an unknown fraction of PM-10. For this report it was
assumed that 0.1 weight percent of the total PM would be PM-10.
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This assumption is based on the measurement of the fraction of
PM-10 in particleboard sanderdust.l® Most of the materials
handing processes are at least partially enclosed; truck loading
and dumping may be exceptions. Like sanderdust, small particles
{e.g., hogged fuel) are collected and transported by pneumatic
conveyers. Information was not available, other than for
sanderdust, for the degree of control the pneumatic collectors
require. The PM-collecting cyclones may be further controlled by
high-efficiency cyclcnes or baghouses, but other plywood
manufacturing processes that require such a degree of control
were not identified. Sawdust storage and conveying, beard
gawingrand wood residue hogging, processes common to both
particleboard and plywood industries, are not always controlled
by baghouses at plywood plants. When uncontrolled emission
factors for many of these plywood plant processgses were not avail-
able, it was assumed that pneumatic collector baghouse outlet
data from an OSB plant would be representative of .plywood plants.

2.3.7.2 Wagste Disposal. Waste generated at plywood
facilities consists primarily of sanderdust. This waste is
burned as a fuel in the dryer or boiler.
2.3.8 Additional Sources of PM-10

2.3.8.1 Storage Piles. Most storage of sawdust,
sanderdust, and hogged trim and other wood residues used for fuel
ig in at least partially enclosed facilities. No storage pile
emission data specific to plywood plants were found.

2.3.8.2 Roadways. Because plywood manufacturing plants may

. have unsurfaced roads and parking areas, this is a potential

source of PM-10 emissions. Emission factors and estimating
methods for this source are described in other documents and will
not be included in this document .20
2.4 MODEL PLANTS AND BASELINE EMISSIONS

This section describes typical plant sizes, equipment, and
operating parameters used to develop model plants. The PM-10
emissions from the model plants were estimated on an hourly basis
for individual processes and on an annual basis for all sources.
Emission factors were selected from Table 2-3. Uncontrolled
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emission factors were not available for many processes. Where
high-efficiency cyclones or baghouses are already routine control
meagsures, an uncontrolled emission factor was not used for
egtimating model plant emissions.

This section describes operating parameters and PM-10
emigsion estimates for model plants representing plywood and
‘veneer plants that use steam-heated jet veneer dryers for drying.
The model plant operating parameters are based on data collected
from the softwood plywood industry published literature or are
based on engineering estimates. Data were not available for
deriving emission factors for the hardwcocod portion of the
industry (about 5 percent of the total plywood and veneer
production by weight). In addition, because of their lower
natural resin content, hardwoods produce lower dryer emissions.
2.4.1 8izing Basis

Selection of the production capacity of small, medium, and
large plants was based on plant desgcriptions from the 1990
Directory of the Forest Products Industry.4 The average density
of gsoftwood plywood is reported as 31.8 1b/ft3 (sp.gr. = 0.51),
and the capacities are reported or converted to a 3/8-in.

13 a1l values used were on an oven-dry (OD) basis. Three

basis.
model plant annual board production capacities of 50, 150, and
300 MMFt? were selected to represent the small, medium, and large
plants, respectively. These plant sizes cover the range of 20
million to 750 million ft2 annual capacity previously noted for
the existing softwood plywood plants. The corregsponding tons of
board produced were calculated as follows:
1,000 ft?  3/8-in. thick is 31.251 ft3

MM ft?  3/8-in. thick is 31,251 ft3

994,000 1b/MM ft 2

2
= 497 MM £
3,000 1b/ton 97 tons/MM £t

31,251 f£3/MM ££2x31.8 1b/ft3 =

Thus 50, 150, and 300 MM£t? correspond to 24,800, 74,600, and
149,000 tons OD board, respectively. Operating parameters
developed for the three model plants are presented in Table 2-4.

'



TABLE 2-4.

SOFTWOOD PLYWOOD MODEL PLANTS
OPERATING PARAMETERS

Source: Reference 202%.

aI’Lssumes 10 Eerccnt reject, 10 percent redry. Expect less emissions from partially dried panels.
of plywood sanded requires 2,000 hr, sanding 100 percent of output requircs two sanders

bif 36 MM ft
(Reference %Ef)

Small Medium Large
Annual operating time, hours 8,400 8,400 8,400
Production, MM ft2/yr 50 150 300
Production, tons/yr 24,800 74,300 149,000
Amount through dryer,® MM ft2/yr 60 180 360
Jet dryers, number 1 3 5

Sanders

Wide-belt panel sanders, number 1 1 2b

.|| Wood residue burned, tons/hr 3.42 11.3 22.5

Wood residue, production, tons/hr® 3.75 11.3 22.5

The wood residue productlon rates at the model plants are calculated using this estimate.




2.4.2 Airflow Rates

Table 2-5 contains a summary of the air flowrates from all
point gources at the model plywood plants.
2.4.3 Baseline Emigsions

Table 2-6 lists PM-10 emission rates for the model plants,
based on the model plant parameters given in Table 2-4, and the
emigssion factors in Table 2-3.

No emisgsgions estimate is given for processes without
available or estimable emission factors. For several processes,
emission factors for comparable processes at particleboard or 0SB
plants were used in the absence of data for plywood pla.ntss.l'7

Based on the emission factors, emission rates, and the given
model plant parameters, the major emission streams are from wood
waste fuel burning for heat generation, and from the veneer

dryers.




TABLE 2-5. SUMMARY OF AIRFLOWS FROM POINT SOURCES
AT MODEL PLYWOOD PLANTS

Model plant | Dryers, acfm | Boiler, acfm | Sanding fabric Dry fuel fabric Hogged fuel fabric
size @ 230°F8 @ 450°F° filter, acfm® filter, acfm® filter, acfm®
Small 14,220 15,270 55,000 6,000 12,000
Medium 42,660 50,460 55,000 12,000 24,000
Large 85,315 100,470 110,000 24,000 48,000

— ————rral

EPA’s Nonfossil Fuel Fired Industrial Bilers - Background Information (Reference 23).
CAir flows for sanding, dry fuel, and hogged fuel fabric filters are assumed to be same as those at particle board
plants and were derived based on data given in Reference 17.
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3.0 EMISSION CONTROL TECHNIQUES

This chapter contains descriptions and data for various
emigsion control techniques used for controlling emissions of
particulate matter less than 10 um in diameter (PM-10) at plywood
plants. Included are control methods for emissions from process
areas described in Chapter 2 and other fugitive area sources,

such as storage piles.

The emigsion control techniques described are considered to

be representative of controls applied to PM-10 sources at plywood
plants. Process control or pollution prevention techniques are
also included. This chapter focuses on retrofit control
techniques, where a retrofit is considered to be the replacement
of, or addition to, exigting equipment. The discussion of each
control technique addresses design parameters and variables
affecting operation :

The following sections describe the PM-10 emission control
techniques applicable to the various PM-10 emission sources
degeribed—4 in Chapter 2. The PM-10 emission control
techniques for veneer dryers, boilers, sanding and trimming

operationg, and nonprocess fugitive sources are described in
Sections 3.1 through 3.4, resgspectively. Seetion3-5—~containg—a

o \¥,
—gw s - -

pranpts—Finally, Section 3.6% lista the references used in this
chapter. '




TABLE -3-1. SUMMARY OF PM-10 CONTROL TECHNIQUES APPLICABLE
AT PLYWOOD PLANTS

PM-10 control
efficiency, %
Source ’ PM-10 control techniques
Range Average
Veneer dryer® Electrified filter bed gsb
Ionizing wet scrubber 80P
Plate-type wet electrostatic precipitator NA 902
Tube-type wet electrostatic precipitator NA 804
Wood waste-fired boiler | Dry electrostatic precipitator >99°¢ 99¢
Electrified filter bed >954 95d
Venturi scrubber >99° 99°
Fabric filt >99¢ 99¢
-— 98t 98t
Sanding and trimming Fabric filter >99 a9
Storage waste pilesfg Enclosures N/A N/A
Wet suppression systems N/A N/A
Chemical stabilization N/A N/A

°Control efﬁclencres of 99 percent and above have been reported for fossil fuel-fired boilers such as coal-fired
boilers for fabric filters and dry ESP's.

dManufacturer’s data indicate that a PM-10 control efficiency of 95 percent can be achieved.<: 33 No exclusive test

data for PM-10 are ava:lable

ev :
£

iencies by allowing for large pressure drops.

control techniques to control fugitive PM-10 are considered to be good engineering practices. Data pertaining
to control efficiencies are not available.
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3.1 CONTROL TECHNIQUES FOR DRYER PM-10 EMISSICNS

This section presents a summary of the characteristics of
the emission stream emitted by the veneer dryer and a description
of the emission control technologies including pollution
prevention techniques. '
3.1.1 Emission Stream Characteristics

The PM emissions from plywood veneer dryers consist
primarily of organic aerosols, with a small amount of wood fiber.
The organic compounds evolve as a consequence of driving off the
moisture as gteam. These compounds remain gaseous until they
cool to below approximately 3562&—(300°F), when they begin to
form aerosols. These aerosols include resin acids (including
abietic acids), fatty acids, and neutral sesqui- and di-terpene
compounds, each of which has at least 15 carbon atoms. The
relative quantities of each of these compounds vary with wood
species, with measurement technique, and even from dryer to

dryer.lim

Condensible emissions from Douglas fir veneer averages
approximately ITI-§Zﬁ3—ef—pfeéﬁeE7—975—mm—ehiekﬁese—basée
40.9 1b/1,000 £ft2, 0.375-in. basis}. Southern pine condensible
emigsions are approximately ITU_§7ﬁ37f%75—mm—bas§s
40.8 1b/1,000 £t%, 0.375-in. basisy.23%

3.1.2 Demonstrated Control Techniques -

The most common technology for control of veneer dryer
emissions is wet scrubbing, for which several types of equipment
are available. In each case, a water spray is introduced into
the dryer exhaust stream, resulting in cooling and condensing of
organic material. Water vapor may condense onto the organic
aercsol, and the resulting droplets are large enough to be
removed By cyclonic collectors, filters, or mist eliminators.
Representative examples of these collector types are described in
the following subsections along with other more recent
technologies.

Recent technologies that are more seriously (than scrubbing)
congidered by industry are based on applying an electric charge
to the PM and subsequently collecting it on an oppositely-charged
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surface. An electrified filter bed (EFB) is an example of this
technology. Another example, a wet electrostatic precipitator
(ESP) requires cooling of the gas stream to condense the
pollutant from a vapor before a charge can be applied to the
aerosol. Upon condensation, the droplets are electrostatically
charged and collected onto a surface. Another device, an
ionizing wet scrubber, uses scrubbing in combination with the
application of an electric charge. These techniques are
described in greater detail in the following subsections.
3.1.2.1 Multiple Spray Chamberg. The most common wet
scrubbing device used to control PM-10 emissions from veneer
dryers employs three to five spray chambers in series. The
five-chamber model contains a final demisting zone where a
high-speed centrifugal fan removes droplets. The three-chamber
model requires no fan and has an operating pressure drop of only
62 to 124 Pa (0.25 to 0.50 in. w.c.). This device is typically
designed to treat the exhaust from a single steam-heated or
gas-fired dryer and generally is installed above the dryer.i%
Pollutant removal efficiency. The three-zone unit is
reported to meet Oregon’s 10 percent opacity limit on dryer

exhausts that have moisture contents of at least 24 percent by
volume. The removal efficiency of such scrubbing devices for PM
and condensible emissions generally is less than 50 percent.

condensible emissions to 3.2 g/m37—975—mm—baeée
TUTGE—IBTTTUUU_EEQ, U0.375-1n. basis), for Western woods. 2
Current gtatusg. Conversations with State agencies and
industry personnel have indicated that multiple spray chambers .
are fast ‘becoming obsolete because newer technologies based on

electrostatic precipitation are available that are far more
efficient. %7

evaluated further.

3.1.2.2 Combination Packed Tower and Cyclonic Collector. A
combination packed tower and cyclonic collector consists of a
spray section followed by a bank of 2 to 12 cyclones in parallel

Based on this fact, this technology is not
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and a packed spray tower. The packed tower may be equipped with
fiber-pad.mist eliminators. These devices have been installed to
treat the exhausts of from one to three steam-heated or
direct-fired veneer dryers. Because of their size, the units are
installed outside of the buildings housing the dryers. Overall
presgure drop across such a system is approximately 2,860 Pa
(11.5 in. w.c.) without the mist eliminator and 4,850 Pa
(19.5 in. w.c.) with the mist eliminator.eﬁ

Pollutant removal efficiency. Removal efficiencies for PM
and condensible organic emissions have been measured through ODEQ
Method 7 at up to 59 percent without the mist eliminator and up
to 91 percent with the mist eliminator. 32 TheobES—repores—that
thegeunitg with-mist etiminnters—can—Himit particulate—and
condensible emigssions to 1.2 g/m3—eé—pfeéueeT—975~mm—basis
gas-fired dryers; 1.6 g/me, 9.5-mm basis (0.35 IB/T,000 Ft2-
6-375—in—bagigr for wood fired dryers—with fuel moisture-—econtent
Tess than 20 percent; and 1.8 g/m37—9¢5~mm—baeis |
(0-40 Ib/I,000 EE2,—6-375—in—basis) £for—wood—fired—dryera-—witha

Fuel moisture content of 20 percent or greater.;

Current status. A vendor has indicated that this technology
is soon becoming ocbsolete due to low control efficiencies. —9 The
vendor indicated that other technologies based on electrostatic
precipitation are fast replacing this technology. Based on these
facts, this technology is not evaluated further.

3.1.2.3 Sand Filter Scrubber. The sand filter scrubber is
a device incorporating a wet-scrubbing section followed by a

wet-gand filter and mist eliminator. Existing systems typically
treat the exhaust from two or more steam-heated dryers. The
larger PM is removed in the scrubber, while a portion of the
remaining organic material is collected in the filter bed or the
mist eliminator. A water gpray carries the condensed material
through the filter bed to a separation system. The design
pressure drop of the sand filter scrubber unit is approx1mately
4,500 kPa (18 in. w.c.).32




Pollutant removal efficiency. Test data indicate that up to
90 percen£ of PM and condensible organic material (as defined by
ODEQ Method 7) may be removed by the sand filter scrubber
system.%%

Current statusg. Industry personnel have indicated that sand

filter scrubbers are becoming obsolete due to low control
efficiencies and high operating costs. One plywood manufacturing

company re?orted that at one of its facilities in Oregon, it has
replaced an existing sand air filter with an EFB, a technology
based on electrostatic precipitation (see Section 3.1.2.5).
Based on these facts, this technology is not evaluated

further. 10

3.1.2.4 Ionizing Wet Scrubber. An ionizing wet scrubber
utilizes the principles of electrostatic particle charging, image
force attraction, inertial impaction, and gas absorption to
collect solid or liquid particulate matter. In an ionizing wet

scrubber, the gas stream is subjected to high-voltage direct
current and the particles are electrostatically charged. The gas

-

gtream then passes through a packed scrubber section, where the
charged PM is removed by attraction to neutral surfaces. Packing
material used is usually Tellerete®. The PM in the range of 3 to

-
g

5 microns (um) may be collected primarily through inertial
impaction. Smaller (electrostatically charged) particles are

removed essentially by image force attraction to neutral
surfaces. When a charged particle is sufficiently close to a
neutral surface (surface with no charge), it induces an opposite
charge at the surface of the neutral surface, thus resulting in

an attraction between the two oppositely charged surfaces.
Neutral surfaces include both packing material and liquid
droplets.” A schematic diagram of an ionizing wet scrubber is
given in Figure 3-1. Figure 3-2 presents a sectional view of the
particle charging section and the collection surfaces.g wWhile
the packed scrubber section contributes significantly to the
removal of PM in this system, it also enables the removal of
gaseous pollutants through diffusion and absorption.*e
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Particle Charging Section—Short, intensely charged. High voltage DC
power. Low energy consumption. _
lonizer Elements—Continuous flushing prevents sofids build up. Collection Surfaces—Continuously flushed in
Factory Assembled Modules—Fast, inexpensive field installation. scrubber section.
All particles charged as they enter scrubber section. Ali scrubber surfaces (packing, water drops, shell)
Plastic Shell and Internals—Corrosion Resistant. Minimum maintenance, electrically neutral. Act as impingement surfaces
—_ or collect particles through image force attraction,

Tellerette packing is excellent impingernent target
and highly efficient collector. Also creates

water droplets for additional impingement and
collection surfaces.

Exhaust of IWS can be -
connected directly to stack
fan or to another IWS for
increased coliection
efficiency.

Inlet—To 50,000 ACFM

No moving Parts {only pump).

Recycled Liquid—For gas absorption, solids
flushing.

L §
t

Sealed High Voltage DC Power Supply.

Figure 3-1. Schematic of an ionizing wet scrubber. ¥

3-7




-]

and

Gas Flow O

Particle Collection Surfaces
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Ionizing wet scrubbers are available in two configurations,
single- aﬁd dual-stage units; the dual-stage units have two sets
of collection plates placed in series. The manufacturer claims
that PM removal efficiency of the second stage is equal to that
of the first stage despite the reduction in PM loading into the
second stage. An ionizing wet scrubber is reported to have low
energy requirements. Pressure drop is reported to be between
124 Pa to 372 Pa (0.5 to 1.5 in. w.c.) through a single-stage

system. :
Pollutant removal efficiency. Although no emission data
have been published showing removal efficiencies of full-scale

units, a pilot unit demonstrated 57 to 84 percent removal of PM

and condensible organic emissions as measured by ODEQ Method 7;$H

emigsions to 0.47 g/mg, 9.5-mm basis ({0.08%¢3 1b/1,000 ft27-

0.375-1in. basis) ror steam-heated driyersg; 1.04 g/mQT—QTS—ﬁﬁhbasés
10,212 Ib/ 1,000 FE2—0-375—in—basis for woodfired-dryers—and
0.2 /M2, 9.5-mm basis (0.0Z1 1b/T,000 It —0-3%5—in—basisi—for
wood-fired dryers where healt 18 supplied by boiler exhaust.*ryl For

this analysisg, a PM-10 contreol efficiency of 80 percent has been

assumed.

3.1.2.5 Electrified Filter Bed. In—a—typical—EFB—SyStem

Figure 3-3.19Electrified filter beds have been used to control PM
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from dryers at PB/WB/OSB facilities. 1In a typical dry EFB
system, ag used at PB/WB/0SB facilities, the fine dusgt particles
in the exhaust gases are electrostatically charged in the corona
formed by an ionizer, and are then deposited on an electrically
polarized filter bed of pea gravel. Gravel-dust mixture from the
filter bed is conveyed into a pneumatic lift via the hopper
located below the filter bed. Low-pressure air conveys the
gravel-dust mixture to the top of the system. Dust is separated
from the gravel during this vertical transportation process due
to the severe agitation in the line. The dust and gravel are
séparated in the disengagement chamber. The clean gravel is
reused in the filter, and the dust is collected in a silo for
disposal. A general view of the system components is given in

Figure 3-3.%1%
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Figure 3-4. Schematic of an electrified bed modified for ﬁse
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at plywood facilities.?®
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Pollutant removal efficiency. Emissions data measured at
the inlet and outlet of EFB’s are i not
Most of the available test results only report the PM-10 emission

level at the outlet of the control device. Vendor quotations

have claimed a PM-10 removal efficiency of 80-90 perCent_**g

veneer dryers can limit the emissions to 0.332 g/me—O-5—mm—basic
{(0.068 Ib/1I,000 EEg——eT%45~éﬂeh—basés+—ée*#sﬁeam—he&%ed—éfyefe—
and I.Z71 g/m&, 9.5-mm basis (0.2B% Ib/1,000 ft27—97%45—éﬁv—basés+
for natural gas-fired dryers.2 For this analysis, a PM-10

control efficiency of 80 percent has been assumed.
3.1.2.6 Wet Electrostatic Precipitator. An ESP is a PM
control device that uses electrical forces to remove entrained

particles from the gas stream and deposit them onto collector
plates. Particle collection in an ESP involves three steps: the
electrical charging of particles in the gas stream, the
collection of the particles on the collection plates or
electrodes, and the removal of the collected PM. Wet ESP’s are

used on effluent gas streams8 containing sticky, condensible

hydrocarbon pollutants. These—dewiceg—have—beep-used extensively

eonptrol—PM—Wet ESP’s are in service to control veneer dryer

effiuent in plywood and other composite material
A2,13

industries.
Gases exiting the dryer enter a prequench to cool and
condense (saturate) gases before they enter the precipitator. The

prequench is essentially a low-energy scrubber that sprays water

into the incoming gas stream. The gas that exits the prequench
is saturated (i.e., multicomponent hydrocarbons approach their
vapor-liquid equilibrium), and, thus, further cooling in the

precipitator will condense and capture more of the condensible
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hydrocarbon, mainly the sticky resins. The wet ESP cannot

collect by electrostatic removal any material that will not
233

condense.

Two wet ESP designs are used in the wood products industry
to remove PM from dryer effluents. One design uses traditional
plate-type electrodes to collect the PM. The other uses a
tube-type collector.

Plate-type wet ESP. Figure 3-4§ presents a diagram of a
plate-type wet ESP.**E.
applying a wet direct-current voltage across a pair of

Electric fields are established by

electrodes, a discharge electrode, and a collection electrode.
The PM and water droplets suspended in the gas stream are
electrically charged by passing through the electric field around
each discharge electrode (the negatively charged electrode). The
negatively charged particles and droplets then migrate toward the
positively charged collection electrodes. The PM is separated
from the gas stream by retention on the collection electrode.
Earlier designs of wet ESP’s specified that water sprays be
located above the electrodes to create a continuous film of water
on the collector plates to wash the collected PM from the plates.
The most recent installations have replaced this continuous spray
system with an intermittent traveling header system equipped with
multiple high-pressure spray nozzles. The high—pressure.spray
dislodges and removes any remaining organic PM buildup.from the
plates. Use of intermittent high-pressure sprays instead of
continuous sprays results in decreased water consumption and
reduced voltage degradation in the Esp.F214

£ 3 ¢ ] £ . e ]
developed discharge electrode and collection rlate arrangement.lg—

The ‘discharge electrode is a needle/plate-type discharge
electrode. The collection plates are located on either side of
the discharge electrode. This design is claimed to result in low
power consumption and reduced insulator and control problems.*;*L :

Discussions with industry representatives have indicated
that the plate-type wet ESP is more commonly used to control

S ey W anm A aam A

]

— N L



Top insulator boxes

Alternating high-voltage and Flow control valves

grounded collection plates

Demister

Quick-disconnect
spray nozzles

Module

Inlet for purge air

Inlet

Inlet diffuser

Liquid discharge piping

Piping

Figure 3-5. Schematic of a plate-type wet ESP.
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PM-10 emissions from oriented strandboard (OSB) manufacturing
facilities. Currently this type of control device is not being

used at any plywood manufacturing facility for controlling
4

emigsions from veneer dryers. For this analysis, a PM-10

control efficiency of 80 percent has been assumed.

be-type wet ESP.
tube-type wet ESP. This system has been used for controlling

Figure 3-6 presents a diagram of a

blue haze emissions resulting from wood drying processes
including veneer dryers and rotary dryers used in the manufacture
of particleboard and OSB.

As a first step, the gaseous stream exiting the veneer dryer
is conditioned with water sprays to achieve adiabatic saturation.
This causes the hydrocarbon vapors to condense into droplet form.
The conditioned gas then passes through a cyclone module located
at the top of the ESP unit, where large particles including
liquid droplets are removed. The cyclone essentially serves as a
mist eliminator.:2

The gaseous stream devoid of large particles enters the
tubes, wherein they are subjected to a high-intensity electric
field. The electrodes are in the form of discs placed along the
axis of the tube. Figure 3-7 containg a schematic of the
disk-in-tube arrangement found in a tube-type wet ESP. This
geometry enables the charging field to be concentrated in the
annular region between the disc and the collecting tube. The
particles are thus charged by the high-intensity electric field,
and as they travel farther, they are forced to the tube walls by
the electrostatic field. The clean gaseous stream exits the
tubes into a plenum located at the bottom of the unit and is
discharged through two outlet ducts, one located on each side of
the unit 23

The tube walls remain wet because fine mist entrained in the
saturated gas are also collected on the tube surfaces. This
water film flows down along the tube walls, resulting in a
self-irrigating action that allows easy cleaning of the surface
when flushed with additional water. Flushing is performed
periodically (every 3 hours) at a rate of (150 to 200 gal/min)
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Figure 3-6. Schematic of the tube-type wet Esp.13
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Figure 3-7. Schematic of the disk-in-tube geometry of diséhgrge
electrode and collection surface in a tube-type wet ESP.?
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for a 2-minute period to clean the already-wetted tube surface
where the-PM is collected. The water is collected in a settling
tank to separate the PM from the water. The water from the
settling tank is used for quenching the gaseous stream prior to
its entering the control device.1l3

Pollution removal efficiency. At this time, data indicating

the efficiency of wet ESP’'s in removing pollutants from veneer

dryer exhaust streams are limited. TFestes—conductedby-0bEg—have

resulting from verneer dryers can limit the emissions to 1.1 g/mz
of product, 9.5-mm basis (0.224 1b/T1,000 ft27—97345—iﬁ7—b&6i5+

and boiler exhaust.i—-For this analysis, a PM-10 control
efficiency of 80 percent has been assumed.
3.1.3 Pollution Prevention Techniques

The following control techniques are considered to be

options for reducing dryer PM-10
5

missions by process revisions,
that is, pollution prevention. |
3.1.3.1 Boiler Incineration. Veneer dryer emissions are
controlled at some locations by incineration in wood-fired
boilers or furnaces. The entire exhaust flow from a steam-heated
veneer dryer sometimes can be sent to a boiler, while only a
portion of the exhaust from a direct-fired dryer is normally
returned to the furnace or fuel cell. At least one U.S. plant
has a direct-fired dryer with exhaust gas recycle to the furnace,
but no such systems have been tested for emissions removal.
Boiler incineration of veneer dryer emissions has not been
demonstrated on a Southern pine veneer dryer. - To utilize boiler
incineration, the dryer outlet gases must be ducted to the
boiler. "This duct system must be insulated to keep the
temperature above 18569C-—+£300°F3+ and must have isclation dampers
to prevent the spread of fire, in the event of a dryer fire.’
However, Georgia-Pacific reports problems with ducting any type
of Southern pine dryer exhaust for any distance because of
condensation. Condensation often occurs, even in the dryer, so
insulation of the ductwork is of little value. In such cases,
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steam-tracing of the ducts may be a viable alternative, although
it has no£ been demonstrated in this application.lﬁ

Boiler incineration uses dryer exhaust as combustion air in
the boiler. Dryer exhaust can be introduced as underfire air
and/or overfire air. The most sophisticated systems involve
automatic distribution of dryer exhaust as overfire and underfire
air, according to steam demand .12

Because no additional combustion device is required in
boiler incineration, the main capital expenditures are for
ductwork, fans, pressure controllers, and boiler oversizing or
modifications. All ducts are heavily insulated (or steam tracing
is provided, as appropriate) to prevent condensation of dryer
emisgions. Boiler modifications include installing water-cooled
grates as well as ports for introducing dryer exhaust .12

Several generalizations can be made about boiler
incineration systems. Furnace temperatures of II582Ec—{greater
£han—2150°F+ or greater are found in most wood-fired boilers.
These temperatures are above the minimum requirements for thermal
destruction of hydrocarbons. Therefore, destruction efficiency
may be largely a function of residence time and the turbulence or
degree of mixing in the high-temperature area of the boilers.
Boiler designs provide for a high degree of mixing to promote
combustion of volatile materials from the fuel. Temperature and
residence time considerations support the potential for a high
overall removal rate of total veneer dryer emissions (perhaps
greater than 90 percent) by boiler incineration. However, at
least two attempts to measure the destruction efficiency of these
systems for total organic emissions have been unsuccesgsful. A
removal rate for condensible organic material of approximately 70
percent was suggested by the results of one test. A
wet-scrubbing device on the boiler exhaust may be required to
meet a high level of emissions reduction,22

Boiler incineration may not be a viable control technique
for certain existing plants. The combined dryer exhaust volume
for a typical plywood mill approaches the capacity of the plant
boiler to accept combustion air. In gome cases, that capacity

3-20

g

rd



may be exceeded. For example, newer boilers that are designed to
operate efficiently on relatively low excess air may be unable to
accept the exhaust volume from all dryers. For this reason, new
boilers might have to be oversized to accommodate the system.lﬁ

3.1.3.2 Fuel Cell Incineration.*enm An alternative method

of incineration of dryer exhaust gases is available when the

dryer is heated by burning wood-waste fuel. A portion of the
dryer exhaust gas is returned to a blending zone of the furnace
or to a blend box and is mixed with the hot combustion gas from
the wood-waste burner before being returned to the dryer.
Combustion gases must be blended with dryer gases because
combustion gases are too hot for direct injection to the dryer.
Figure 3-8 is a schematic diagram of a typical system. The
amount of dryer exhaust that reaches the blend box varies among
gystems. Systems that recycle a large fraction of the dryer
exhaust (e.g., 65 percent) typically have blend box exit
temperatures of 4272€—{800°F}. When a smaller fraction of dryer
exhaust is recycled (e.g., 35 percent), blend box exit
temperatures are typically 6232c—1150°F)}. High-temperature duct
work and insulation are needed in the latter case.l2

At least three types of systems currently are available for
burning wood waste to heat the plywood veneer dryer. In the most
common system, dry wood waste is burned in a cyclonic burner that
is designed to hold wood particles in the burner until combustion
is complete. Ambient air is introduced as combustion air. Hot
combustion gases from the burner are mixed with dryer exhaust in
a blend box and are returned to the dryer. Blend box exit
temperatures are 4232 +£o—6492€—800° to 1200°FT 712, '

In a second type of wood-fired system, wet or dry wood waste
is burned in a pile furnace. Combustion air consists of ambient
air and (typically) exhaust from the dry end of a veneer dryer.
Dryer exhaust is introduced at various points in four combustion
chambers, including the primary chamber containing the wood pile.

"Temperatures range from approximately 9822—+te—3-08039c—{1800° to

2000°F+ at the primary chamber to 4272£—{800°F} at the final
chamber exit.1l2

3-21




-T190 Tonj e UT uotljersurout [erlaed
Yokip peaty-poom e JO weibeTp MoTd °8-€ 2anbrd

goeuIny
1end ’ —mv.-@\ﬁﬂ_
POOM
T !
ny " : .

iauing auo;7 ﬂ o~

Buypuolg <

o

A t\lul“
ooeuIng 03} WNOY
Y
ysneyxy
\

(s)eh1q oL




Finally, a direct-fired system is used in which wet or dry
wood waste is introduced into a fluidized furnace. Ambient air
is used as combustion air. Combustion products at aﬁproximately
8710 £o—-9839E—(1600° to 1800°F} are mixed with the dryer return
flow in a blend box; the resulting mixture is ducted to the dryer
at 4279 te6492€—800° to 1200°FJ. 12,

The fate of the condensible organic material is masked by
the inorganic PM (ash) load characteristic of direct-fired
gystems. Existing data do not indicate the percentage of
pollutants removed in the blend box. In such systems, inorganic
PM (ash) may settle out in the dryer or impinge on the veneer
surface, whereas organic material may be partially destroyed in
the blend area. The exhaust from wood-fired veneer dryer systems
is sometimes further controlled by high-efficiency wet-scrubbing
devices such as the combination packed tower and cyclone or the
ionizing wet scrubber.12

A scheme for using all of the dryer exhaust gases has been
conceptualized {(but not demonstrated in practice) that would
recycle a portion of the gases back to the dryer and ﬁse the
remaining gases as combustion air. It is stressed that this is a
conceptualized system and that the required technology
(especially burner technology) may not currently exist.

Figure 3-9 diagrams the concept of this direct-fired exhaust
incineration system. Ambient air would be heated to required
dryer temperatures in an air-to-air heat exchanger using hot
furnace exhaust gases. A portion of the dryer exhaust gases
would be used as combustion air for the wood fuel, and another
portion (perhaps 40 percent) would be recycled to the.dryer.
Maintaining a fuel cell exhaust temperature of 7609 —+te-8732€
41400° to 1600°F} and providing sufficient residence time should
achieve organic emissions removal efficiencies of greater than
90 percent. The disadvantages of this system include the need to
modify currently available burner designs, increased difficulty
in balancing air flows due to one or more additional fans and
control dampers, and potentially increased fuel requirements.




Heat Exchanger

Exhaust -+ “
Ambient Air
Blend Box
 {
Y
Wood —™
Dryer(s) Fuel Burner
Figure 3-9. Flow diagram of a conceptual wood-fired system

complete incineration of dryer exhaust in a fuel cell.

3-24

Furnace

ith




Balancing problems would tend to be more severe for systems
involving_multiple dryers, while additional fuel requirements
would be crucial for plants that are marginally self-sufficient

in fuel (e.g., layup plants).lé

3.1.3.3 Dryer Temperature Control.¥® Dryer emissions on

a per-unit-of-production basis may be reduced by lowering dryer
temperatures. This procedure reduces veneer production rates,
because longer dryer times are required at lower temperatures.
Low-temperature drying may only be feasible at facilities that
have excess drying capacity, an uncommon situation. Maintaining
the required air circulation rates in the dryer may substantially
increase the electrical energy costs per unit of production. In
tests of three dryers, PM and total organic emissions (as
measured by a Washington State University method) were reduced by
lowering dryer temperatures. Emission reductions varied greatly,

with the highegt reduction being 74 percent.lé

3.1.3.4 Dryer Fugitive BEmission Control.¥® Fugitive

emissions can make up a significant portion of the total
emigsions from a veneer dryer. The main factors effecting the
guantity of fugitive emissions are the type of dryer, the
condition of door seals and end baffles, and stack damper
gsettings. In the Northwest, stack dampers generally are set to
maintain a desirable moisture level inside the dryers. Damper
settings also can be used to balance the air flows within a dryer
and, thus, to minimize energy loss. This is especially true for

. longitudinal dryers, for which it is desirable to maintain

neutral pressure at dryer ends by means of the dampers. 1In the
South, dampers are set in the closed position on many'jet dryers.
The emissions that do not leave through stack exhausts must
escape ag fugitive emissions through the doors, skins, and ends
of the dryers. In-plant observations indicate that fugitive
emissions may be significant, but quantitative measurements of
fugitive emissions are not available.l2

Control techniques for minimizing fugitive emissions include
maintenance of door seals, dryer skins, tops, and end baffles;

proper balancing of air flows (considering the effect of damper
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settings on internal dryer pressure); and use of end-sealing
sections. Dryer doors can be sealed and shimmed as necessary to
eliminate visible emissions caused by leaks. New seals are
usually needed only every 2 years; however, quarterly inspection
and maintenance of seals may be reasonable because of the energy
logses and emissions associated with leaking doors. Maintenance
of sking and tops consists of applying a sealing material where
feasible and replacing those portions when other methods are no
longer a.dequate.l-fl

End-sealing sections are pressurized sections added to a
dryer to prevent emissions and energy loss from the ends of a
dryer or to prevent infiltration of cold air into the dryer. End
seal sections may be positively or negatively pressurized. No
data are available to show the effectiveness of end seal sections
in controlling fugitive emissions.l2 .
3.2 CONTROL TECHNIQUES FOR BOILER PM-10 EMISSIONS

The burning of wood waste in boilers and other similar
combustion equipment is a common practice in the plywood
industry. These plants-produce as a byproduct a relatively large
quantity of waste in the form of bark, sawdust, sanderdust, board
trim material, and miscellaneous unusable log yard waste. The
wood waste is used as fuel for boilers and other wet-cell burners
to meet the demand for heat throughout the plant and to alleviate
possible solid waste disposal problems. A common characteristic
of all plants is the need to provide heat to the veneer press.
Some plants, mainly those located in colder climates, require
that heat also be supplied to hot ponds to prevent logs entering
the process from freezing in the winter. Occasionally, one may
find a mill that uses exhaust gases from a boiler or thermal oil
heater ag primary or supplemental heat to a wood furnish dryer.
In this case, emissions from the boiler or thermal oil heater are
a component of the dryer exhaust and are, therefore, controlled
by the dryer emission control device.

It is standard design practice today for wood-fired boilers
to be equipped with mechanical PM control devices, usually
cyclone or multitubular cyclonic collectors (multiclones). These
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devices generally have a better than 80 percent control of PM
36

emissions. However, to achieve greater control of PM-10
emissions, additional control equipment is required.
3.2.1 Emission_ Stream Characteristics

Combustion of wood waste in a boiler results in the
formation of solid residue. While heavier residue is removed as
bottom ash, the lighter material (fly ash) is carried by the flue
gases and is emitted into the atmosphere as PM. Since a majority
of the PM consists of partially combusted wood dust, the fly ash
is collected in c¢yclone dust collectors and reinjected into the
furnace for complete combustion. Recycling of fly asﬁ results in
higher boiler efficiency. The PM entrained in the gases exiting
the cyclone can be further controlled using multiclones. It is
standard practice today for newer boiler installations to be
equipped'with multiclones. .

The flue gas from a wood-fired boiler or thermal oil heater
ig characterized by a particle size distribution with a large

fraction of PM-10. About 90 percent of the total PM loading is
171

less than 10 pum in diameter. Downstream of the multiclones,

which effectively control the larger PM, 91 percent of the PM

E

loading is PM-10 emissions. Furthermore, 24 percent of that

7 This fraction of

loading is less than 1 um in diameter.
small diameter particles makes it difficult for the emission
control device to achieve high removal efficiency. An

uncontrolled PM-10 emission factor of 6.48 lb/ton of wood/bark
7

burned in a boiler is reported in the literature. For
boilers equipped with multiclones and where fly ash is

reinjected, a PM-10 emission factor of 5.46 lb/ton of woodbark

burned
PM-10 emissions because the dust lcading into the furnace is
higher. For boilers equipped with multiclones where fly ash is
not reinjected, a PM-10 emissionwfactor of 1.72 1lb/ton of




3.2.2 Demonstrated Control Technigues
This section provides a description of emission control

techniques demonstrated for controlling PM-10 emissions resulting
from combustion of wood waste.

3.2.2.1 Dry Electrostatic Precipitgtorg. .Dry ESP’s are
often selected for effective, high-efficiency control of PM
emissions from wood-fired boiler flue gas. In this device, the
PM is electrically charged and is collected by plates of the
opposite charge. The material collected is released by shaking

or rapping the plates. Figure 3-10 shows a typical dry ESp.¥®

Electrostatic precipitator | performance depends on

seven primary factors: (1) available collecting surface, (2)
exhaust gas flow rate, (3) particle resistivity, (4) particle
gize distribution, (5) gas velocity distribution, (6) rapping

intensity and frequency, and (7} electrical field strength.*g
Pollutant removal efficiency. Overall PM removal

efficiencies of over 99 percent have been demonstrated during

pilot tests for bark/coal co-fired boilers equipped with dry
28

electrostatic precipitators. Particle size distribution
affects the efficiency of the collector due to two phencomena:
the type of particle charging, and the effect of fine particles
on the corona penetration at the discharge electrode. The’
efficiency of the ESP is reduced as the overall particle size
distribution enters the low and submicron levels. Data
pertaining to PM-10 removal efficiency for wood waste combustion
are rather limited. However, during the evaluation of a dry ESP
as a potential PM-10 control device, a PM-10 removal efficiency
of 99 percent was assumed based on the data from the pilot tests
referenced previously.

3.2:2.2 Wet Electrostatic Precipitators. Wet ESP’s
(especially tube-type wet ESP’s) have been used to control PM-10
emissions resulting from the combustion of wood waste in a
boiler. A detailed description of tube-type wet ESP’s is given
in Section 3.1.2.6. Conversation with a wet ESP vendor has

indicated that this technology is—if more suited for existing

boilers, egpecially Dutch oven-type boilers, where oxygen content

3-28

|



. . TITH % Dviung
\ ’ ONI123710D

3I2IA30
NOLLNAIHASIO A
Svo |
\ )
Y3davH 1L CETEITRE L]
\ 300819213 304VHOSID $—L| HIWMOISNVUL
H3ddvy .
yd e«o:v IIVIUNS OMIL0ITI00 )
Ny HOLYINENI LHOMNS
WI13AS IDVLTI0A HOIH
/ YOLVWISNI B3Vl ANINLUVYINDD
" HOLYINSNI

1onasna

. _




may be higher than 15 percent by volume in the flue gases. High
oxygen content in old boiler installations can potentially result
in generation of sparks.af

Pollutant removal efficiency. During a recent source test

conducted at a facility in Oregon, a wet ESP was obgerved to

reduce PM emissions from a wood waste-fired boiler by 98 percent.
No information is available peftaining to PM-10 removal
efficiency during this test. 4
3.2.2.3 Electrified Filter Bed. A detailed description of
the EFB is contained in Section 3.1.2.5. Electrified filter beds

have been used to control PM emissions from wood-fired boilers.
A quotation received from a vendor has claimed a PM-10 removal
efficiency of 95 percent for wood-fired boilers.aag

3.2.2.4 Venturi Scrubbers. Wet scrubbers are commonly used
downstream of multiclones to remove PM from wood-fired boiler
flue gas. Venturi scrubbers are the most common type of scrubber
used because of the recent emphasis on controlling PM-10
emissions.

Venturi sc¢rubbers rely on the phenemena—

energy concentration and intimate contact of the pollutant and

of increased

liquid sprayed into the device as the gas stream passes through a
reduced throat area. The collection efficiency is proportional
to the gas pressure drop across the throat; hence the terminology
of low;, medium-, and high-energy venturi has developed.

The typical venturi, illustrated in Figure 3-11, is designed

such that the dirty flue gas makes initial contact with the
4

The

restrictive narrowing of the throat greatly increases the gas
25

scrubbing liquor in the throat of the venturi section.

velocity, atomizing the liquor droplets. The droplets are
then impdcted by the PM.in the gas stream. The PM-laden droplets

are then removed from the gas stream by a cyclonic separator or

mist eliminator.Zc:;

Factors affecting the performance of venturi scrubbers

include the following: (1) contacting power {gas-phase pressure
drop and liquid nozzle pressure drop), (2) liquid-to-gas ratio,
3-30
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(3) carryout of scrubber liquor, (4) particle gize distribution,

and (5) PM grain loading.Z2Zl2f

Contacting power is usually the primary factor affecting
particle removal, with the other factors contributing to a lesser
degree. An increase in pressure drop creates smaller liquid
droplets that are more efficient at collecting PM-10. In ejector
venturis, a high-pressure gpray is used to create the pressure
drop, instead of high gas wvelocity. In this case the contacting

power is determined by the scrubbing liquor nozzle pressure drop
27

instead of the gas pressure drop.

Typical gas velocities through a venturi throat range from
61 to 183 m/s (200 to 600 ft/s). Typical liquid-to-gas ratios
range from 1.0 to 2.0 L/m3 {8 to 15 gal/1,000 ft3).

Pollutant removal efficiency

scrubbers in controlling PM-10 emissions can be as high as
28
L.==

The efficiency of venturi
99.9 percen Pressure drop is the most important parameter
that determines the performance of a venturi scrubber. A very
high pressure drop can be detrimental because it can reduce
overall PM control efficiency. The reduction can occur because
liquid droplets with entrained PM can be carried over by the
exiting gas stream, and the liquid droplets can subsequently
evaporate and release any PM entrained in them.28

3.2.2.5 Fabric Filters. In many cases, fabric filters are
the most efficient control device for removing suspended PM from
an air stream. Collection efficiencies of better than 90 percent
are possible for submicron particles, and efficiencies of almost
100 percent are normal for particles more than 1 um in size.
Overall PM removal efficiency for a fabric filter is typically
expected to be better than 99 percent.

The -fabric filter is a series of cylindrical bags supported
in an enclosure through which the gas stream must pass. As the
gas passes through the filter, solid PM becomes trapped on the
inlet side of the filter media or fabric. The characteristics of
the filter and the gas stream become the critical factors in
determining efficiency.

| Ul TR T TE T U G =B Th .
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As the
boiler flue gas passes through the fabric bags, PM in the gas is

Figure 3-12 shows a typical fabric filter.

trapped on the filter by inertial impaction, diffusion, direct
interception, and sieving. With new or clean bags, the first
three processes predominate. However, as the PM layer on the

especially with PM loadings above 1 g/m3 (0.437 gr/ft3).%&

‘Collection efficiency and pressure drop increase as the PM
layer builds up on the fabric. Since the collector cannot
tolerate a continuously increasing pressure drop, the bags are
periodically cleaned by shaking, reversing air flow, or injecting
a short burst of high-pressure air. BAny method fractures the PM
layer, causing it to fall into a collection hopper below.

The primary problem with using fabric filters to control
wood-fired boiler flue gas is the fire hazard resulting from the
collection of combustible fly ash or hot embers. - By 1982, seven

installations were documented.>® The fire potential certainly
exists, as one manufacturer éxperienced a number of fires in the
fabric filter at one location. The cause was determined to be
that the primary cyclone system was not operating efficiently
enough to prevent large, hot embers from passing to the fabric
filter and initiating the fires. The cyclones were modified, and
the fabric filter continues to be used to control PM-10
emissions.

Other manufacturers have found that the risk of fabric
filter fires can be minimized by:

1. Water-quenching the gas stream prior to the fabric
filter; A

2, Minimizing the in-leakage of air;

3. "Establishing a shorter cleaning cycle that prevents the
build-up of a thick layer of PM;

4, Bypassing the fabric filter during cyclone cleaning or
sootblowing, when sparks might reach the fabric filter; and

5. Removing large, hot embers in multiclone
3 5 o

precleaners.
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In addition, a sprinkler system may be installed in the
fabric filter, or a spark quench system consisting of a flame
detector and an extinguishing agent may be installed prior to the

...... .

Er-

fabric filter.
Pollutant removal efficiency. Fabric filters have been

reported to reduce PM-10 emissions at removal efficiencies
greater than 99 percent for fossil fuel-fired (including
coal-fired) boilers. Data pertaining to PM-10 removal efficiency
fabric filters used to contrcl PM-10 emissions from wood fired
box waste-fired boilers are limited. A 99 percent PM-10 removal
efficiency was assumed.
3.3 CONTROL QF SANDING AND TRIMMING PM-10 EMISSIONS

Plywood. is sanded and trimmed to specifications prescribed
by the customer. As described in Chapter 2, sanding and trimming
is a major source of PM. Mick and McCargar (1969) have reported
that many Oregon firms were installing well-engineered cyclone

systems for primary collection with fabric filters for final
F233

collection in the late 1960’'s. The PM recovered from the
cyclone and fabric filter is burned in the wood waste-fired
boiler onsite. Based on the above report, the use of fabric
filters to control PM-10 emissions resulting from the sanding and
trimming operations is concluded to be the state-of-the-art
within plywood manufacturing facilities. For this analysis, it
ig assumed that all plywood manufacturing facilities already use
fabric filters in conjunction with primary cyclones to control
the PM-10 emissionsg resulting from plywood sanding.
3.4 CONTROL TECENIQUES FOR NONPROCESS FUGITIVE PM-10 EMISSIONS
Nonprocess fugitive dust emissions refer to those air
pollutants that enter the atmosphere without first passing
through & stack or duct designed to direct or contrcl their flow.
Several nonprocess sources generate these fugitive emissions,
including wind erosion from storage piles. This section
discusses control methods designed to reduce PM-10 emissions from
this source.




Storage piles..m Storage piles are usually left uncovered,
partially-because of the need for frequent material transfer.
Dust emissions cccur at several points in the storage cycle:
during material loading onto the pile, during disturbances by
gtrong wind currents, and during loadout from the pile. The
movement of trucks and loading equipment in the storage pile area
is also a substantial source of duét. Preventative methods for
control of windblown emissions from raw material storage piles
include enclosures, wetting, and chemical stabilization. These
methods are discussed in the following sections .33
3.4.1 Enclosures
Enclosures are an effective way to control fugitive PM

emissions from open dust sources. Enclosures can either fully or
partially enclose the storage pile and transfer mechanisms to and
from the plant or trucks. Types of passive enclosures
traditionally used for open dust control include three-sided
bunkers for storage of bulk materials, storage silos for various
types of material (in lieu of open piles), and open-ended
buildings. Partial enclosures used for reducing windblown dust
from large exposed areas and storage piles include porous wind
.8creens and similar types of barriers (e.g., trees). The
principle of the wind fence/barrier is to provide an area of
reduced wind velocity, which allows settling of the large
particles (which cause saltation) and reduces the particle flux
from the exposed surface on the leeward side of the

fence/barrier.ii

3.4.2 Wet Suppression System
Fugitive emissions from materials handling systems are

frequently controlled by wet suppression systems. These systems
use liquld sprays or foam to suppress the formation of airborne
dust. The primary control mechanisms are those that prevent
emissions through agglomerate formation by combining small dust
particles with larger aggregate or with liquid droplets. The key
factors affecting the degree of agglomeration and the performance
of the system are the coverage of the material by the ligquid and
the ability of the liquid to wet small particles.;i
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3.4.3

Chemical stabilization involves using chemical dust
suppressants to control fugitive PM emigsions from material
storage piles. Control efficiencies have been determined in
portable wind tunnel tests on various types of materials and show
that chemical stabilization is a viable option to control

fugitive dust emissions from storage piles.éé
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4.0 ENVIRONMENTAL IMPACTS ANALYSIS

4.1 INTRODUCTION

This chapter discusses the environmental impacts that would
result from the application of various PM-10 emission control
technologies described in Chapter 3 to the emission sources
described in Chapter 2. The environmental impacts include the
reduction of PM-10 emissions and the generation of wastewater and
solid waste streams. A discussion of energy impacts is also
included.

Section 4.2 deseribese
emissions achieved as a result of employing various PM-10

the reduction in PM-10

emission control techniques. Details pertaining to liquid waste
generation as a result of employing various PM-10 emission
control techniques, the treatment of this. liquid waste, and its
recirculation are presented in Section 4.3. Section 4.4 contains
a description of the solid waste generated by the various PM-10
emission control techniques and disposal practices employed at
plywood manufacturing facilities. Section 4.5 contains details
pertaining to additional energy required to operate the various
PM-10 emission control alternatives described in Chapter 3.
Finally, Section 4.6 lists the references cited in this chapter.
4.2 PM-10 EMISSION REDUCTION

This section describes and quantifies the

amount%
of PM-10 reduction that can be achieved from the sources in the
model plants, ag a function of the type of control technology




that is applied. Emission sources for which emission controls
were detefmined to apply include:

1. Veneer dryers; and

2. Wood waste-fired boilers.
Model plants considered in this analysis are described in
Chapter 2. Model plants are divided into three categories,
small, medium, and large, based on production rates. Table 4-1
presents uncontrolled PM-10 emission rates from the two emission
sources at the small, medium, and large model plants. It is
evident from Table 4-1 that the wood waste-fired boiler is the
major source of PM-10 emissions at plywoocd plants.
4.2.1 Venpeer Dryer

Emission control devices evaluated for reducing PM-10
emigsions from the veneer dryer include:

1. Ionizing wet scrubber;

2. Wet electrostatic precipitator (ESP) (plate-type and
tube-type); and

3. Electrified filter bed (EFB).
Chapter 3 contains a description of these emission control
technologies and associated PM-10 reduction

efficiencies praetiealiyaehievable. Tables 4-2 through 4-4

present a summary of uncontrolled and controlled PM-10 emissions

and emission reductions achieved upon application of the above
add-on emission control devices for veneer dryers at each model

4.2.2 Wood Wagte-Fired Boiler

Emisgion control devices evaluated for reducing PM-10
emissions from the wood waste-fired boilerg include:

1. Fabric filter; h

2. “Dry ESP;

3. Venturi scrubber; andé

. 45. Electrified filter bed.
Chapter 3 contains a description of these emission control

technologies and associated PM-10 reduction efficiencies

practically achievable. Tables 4-2 through 4-4 present a summary

4-2




TABLE 4-1. UNCONTROLLED PM-10 EMISSION RATES FROM
- MODEL PLANTS®

Emission rate, lb/hr (tons/yr)
Emission source Small Medium Large
Veneer dryer 62 (26) 19 (80) 37 {155)
Wood w%ste—fired 22 (93) 73 (308) 146 (612}
boiler 19 (78) 62 (259) 123 (516)
8gee Chapter for the emission factors used to

estimate the emission rates.

PTyo sets of emission rates reported.

The higher numbers

correspond to boilers not equipped with multiclones.
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of uncontrolled and controlled PM-10 emissions and emission
reductions achieved upon application of the above add-on emission
control devices for wood waste-fired boilers at each model

Controlled PM-10 emission rates for the wood waste-fired
boiler at the small, medium, and large model plants are estimated
to range between 88 to 92, 293 to 305, and 581 to 606 tons/yr,
respectively. The lower limit of the range corresponds to a
plant where a fabric filter, dry ESP, or venturi scrubber is used
to control PM-10 emissions. The upper limit corresponds to the

.emission rate achieved by using an EFB for PM-10 control.

4.3 GENERATION OF WASTE WATER

Using wet techniques for PM-10 emission control generates
waste water streams. However, since wood products industries are
classified per the Clean Water Act requirements as zero-discharge
facilities, the waste water streams are not discharged into sewer
gystems or publicly owned treatment works (POTW's). Rather, the
waste water generated as a result of using wet PM-10 emission
control requirements is recycled into the process.

Ionizing wet scrubbers, wet ESP’s, and venturi scrubbers
were evaluated for controlling PM-10 emissions from the following
operations:

1. Veneer dryers; and

2. Wood waste-fired boilers; and
Wet ESP’'s and ionizing wet scrubbers were evaluated for veneer
dryers. The venturi scrubber was evaluated for the wood waste-
fired boiler. Blowdown rates and procedures used to treat the
waste water are described below.

When a wet BESP or an ionizing wet scrubber is used to
control PM-10 emissions from a veneer dryer, the spent water is
treated and recirculated. Spent water is generated at two
locations within the wet ESP. A portion of the water used in the
preconditioning section of the wet ESP condenses. This condensed
water is collected in a settling tank. The collection surfaces
in a wet ESP are cleaned by flushing with water, and this spent
water is also collected in the settling tank. In this settling
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tank, heavy solids settle to the bottom of the tank, and the
clear watér is recirculated in the wet ESP. During normal

operation, a portion of the water being recirculated needs to be
blown down to maintain a constant level of solids within the
water. At facilities that use dryers equipped with wet eell

burners, this blowdown water is sprayed onto the fuel to be

burned in the burner. Facilities that do not use dryers equipped
with wet eel:
water treatment system and recirculate the clean water in the wet

burners treat the blowdown water in a secondary

ESP. Makeup water needs to be added to make up for evaporative
loss that takes place in the preconditioning section. Also, at
facilities where blowdown water is sprayed onto the fuel, water
lost must be made up. At facilities where a secondary treatment
system is used to treat the blowdown water, even though the
treated water is recirculated into the wet ESP, a portion of the

water is retained by the solids, and this loss also must be made

up.t

Blowdown should be carried out such that when the wet ESﬁ or
the ionizing wet scrubber is operating at a steady state, the
rate of removal of solids in the blowdown water equals the rate
at which the solids are introduced into the wet ESP from the
dryer or press. The solids content in the blowdown water should
be approximately 10 percent by weight.lﬁ Based on this criteria,
blowdown rates were estimated for the two types of wet ESP’s at
the three model plants.

The operation of venturi scrubbers also requires a constant
blowdown of the scrubbing water to maintain a prescribed solids
content in the recirculating portion of the scrubbing water. The
scrubber water blowdown rate for the venturi scrubber was
estimated based on the method prescribed by a vendor experienced
in the operation of venturi scrubbers. This vendor suggested
that the blowdown should be carried out such that when the
venturi scrubber is operating at steady state, the rate of
removal of solids in the blowdown water equals the rate at which
solids are introduced into the venturi scrubber. Further, it was
also suggested that the solids content in the blowdown water
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should be approximately 2 percent by weight.2 Based on these
criteria, blowdown water rates were estimated for the venturi
scrubbers at the three model plants. The blowdown water can also
be automatically sprayed onto the fuel as described above, or
treated in a secondary treatment system and recirculated back to
the venturi scrubber. '

Tables 4-5 through 4-7 contain blowdown data for the various
wet PM-10 control techniques evaluated for the plywood model
plants.
4.4 GENERATION OF SOLID WASTE

Using dry emission control techniques to control PM-10
emissions {(such as multiclones, fabric filters, dry ESP’'s, and
EFB’s) generates golid waste. The solid waste streams are made
up of the PM-10 emissions that have been captured by these
emigsion control devices. The rate of PM-10 emissions collected
in each dry emission control device, therefore, represents the
rate of generation of solid waste from each of these emission
control devices. Rates of PM-10 emission collection from all
source operations (for dry techniques) are contained in
Tables 4-8 through 4-10. Assuming that each PM-10 emission
source considered in this analysis will be equipped with an add-
on emiggion contreol device, Tables 4-8 through 4-10 contain
surmaries of solid waste stream generation rates from each model
plant. Because the control efficiency is the same for each
control device controlling veneer dryers, the solid waste
generation rate is also the same. For the wood waste-fired
boiler, the solid waste generation rates are expressed as a
range, as appropriate, since the potentially applicable control
devices have varying reduction efficiencies. The lower limit for
each source corresponds to the installation of the least
stringent emission control alternative, and the upper limit
corresponds to the installation of the most stringent PM-10
emission control technique. All PM collected at plywood
facilities (with the exception of that collected from boilers)
using both dry and wet collection technigues is burned in the
veneer dryer or in the wood waste-fired boiler. The PM collected
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TABLE 4-5. ESTIMATED WATER BLOWDOWN RATES ASSOCIATED WITH

~ WET PM-10 EMISSION CONTROL TECHNIQUES AT THE SMALL MODEL PLANTZ

Tonizing
wet Plate-type Tube- type Venturi
gscrubber wet ESP, wet E§P, scrubbsr,
Source type gal/yr gal/yr° © gal/yr® © | gal/yr
Veneer dryer | 1,512,000 75,600 75,600 |0
Boiler ‘ 3 1,108,800

AThe blowdown water is treated and recycled back to the wet PM-10
emission control device.

Blowdown rates for plate-type and tube-type wet ESP’'sS were
estimated based on the guidance provided by a vendor

(Reference 1). The blowdown rate for the ionizing wet scrubber
was also estimated based on vendor-supplied data (Reference 3).
CBoth plate-type and tube-type wet ESP’'s are estimated to have
identical water requirements.

Blowdown rate for the venturi scrubber was estimated based on
guidance provided by a vendor (Reference 2).




TABLE 4-6. ESTIMATED WATER BLOWDOWN RATES ASSOCIATED WITH
WET PM-10 EMISSION CONTROL TECHNIQUES_AT THE MEDIUM MODEL PLANT®
Ionizing
wet Tube- type Venturi
scrubber, |Plate-type get wet ESP, s;crubbel;:r
Source type gal/yr ESP, gal/yr° €| gal/yr° © gal/yr
Veneer dryer 5,040,000 226,800 226,800

Boiler

3,679,200

3The blowdown water is treated and recycled back to the wet PM-10
bemission control device.
Blowdown rates for plate-type and tube-type wet ESP’'s were

estimated based on the guidance provided by a vendor
(Reference 1).

The blowdown rate for the ionizing wet scrubber
was also estimated based on vendor-supplied data (Reference 4).
CBoth plate-type and tube-type wet ESP’'s are estimated to have

identical water requirements.
Blowdown rate for the venturi scrubber was estimated based on
guidance provided by a vendor (Reference 2).
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TABLE 4-7. ESTIMATED WATER BLOWDOWN RATES ASSOCIATED WITH
WET PM-10 EMISSION CONTROL TECHNIQUES AT THE LARGE MODEL PLANT®

Ionizing
wet Plate-type Tube-type Venturi
scrubbeg, wet ESP, wat ESP, scrubbeJEf
Source type gal/yr gal/yr® © gal/yr® © gal/yr
Veneer dryer | 9,072,000 453,600 453,600 |Gl
Boiler ; “ 7,350,000

AThe blowdown water is treated and recycled back to the wet PM-10
emission control device.

Blowdown rates for plate-type and tube-type wet ESP’s were
estimated based on the guidance provided by a vendor

{Reference 1). The blowdown rate for the ionizing wet scrubber
was also estimated based on vendor-supplied data (Reference 5).
CBoth plate-type and tube-type wet ESP’s are estimated to have
identical water requirements.

Blowdown rate for the venturi scrubber was estimated based on
guidance provided by a vendor (Reference 2).
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TABLE 4-8. ESTIMATED SOLID WASTE GENERATION RATES
AT THE SMALL MODEL PLANT2

Solid waste generation
Source type rate, tons/yr

Veneer dryerb 21 "

-_| e

BoilerP 88 - 92

dTo be conservative, it is assumed that the boiler is
not already equipped with a multiclone.

bIt is assumed that all PM-10 collected from the
veneer dryer will be burned in the wood waste-fired
boiler onsite. The PM recovered from the boiler is
chiefly composed of flyash, which is not suitable for
burning. Therefore, it is assumed that the PM
collected from the boiler is digsposed of in a
landfill.




TABLE 4-9.

ESTIMATED SOLID WASTE GENERATION RATES
AT THE MEDIUM MODEL PLANT®

Source type

Solid waste generation
rate, tons/yr

Veneer dryerb

64

Boilerb

ad7s be conservative, it is assumed that the boiler is

293 - 305

not already equipped with a multiclone.
b1t is asgumed that all PM-10 collected from the
veneer dryer will be burned in the wood waste-fired

boiler onsite.

burning. Therefore,

The PM recovered from the boiler is
chiefly composed of flyash, which is not suitable for
it is assumed that the PM

collected from the boiler is disposed of in a

landfill,
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TABLE 4-10. ESTIMATED SOLID WASTE GENERATION RATES
AT THE LARGE MODEL PLANT2

Solid waste generation rate,
Source type tons/yr
Veneer dryerb 124
BoilerP 581 - 606

aTo be conservative, it is assumed that the boiler is not
already equipped with a multiclone.

It is assumed that all PM-10 collected from the

veneer dryer will be burned in the wood waste-fired boiler
onsite. The PM recovered from the boiler is chiefly composed
of flyash, which is not suitable for burning. Therefore, it
is assumed that the PM collected from the boiler is disposed
of in a landfill.




from a boiler is chiefly composed of flyash, which is not
suitable for burning. Therefore, it would have to be disposed of
in a landfill.
4.5 ENERGY IMPACTS

Operating add-on PM-10 emission control devices requires
auxiliary power to compensate for the pressure drop across the
emission control device. Tables 4-11 through 4-13 contain a
summary of the estimated annual energy requirements to operate
various PM-10 emission control devices for all emission sources
congidered in this analysis for small, medium, and large model
plants, respectively. Some emission control alternatives, while
achieving the same emission reduction, can be more energy
efficient. Assuming that each PM-10 emission source considered
in this analysis is equipped with an add-on emission control
device, the energy requirement for the model plants is estimated
to fall in the following ranges:

Small plant: 260,400 - 37657355 5 kWh
Medium plant: 898,236 - 17907644, kWh
Large plant: 1,741,282 - 3302444 kWh

The energy consumption data {derived from'Tables 4-11
through 4-13) are expressed above as a range because the
potentially applicable control devices have varying energy
requirements.

The energy requirement to produce 1,000 £t plywood is
estimated to be between 200 and 450 kWh.¥E
of the range given above and the capacities of the three model

Using the upper end

plants, the total energy requirements at the small, medium, and
large model plants are estimated to be 2.25 x 107, 6.75 x 107,
and 13.5 x 10’ kwh, regpectively. The energy requirements to
operate PM-10 emigssion control devices at the small, medium, and
large model plants range between 1.2 and 4—%
total energy requirements at these plants, reséectively.

# percent of the
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5.0 CONTROL COST ANALYSIS

5.1 INTRODUCTION

This chapter presents cost estimates for installing PM-10
control devices described in Chapter 3 at each model plant for
each level of control. The cost effectiveness of each level of
control is determined on the Total Annual Cost (TAC) per ton of
PM-10 emission reduction basis when compared to the uncontrolled
plant of the same size.

Operations resulting in PM-10 emissions for which add-on
control systems have been determined to be technically feasible
(see Chapter 3) are:

1. Veneer dryers; and

2. Wood waste fired boilers.

Cost evaluation has been performed for the following PM-10
emission control alternatives:
Veneer dryer

1. Ionizing wet scrubber;

2. Wet electrostatic precipitator (plate-type and
tube-type);-aﬁd

3. Electrified filter bed.

Wood-wagte fired boiler

1. Fabric filter;

t glectrostatic precipitator;
3. Electrlfled filter bed; ard

Venturi scrubber.

Section 5.2 describes the cost evaluation methodology used
to estimate capital costs, total annual costs, and cost
effectiveness of the various PM-10 control alternatives. Results
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of the cost analysis for the PM-10 control alternatives for
veneer dr&ers are presented in Section 5.3. Section 5.4 contains
the results of the cost analysis of the PM-10 control alterna-
tives for the wood waste-fired boilers. Finally, Section 5.5
lists the references cited in this chapter.
5.2 COST EVALUATION METHODOLOGY

The cost analysis methodology consisted of a two-part
procedure involving the estimation of total capital costs and
annual operating costs. A description of the capital cost and
annual operating cost estimation procedures used for this
analysis is presented below.

5.2.1 Capital Cosgt Estimation
The capital cost estimation approach used in this analysis
is consistent with that presented in the EPA QAQPS Control Cost

Manual and Control Technologies for Hazardous Air Pollutantg.l:2
A reliable estimate of the total purchased cost was calculated or

a quote was obtained from a vendor and predetermined factors
(given in the reports referenced above) were applied to determine
all other capital cost elements of the emission control device.
Methods used to estimate total purchased equipment costs and
other direct and indirect capital costs for fabric filters and
dry electrostatic precipitators (ESP’s) are provided in EPA’'s
OAQPS Control Cost Manual.! The EPA document Control

Technologies for Hazardous Air Pollutants contains methods to
estimate total purchased equipment costs and other direct and
indirect capital costs for venturi scrubbers. 2

The capital costs of fabric filters and ESP’'s are reported
in Third Quarter 1986 dollars and Second Quarter 1987 dollars,
respectively.1 Capital costs of venturi scrubbers are given in
first quarter 1990 dollars.3 a compilation of monthly chemical
engineering equipment cost indices given in Chemical Engineering,
collected and supplied by EPA, were used to convert the costs to
First Quarter 1991 dollars. Chemical Engineering cost indices
are reported for each month. To convert the costs from Third
Quarter 1986 dollars to First Quarter 1991 dollars, the ratio of

the arithmetic average of the cost indices for January, February,
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and March 1991 to the arithmetic average of -the cost indices for
July, Augﬁst, and September 1986, was used. The average of the
cost indices for January, February, and March 1991 is 396. The
average of the cost indices for July, August, and September 1986
is 335.3. The ratio of the two averages is 1.18 (396/335.3).
Therefore, a factor of 1.18 was used to convert the costs from
Third Quarter 1986 dollars to First Quarter 1991. Similarly, a
factor of 1.16 was used to convert Second Quarter 1987 dollars to
First Quarter 1991 dollars. Finally, a conversion factor of 1.02
was used to convert First Quarter 1890 dollars to First Quarter
1991 dollars. '

Vendor quotations, on the other hand, represent current
dollars (First Quarter 1992). These quotations were used without
any adjustments.

As shown in Table 5-1, the total capital investment for cost
evaluation purposes is the sum of the total purchased equipment
costs, the total direct installation costs, the total indirect
installation costs, and contingency costs. Purchased equipment
costs represent the estimated delivered cost of the emission
control device, auxiliary equipment, instrumentation, structural
support, freight, and taxes. Auxiliary equipment consists of all
structural, mechanical, and electrical components required for
efficient operation of the device. These include interconnecting
ductwork, fans, stacks, tanks, pumps, piping, and motors.
Auxiliary equipment costs are not always included in the basic
equipment quotes from the vendors. The costs of instrumentation,
structural support, and freight are then calculated as a fraction
of the basic equipment and auxiliaries cost.

Each component of the direct and indirect installation costs
ig calculated as a fraction of the total purchased equipment
cost. Installation costs consgsist of the direct expenditures for
materials and labor for foundation and supports, erection and
handling, piping, electrical, painting, insulation, and site
preparation and the indirect costs for contractors’ engineering
and supervigion, construction and field expenses, construction
fees, contingencies, and startup and performance costs. These
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installation costs are expressed as a function of the total
purchased'equipment cost. The factors were based on the
assumption that the installation is performed by an outside
contractor and not by plant personnel.

Contingencies include unforeseen costs that may arise due to
possible redesign and modification of equipment, increases in the
cost of equipment, increases in field labor costs, and delays
encountered in startup.4

During this evaluation, the purchased equipment cost was
determined using the procedures given in the EPA documents
referenced above for fabric filters, dry ESP’s, and venturi
scrubbers.1:2 For the small model plant, the purchased eguipment
cost of the dry ESP was estimated based on vendor-supplied data.>
For wet ESP’s, ionizing wet scrubbers, electrified filter beds
(EFB‘s), and multiclones, vendor quotations were obtained for the
purchased equipment costs.®-13 Upon determining the total
purchased equipment cost, factors given in Table 5-1 were used to
estimate all other capital cost components. For EFB’s, the
factors for fabric filters given in Table 5-1 were used since no
other data were available. The validity of using these factors
wags verified during a telephone conversation with Mr. William
Vatavuk of EPA’s Office of Air Quality Planning and Standards.l14
For multiclones, the factors for venturi scrubbers given in
Table 5-1 were used since no other data were available.

Purchased equipment cosgsts were obtained for wet ESP’s,
EFB’gs, ionizing wet scrubbers, and multiclones. A retrofit cost
factor of 1.4 (suggested range is 1.3 to 1.5) has been applied to
the total capital cost as suggested in EPA’s QAQPS Control Cost
Manual .15
5.2.2 Armual Costs

Annual costs are developed using vendors’ estimates and

operating data in the literature. As shown in Table 5-2, total
annual costs are composed of the direct operating costs of
materials and labor for maintenance, operation, utilities,
material replacement {(e.g., bag replacement in fabric filters),




ANNUAL, COST ELEMENTS AND FACTORS2

. Direct: annual’ costs: {DC)

1. Utilities:1
Water
Electricity
Compressed air

50.25/1000 gallens
50.06/kWh
$0.16/1000 scfm

2. Operating laborP
Operator labor
Supervising labor

514.16/hr
15% of operator labor

Coordinator 33% of operator labor

3. Maintenance®

Labor $15.58/hr
Materials Ag applicable

4. Replacementd As applicable

5. Waste treatment/disposal® |As applicable

» .@Iﬁafigéf;ééﬁgél?cpétsyilcr

Overhead 60% of sum of operating, supervising

maintenance labor, and maintenance materials
Adminigtrative charges 2% of total capital investment
Property tax 1% of total capital investment
Insurance 1% of total capital investment
Capital recoveryf CRF x total capital investment

TOTAL ANNUAL COST DC + IC

3references 1 and 2.

bgee Table 5-3 for estimated cperator hours. Coordinator time applies only to
ESP's.

CSee Table 5-3 for estimated maintenance hours for fabric filters and venturi
gscrubbers. For EFB’s, the same maintenance requirements as for fabric
filters are assumed to apply. The cost of maintenance materials is assumed
to be equal to the maintenance labor cost for fabric filters, EFB’s, and
venturi scrubbers. For ESP’s, these are functions of purchased equipment
cost,

dBag replacement applieg for fabric filters. -

©In this analysis, it is assumed that the PM recovered from the veneer dryer

will be mixed with the hogged fuel and burned in the wood waste-fired

boiler. Waste disposal is required only in the case of PM recovered from
boilers since fly ash is not suitable for combustion. The PM recovered from
the boilers needs to be disposed of in a landfill. The landfill was assumed
to be located at a distance of 100 miles from the model plant. A tipping
fee of $20/ton and a transportation fee of $0.50/ton/mile were used in this
analysis. To estimate the cost of treatment of blowdown water for wet ESP’'s
and venturi scrubbers, a treatment cost of $2.15/1,000 gallons was used.

Capital recovery factor (CRF) is calculated using the formula given in

Secticn 5.2.2. Interest rate is assumed to be 10 percent. The equipment

life data for various emission control devices are contained in Table 5-3.
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and waste disposal and the indirect operating charges, including
plant ovefhead, general administration, and capital charges.

Labor and material costs for operation, supervision, and
maintenance vary depending on the system type, degree of system
automation, and operating time. Operating labor is generally
reduced with increased system automation. The maintenance costs
of well-designed and -maintained control equipment are low.
Estimated operator and maintenance labor hours are presented in
Table 5-3.

Utility costs for the emission control device and auxiliary
equipment are based on total annual consumption, unit costs, and
vendor estimates.

Indirect operating costs include the cost of plant overhead,
general administration (G&R), and capital charges. General
administration cost, as shown in Table 5-2, is a direct function
of the total capital investment. Overhead is a function of
labor. The capital recovery cost; or capital charge, is based on
the operational life of the system, capital depreciation rates,
and total capital investment. These charges are based on the
capital recovery factor (CRF) defined as:

CRF = _i(1 + #)B
(1 + 1)0 -1

where: i is the annual interest rate (expressed as a
fraction}, and
n is the equipment life (years).

Based on these cost estimating procedures, capital and
annual costs have been estimated for each PM-10 control
alternative evaluated. It is important to recognize that the
costs presented are provided for comparative purposes only.

A hrief description is provided below for each component of
the annual operating costs for all the emission control
technologies considered in this evaluation.




TABLE 5-3., ESTIMATED LABOR HOURS PER SHIFT AND AVERAGE
- EQUIPMENT LIFE

Average

Operator Maintenance equipment
Control device labor labor life, years
Fabric filter 4 3 20
ESP 1 a 20
Venturi scrubber 2 1 10
EFB 4 3 20
Ionizing wet scrubber _ 1 _ 20

Source: References 1, 2.

dMaintenance labor costs are a function of collection area and
purchased equipment cost. Maintenance labor for dry ESP’s is a
function of plate area, as described in Section 5.2.2.3.
Maintenance labor for tube-type wet ESP’s was supplied by a
vendor, and the requirements are 4, 8, and 16 hrs per week for
small, medium, and large model plants, respectively (Reference
6). It is assumed that the maintenance labor requirements for
plate-type wet ESP’s and ionizing wet scrubbers will be the same
as those for tube-type ESP's.

- R W e
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5.2.2.1 Utilities. Utility requirements to operate
emission control devices consist of:

1. Electricity;

2, Water; and

3. Compressed air.
Electric power is required to operate all emission control
devices, and, for wet collection methods, water is also required.
The electric power requirement is estimated for fabric filters,
dry ESP’s, and venturi scrubbers using the methods given in
EPA’'s, OAQPS Control Cost Manual, and Control Technologies for
Hazardous Air Pollutantg.1®:17 Electricity requirements were
assumed to be the same for both types of wet ESP’'s. Electric
power requirements for wet ESP’s, EFB’s, and ionizing wet
scrubbers were estimated based on vendor-supplied data.3:7.9-12

Water use for venturi scrubbers was estimated using the
procedures given in EPA’s Control Technologies for Hazardous Air
Pollutantsg.18 Makeup water requirements for tube-type wet ESP’s
and ionizing wet scrubbers were given by vendors.®:10-12  yarer
regquirements for the plate-type and tube-type wet ESP’'S were
assumed to be the same.

Compressed air is required to shake the bags in the fabric
filter. The EPA QAQPS Control Cost Manual estimates that
2 standard cubic feet per minute (scfm) of air would be required

19  gstandard conditions

for every 1,000 acfm of exhaust gases.
refer to 70°F and atmospheric pressure. The requirement of
compressed air is estimated for all fabric filters based on this
guideline.

5.2.2.2 QOperating Labor. Operating labor consists of

operator labor and supervisory labor requirements. Table 5-3
contains -operator labor requirements to operate fabric filters,
ESP’s, EFB’s, ionized wet scrubbers, and venturi scrubbers.
These labor requirements are expressed as operator hours per
shift. For this analysis, it was assumed that each model plant
operates three 8-hour shifts per day. For EFB’s, the operator
labor requirement corresponding to the fabric filter was used
since no other data were available. The validity of using this

5-9




method was verified during a telephone conversation with
Mr. William Vatavuk of EPA’'s Office of Air Quality Planning and
Standards.13

For fabric filters and ESP’s, EPA’s QOAQPS Control Cost
Manual indicates that the supervisory labor requirement is
15 percent of the operator labor requirement:.20 This approach
was also followed for EFB’s and ionizing wet scrubbers.

The OAQPS Control Cost Manual indicates that to operate
ESP’'s, an additional labor requirement referred to as
"coordinator time" is required.21 Further, this document
estimates the cost of coordinator labor to be one-third of the
operator labor cost. The cost of coordinator time was included
in the cost evaluation of all ESP’'s and ionizing wet scrubbers.
For ESP's and ionizing wet scrubbers, both supervisory labor cost
and coordinator labor cost have been added together and reported
as supervisory labor cost in the cost tables in the latter part
of this chapter.

A labor rate of $14.16 per hour was used to estimate the
operator labor cost. This rate represents a mark-up of
18 percent over the rate of $12 per hour given in the OAQPS
Control Cost Manual.22 The markup was provided to account for
increased cost-o0f-living expenses and to balance the wage rates
across the United States.

5.2.2.3 Maintenance ILabor and Materjals. Table 5-3
contains the maintenance labor requirements to maintain fabric
filters and venturi scrubbers expressed as maintenance hours per
shift.18:23 por this analysis, it was assumed that each model
plant operates three 8-hour shifts per day. To be conservative,
the upper limit of the range reported for maintenance labor
requirements given in Table 5-3 was used for each fabric filter
and venturi scrubber. For EFB’s, the maintenance labor require-
ment corresponding to the fabric filter was used since no other
data were available. For dry ESP’s, the maintenance labor




requirement depends on the collection area and purchased
equipmenﬁ-cost, as follows:24

labor cost = $4,125 for ESP plate area (A) < 50,000 ft?

= 0.0825A if A»50,000 ft2
Maintenance labor requirements for wet ESP’s and ionizing wet
scrubbers were provided by the vendor. Further, the maintenance
labor requirements for both types of wet ESP’s were assumed to be
the same.
The OAQPS Control Cost Manual and Control Technologies for

Hazardous Air Pollutants indicate that the cost of maintenance
materials is equal to the cost of maintenance labor for fabric

18,23 Thig approach was also

filters and venturi scrubbers.
followed for EFB’s and ionizing wet scrubbers. For dry ESP’s,
the OAQPS Control Cogt Manual suggests that the maintenance
materials cost will be approximately 1 percent of total purchased
equipment cost.2%4 This approach was used for all ESP’s.

A labor rate of $15.58 per hour was used to estimate the
maintenance labor cost. This rate also represents a mark-up of
18 percent over the rate of $13.20 given in the QAQPS Control
Cost Manual .22

5.2.2.4 Replacement. Replacement costs apply for fabric

filters. &An annual cost of bag replacement is included in the
cogt evaluation for fabric filters.
For fabric filters, the following method was used to
estimate the annual cost of bag replacement:23
CRCB = (CB + CL)xCRFB
where:
CRCg = bag capital recovery cost, S/yr;
Cg = initial bag cost including taxes and freight, §$;
C;,~= bag replacement labor; and :

(@]
s
o
o1}
1l

bag capital recovery factor.

The bag capital recovery factor is a function of annual
interest rate and useful life of the bags. For this analysis,
the annual interest rate was assumed to be 10 percent and the
ugeful life of bags was assumed to be 2 years, resulting in a bag
capital recovery . factor of 0.5762. The cost of the bags, CB' is

5-11




egstimated for each fabric filter per the procedure described in

the QAOPS Control Cost Manual.<>

model plant and application. Bag replacement labor was assumed

This cost differg for each

to be 20 man-minutes per bag.
5.2.2.5 Waste Digpogal. Employing PM-10 control techniques

can potentially generate waste streams., Solid waste generation
rates for smallg medium, and large model plants are presented in
Chapter 4. The standard practice within plywood plants consists
of combusting in the boiler the PM-10 collected in the emission
control devices controlling the veneer dryer. During this
analysis, therefore, it was assumed that PM recovered from fabric
filters, venturi scrubbers, dry ESP’'s, wet ESP's, and EFB’s would
be burned in the boiler onsite. Therefore, waste disposal costs
were not included in the cost evaluation of the above mentiocned
PM-10 control devices. However, costs for landfilling the flyash
collected in the control devices controlling the wood waste-fired
boiler were developed. The landfill was assumed to be located
approximately 100 miles from the model facility. A tipping fee
of 320/ton and a transportation fee of $0.50/ton/mile was used to
estimate the cost of sgsolid waste digposal as given in the QAQPS
Control Cost Manual.<2®

Using wet techniques, on the other hand, can potentially
generate a liquid waste stream. However, plywood facilities are
classified as zero-discharge facilities under the requirements of
the Clean Water Act. Therefore, at plywood facilities, the
scrubber water as well as the blowdown water is treated and
recycled to the process. A treatment cost of $2.15/
1,000 gallons, as given in EPA’s Control Technologies for
Hazardous Air Pollutants, is used to estimate the cost of
scrubber -water treatment.2’
5.2.3 Estimation of Control Device Cost Effectiveness

Control device cost effectiveness is defined as the annual
cost (sum of the annual operating costs and capital recovery
cost) divided by the total PM-10 emission reduction achieved by
that device. Cost effectiveness provides a means with which to




compare both costs and emissionsg reductions £for the range of
alternative air pollution control devices evaluated.
5.3 VENEER DRYER

In this section, the cost of PM-10 control for each
technically feasible control technology as applied to veneer
dryers is evaluated for the small, medium, and large model
plywood plants. Table 5-4 contains the operating parameters for
dryers in each of the three model plants. Three technically
feasible add-on emission control options identified for
controlling PM-10 emissions from a wveneer dryer are:

1. Ionizing wet scrubber;

2. Wet ESP; and

3. Electrified filter bed.
These are direct, add-on-type control systems, which do not
require significant equipment modifications at the facility.
Cost-effectiveness data for each of these options are summarized
below.

5.3.1 Ionizing Wet Scrubbers
The cost of control using the ionizing wet scrubber was

estimated based on cost estimates provided by a vendor.10-12 e
retrofit factor of 1.4 described in Section 5.2.1 was applied to
the purchased equipment cost quoted by the vendor. Factors for
direct installation costs and other indirect costs given for
fabric filters in Table 5-1 were used to estimate the total
capital cost of the ionizing wet scrubber.

All annual operating costs with the exception of electricity
were estimated using the factors given in Table 5-2 for ionizing
wet scrubbers. The electricity cost was estimated based on
vendor supplied data. Tables 5-5 through 5-7 contain the results
of the coest evaluation of ionizing wet scrubbers for the three
mcodel plywood plants.

5.3.2 Wet ESP

There are two types of wet ESP‘'s, as follows:

1. Plate-type collector; and

2. Tube-type collector.




MODEﬁ PLANT OPERATING DATA FOR VENEER DRYERS

TABLE 5-4.

Parameter Small plant [Medium plant [Large plant
No. of dryers 1 3 5
Total airflow, acfm 14,220 42,660 85,315
Temperature of gases, °C |110 (230) 110 (230) 110 (230)
(°F)
Total PM-10 emission 62 19 37
rate, lb/hr
Operating schedule:

No. shifts/day 3 3 3

No. hours/shift 8 8 8

No. hours/year 8,400 8,400 8,400

5-14
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These systems represent two different designs, and the operating
principleé are described in Chapter 3. For completeness, both
types of wet ESP’'s were evaluated, and control cost estimates for
both systems are reported.

5.3.2.1 Plate-Type Wet ESP. The capital cost of control
using the plate-type wet ESP was estimated based on cost
estimates provided by a vendor.’ The retrofit factor of
1.4 described in Section 5.2.1 was applied to the purchased
equipment cost quoted by the vendor. Factors for direct
installation costs and other indirect costs given for ESP’s in
Table 5-1 were used to estimate the total capital cost of the
plate-type wet ESP.

All annual operating costs with the exception of electricity
and water costs were estimated using the factors given in
Table 5-2 for ESP’s. Electricity and water costs were estimated
based on vendor-supplied data. Tables 5-5 through 5-7 contain
the results of the cost evaluation of plate-type wet ESP’'s for
the three model plywood plants.

5.3.2.2 Tube-Type Wet ESP. The cost of control using the
tube-type collector was estimated based on cost estimates

6 The retrofit factor of 1.4 described in

provided by a vendor.
Section 5.2.1 was applied to the purchased equipment cost quoted
by the vendor. Factors for direct installation costs and other
indirect costs given for ESP’s in Table 5-1 were used to estimate
the total capital cost of the tube-type wet ESP.

All annual operating costs with the exception of electricity
and water costs were estimated using the factors given in
Table 5-2 for ESP’s. Electricity and water costs were estimated
based on vendor supplied data. Tables 5-5 through 5-7 contain
the results of the cost evaluation of tube-type wet ESP’s for the
three model plywood plants.
5.3.3 Electrified Filter Bed

The cost of control using the electrified filter bed was
estimated based on cost estimates provided by a vendor.8 The
retrofit factor of 1.4 described in Section 5.2.1 was applied to
the purchased equipment cost quoted by the vendor. Factors for

5-18
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direct installation costs and other indirect costs given for
fabric filters in Table 5-1 were used to estimate the total
capital cost of the EFB.

All annual operating costs with the exception of electricity
were estimated using the factors given in Table 5-2 for EFB’s.
The electricity cost was estimated based on vendor supplied data.
Tables 5-5 through 5-7 contain the results of the cost evaluation
of EFB for the three model plywood plants. .

5.4 WQOD WASTE-FIRED BOILER

In this section, the cost of PM-10 control for each
technically feasible control technology as applied to wood waste-
fired boilers is evaluated for the small, medium, and large model
plywood plants. Table.5-8 containg a summary of operating data
pertaining to wood waste-fired boilers at each of the three model
plants. Feur technically feasible add-on emission control
options identified for controlling PM-10 emissions resulting from
a boiler are:

1. Fabric filter;

2. Dry electrostatic precipitator (ESP);

3. Electrified filter bed; ard

5. Venturi scrubber.
These are direct, add-on-type control systems, which do not
require significant equipment modifications at the facility.
Cost-effectiveness data for each of these options are summarized
below. For this analysis, it is assumed that all boilers are
equipped with multiclones, and the emission control devices
listed above would be used as add-on devices in addition to the
multiclone. |
5.4.1 Fabric Filter

The cost of controlling PM-10 emissions from boilers using a
fabric filter was estimated according to the method described in
the QAQPS Control Cost Manual.2? Tables 5-9 through 5-11 contain
the results of the cost evaluation of a fabric filter for each of
the three model plants. '




TABLE 5-8. MODEL PLANT OPERATING DATA FOR BOILERS

Parameter Small plant |Medium plant |Large plant
No. of boilers 1 1 1
Fuel burned, tons/hr 3.42 11.3 22.5
Airflow, acfm/boiler 15,270 50,460 100,470
Temperature of gases, °C (232 (450) 232 (450) 232 (450)
(°F)
Uncontrolled PM-10 22 73 146
emission rate,
1b/hr/boiler?
Emission rate of PM-10 19 62 123
withrgulticlone system,
1b/h
Operating schedule:

No. shifts/day 3 3 3

No. hours/shift B 8 8

No. hours/year 8,400 8,400 8,400

AFor boilers equipped only with primary cyclone.
For boilers equipped with primary cyclone and multiclone in
series and where flyash is reinjected.
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5.4.2 Electrostatic Precipitator

The cost of controlling PM-10 emissions from boilers using
an ESP was estimated according to the method described in the
OAQPS Control Cost Manual.3® However, the cost of the dry ESP
for the small model plant was estimated using vendor-supplied
data.®r 32 Tables 5-9 through 5-11 contain the results of the
cost evaluation of an ESP for each of the three model plants.
5.4.3 Electrified Filter Bed

The cost of control using the EFB was estimated based on
cost estimates provided by a vendor.? The retrofit factor of 1.4
described in Section 5.2.1 was applied to the purchased equipment
cost quoted by the vendor. Factors for direct installation costs
and other indirect costs given for EFB’s in Table 5-1 were used
to estimate the total capital cost of the EFB.

All annual operating costs with the exception of electricity
were estimated using the factors given in Table 5-2 for EFB’'g3,.
The electricity cost was estimated based on vendor supplied data.
Tables 5-9 through 5-11 contain the results of the cost

evaluation of an EFB for each of the three model plants.




544 Venturi Scrubber
The cost of control of PM-10 emissions from boilers using a

venturi scrubber was estimated according to the method described
in EPA's Control Technologies for Hazardous Air Pollutants.?
Tables 5-9 through 5-11 contain the result of the evaluation of
venturi scrubbers for the three model plants.
5.4.6 Multiclone

It is possible that there may be boilers operating without a
multiclone. Table 5-129 contains capital costs, annualized
costs, and cost effectiveness of adding just a multiclone as a PM
control device. The cost data were provided by a vendor.13 The
purchased equipment price was also provided by the vendor. The
retrofit factor of 1.4 described in Section 5.2.1 was applied to
the purchased equipment cost quoted by the vendor. Factors for
direct installation and other indirect costs given for multi-
clones in Table 5-1 were used to estimate the total capital cost
of the multiclones. The total annual cost consists of elec-
tricity, capitél recovery charges, insurance, property taxes, and
annual maintenance costs. The additional pressure drop across
the multiclone will require additional electrical energy. The
electricity requirements were estimated using the pressure drop
data supplied by the vendor.l3 Annual maintenance costs were
supplied by the vendor. The capital recovery charges, insurance,
and property taxes were estimated using the procedure described
in Section 5.2.2. _
5.5 REFERENCES FOR CHAPTER 5

1. O©OAQPS Control Cost Manual. U. 8. Environmental Protection
Agency. Research Triangle Park, NC. Publication
No. EPA-450/3-90-006. January 1990. Chapters 5 and 6.

2. Control Technologies for Hazardous Air Pollutants.
U. S. Environmental Protection Agency. Cincinnati, OH.
Publication No. EPA-625/6-91-014. June 1891. Chapter 4.
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TABLE 5-12., COST EFFECTIVENESS OF A MULTICLONE FOR WOCOD
WASTE:=FIRED BOILER PM-10 EMISSION CONTROL AT MODEL PLANTS

Model plant size

Cost element Small | Medium Large
Total capital cost?® 32 96 178
Total annual cost® 17 54 103
Amount of PM-10 controlled, ton/yrb 15 48 96
Cost effectiveness, $/ton PM-10 1,133 1,125 1,073

controlled® __

gAll costs are reported in thousands of dollars.

The PM-10 emission factor for an uncontrolled boiler is

6.48 lb/ton of fuel burned. The PM-10 emission factor for a
boiler with a multiclone where fly ash is reinjected is

5.46 1lb/ton. The amount of PM-10 controlled is estimated using
the difference between these two emission factors.

CThe cost effectiveness has been derived by dividing the total
annual cost by the amount of PM-10 controlled.
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