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1.0 INTRODUCTION

1.1 PURPOSE OF THE BID v
This report was prepared to suppért development of national emission standards for
hazardous air pollutants (NESHAP) for the plywood and composite wood products (PCWP)

manufacturing industi‘y. Plywood and cdmposite wood products include the following:

* particleboard . . hardwood veneer

* oriented strandboard (OSB) ‘ | ] 1aminéted veneer lumber (LVL)
. 'r;ledium density fiberboard (MDF) - » laminated strand lumber (ILSL)
. flberboard ' ‘ e _parallel strand lumber (PSL)

. h‘ardboard o ‘ ; B wéod I-joists | "

* softwood plywood S o glueclaminated beams

* softwood veneer ° other engineered wood products

* hardwood plywood

These PCWP are generally manufactured by adhering wood pieces (e.g., particles, fibers, flakes,
veneers, or lumber) with glue or other binder and pressing into a consolidated product.

The purpose of this document is to present information on PCWP manufacturing related
to the hazardous air pollutants (HAP) enﬁtted from PCWP processes and HAP control strategies.
This document contains the following:

* description of PCWP manufacturing processes and process units,

* description of the air pollution control devices (APCD) used to reduce IjAP

emissions, |

* summary of nationwide counts of process units and APCD,

~* summary of nationwide and per-process-unit average HAP emission estimates,
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¢ summary of the HAP reductidn capabilities of APCD,

« nationwide costs associated W‘Eith‘ the PCWP rulemaking, and

e npationwide enviromnental and energy impacts associated with tl'ie PCWP rulemaking.
Much of the information presented in thxs document is based on det#iled mfonnatxon
documented in supporting memoranda oect1on 1.2 describes the 1nformat10n sources used to
develop this background mformatlon document (BID) and introduces the addmonal supporting
memoranda. '

1.2 INFORMATION USED TO DEVELOP THE BID ‘

The data and analyses presented in thls document are based on information gathered by or
submitted to the U.S. Environmental Prdtecﬁon Agency (EPA) prior to proposal of the PCWP
NESHAP. The EPA conducted a survev (information collection request) o;f the industry in 1998
to collect 1997 base year information frdm PCWP facilities related to theirimanufacturing
operations and air pollution controls. leferent surveys were sent to compames according to the
products manufactured. Manufacturers of particleboard, OSB, MDF, hardboard fiberboard, and
softwood plywood or veneer completed the “general”’ survey; manufacturers of hardwood
plywood or veneer that operate either hot presses or veneer dryers completed the “hardwood
plywood” survey; and manufacturers of ;LVL LSL, PSL, laminated beams and I-joists completed
the “engineered wood products” survey1 The overall response rate for the surveys was greater
than 90 percent. The survey Tesponses vvere incorporated into three separate databases
(according to the type of survey) and were summarized in three separate memoranda 123 ©Much

of the information presented in this BID is based on the three survey response summary

t
!

memoranda.
The process unit and control counts presented in this document are . based on the survey -
response summary memoranda, the survey databases, and updated mformatlon received A
following the survey."”>* In some cases the equipment counts were developed using the survey
databases directly or process flow dlagr ams submitted with the surveys because the distinctions
made between the types of process unrts presented in this document were Inot readily apparent
from the survey response summary memoranda. .
Emissions test data v-ere obtained from three resources: (1) an ext@ensive HAP emission

testing program conducted by the National Council of the Paper Industry Efor Air and Stream

‘ i
b




Improvement (NCASI), (2) numerous emiséion test reports (dated 1995 or later) collected
through EPA’s survey of the industry, aﬁd (3)EPA’s Compilation of Air Pollutant Emission
Factors, Volume I: Stationary Poir;t'angd Area Sources (commonly referred to as AP-42). The
emissions test data were used to develop emission factors (i.e., mass of pollutant emitted per unit
production factors) for PCWP process uQnits and to evaluate the ability of various control
technologies to reduce HAP. The PCWiP'emission factors are summarized in a separate
memorandum.* The HAP reduction efficiency of vaﬁous control technologies is also
documented in a separate memorandum: and is summarized in Chapter 3 of this document.’ Thé
PCWP emission factors and control efﬁéiency infdrmation was coupled with the plant-specific
information from the survey responses to develop uncontrolled and baseline emission estimates
and to predict which facilities may be rriajor sources of HAP emissions. A major source is
defined as any stationary source or group of stationary sources within a contiguous area and
under common control that emits or hasi the potential to emit, considering c'ontrols, in the
aggregaté, 10 tons/yr or more of any sirfgle HAP or 25 tons/yr of any combination of HAP. The
plant-specific emission estimates are ddcumented in a separate memorandum and are
summarized in Chapter 2 of this document.

In addition to the EPA’s survey @gta and the emission test data, information was collected
through site visits to PCWP facilities; ciom.municatioh with representatives from the PCWP
‘industry, State and Federal agencies, and emission control device vendors; and operating permits.
All of these résources were used to ideﬁtify the maximum achievable control technology
(MACT) level of HAP emission control for the PCWP NESHAP. A separate memorandum
" documents the selection of MlACT.7 The aforementioned resources were also used to estimate
the cost, environmental, and energy imﬁacts associated with the MACT level of control. The
cost, environmental, and energy impacté are summarized in this document.

1.3 ORGANIZATION OF THE BID | ,

This BID is divided into five chépters. Chapter 1 is the introduction. Chapter 1 provides
orientation for the reader; explains the i:nformation upon which the PCWP NESHAP is based;.
and provides a list of acronyms, abbreviations, and special terms used in this document.

Chapter 2 is ‘divided into separate sections for each PCWP. Each section of Chapter 2

describes the processes used to manufacture PCWP, provides nationwide counts of process units
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and APCD, and summarizes the natlonw;de and per-process-unit average uhcon'trolled and
baseline emission estimates. In addition, Chapter 2 presents the Standard Ihdustrial '
Classification (SIC) and North Amerlcani Industrial Classification System (NAICS) codes for
PCWP, summarizes the number of plant.> that manufacture PCWP, descnbes where the PCWP
plants are located, and provides prOJecuons of the number of new PCWP facﬂmes

Chapter 3 discusses the control techmques that may be applied to reduce HAP emissions :
from PCWP process units. Chapter 3 dls,cusses the operation and performance of incineration-
based controls, biofiltration, permanent total enclosures (PTE), wet electrostatlc precipitators
(WESP), and other control techniques. i ‘ ﬁ

Chapter 4 describes the methodology used to develop the cost estlmates assoc1ated with
the MACT level of control for the PCWP NESHAP. The cost estimates are based on the use of
regenerative thermal oxidizers (RTO) foly all process units; a WESP followed by an RTO for
rotary strand dryers; and a PTE and RTd for reconstituted wood product phessea Chapter 4 and
Appendix A present the cost models used for RTO, WESP, and PTE. These cost models were
coupled with the facility-specific 1nformat1on from the survey responses to develop facility
specific’cost estimates. Chapter 4 presergts the number of facilities impacted and the nationwide
costs. In addition to the control costs, Cl apter 4 summarjzes the testing, monitoring, reporting,
and recordkeeping costs associated with the PCWP rulemaking.

Chapter 5 descnbes the methodology used to develop the env1ronmental and energy
impact estimates associated with the MACT level of control for the PCWP NESHAP and
presents the nationwide impacts. As forrthe cost impact estimates, the env1ronmental and energy
impact estimates are facility-specific and are based on the use of RTO, WESP and PTE.
Environmental impacts include HAP emission reductions, changes in cntena pollutant
emissions, secondary air impacts, waste\[water impacts, and solid waste 1mpacts. Energy impacts
are associated with electricity and fuel consumption by control devices. -
1.4 ACRONYMS, ABBREVIATIONS, AND OTHER TERMINOLOGY

Numerous acronyms and abbrevlatlons are used throughout this document Most of the
acronyms and abbreviations are defined the first time they appear in the te>gt. Table 1-1 also
defines the acronyms and abbreviations and can be used as a cross reference. In addition to the

acronyms and abbreviations, some other, terms that have special meaning are used in this
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document. The meaning of the terms is provided in the text and is also provided in Table 1-2 for

convenience. . ,
TABLE 1-1. ACRONYMS AND ABBREVIATIONS
l17Acro;nym or _
abbreviation ‘ Meaning
APCD air pollution controlf device(s)
BID background informétion document
CO carbon monoxide '
lLCO? carbon dioxide
CPA Composite Panel Association
dscfm dry standard cubic feet per minute ‘
EFB electrified filter bed I
EPA U.S. Environmentaljt Protection Agency l
ESP electrostatic precipitator
glulam glue-laminated beams
gpm gall'c;ns per minute
HAP hazardous air polluﬁant(s)
b/t pounds per cubic foot
1f/min linear feet per minute
LSL laminated strand luﬁlber
LVL laminated veneer lumber
MACT maximum achievable control technology
MDF medium“density fiberboard
MDI methylene diphenyl diisocyanate
MF melamine-formaldehyde
mi mile
min minutes ,
MUF melamine-urea-formaldehyde
N, nitrogen :
NAICS North American Inci:iustrial Classification System
NESHAP national emission sétandards for hazardous air pollutants
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TABLE 1-1. (Continued)

Acronym or - ~
abbreviation Meaning
NGI natural gas injection | ‘ -
NO, nitrogen dioxide E ;
NOy nitrogen oxides |

NSPS new source perform{lance standards

O, oxygen E ,
OAQPS Office of Air Quality Planning and Standards :
OSB oriented strandboaréi
Pb lead | : | |
PCWP plywood and c'ompggsite wood product(s)

PEC purchased equipme%ht cost

PF phenol—formaldehy%ie

PLV parallel laminated \éeneer

PM particulate matter [

PM,, particulate matter léss than 10 micrometers in aerodyn:amic diameter
PRF phenol-resorcinol-f;or‘r.naldehyde |
PSL parallel strand lumber

PTE permanent total encjlosure(s)

PVA polyvinyl acetate [

RCO regeneréﬁve catalyfic oxidizer(s)

RF radio-frequency |

RTO regenerative thermf;l oxidizer(s)

RVRS regenerative vapor frecc_wery system :
SIC Standard Industria]LClassification |
SO, sulfur dioxide E

TAC total annualized coét

TCI total capital investxfnent

TCO thermal catalytic mi&idizer(s)

THC total hydrocarbon




TABLE 1-1. (Continued)

Acronym or o v
abbreviation ' R : Meaning

tpy | tons per year . -
TTE ’ temporary total enciosure(s)

UF urea-formaldehyde '

VAPCCI Vatavuk air pollutidn control cost index

vOC volatile organic coﬁapound(s)

WESP wet electrostatic précipitator(s)

yd3 cubic yard

TABLE 1-2. TERMINOLOGY WITH A PARTICULAR MEANING
= USED IN THIS DOCUMENT

|

Term. . Meaning as used in this document
Agriboard o Particleboard made from agricultural fiber
Incineration-based - Air pollution control devices or methods that rely on
controi(s) incineration (oxidation) such as RTO, RCO, TO, TCO or
. process incineration
Semi-incineration Incineratfon of a portion (i.e., less than 75 volume percent) of

the exhaust from a process unit in an onsite combustion unit
such as a boiler or process heater

Permanent total enclosure | An enclosure that meets the criteria for a permanent total
(PTE) ~-| enclosure in Appendix M of 40 CFR part 51

Process incineration Incineration of all of the exhaust from a process unit
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2. Memorandum from K. Hanks, B. Threatt, and B. Nicholson, MRI, to M. Kissell, EPA/ESD.
May 19, 1999. Summary of Responses to the 1998 EPA Information Collection Request
(MACT Survey) -- Hardwood Plywood and Veneer.
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2000. Summary of Responses to the 1998 EPA Information Collection Request (MACT
Survey) -- Engineered Wood Products “

. Memorandum from D. Bullock and K. Hanks, MR, to M. Kisgell, EPA/ESD April 27,
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population of existing plywood and composite wood products plants and equipment
following the 1nformat10n collection request
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2.0 INDUSTRY PROFILE

This chapter provides process deécﬁptions, information on emissions sources and
controls, and nationwide emission estimétes for the PCWP industry. Section 2.1 presents an
overview of the PCWP industry. Seétioris 2.2-through 2.5 discuss manufacturing of composite
wood products; Sections 2.6 and 2.7 discuss softwood and hardwoeod plywood and veneer
manufacturing; Sections 2.8 through 2.13 discuss manufacturing of engineered wood products;
and Section 2.14 discusses kiln-dried lumber manufacturing. The sections in this chapter are
organized by product for convenience. : '

2.1 INDUSTRY OVERVIEW

Plywood and composité wood préducts include reconstituted or composite wood
products, plywood, veneer, and engineered wood products. Composite wood products, including
particleboard, hardboard, fiberboard, MDF, and OSB, are categorized under Standard Industrial
Classification (SIC) code 2493 for “Reco;nstituted Wood Products” (North American Industrial
Classification System (NAICS) code 321219). Composite wood products are manufactured by
combining dry wood particles, fibers, or iﬂakes with resin and pressing the wood and resin
mixture into a panel.

There are two types of plywood: softwood plywood and hardwood plywood. The
majority of the U.S. plywood plants makgz either softwood plywood or hardwood plywood. Only
a few plants produce both hardwood and;softwbod plywood. Softwood plywood is manufactured
by gluing several layers of dry softwood éveneers (thin wood layers or plies) together with an
adhesive. Softwood plywood is classifieﬁ under SIC code 2436, for “Softwood Plywood and
Veneer,” (NAICS code 321212). Hardwéood plywood is made of hardwood veneers bonded \;vith
an adhesive. The outer layers (face and 15ack) surround a core which is usﬁally lumber, veneer,
particleboard, or MDF. Hardwood plywbod may be pressed into panels or plywood components
- (e.g., curved hardwood plywood, seat baéks, chair arms, etc.). Hardwood plywood is classified
under SIC code 2435, for “Hardwood Pljfwood and Veneer” (NAICS code 32‘121 1).
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Engineered wood products are classified under SIC code 2439, for ‘E‘Structural Wood
Members Not Elsewhere Classified” (NAICS code 321213). Engineered V\;OOd products are
made from lumber, veneers, strands of wood, or from other small wood elefments that are bound
together with structural adhesives to form lumber-like structural products. ;They are designed for
use in the same structural applications aé sawn lurhber (e.g., girders, beams, headers, joists, studs,
and columns). These products allow pr<$duction of large-lumber subsﬁtuteé from small lower-
grade logs.! The engineered wood products discussed in this document include LVL, LSL, PSL,
and other engineered wood products suc:h as comply, I-joists, and glue-lamfinated beams

(glulam). Several facilities manufacture more than one engineered wood ﬁroduct at the same

plant site. | ‘
There are approximately 454 PC;\N’P manufacturing facilities in the
f

‘United States as of

April 2000. Most of the facilities are c<)in¢entrated in the Northwest, Southeast, and Midwestern

States, where timber supplies are abundant. Figure 2-1 shows the locations of PCWP facilities in

the United States.

Figure 2-1. Locations of U.S. PCWP facilities. |
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While most facilities produce only one product, some PCWP facilities have multiple
plants at one location and manufacture more than one product. Table 2-1 presents the number of
plants that manufacture each product.

TABLE 2-1. NUMBER OF U.S. PLANTS MANUFACTURING PCWP

Product Number of plants manufacturing product® "
Fiberboard | 7 |
Hardboard - r 18
MDF , -, 24
OSB 7 37
Particleboard - | 45
Molded particleboard ‘. 6
Particleboard from agricultural fiber ‘ 5
Softwood plywood and/or veneer: 105
Hardwood plywood and/or veneer 166
Engineered woocf i)roducts ; 41

4 Some plants also make more than one product (e.g., a plant making hardboard, particleboard, and
softwood plywood). These plants are counted once for each product made in the above table.
® Plant counts based on information available as of April 2000.

Over the past decade, productlon of OSB, MDF, particleboard, hardwood plywood LVL
glulam and I-joists has increased. However production of fiberboard, softwood plywood, and
hardboard has decreased. As a result, 1tA is expected that the number of PCWP plants producmg
products other than fiberboard, softwoo%l plywood, and hardboard will increase in the next
5 years. Based on U.S. production trencis, it is estimated that six new OSB plants, five new MDF
plants, and four new particleboard plant:s will startup in the 5 years following 2000 and will be *’
subject to the PCWP.NESHAP. It is estimated that approximately seven new LVL facilities will
begin operation in the next 5 years. Wh;ether or not the seven LVL fa_cfilities will be subject to the
PCWP NESHAP will depend on the em:issions sources at each facility and whether the facility is
a major source of HAP emissions. Whiie there are estimated to be several new hardwood

plywood and I-joist plants, these plants ;are not expected to be impacted by the PCWP NESHAP




because these plants typically are not majpr’sources of HAP emissions (as infdicated by the
emission estimates provided in Sections 2.7.3 and 2.11.3 below).? ’

2.2 PARTICLEBOARD
Particleboard is defined as a panel product manufactured from hgnocellulosm materials,

-

primarily in the form of discrete partlcles, combined with a synthetic resin or other suitable
binder and bonded together under heat anﬁ pressure.® The major types of particles used to
manufacture partiéleboard include wood éhavings, flakes, wafers, chips, sav\:zdust, strands, slivers,
and wood wool. Particleboard is typicallfy formed into panels which are used in manufacturing of
furniture, cabinets, doors, counter tops, and other products. However, there are some plants in
the United States that manufacture moldéd or extruded particleboard produc;ts Molded
particleboard products include molded pallets containers, doorskins, and furmture parts. Plants
that manufacture extruded particleboard i m the United States are captive plants which produce the
particleboard for use in another part of thelr business (e.g., furniture manufacture) The
extruded boards are typically overlaid wﬁ_h ‘veneer or a laminate. Partlcleboa.rd may also be
manufactured from agricultural fiber such as wheat straw or bagasse. Pamcleboard
manufactured from agricultural fiber (agriboard) is used in some of the samie applications as
conventional particleboard panels. Applications for agril:oard include shel\%fing, furniture,

cabinets, containers, doors, and store ﬁxtures

i

2.2.1 Particleboard Process Description l |
The particleboard manufacturing }process is described in the followmg three subsections.

Conventional particleboard manufacturmg is described in Section 2.2.1.1; agriboard
manufacturing is described in Section 2. ? 1.2; and molded and extruded partlcleboard
.manufacturing is described i in Section 2. 7 1.3.

2.2.1.1 Conventional Pamcleboard Process Description. The general steps used to

produce particleboard panels include ravY material procurement or generatlon milling,
classifying, drying, blending, mat formmg, pressing, and finishing. Figure 2-2 presents a process
flow diagram for a typical particleboard plant 4 |

cleboard is produced, partlcleboard generally is

, l
manufactured in three or five layers. The outer layers are referred to as the surface or face layers,

Although some single-layer parti

and the inner layers are called core layers Face layer material is usually fmer than core material.
By altering the relative properties of the {face and core layers, the bending strength and stiffness

f

of the board can be increased.

‘i
|
\
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The furnish or raw material for partieleboard normally consists of wood particles,
primarily wood chips, sawdust, and pl,aner shavings. Most particleboard furmsh is derived from
softwood species; however, a mixture of hardwood and softwood furmsh may also be used.
Furnish may be shipped to the facility or grenerated onsite and stored unt11 needed The furnish
may be further reduced in size by means of attrition mills such as hammerrmlls, flakers, or
refiners. After milling, the furnish is erther screened using vibrating or gyratory screens, or the
particles are air-classified. The purpose c[»f this step is to remove the fines and to separate the
core material from the face material. Thé screened or classified material then is transported to
storage bins. |

From the storage bins, the core and face material is conveyed to dryers Rotary dryers are
the most commonly used dryer type in the particleboard industry. Both smgle and triple-pass
dryers are used, although triple-pass rotary dryers are the most common. Some facilities use tube
dryers or other types of dryers. Direct Wood-ﬁred dryers, in which hot exhaust gases from a
combustion unit (e.g., a wood waste burner) are routed directly through the dryer are used at
most facilities. However, 1nd1rect—heated dryers also are used. Steam co1ls are located within the
path of the circulating air stream in 1nd1rect-heated dryers. Dryer inlet temperatures may be as
hxgh as 1500° to 1600°F if the furnish is %vet (or green); for dry fumnish, mlet temperature s are
reduced to about 500° to 600°F 2 Mixtures of dry and green material, partrcularly if unmanaged
can cause problems if mtroduced into the same dryer at the same time. For example, dryer fires
can occur if relatively dry wood is exposed to temperatures that are too hlgh If wet furnish is not
dried enough then the boards may blow in the press.> As aresult, most partrcleboard dryers are
dedicated to drying either relatively dry furmsh or relatively green furnish. ! Core dryers often
operate at higher temperatures than face, 'dryers because a lower moisture content is more
desirable for core material. The desired furmsh moisture content at the dryer outlet determines
the dryer inlet temperature. Dryer inlet temperatures are routmely adjusted based on furnish
moisture measurements. [

The moisture content of the pardic]es entering the dryers may be as éhi gh as 50 percent on
a wet basis (100 percent on a dry basrs) Planer shavings are a predommant material used in'the
manufacture of particleboard.? The 1n1et moisture content assocrated with. green planer shavings

in the Northwest is about 30 percent (dry basrs) The moisture content of ‘green pines is higher
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(80 to 200 perceni, dry basis) than the mc}isture content of green Douglas fir (40 percent), a
common wood source in the Northwest.j; Dry planer shavings have a moisture content of about
15 percent. Urban wood (another sorilrcef of pre-dried wood) has a moisture content of 15 to

25 percent.” Drying reduces the moisturé content to 2 to 8 percent, wet basis (2 to 9 percent, dry
basis).* | |

After drying, the particles pass through a primary cyclone for product recovery and then
are transferred to holding bins. Face material sometimes is screened to remove the fines, which
tend to absorb much of the resin, brior to storage in the holding bins. From the holding bins, the
core and face material is transferred to bienders, in which the particles are mixed with resin, wax,
and other additives by means of spray nc;zzles; tubes, or atomizers. Urea-formaldehyde (UF)
resin is the most éommonly used resin t):.'pe in panicleboard manufacture. However, some plants
use phenol-formaldehyde (PF) or melamine-urea-formaldehyde (MUF) resins.® Phenol-
formaidehyde resins are water-proof and are used in particleboard manufactured for outdoor
applications. , : |

Waxes are added to impart watef resistance, increase the stability of the finished product
under wet conditions; and to reduce the tendency for equipmerit plugging. For furnishes that are
low in acidity, catalysts also may be bleflded with the particles to accelerate the resin cure and to
reduce the press time. Formaldehyde schvengers also. may be added in the.blending step to
reduce formaldehyde emissions fr'om‘thcia process.*

Blenders generally are designed :to discharge the resinated particles into a plenum over a
belt conveyor that feeds the b]ehded material to a forming machine. The forming machine
deposits the resinated material onto the éonveyor in the form of a continuous mat. To produce
multilayer particleboard, several forminé heads can be used in series, or air currents can produce
a gradation of particle sizes from face t@ core.

The particleboard mat may be prepressed at room temperature with a roller as it leaves
the former. The mat is then cut into de%ired léngths and conveyed to the hot press. The hot press
applies heat and pressure to activate the% resin and bond the wood particles into a solid panel.
Most plants operate multi-opening batcih presses, although a few single-opening batch presses
exist.® Figure 2-3 depicts a multi-openifhg batch press.* A few plants operate continuous presses

which press the continuous particleboard mat as it exits the former. Most batch particleboard
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presses are steam-heated using steam gex%erated by a boiler that burns wood%residue. However,
hot oil and hot water also are used to heat batch presses. Continuous presses are typically heated
with hot oil. Total press time is arou;ld 6 minutes (min) for particleboard presses. The ooperating
temperatures for particleboard presses génerdly range from 260° to 450°F and average around-
330°F. The finished particleboard density ranges from 29 to 72 pounds per?cubic foot (1b/ft%).6
After pressing, the boards are pas%e,d through a board cooler prior to stacking. Cooling of
urea-bonded boards is necessary because; the board will not reach its maximum properties until it
has cooled, and some urea resins may break down if the boards are hot stacked. Star or wicket
type board coolers are commonly used m particleboard manufacture. Newer types of coolers are

enclosed chambers where the boards are itransported on edge through the cooler.?

3
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Figure 2-3.) Multi-opening batch press.
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~ Once cooled, the particleboard panels are sanded and trimmed to final dimensions. Edge
seals, grade stamps and trademarks, comfpany logo inforfnation, nail lines, or shelving edge ﬁllers
may be applied to the particleboard as pé:t of the finishing process before the particleboard is
bundled for shipment. Some facilities use the finished particieboard for onsite fuﬁitum
manufacture or in production of—lanﬂnatéd panels. .
2.2.1.2 Agriboard Process Descﬁgtion. Particleboard manufactured from agricultural
fiber, or agriboard, is used in some of the same applications as conventional panicleboard panels.
The primary difference in agriboard and conventional particleboard is the raw materials. The
generé,l steps used to produce agriboard ?anels include raw material procurement, milling,
classifying, drying (if necessary), blendiréxg, mat forming, pressing, and finishing.

Agriboard is produced from wheélt straw, soy stalks, grass straw, or sugar cane bagasse.
Large quantities of agricultural fiber, suqh as wheat or soy, are grown in certain regions of the
United States. Once the wheat grain or éoy beans are harvested, the plant stalk remains. In the
bast, farmers have elinﬁnated the plant s:talks by tilli.rllg them into the ground or burning them in
the field. However, this'a‘gricultural ﬁbér may be baled and sold for production of agriboard.
Procurement of agricultural fiber for agﬁboard occurs once per year just after the annual harvest.
The agricultural fiber is stored for the yeiar by the agriboard plant or its suppliers.’

The bales of agricultural fiber arc%, broken and the fiber is reduced in size to one-half inch
or shorter pieces by hammermills, grind¢rs, or refiners (attrition mills). The moisture content of
sugar cane bagasse used by one plant is j%{pprOXi"rn'ately 100 percent (dry basis). The bagasse is
stored until the moisture content is reducz:ed to approximately 33 percent (dry bas'is).f"9 For the
plant using a mixture of soy énd wheat sftraw, the fiber moisture content ranges from 11 to
82 percent (dry bésis). The moisture coriltent of grass straw used by one plémt and of wheat straw
used by another plant ranges from 11 to 214 percent (dry basis).? Another plant usés wheat straw
with a moisture content ranging from 5 to 50 percent (dry basis).°

Of the five agriboard plants operating in the United States, three operate rotaiy dryers to
remove excess moisture from the agricultural fiber. The plant that processes sugar cane bagasse
uses a gas-fired, single-pass rotary dryer to reduce the moisture content of the bagasse from
approximately 33 to 11 percent (dry basis) with a dryer inlet temperature of approximately

650°F." The plant that processes a mixture of soy stalks and wheat straw, uses a gas-fired, triple
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pass rotary dryer. In thlS dryer the agncultural fiber moisture content is reduced to about

2 percent (dry basis) w1th a dryer inlet temperature of approxrmate]y 490°F. 59 Another plant

reduces the moisture content of wheat straw from about 50 to 15 percent (dry basrs) in ani

indirect-heated, single pass rotary dryer with an inlet temperature of-about 400°F or less.’
Following sizing and/or drying, the agricultural fiber is mixed with rnethylene diphenyl

diisocyanate (MD]) resin in blenders. Resinated material is formed into mats cut to length, and

pressed. Multi-opening batch presses are typically used in the manufacture of agriboard.

Continuous presses may also be employed although no continuous presses are currently used at

operating U.S. agriboard plants. All ﬁve of the U.S. agriboard plants operate presses with fewer
than 10 openings. Agriboard presses are typrcally steam heated, although one press is he: ated by
hot 0il.%® The steam-heated press at one plant for which industry survey data are available
operates at a temperature of around 17 O°l= and has a 4-minute press cycle. The press heated by
hot oil operates at around 350°F and has a press cycle that varies from 2 to 20 min.® Following
pressing, agriboard panels are cooled in a board cooler, cut to size, 1nspected sanded, finished,
and shipped. The density of pressed agnboard panels ranges from 37 to 45 1b/ft>.6

2.2.1.3 Molded and Extruded Partlcleboard Process Description. The milling,
classifying, blending, and drying processes used in molded or extruded partlcleboard
manufacture are generally the same as for plants that manufacture conventronal particleboard.
The forming, pressing, and finishing operatlons at molded or extruded partlcleboard plants differ
from similar operations in conventional partrcleboard manufacture.

In molded particleboard manufacturmg, dry wood particles blended with UF resin are

" routed into several presses. The presseslare not platen presses as in conventronal particleboard

manufacture, but are heated molds that shape the wood particles into the frmshed product. Based

on the results of EPA’s industry survey, irnolded particleboard plants typlcally operate several
(e.g., 10 or more) single-opening press rnolds The presses are heated by hot water to around
365°F. The density of molded partrclebpard products ranges from 45 to 62 1b/ft>.° The press |
time and temperature, as well as the frmphed product density, vary dependlng on the molded
product produced. Once the molded parts exit the hot press, they are finished and stored for

shipment. %
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Like conventional particleboard, extruded particleboard is made from dry wood particles
blended with UF resin. Resinated paﬂicles from the blender enter an extrusion press, which is a
heated die that is either vertically orhoﬁZohtally oriented. The particles are continuously spread
over the cross-section of the heated die, while a reciprocating hydraplic ram forces the particles
through the die. The extruders cure particleboard at around 375°F.36

2.2.2 Emission Sources and Controls at Particleboard Plants

- The primary sources of HAP enﬁssions at conventional particleboard plants include wood
dryers, blenders, formers, presses, and board coolers. Wood dryers are also present at molded
and extruded particleboard plants. Extrutiers, molded particleboard presses, and agriboard
presses are also sources of HAP emissions. '

~ There are a totél of 144 particleboard dryers and three agriboard dryers in the United
States. Table 2-2 sunlmarizes the types of dryers and APCD used to control emissions from the
dryers. Table 2-3 presents-the number of conventional and molded particleboard rotary dryers
and APCD according to furnish type (i.e.f, green versus dry furnish).!!

There are typically two to three bl;enders at conventional particleboard plants. The actual
number of blenders depends on the amount of board produced at the plant. In addition, there is
usually one former for each press at convjentional particleboard and agriboarcl plants. Molded
particleboard plants with press molds or extruders do not operate formers. Although a specific
count of the number of blenders and fomlers and control devices is not attainable, no known
blenders or formers operate with HAP control devices. Most vent through baghouses.

Tables 2-4 and 2-5 summarize th% APCD used to control emissions from the
particleboard presses and board coolers used in the United States. The tables also summarize
which control systems include PTE to capture and route exhaust to the APCD."? There are a total
of 57 conventional particleboard presses.: In addition, there alre 41 uncontrolled press molds,
seven extruders, and eight agriboard presses. There are a total of 53 board coolers in use at

domestic particleboard plants.
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TABLE 2-2. NUMBER OF EPARTICLEBOARD DRYERS AND APCD

IN THE UNITED STATES :
= Conventional and molded Agriboard
; particleboard dryers f dryer
APCD type . Rotary Tube | Other Rotary
Incineration-based controls: ‘
*« WESP and RTO. | 2
« Multiclone, WESP, RTO 3
« Multiclone and RTO 4
« Semi-incineration 5 1
WESPs and wet scrubbers:
 Wet scrubber L oT21
« WESP 15
» Scrubber and WESP % 8
» Multiclone and WESP -
Dry scrubbers and other controls: ’
» Baghouse i 6 3
» Cyclone | 7 :
» Multiclone | 24
« Sand filter ’ 2
« EFB | 4
« Cyclone and EFB : 1
» Multiclone, EFB, and baghouse ' 3 :
Uncontrolied ‘ 34 1 2
Total ) - 138 4 2
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TABLE 2-3. NUMBER OF PARTICLEBOARD ROTARY DRYERS
BY FURNISH TYPE AND APCD IN THE UNITED STATES

APCD type ; Green furnish® Dry furnish® “

Incineration-based controls: D : : “
e WESP and RTO
» Multiclone, WESP, and RTO
» Multiclone and RTO
* Semi-incineration

— W N,

WESPs and wet scrubbers: ‘
* Wet scrubber 8 13
« WESP - S 15
+ Scrubber and WESP C g8
e Multiclone and WESP } '

Dry scrubbers and other controls:
* Baghouse
e Cyclone
* Multiclone 21
* Sand filter
« EFB
* Cyclone and EFB
« Multiclone, EFB, and baghouse

L).)HNI\)U)(.O_'—‘

Uncontrolled | 21 13

Total | 80 58

? Green furnish rotary dryers operate with an 1r11et furnish moisture content of greater than 30 percent (by weight,
dry basis) or operate with an inlet temperature of greater than 600°F. Dry furnish rotary dryers operate with an
inlet moisture content of less than or equal to; 30 percent and an inlet temperature of less than or equal to 600°F.
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TABLE 2-4. NUMBER OF ]PARTICLEBOARD PRESSES
AND APCD IN THE UNITED STATES®

M . Conventional | Molded 5
| pari:ic]eboa.rd particleboard , Agriboard
APCD type ~ presses press molds |~ Extruders presses
| Incineration-based controls: 5 '
| <RTO 3(3)
* Semi-incineration and 2 )
scrubber i
‘WESPs and wet scrubbers: |
* Wet scrubber 20
« WESP 1(0)
Dry scrubbers and other controls: ‘L
» Baghouse 2(2)
» Biofilter ) 1(0) .
Uncontrolled 46 (2) 41 (0) 7 (0) 8 (0)
Total 57 (7) 41 (0) 7 (0) 8 (0)

? The numbers outside of the parentheses represent the number of presses with each control device. The numbers in
parentHeses indicate the number of fully enC]Ofed presses with each control device.

| -
TABLE 2-5. NUMBER OF PARTICLEBOARD BOARD CpOLERS
AND APCD IN THE UNITED STATES? !

]
P

: Conventional particleboard
APCD type _ | board coolers

. . |
Incineration-based controls:
* RTO ‘
* Semi-incineration and scrubber

Dry scrubbers and other C(E)ntrols:‘

* Baghouse | ' 20

 Biofilter ‘ 1)
Uncontrolled , 50(12) .
Total | | 53(12) 1

? The numbers outside of the parentheses represent the number of board: coclers
with each control device. The numbers in parentheses indicate the number of.
fully enclosed board coolers W1th each control device.

f
|
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2.2.3 Nationwide HAP Emissions from Particleboard Plants

Nationwide baseline total HAP emis;ions for conventional and molded particleboard
plants are estimated to be 5,400 tons?—per year (tpy). The average total uncontrolled HAP
emissions per plant is 127 tpy for converiﬁonal particleboard plantsand 9 tpy for molded
particleboard plants. The average baselii}e HAP emissions per plaht is 121 tpy for conventional
particleboard plants and 9 tpy for moldecjl particleboard plahts. Table 2-6 presents the average
uncontrolled emissions per panicleboard‘ process unit. The average emissions per plant and per
process unit were calculated aé the average of the total emissions estimated for each plant and for
each process unit uSing the methodology; documented in >the baseline emissions mtemro.13

Nationwide baseline emissions afe not estimated for agriboard plants due to lack of
available information. However, review of air permits for agriboard plants suggests that

individual agriboard plants are likely to emit far less than 25 tpy of total HAP 51044

TABLE 2-6. AVERAGE UNCONTROLLED TOTAL HAP EMISSIONS
" FOR PARTICLEBOARD PROCESS UNITS

- Average uncontrolled total HAP emissions (tpy)
Process unit Conventional particleboard Molded particieboard
Green furnish rotary dryer - 11 3
Dry furnish rotary dryer .. ; 3 NA
Tube dryer : 7 NA
Paddle-type dryer ‘ <1 NA
Press . . 37‘,(convent'ional press) <1 (préss molds or extruders)
Board cooler 5 NA
Blender/former 45 3 (blender only)
Refiner/hammermill | <1 <<1
Sanders | 2 | NA
Saws | <1 ' NA
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2.3 ORIENTED STRANDBOARD

Oriented strandboard is a structural panel produced from thin wood strands cut from

|
|

N
1
|
;

whole logs, bonded together with resin, and hot pressed. The chief markets for OSB include
sheathing, single-layer flooring, underlay;nent in light-frame constructlon, and I-joist web.

2.3.1 OSB Process Description [

Figure 2-4 presents a typical process flow diagram for an OSB plant 5 Oriented
strandboard manufacturing begins with softwood or hardwood (e.g., aspen, yellow poplar) whole
logs. In northern plants, these logs are put in hot ponds for thawing prior to%ﬂakimg during winter
months. The logs are then debarked and ifed into the flakers. Flakers slice the logs into strands
approximately 1.5 inches wide, 4.5 to 6 mches long, and 0. 025 inches thlck s The strands then
are conveyed to wet strand storage bins to await processing through the dryers

Most OSB plants in the United States use triple-pass rotary drum dryers. Rotary dryers
are normally direct-fired with wood residlue from the plant, but occasionallyé oil or natural gas
also are used as fuels. The wood strands ;afe generally dried from around 60 percent moisture
(dry basis) to around 5 percent (dry basis?.ﬁl Most rotary dryers are dedicatecéi to drying either core
or surface material to allow independent %djustment of moisture content. This independent
adjustment is particularly important whe;ie different resins are used in core énd surface materials.
Rotary strand dryers operate with an inlet dryer temperature of around 1,006°F. The inlet dryer
temperature can range up to 1,600°F.° | ‘ !

Two plants in the United States use:three-section conveyor dryers to: dry OSB strandé._

These dryers operate at lower temperatures than do OSB rotary dryers. Coniveyor dryers have

inlet temperatures of around 320°F. Conveyor dryers are typically indirect-heated. As for rotary
dryers, the strands in conveyor dryers are, generally dried from around 60 percent moisture (dry
basis) to around 5 percent (dry basis).®

After drying, the strarids are conveyed pneumatically from the rotary dryer and separated
from the gas stream at the primary cyclone Strands exiting conveyor dryers are transported on 2
conveyor rather than pneumatically. Dryf strands are screened to remove fmes (which could
absorb excessive amounts of resm) and tcp separate the strands by surface area and weight.
Undesired material is sent to a fuel prepaération system for the dryer burner t)r boiler. The

f
screened strands are stored in dry bins. |
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Figure 2-4. Typical process flow diagram for an oriented strandboard plant.
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The strands are conveyed from the dry bins to a blender, where theyfare blended with
resin, wax, and other additives. Orier_lted strandboard plants typically operate two or more
blenders, one for core material and one f(%)r face material. Different resin types or formulations
are used in the face and core material. FzEzce resins are typically liquiZI or po:wdered PF resins,
while core resins are PF or MDIL. A few jplants_ use MDI in both the face anél core of the OSB
panel. The use of MDI resins for core stxiands is growing because MDI cures at lower
temperatures (and therefore faster) than f’F resins.!

From the blender the resinated stfmds are conveyed to the fonner, where they are
metered out on a continuously moving scEreen system. Screenless systems 1n which the OSB mat
lies directly on the conveyor belt may also be used The strands are mechanically Oﬁente;d in one
direction as they fall to the screen below. | Subsequent forming heads form dlstmct layers in
which the strands are oriented perpendlcular to those in the previous layer. The alternating
oriented layers result in a structurally supenor panel. :

In the mat trimming section, the contmuous formed mat is cut into desired lengths by a
traveling saw. The trimmed mat then is passed to the accumulating press loader and sent to the
hot press. Presses used in OSB manufacture are multi-opening batch presses similar to those
used in particleboard manufacture. One Flant recently installed a contmuous OSB press. The
batch or continuous press applies heat and pressure to activate the resin and bond the strands into
a solid reconstituted panel. Board densmes reported in responses to the EPA’s industry survey
ranged from 33 to 51 Ib/ft’. Hot oil supp{hed by a thermal oil heater is used to heat most hot
presses. Steam geherated by a boiler thait burns plant residuals may also be.used to heat the
press. Presses are operated at ternperatul%es of around 400°F with cycle times averaging around

Some plants cool boards followmg pressing. However, operation of board coolers at
OSB plants is uncommon because hot stackmg of boards made using PF resm can strengthen the
resin bond. Next, panels are trimmed to %fmal dimensions, finished (if necessary), and the product
is packaged for shipment. Finishing maﬁf include face sanding and profiling tongue and groove

¢

edges as well as application of edge coatﬁngs, nail lines, and trademarks or grade stamps.
{ . ;
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2.3.2 Emission Sources and Controls athS'"B Plants

The pnmary sources of HAP ermssmns at OSB plants mclude wood dryers, blenders
formers, presses, and board coolers. In addmon to emissions from dryers and presses, HAP
emissions may also be released from some finishing operations at OSB plants. Emissions from
finishing operations are dependent on thé type of products being finished. For most OSB

‘products, finishing involves trimming to size and pdssibly painting or coating the edges.
Generally, water-based coatings are usedj to paint OSB edges, and the resultant HAP emissions
are relatively small. |

There are a total of 125 OSB dryers in the United States. Table 2-7 summarizes the types
of dryers and APCD used to control emis:sions‘ from the dryers. Table 2-8 summarizes the
capture and control devices used to control emissions from 39 présses and two board coolers

' used in the United States to manufacture OSB."

TABLE 2-7. NUMBER OF OSB DRYERS AND APCD IN THE UNITED STATES

; OSB dryers
APCD type : : ‘ Rotary Conveyor
Incineration-based controls: ‘
* WESP and RTO ‘ 30
« WESP and RCO . 4
* Cyclone, WESP and RTO ' l 12
* Multiclone, WESP, and RTO - 9
» Multiclone and RTO 14
* Rotary bed protector and RTO 5 10
* Process incineration and baghouse 2
* Process incineration and dry ESP 3
* Process incineration, muiticlone, and dry ESP : -6
WESPs and wet scrubbers: o
* WESP § 19
» Multiclone, scrubber, and WESP ': 2
* Multiclone and WESP : . 4
Dry scrubbers and other controls: ‘ ‘ .
* Cyclone or multiclone - A 4 multiclone 1 cyclone
* Multiclone and EFB ‘ 5
Uncontrolled
Total ) f 121 4
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TABLE 2-8. NUMBER OF OSB PRESSES AND BOARD COOLERS
AND APCD IN THE UNITED STATES

- OSB board

APCD type Z | OSB presses coolers H
Incineration-based controls: .

* RTO t ‘ 14 (13)

*RCO 1(1)

*« TCO . 1(1)

«WESPandRTO | 1(0)

» Semi-incineration X 1)
Other controls: L

« Biofilter 2 (0) :
Uncontrolled . o 19 (0) 2 ©)
Total 39 (15) 2 (0)

¥ The numbers outside of the parentheses represent the number of presses:or board
coolers with each control dev1ce The numbers in parentheses indicate the number of
fully enclosed presses and board coolers with each contro! device.
|

There are typically two to three blén’ders at OSB plants. The actual riumber of blenders
depends on the amount of board produc ed at each plant. There is usually | one former for each
OSB press. Although a specific count of the number of blenders and formers and control devices

is not attainable, there are no known blenders or formers that operate with HAP control devices.

Most vent through baghouses.

2.3.3 Nationwide HAP Emissions from OSB Plants

Nationwide baseline total HAP%efriissions from OSB plants are estimated to be 3,500 tpy.
The average total uncontrolled and baséaline HAP emissions per plant are 6194 tpy and 90 tpy,
respectively. Table 2-9 presents the avgerage uncontrolled emissions per OSB process unit. The

average emissions per plant and per pr?cess unit were calculated as the average of the total

emissions estimated for each plant and’ for each process unit using the methodology dpcumented
. ‘

in the baseline emissions memo.!?

2-20




TABLE 2-9. AVERAGE UNCONTROLLED TOTAL HAP EMISSIONS

FOR OSB PROCESS UNITS
‘ = Average uncontrolled total
Process unit , . HAP emissions (tpy)
Rotary dryer 32
Conveyor dryer N 5°
Press . 176
i Blender/former | | ‘ 11

2 Emissions were estimated based on rotary dryer emission factors that were scaled
down using ratios of rotary dryer and conveyor dryer formaldehyde and total
hydrocarbon. See the baseline emissions memo for details."

- 2.4 MEDIUM DENSITY F]ZBERBOARD

The Composite Panel Association ‘(CPA) defines MDF as a dry-formed panel product
manufactured from lignocellulosic ﬁberé combined with a synthetic resin or other suitable
binder. Medium 'densityhfiberboard can be finished to a smooth surface and grain printed,
eliminating the need for veneers and lan{jnates. Most of the thicker MDF panels (0.5 to
0.75 inches) are used as core material in ifumiture panels. Medium density fiberboard panels
thinner than one-half inch typically are used for siding.'® Major markets for MDF include
furniture, cabinets, moulding, store fixtu;res, and shelving.6

2.4.1 MDF Process Description

The general steps used to produce MDF include mechanical pulping of wood chips to
fibers (refining), drying, blending fibers jWith resin and sometimes wax, forming the resinated

material into a mat, and hot preésing. F gure 2-5 presents a process flow diagram for a typical

MDF plant. i
The furnish for MDF normally c:onsists of hardwood or softwood chips. Wood chips

typically are delivered by truck or rail frZOm off-site locations such as sawmills, plywood plants,

furniture manufacturing facilities, satellite chip mills, and whole tree chipping operations. If

wood chips are prepared onsite, logs are debarked, cut to more manageable lengths, and then sent

to chippers. If necessary, the chips are washed to remove dirt and other debris.
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Clean chips are softened by stearn and rubbed apart or ground into fibers in pressurized

- refiners. Pressurized refiners consist of fa‘steaming vessel (digester) and of single or double
revolving disks to mechanically pulp (reﬁne) the chips into fibers suitable for r_naking the board.
The Wood chips are discharged under pressure from the digester section of the pressurized refiner
into the refiner section. The steam pressure is maintained throughout the entxre refining process.

From the pressurized reﬁners the fibers move to the drying and blendmg area of the
MDEF plant. The sequence of the drying and blending operations depends on the method by
which resins and other additives are blended with the fibers. Most plants inject resin into a
blowline system, although some plants inject resins into a short-retention blender. If a blowline
system is used, the fibers leaving the pressurized refiners are blended with resin, wax, and other .
additives in a blowpipe which discharges the resinated fibers to the dryer. After drying, the
resinated fibers are conveyed to a dry ﬁuer storage'bin. If resin is added in a blender, the fibers
are first dried and then conveyed to the blender. The fibers are blended with resin, wax, and any
other additives and conveyed to a dry fiber storage bin. Urea-formaldehyde resins are the most
common resins used in the manufacture 1!of MDF. Melamine urea formaldehyde, PF, or MDI
resins are also used.

Medium density fiberboard plants use tube dryers. Tube dryers are either single-stage or
multiple-stage drying systems. Most of jthe multip]e-staéed tube drying systems incorporate two
stages. One plant uses a three-stage tube drying system, but the third stage at this plant does not
remove moisture from the wood materia‘jl;” 'In multiple-stage tube dryers, there is a primary tube
dryer and a secondary tube dryer in sen‘e?s separated by an emission point (e.g., a cyclonic |
collector). Tube dryers (either sin gle-staige or multiple-stage) are typically used to reduce the
moisture content of the fibers from arourixd 47 percent to. 9 percent (dry basis)_6 Single-stage and
double-stage tube dryers are shown in Figures 2-6a and 2-6b. Heat is provided to tube dryers by
either indirect heeting or direct firing wirh wood residuals, gas, or oil. Primary dryer inlet
temperatures average around 270°F and secondary dryer inlet temperatures average around
130°F.® Wood fiber is pneumatically drewn though the tube dryers and is separated from the
dryer exhaust in a cyclonic collector. Tne dried wood fibers are discharged from the cyclonic
collectors into dry storage bins. Rotary aryers may also be used for pre-drying of wood material

prior to refining, but are not common.
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Air conveys the resinated fibers from the dry storage bin to the forming machine, where
they are deposited on a continuously moving screen system. The continuously formed mat must
‘be prepressed before bemg loaded into the hot press. After prepressmg, some pretrimming is
done. The trimmed material is collected and recycled to the forming machine. ’

The prepressed and trimmed mats then are transferred to the hot press which applies heat
and pressure to activate the resin and bond the fibers into a solid panel. Press temperatures range
from 240° to 450°F (averaging around .)30°F) for an average press cycle of about 7 min.
Typically, the mat is cut by a flying cutoff saw into individual mats that are then loaded into a
multi-opening, batch hot press. Continuous presses may also be used for MDF manufacture.
Steam or hot oil heating of the press is common for MDF plants

After pressmg, the boards are cooled in'a board cooler. The cooled boards are sanded and
trimmed to final dimensions. Other ﬁmshmg operatlons such as application of trademarks grade
stamps; and fire retardants are done, and the finished product is packaged for sh1pment
2.4.2 Emission Sources and Controls at MDF Plants

The primary sources of HAP ermssmns at MDF plants include emissions from
=pressunzed refiners, wood dryers, blenders formers, presses, and board coolers. Finishing
operations at MDF plants may also be a source of HAP emissions. Table 2-10 summarizes the
types of MDF dryers and APCD used to control emissions from the dryers.”® Table 2-11
summarizes the capture and control systems used to control emissions from MDF presses and
board coolers used in the United States. 2 ;

As shown in Table 2- 10, there is one rotary dryer used at an MDF plant. This dryer is
used to predry green furmsh before it is dr{ed in a tube dryer.” There are 32 single-stage tube
* dryers and 11 multiple- stage tube dryers, for a total of 43 tube drying systems at MDF plants.®
Several of the mul‘uple stage tube dryers have separate control devices for the first and second
stage emission points. However there are: some multiple-stage tube dryers where the exhaust
from the second stage is routed back through the first stage and is exhausted through the first
stage control device. There are no multlple-stage tube dryers with the second stage exhaust
routed directly to the same control device ds the first stage without first passing through the first
stage. All but one of the multiple-stage tube dryers have two stages. One multiple-stage tube

dryer incorporates a tertiary stage that hurmdlfles rather than dries the wood material processed.!?
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TABLE 2-10. NUMBER OF MDF DRYERS AND APCD IN THE UNITED STATES

, o Primary tube | Secondary - ’l
{ APCD type . | dryers® tube dryers® | Rotary dryers
| Incineration-based controls: f : o , .
+ RTO ? 9 -1
e TO : 1
» Baghouse, WESP, and RTO i 3
e WESP and TCO 1 1
« Process incineration and baghouse | 2 2
¢ Semi-incineration and WESP | 1
| WESPs and wet scrubbers: |
» Wet scrubbers { 2 !
« WESP { 5. 1
Dry scrubbers and other controls: | '
» Baghouse | 2 7
 Rotary bed protector N 1
Uncontrolled ' 16 .
Total | 43 11 1
be dryers and the first stage of staged tube drying systems. Secondary tube

Primary tube dryers are single-stage tu
dryers are the second stage of staged tube dry!ing systems.

TABLE 2-11. NUMBER OT*‘ MDF PRESSES AND BOARD COOLERS

AND APCD IN THE UNITED STATES®
‘ MDF board
APCD type - MDF presses coolers
Incineration-based controls: l
« RTO : 6(5) 6(4)
o WESP and TCO _ ; 1(0)'
» Baghouse, WESP, and RTO - _ 1
« Scrubber, baghouse, WESP, and RTO 1%
« Process incineration E 1 (0)
o Process incineration and baghousé 1(0).
Other controls: : .
» Wetscrubber - 1 (0),
» Baghouse o : 2(2)
Uncontrolled | 17 (0) 24 (4)
Total ; 30(8) 31 (9)
The numbers outside of the parentheses represent the number of presses or board coolers with each control device.

The numbers in parentheses indicate the nurnber of fully enclosed presses and board coolers with each control

device.
® This enclosure is not a PTE, but was tested and achieved 99.8% capture efficiency.® - '




Because the tertiary stage.does not func:tion as a dryer, it was not included in Table 2-10. The

tertiary stage is routed to the RTO used:to control the first and second stages of the multiple-

stage tube dryer.

Process flow diagrams and other information submltted witlr the industry survey
responses were reviewed to approx1mate the number of pressurized refiners used by MDF plants.
Given the varying level of detail on the flow dlagrarns, obtaining an exact count of pressurized
refiners was not possible. The flow diagrams show that there are approximately 30 pressurized
re;ﬁner systems at MDF plants. At leastg seven (and possibly as many as 14) of these pressurized
refiners vent directly into tube dryers that are controlled with incineration-baéed controls. Thus,
the emissions from the pressurized refiniers are also controlled by incineration. In addition to the
pressurized refiners, there appear to be t:wo séaﬁd-aloné digesters and 12 atmospheric refiners at
MDF plants. Emissions from the stand-falone digesters and atmospheric refiners are not
controlled.” | 5

Blenders are operated by MDF pflants that do not perform blowline blending. Thus, most
MDF plants do not operate blenders. Foﬁners are used by all MDF plants. There is one former
per MDF press. Although a specific coﬁnt of the number of blenders and formers and control
devices is not attainable, there are no known blenders or formers that operate w1th HAP contro]
devices. Most vent through baghouses

2.4.3 Nationwide HAP Emissions fromiI\/ﬂ)F Plants

Nationwide baseline total HAP emissions for MDF p]ants are estimated to be 2,500 tpy.
The average uncontrb]led and baseline t(i)tal HAP emissions per plant are 168 tpy and 103 tpy,
respectively. Table 2-12 presents the av;erage uncontrolled emissions per MDF process unit. T he
average emissions per plant and per procfess unijt were calculated as the average of the total

emissions estimated for each plant and fbr each process unit using the methodology documented

in the baseline emissions memo. '
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TABLE 2-12. AVERAGE UNCONTROLLED TOTAL HAP EMISSIONS

FOR MDF PROCESS UNITS |
] L Average uncontrolled total

Process unit [ HAP emissions (tpy)
Primary tube dryer [ 65
Secondary tube dryer ‘ 2
Green furnish rotary dryer | <1
Blender/former (non-blowline blend plants) 8
Fomer (blowline blend plants) 2
Press : - 38
Board cooler E 3
Sanders | <1;
Saws <1:

:
t
é
2.5 FIBERBOARD/HARDBOARD | |
Fiberboard products include: (l)ilow -density insulation board or cellulosic fiberboard
(called “fiberboard” in this document), 62) MDF (discussed in Section 2.4 above) and
(3) hardboard. The most frequently used raw material for production of ﬁberboard products is
wood chips which are first softened in alpressunzed steam vessel (digester) and then refined or
pulped into wood fibers. The fibers magf be mixed with resin, formed intofmats, and pressed
and/or dried to form panel products [ |
Fiberboard products are manufactured through dry processing, wet processm g, or wet/dry
processing. Dry processing involves dry mat forming and pressing, while wet processing
involves wet forming and wet pressing.: Wet/dry processing involves wet forming followed by
dry pressing. Fiberboard is manufactured by wet processing. Dry processing is used to
manufacture MDF. Hardboard may be manufactured by wet processing, dry processing, or
wet/dry processing. Figure 2-7 summanzes the processes used to manufacture flberboard
products. Resin is used in wet hardboar[d and dry hardboard processmg, but not in wet/dry

hardboard or fiberboard processing.
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Major markets for fiberboard inclnde housing, roofing, and office furnishings. Hardboard

markets include, among others, housing (e g., exterior siding, garage doors, and interior door

facings), furniture, store fixtures, automotive interiors, and toys.®

2.5.1 Fiberboard/Hardboard Process Descngtlon

2.5.1.1 Dry Process Hardboard. Dry processing of hardboard is snmlar to MDF
manufacturing. As in MDF manufacture,; the general steps used to produce dry process
hardboard include mechanical pulping of %hardwood or softwood chips to fibers (digesting and
refining), blending of fibers with resin and wax, drying, forming the resmated material into a
mat, and hot pressing. Heat treatment and humidification of the pressed boards is an additional
step in the hardboard manufacturing proqess that is usually not necessary for MDF manufacture.
The primary raw material used in Ehardboard is wood chips. In additiion to wood chips,
some plants use shavings or sawdust as a? raw material. If wood chips are pirepared onsite, logs
are debarked, cut to more manageable lengths, and then sent to chippers. If: necessary, the chips
are washed to remove dirt and other debns
Clean chips are either processed i m pressunzed reﬁners as used in N[DF manufacture, or
are softened by steam in a digester and sent to atmosphenc refmers Atmosphenc refiners use
single or double revolving disks to mechanlcally pulp the chips into fibers sultable for making
hardboard. Wax may be added to the wood chips in the digester. The PF resin and other
additives (if used) are added to the wood fiber immediately following refmmg Most har dboard
plants inject PF resin into a blowpipe that dlscharges the resinated fibers to a tube dryer.
However, there is one hardboard plant that operates rotary dryers to dry resmated furnish. The
resin is added to the rotary dryer furnish as it is refined prior to drying." After drying, the
resinated fibers are conveyed to a dry ﬁber storage bin where they await forrmng
Single- or multiple-stage tube dryers are most commonly used in dry process hardboard
manufacture. Hardboard primary tube dll'yers dry wood fibers from about 5 1 percent moisture
(dry basis) to around 20 percent mo1sture (dry basis) with dryer inlet temperatules ranging from
145° to 475°F (averaging around 280°F) Secondary tube dryers further dry the wood furnish to
around 6 percent moisture (dry basis).® f—Ieat is provided to the hardboard tube dryers by either
direct-firing with wood residuals, gas, ot oil or by indirect-heating. One plant uses indirect-

heated, triple-pass rotary dryers to dry the wood fiber. The inlet temperature of the rotary dryers
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is about 550°F and the wood fiber is drie;d from roughly 45 to 9 percent moisture (dry basis).®
* Wood fiber is pneumatlcally drawn though the hardboard dryers and is separated from the dryer
exhaustin a cyclonic collector. T

Dried, resinated fibers next enter;a forming machine where they are deposited on a_
continuously moving conveyor. The ma’jt is prepressed ’and trimmed before being Ioaded into the
hot press. The press applies heat and preissure to activate the PF resin and bond the fibers into a
solid board. Dry process hardboard planis use a multi-opening batch press. The typical press
cycle is about 4 min. The hardboard presses are heated by steam to an average temperature of
around 410°F.% Following pressing, boa;'ds are routed through a board cooler at some plants.
However, most plants do not operate board coolers.® |

Hardboard plants typically heat treat the pressed hardboard in a bake or tempenng oven.
The purpose of heat treatment is to lower‘ the moisture content of pressed hardboard to bone dry
levels to improve dirnensidnal stability afnd enhance board mechanical properties. Linseed oil is
sometimes applied to the hardboard pnor to heat treatment. Hardboard ovens are either indirect-
heated or direct-fired and operate at temperatures up to 340°F.° Humidification of boards is done
immediately following heat treatment to bring the board moisture content back into equ1hbnum
with ambient air conditions.2! Humidifiers are often integrated with hardboard ovens (i.e., the
boards coming out of .the hardboard oveI; go straight into the humidifier). - Following
humidification, the hardboard is f1n1shed and packaged for shipment. Dry process hardboard
densities range from 39 to 69 Ib/f.5

2.5.1.2 Wet Process Fiberboard. The general steps in production of fiberboard
manufacture include pulping 6f hardwood or softwood wood chips, wet forming, drying, and
finishing. The wood :chips for ﬂberboar(ii may either be steamed in digesters or soaked in hot
prdcess water before being ground into fi%ber in atmospheric refiners. .From the refiners, fibers
are sometimes washed to remove wood éugms that might reduce the quality of the finished |
product. The refined and/or washed fibe?rs are sent to stock chests to await further proceséing.
The fibers from the stock chests are mixéd with water and additives such as alum, starch, asphalt,
and wax. Resins are not used in fiberbogrd production. The wood fibers are bonded tbgether by

additives and substances naturally contained in the wood. Alum aids in the precipitation of wax,
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asphalt, and rosin onto wood fibers. Bm&ads between these substances and the wood fibers assist
in holding the fiber mat together.”! [ i

Once mixed with additives, the filber slurry is sent to the forrmng machine. In the wet
forming process, the water-fiber nnxture 1s metered onto a wire screen. Water is drained away
by gravity and with the aid of suction apphed to the underside of the wire. The fiber mat along
with the supporting wire is moved to a room—temperature pre-press where excess water is
squeezed out. Once pre-pressed, the ﬁbpr mat is cut to length and tnmmed on the edges with
high-pressure water jets. :

The fiber mats, which are arouncil 60 percent moisture (dry basis), aire passed through a
conveyor-type mat dryer where their m&isture content is reduced to about t;f percent. Fiberboard
mat dryers operate with inlet temperaturies of around 450°F and outlet temperatures of around
320°F. Finished fiberboard density ranées from 12 to 24 Ib/ft>.° Once dﬁéd the fiberboard is
trimmed and may be coated with asphaﬁ. Next, the fiberboard is packagecil for shipment.

2.5.1.3 Wet Process Hardboard. Production of wet process ha.rdbc;ard includes ‘pulping
of wood chips, wet forming, pressing, hfat treatment, humidification, and ﬁmshmg Phenol-
formaldehyde resin, wax, and alum are used in wet process hardboard manufacturmg

Hardwood or softwood chips m'ly either be purchased from outSIde or generatecl onsite
from logs. The chips are washed to rerﬁove dirt and debris. The chips are then steam cooked
under pressure in digesters to soften thet chips and liberate the wood sugars. After cooking, the

softened chips are refined in a single- or double-disc atmospheric refiner (referred to as the

primary refiner), which grinds the chips‘I into fiber form. The fibers from ﬁhe primary refiner are

subsequently fed into stock washers, w}éich use water and pressure to wash out the wood sugars.
After washing, the wood material is fuﬁher refined in a secondary refiner.2 Some plants may
omit secondary refining. |

Once refined the wood fiber is r£1xed with water; alum, PF resin, and wax in stock or mix
chests. The alum is added to the fiber slurry to control pH and help prempltate the resin and wax
onto the fibers. The dilute slurry of flber additives, and water is routed to a wet forming
machine. At some plants, the forming ;nachlne may have separate headen boxes where separate
slurries may be used to make layers in tjhe hardboard mat. The top layer of the fiber mat is called

|
an “overlay” and the bottom layer is called a “substrate.” The wood fiber used to make the
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overlay undergoes additional refining priéor to chemical addition and dilution so that the top layer
of the hardboard will have a smoother finish. The fiber slurry from the substrate head box and
the overlay head box are fed onto a r;ioving wire screen (forming machine) where they
immediately begin to form a continuous ﬁber mat. Water drains through the wire screen first by
gravity and then by suctlon The fiber mat is compressed w1th press rolls and further dewatered.
The edges of the ﬁber mat may be tnmmed with water jets prior to hot pressmg a2

The carrying wire takes the fiber ;nats to a preloader to await pressing. The fiber mats are
loaded into the press so that each mat is ﬁajred with a patterned caul platé which iinparts the
pattern onto the top of the mat during pressing. The bottom side of the hardboard bears the
pattern of the carrying - wire. Water released from the mats during pressing cascades down the
sides of the press and.is recycled. The ﬁi)er mats enter the press at a moisture content of about
~ 120 percent (dry oasis) ¢ Wet process haidboard presses are typically multi-opening, steam-
heated, batch presses. The hardboard mats are pressed for roughly 8 min at,around 390°F. 6

- As with dry process hardboard, the wet process hardboard mats may be transported to the
hardboard ovens where the mats are dned to “bone- dry” levels following pressmg Further
drying of the mats increases bonding and makes the hardboard more resistant to water. Once -
dried, the boards may be cooled and are then rehurmdlﬁed‘to prevent buckling and to improve
the overall dimensional stability of the boards. Final wet process hardboard densities renge from
50t0 70 Ib/fES - |

2.5.1.4 Wet/Dry Process Hardboard Production of wet/dry process hardboard includes

pulping of softwood or hardwood chips, wet forming, drying, pressing, heat treatment,
humidification, and finishing. Wet/dry process hardboard production is similar to ﬁberboard
production until the pressing step of the process is reached. The pressing, heat treatment, and
humidification steps in wet/dry hardboargd production are similar to the same steps in wet
hardboard production. Raw materials us;ed in the production of wet/dry hardboard include wood
chips and additives such as linseed oil, ,afsphalt, and wax. No resin is used in the production of
wet/dry hardboard.5? |

Wood chips may either be purchased from offsite or generated onsite from logs. The
chips are washed to remove dirt and deb%tris, The chips are then steam cooked under pressure in

digesters. After cooking, the chips are refined in primary and/or secondary refiners. Some plants




may omit secondary refining. Some plants may use pressurized refiners (lrke those used in MDF
and dry process hardboard manufacture) m lieu of stand-alone digesters and atmospheric refiners.

Once refined the wood fiber i is mrxed with water and wax in stock or mix chests. The
dilute slurry of fiber, additives, and water, is routed to a wet formmg-machrne As with wet
processing of hardboard, some plants may use separate substrate (bottom layer) and overlay (top
layer) forming header boxes to make a lasrered hardboard mat. The fiber slurry from the substrate
head box and the overlay head box are fed onto a moving wire screen (formmg machine) where
they immediately begin to form a contrnuous fiber mat. Water drains through the wire screen
first by gravity and then by suction. The;ﬁber mat is compressed with press rolls which assist in
further dewatering the mat. The edges of the fiber mat may be trimmed with water jets prior to
drying. | ' '

The fiber mats, which are around 60 percent moisture (dry basis), are passed through a
conveyor-type mat dryer where their rno1sture content is reduced to around 4 percent. Mat dryers
operate wrth inlet temperatures of around 450°F and outlet temperatures of around 320°F.5 From
the dryer, the fiber mats pass through a pkress predryer or preheat oven. The purpose of the
predryer is to reduce the mat moisture cdntent in order to minimize the hotpress cycle.”” Steam-
heated batch presses are used in wet/dry hardboard manufacturing. Press temperatures average
around 470°F for press cycle times of nearly 4 min.® As for dry and wet process hardboard, the
wet/dry process hardboard mats are heatstreated in hardboard ovens followrng pressing. Wet/dry
process hardboard densities range from z‘lS to 72 Ib/f3.6 '

2.5.2 Emission Sources and Controls at, Frberboard/Hardboard Plants

The primary sources of HAP ermssrons at fiberboard/hardboard plants are mat conveyor
dryers, tube dryers, hardboard ovens, press preheat ovens, and hot presses.’ - Board coolers and
humidifiers may also be sources of HAP emissions at hardboard plants. Tables 2-13 and 2-14
summarize the number of each type of dryer oven, or humidifier used to manufacture
fiberboard/hardboard and the APCD used to control emrssrons from these sources 18 Table 2- 15
summarizes the number of hardboard presses and board coolers and the capture and control

systems used to control emissions from the presses and coolers."
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TABLE 2-13. NUMBER OF FIBERBOARD/HARDBOARD DRYERS
AND APCD IN THE UNITED STATES

. Primary tube Secondary tube

APCD type ) dryers dryers Rotary dryers
‘WESPs and wet scrubbers: yl

* Wet scrubber only 8 8
Dry scrubbers and other controls:

* Baghouse 3

* Cyclone 3
Uncontrolled 10 3 3
Total 24 11 3

TABLE 2-14. NUMBER OF FIBERBOARD/HARDBOARD MAT DRYERS, OVENS,
AND HUMIDIFIERS AND APCD IN THE UNITED STATES

Hardboard/
Press preheat | fiberboard mat Hardboard Hardboard

APCD type i ovens conveyor dryers ovens humidifiers
Incineration-based controls: ;

« RTO | 1 1 2

« RCO , 1 1 1

* Semi-incineration 1?

» Semi-incineration and scrubber
WESPs.and wet scrubbers:

¢ ‘Wet scrubber only 1 2
Uncontrolled 3 7 15 23
Total 5 Ty 20 23

This dryer is used to dry a bagagse fiber mat. All of the other dryers dry wood fiber mats.

TABLE 2-15. NUMBER OF HARDBOARD PRESSES AND
APCD IN THE UNITED STATES?

APCD type . Hardboard presses Board coolers
Incineration-based controls: :
« RTO ' (D
WESPs and wet scrubbers:
* Wet scrubber only 8(3)
Dry scrubbers and other controls:
* Biofilter : 2 (1) 2(D
¢ Multiclone 1(0)
+ Cyclone 1O
Uncontrolled 27 (0) 17 (2)
Total 40 (5) 19 (3)

* The numbers outside of the parentheses represent the number of presses or board coolers with each control device.
The numbers in parentheses indicate the number of fully enclosed presses and board coolers with each control

device.
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As shown in Table 2-13, there are three rotary dryers that are used at one dry process
hardboard plant to dry green, resmated fumlsh There is no subsequent drymg of the furnish
once it leaves the rotary dryers." There are 13 single-stage tube dryers and 11 multiple-stage
tube dryers, for a total of 24 tube drying .,ystems at dry process hardboard plants 1B All of the
controlled multiple-stage tube dryers have separate control devices for the ﬁrst and second stage
emission points. |

Digesters and refiners (including pressunzed refiners, stand-alone d1 gesters, and
atmospheric refiners) are also sources of HAP emissions at fiberboard and hardboard plants.
Process flow diagrams and other 1nformat10n submitted with the industry survey responses was
reviewed to approximate the number of ([ii gesters and refiners used by ﬁberhoard/hardboard
plants. Given the varying level of detail ton the flow diagrams, obtaining an exact count of these
equipment was not possible. However, from the flow diagrams there appear to be at least 13
pressurized refiner systems at ﬁberboard/hardboard plants. Most of these pressunzed refiners
vent directly through tube dryers. Therejalso appear to be 24 stand-alone dlgesters at fiberboard
and hardboard plants. None of these digesters appears to be controlled. In. addmon the flow
diagrams show approximately 61 atmos | heric refiners, all of which are uncontrolled 0

Wet process hardboard and ﬁbert[)oard plants use wet formers. There is typically one
former per press at hardboard plants and one former per process line for fiberboard plants. Most
wet formers are uncontrolled; however, {one wet/dry hardboard plant operates a scrubber on a wet
former. Dry formers are used by all dry|process hardboard plants. There is typically one former:
per dry hardboard press. No dry hardboard formers are known to be contro]led

Additional HAP emissions may be associated with finishing operatlons at hardboard and
fiberboard plants. Emissions from f1n1sh1ng operations are dependent on the type of products
being finished. Edge seals, anti-skid coFattmgs, or primers may be added to_ﬁberboard or
hardboard products. Some fiberboard p{roducts are coated with asphalt. In addition, company
logos, trademarks, or grade stamps may be applied.

2.5.3 Nationwide HAP Emissions from Fiberboard/Hardboard Plants

ANallO vy I 2 A A e D A e e

F i
The estimated nationwide and p}ant average baseline total HAP emissions for hardbeard
and fiberboard plants are presented in Table 2-16. Table 2-17 presents the average uncontrolled

emissions per hardboard and fiberboard process unit. The average emissions per plant and per
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process unit were caléulated as the avera,_%;e of the total enﬁséions estimated for each plant and for
each process unit using the methodology documented in the baseline emissions memo.? Only
those process units for which émissi(;n fafctors are available are included in Table 2-17.
Emissions from blenders, board coolcrs,v;sanders, and saws, were not estimated. However, it is
expected that the magnitude of the emissions from these process units would be similar to the

emissions from similar process units at plants making other PCWP.

TABLE é-16. AVERAGE BASELINE TOTAL HAP EMISSIONS FOR
FIBERBOARD/HARDBOARD PROCESS UNITS

| Nationwide baseline | Average total HAP emissions per plant (tpy)
Hardboard/fiberboard | total HAP emissions : .
process : - (tpy) Uncontrolled : Baseline
Fiberboard . 78 11 11
Wet process : 1,000 128 128
hardbeard ; '
Wet/dry process | . 340 125 . 86
hardboard ' '
Dry process hardboard | 1,900 | 245 240
Total® 3,300 |

Total may not sum exactly due to rounding.

2.6 SOFTWOOD PLYWOOD |

Softwood plywood isna building n;lateriél &:onsisting of veneers (thin wood layers or plies)
bonded with an adhesive. Softwood plywood is generally made by gluing several layers of
softwood veneer together. Softwood plyWOOd is used for ‘eXterior applications such as sheathing,

roof decking, concrete formhoards, floors, and containers.
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TABLE 2-17. AVERAGE UN CONTROLLED TOTAL HAP E‘MISSIONS
FOR FIBERBOARD/HARDBOARD PROCESS UNITS

B t Average uncontrolled total “

Process unit : HAP emissions (tpy)
Log chipper <<1’ |
Fiberboard mat dryer | 9
Fiber washer | 6

| Atmospheric refiners | <1
Wet former | ‘ 5 _ |
Hardboard oven ; 18 T
Digester/refiners [ A |
Humidifier E 2
Press ; 23
Press predryer r 15
Primary tube dryer | ‘ 60 |
Secondary tube dryer j | 3
Green furnish rotary dryer | - 15 I

2Excludes one fiber washer w1th an unusually high estimated throughput

2.6.1 Softwood Plywood and Veneer Frocess Description

The manufacture of seftwood plyWood consists of seven steps: log debarking and
bucking, heating the logs, peeling the logs into veneers, drying the veneers, gluing the veneers
together, pressing the veneers in a hot press and fmlshmg processes such as sanding, patching,
and trimming. Figure 2-8 is a generic process flow dlagram for a plywood mill that produces anct
dries veneers for onsite use in plywood manufacturing. %A few softwood plywood plants
purchase some dry veneer from offsite sources. However, the majority of softwood plywood
plants in the United States peel and dr§ veneers onsite.

The first step of plywood manufacturing is debarking. Prior to or, after debarking, the
logs are cut to appropriate lengths (callted blocks) The blocks are heated to improve the cutting
action of the veneer lathe or slicer, thereby generating a veneer with better surface finish. Blocks
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Figure 2-8. Generic prbcess flow diagram for a plywood mill.

are heated in a roughly 200°F medium such as hot water baths, steam heat, hot water spray, or a
combination of the three until the core teinperature has reached around 105°F.% %5

After heating, the logs are processed to generate veneer. For most applications, a veneer
lathe is used, but some veneer is generated with a veneer slicer. The slicer and veneer lathe both
work on the same principle; the wood is _c‘ompressed while the veneer knife cuts fhe blocks into
veneers that are typically 0.125 inches thi;ck. These pieces are then clipped to a usable width,
typically 54 inches, to allow for shrinkage and trim.**

Veneers are taken from the chpper to a veneer dryer where they are dried to moisture
contents that range from 1. 5 to 25 percent and average around 9 percent (dry basis). Target
moisture contents depend on the type of resin used in subsequent gluing steps The typical
drying temperature is around 360°F. The veneer dryer may be a longitudinal dryer, which
circulates air parallel to the veneer, or a Jet dryer. Jet dryers have jet tubes to direct hot air onto
the surface of the veneers. Veneer dryers may be either direct-fired or indirect-heated. In
direct-fired dryers, the combustion gases are blended with recirculated exhaust from the dryer to
reduce the combustion gas temperature. A1r is warmed over steam coils and c1rcu1ated over the
veneer in indirect-heated veneer dryers. Veneer dryers are divided into separate air circulation

zones, with each zone having a hot air source, fans to move the warm air, and an exhaust vent or
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stack. Veneer dryers typically have one; ‘to three heated zones followed by a cooling zone or
section. The cooling section circulates embrent air over the veneer to reduce the veneer
temperature just before it exits the dry"er The veneers must be cooled to prevent glue from.
curing on the veneers before they reach the plywood press. A few pfants 1n the United States dry
veneer in kilns. Kiln drying is a batch qperatlon where the veneers are staeked with stickers
(narrow wood strips) and dried in the kiln. :
Veneer moisture is checked agaiFnst the target moisture level as the fveneer exits the dryer.
Some plants operate veneer redryers to i'edry veneer that did not reach the iarget moisture
content.” The veneer that must be redned is called “redry.” Most plants operate in order to
minimize the amount of redry, and often attempt to limit the amount of redry to five percent of
the veneer produced.”® Veneer redryers are typically heated by radio frequency (RF) and are
designed to handle only a fraction of the throughput from full-scale veneer, dryers.
‘When the veneers have been dned to their specified moisture content,, they are glued
together. Most softwood plywood plants use PF resin. However, one plant that manufactures

plywood from mixed hardwood and softwood species uses UF resin.® Res_m is applied to the

veneers by glue spreaders, curtain coaters, or spray systems. Generally, resin is spread on two

sides of one ply of veneer, which is then placed between two plies of unresinated veneer. Curtain

coaters or spray systems are used on automated plywood layui) lines. With these systems, veneer
passes under the coater or spray, an unresinated veneer is placed on top of ‘the resinated veneer,
the two stacked veneers pass ur1der a second coater, another unresinated veneer is added to the
stack, and so on, until the plywood panel is formed.

; Assembly of the plywood panelé must be symmetrical on either side of a neutral center in
order to avoid excessive warpage. For example a five-ply panel would be laid up in the
following manner. A back, with the gram direction parallel to the long ax18 of the panel, is
placed on the assembly table. The next,veneer has a grain direction perpendlcular to that of the
back, and is spread with resin on both siides. Then, the center is placed, wzith no resin, and with
the grain perpendicular to the previous %veneer (parallel with the back). Tk;e fourth veneer has a
grain perpendicular to the previous ven%,er (parallel with the “sh‘omrt‘axrs of ‘?he panel) and is spread
with resin on both sides. The final, face, veneer with no resin is placed like the back with the

grain parallel to the long axis of the p]y[wood panel.
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The lajd-ﬁp assembly of veneers then is sent to a hot press in which it is consolidated
under heat and pressure Hot pressing has two main objectives: (1) to press the glue into a thin
layer over each sheet of veneer; and (2) to activate the thermosettmg resins. Typical press
temperatures range from 200° to 380°F (averaging around 310°F), while press times average
around 7 min. The time and temperature vary depending on the wood species used, the resin
used, and the press design. Plywood presses are most often steam heated, although some are
heated by hot 0il.

The plywood then is taken to a ﬁnfshing process where edges are trimmed. Wood putty
or synthetic patches mey be applied to defects in plywood faces prior to sanding. The face and
back of the plywood panel may or may nof be sanded smooth. Concrete forming oil may be
~ applied to plywood destined for use as cor:icrete forms. Overlays may be applied to some
plywood panels. The type of finishing deﬁends on the end product desired. Edge sealers, logos,
trademarks, and grade stamps are routinely applied to stacks of plywood panels.

2.6.2 Emission Sources and Controls at Seftweod Plywood and Veneer Plants

The primary sources of HAP emissions at plywood plants are veneer dryers and plywood
presses. There are a total of 280 veneer dryers at softwood plywood plants in the United States.
Table 2-18 summarizes APCD used to control emissions from the veneer dryers.”’ In addition,
there are two softwood veneer kilns and nme uncontrolled RF veneer dryers (primarily used as
re-dryers) in the United States.’ None of the 226 sqftwood plywood presses used in the United
States are operated with an APCD. Howefver, three presses were reported to be enclosed.’
There are a total of eight board coolers in hse at softwood plywood plants in the United States.
None of the board coolers exhaust througﬁ a control device, although one cooler was reported to
be fully enclosed.? In -addiﬁon to dryers afnd presses, miscellaneous finishing operations at

plywood plants may also be sources of HAP emissions.
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TABLE 2-18. NUMBER OF VENEER DRYERS AND APCD AT
SOFTWOOD PLYWOOD PLANTS IN THE UNITED STATES

. Softwood veneer Hardwood veneer

APCD type - dryers® | . dryers®
Incineration-based controls: ‘ 1
*RTO | 44
»RCO | 7 |
- TO o 3
» Process incineration 5
» Process incineration and sc;l'ubber 5
» Semi-incineration and scru‘t;ber 8
» Semi-incineration and multiclone 2 |
WESPs and wet scrubbers: . !
» Wet scrubbers \ 47 !
» WESP - 36 |
» Scrubber and WESP N 4
Dry scrubbers and’other controls: ’
* EFB: | 8 [
Uncontrolled | 105 f 6 l
Total B 274 6 :

?  Softwood veneer dryers dry 30 percent or more (on 2 volume basis) softwood species.
Hardwood veneer dryers dry less than 30 percent softwood species.

2.6.3 Nationwide HAP Emissions frofn Softwood Plywood and Veneer P]ants |

Nationwide baseline total HAPt emissions from softwood p]ywoocfi and veneer plants are
estimated to be 3‘,700 tpy. The average‘E total uncontrolled HAP emissions per plant is 38 tpy.
The average total baseline HAP ernjssifons per plant is 36 tpy. Table 2-19; presents the average - ,
uncontrolled emissions per softwood ﬁlywood and veneer process unit. 'fhe average emissions
per plant and per process unit were cal;;:ulated as the average of the total énﬁssions estimated for |
each plant and for each process unit us%ng the methodology documented m the baseline

emissions memo." {

I ' I
I [

2-42




TABLE 2-19. AVERAGE UNCONTROLLED TOTAL HAP EMISSIONS
FOR SOFTWOOD PLYWOOD AND VENEER PROCESS UNITS

Average uncontrolled total

Process unit HAP emissions (tpy)
Softwood veneer dryer _ 5
Hardwood veneer dryer ' 8
Softwood veneer kiln <1

RF veneer redryer ‘ <1

Log vats ' | 1

Veneer and panel chippers 2

Press § 7

Sanders 2

Saws ' f : . 1

2.7-HARDWOOD PLYWOOD »

‘, Unlike softwood plywo'od plants ?Which typically produce softwood veneers and softwood
plywood on the same plant site, the majority of the plants in the hardwood plywood and veneer
industry typicélly produce either hardwoc?d plywood‘ or hardwood veneer. Hardwood veneer
plants cut and dry hardwood veneers. Hzfa.rdwood plywood plants typically purchase hardwood
veneers and press the veneers onto a purchased core material. Only around 15 percent of
hardwood plywood plants cut and dry ve?lxeer onsite. As é result, hardwood plywood and
hardwood veneer plants are generally sm;aller than softwood plywoc;d plants in terms of number
of employees and production.®*

Hardwood plywood is made of hiardwood veneers bonded With an adhesive. The outer
layers surround a lumber, veneer, particléboard, or MDF core. Hardwood plywood may be
pressed into panels or plywo;)d compone?nps (e.g., curved hard'wood plywood, seat backs, chair

arms, etc.). Hardwood plywood is used for furniture, cabinets, architectural millwork, paneling

for commercial buildings, flooring, store; fixtures, and doors.?® Hardwood veneer is used for
: .

hardwood plywood, furniture, doors, flooring, and produce containers.




2.7.1 Hardwood Plywood and Veneer Process Description
The manufacture of hardwood veineer and plywood consists of the following processes:

log debarking and bucking, heating £f1e l(f)gs, cutting the logs into veneers, dryimg the veneers,
gluing the veneers together, pressing the ;'veneers in a hot press, and”ﬁnishinjg. Figure 2-9
provides a generic process flow diagram for hardwood veneer and plywood? manufacturing. As
mentioned earlier, cutting and drying of 'Eveneers typically occurs at a hardwood veneer plant
while layup and pressing of the plywood%occurs at a separate hardwood ply\:Nood plant. A few
plants produce both hardwood veneer an;d plywood on the same plant site. The veneer and
plywood manufacturing process is essenfially the same, regardless of whgtﬁer the veneers are

produced at the same site where the p]yvsfrood is produced, or at an offsite location.
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2.7.1.1 Hardwood Veneer Process Description. The initial step of log debarking is
accomplished by feeding logs through onfe of several types‘ of debarking machines. The purpose
of this operation is to remove the outer bark of the tree without substantially damaging the wood.
After the bark is removed, the logs are cu:t to veneer lengths in a step known as bucking.

The logs (now referred to as blocks or ﬂltches) then are heated to improve the cutting
action of the veneer lathe or slicer, thereby generating a veneer with better surface finish. Blocks
are heated using hot water baths, steam heat, or hot water sprays.?

After heating, the logs are processed to generate veneer. A veneer lathe may be used for
rotary cutting or a veneer slicer may be used to slice veneers. Depending on the way the veneer
is cut, different visual effects may be achieved with the wood grain. Lumber may also be sliced
into veneer. The slicer and veneer lathe ooth work on the same principle; the wood is
compressed while the veneer knife cuts t}ie flitches or blocks into veneers ranging in thickness
from around 0.024 to 0.125 inches tthk 26 . Rotary peeled veneers are chpped to appropriate
widths before further processing. '

Veneers are taken'from the slicer or clipper and dried in a veneer dryer. Typical drying
tefnperatures are arouﬁd»250° to 300°F; h?pwever,'drying temperatures as Jow as 110°F and as
high as 450°F have been reported. Venee:r dryers may be described by heating method and air‘
flow pattern. Most hardwood veneer dryérs are indirect-heated (or steam heated), but some are
direct-fired The air flow patterns for hardwood veneer dryers may be either longitudinal or jet.
Veneer kilns are also used in hardwood veneer manufacturing.?® For kﬂn drying, the veneers are
piled and stickered (separated by wood st1cks) and placed in the veneer kiln where they are
" dried.Kiln drying is a batch process. Most kilns used for hardwood veneer manufacturing are

indirect-heated. : '

Once the veneers have been dried, they may be glued together on the edges with glue
thread to form larger sheets of veneer. T};is process is called composing. Narrow veneer siices
must be composed before they are used iﬁ plywood panels or other products requiring wider
veneer sheets. Composing may be perfodned at the veneer plant or by the plant which purchases
the veneers. Some facilities purchase narrow veneers only to compose them and resell larger
sheets of veneer. Once composed Gf necessary) the veneers are shipped or used onsite to

manufacture plywood or other products (¢.g., furmture, doors, flooring, etc.).
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2.7.1.2 Hardwood Plywood Process Description. At the ha:dwood plywood plant dried
veneers are glued together with a thennosettmg resin and hot pressed. Urea-fmmaldehy de resin
is the most commonly used resin for hardwood plywood manufacturing. However, some plants
use polyvinyl acetate (PVA), melamine-i-formaldehyde (MF), MUF ,ﬂ'or PF rfesins as dictated by
the end use for the plywood product.? ';I‘he UF, MF MUF, and PV A resins are colorless or light
in color, making them suitable for use With thin hardwood face veneers. These resins offer water
resistance appropriate for indoor apphcatmns The PF resm isa dark-colored water-proof resin
used for structural grade plywood panels (e.g., a product smular to softwood plywood made from
poplar or gum veneers).?® |
The resins are typically applied to the core panels or veneers by glue spreaders. Spreaders
have a series of application rolls that apply the resin to both sides of a sheet of core veneer or
core panel such as MDF or particleboarjd. The hardwood veneer back and face is applied to
either side of the resinated core material. For example, a sheet of hardwood.veneer is laid down
for the panel back, resinated core rna_terial is placed on the hardwood veneer, and a sheet of
hardwood veneer is placed on top of the resinated core to form the panel fece. If venee}, cores are
used to construct the plywood panel, th;en the grain of each veneer is laid perpendicular to
adjacent veneers in the panel. . ' |
The laid-up assembly of veneers is then taken to a cold press for prepressmg Next the
panels are placed in a hot press which a’pphes heat and pressure to cure the resin in the panels.
Typical press temperatures range from &10° to 260°F fqr hardwood plywo;od, while press times
_range from less than 1 to 45 min. The éverage press cycle time is around 6 min for hardwood
plywood.* Press time and temperaturel vary depending on the wood spec1es used, the resin used,
and the press design. Both smg]e-opemng and-multi-opening presses are used for hardwood
plywood. Single-opening presses may ‘be heated by conventional methods @i.e., hot oil, hot
water, or steam), RF, or electricity. M1‘11t1-opemng presses used for hardwood plywood
manufacturing are heated by conventio;'nal means. A few presses with twe to four openings are

heated by RF. Radio-frequency presses are frequently used for manufacture of plywood

components or curved plywood products that cannot be placed in platen presses..
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Once pressedt the hardwood plyv:/ood then is taken to a finishing process where edges are
trimmed and the face and back may or may not be sanded smooth. The type of finishing depends
on the end product desxred ' ; , ‘ ,

2.7.2 Emission Sources and Controls at iHardwood Plywood and V;neer Plants

The primary sources of HAP emissions at hardwood plywood plants are veneer dryers
and presses. Téb]e 2-20 summarizes APCD used to control emissions from thé veneer dryers at
hardwood plywood pljan’cs.27 In addition Eto the veneer dryers listed in Table 2-20, eight
uncontrolled hardwood veneer kilns are 6perated at hardwood veneer plants in the United States.
. None of the 321 hardiyood plywood preslses used in the United States are operated with an
APCD.* Composing and finishing operz;tions at hardwood plywood plaﬁts may also be a source
of HAP emissions. '

TABLE 2-20. NUMBER OF VENEER DRYERS AND APCD AT
HARDWOOD PLYWOOD PLANTS IN THE UNITED STATES

. : Softwood veneer | Hardwood veneer
APCD type | dryers dryers

Incineration-based controls:

° Senn-mcmeratlon | _ 1
° Semi- 1ncmerat10n and scrubber 2

WESPs and wet scrubbers: ‘
» Wet scrubbers | , 6

Dry scrubbers and other controls:

« EFB ' : 3

Uncontrolled 12 166
Total ‘ e 23 167

2 Softwood veneer dryers dry 30 percent or more (on a‘ volume basis) softwood species. Hardwood
veneer dryers dry less than 30 percent softwood species.

2.7.3 Nationwide HAP Emissions from Hardwood Plywood and Veneer Plants
Nationwide baseline total HAP er:jnissions from hardwood plywood and veneer plants are

estimated to be 161 tpy. Tle average toteﬁﬂ uncontrolled and baseline HAP emissions per plant

are 1 tpy. Table 2-21 presents the averagfe uncontrolled emissions per hardwood plywood and
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veneer process unit. The average emissions per plant and per process unit were calculated as the
average of the total emissions estimatedE for each plant and for each process unit using the

methodology documented in the baseline emissions memo."

I

[ ) . -~

TABLE 2-21. AVERAGE UNCONTROLLED TOTAL HAP EMISSIONS
FOR HARDWOOD PLYWOOD AND VENEER PROCESS UNITS

_ Average uncontrolled total
Process unit 3 HAP emissions (tpy)
Softwood veneer dryer 1 |
Hardwood veneer dryer [ <1
Hardwood veneer kiln <1
Press e <1

2.8 LAMINATED VENEER LUMBER
2.8.1 LVL Process Description E ‘

Laminated veneer lumber consists of layers of wpod veneers laminated together with the
grain of each veneer aligned primarily ailong the length of the finished product. The veneers used
to manufacture LVL are about 0.125 inches thick and are made from rotary-peeled hardwood
(e.g., yellow poplar) or softwood species.”® Laminated veneer lumber is used for headers,
beams, rafters, and I-joist flanges. Fi gu&re 2-10 is a diagram of the LVL mfanufacturing process.

The start of the LVL manufactu%-in g process depends on how the piant obtains veneers.
Plants either purchase pre-dried veneeré, purchase green veneers and dry them onsite, or peel and
dry veneers onsite. Unless the plant pujrchases pre-dried veneers, the LVL manufacturing process
begins with veneer drying. Of the 15 L&L plants listed in the EPA’s engi:neered wood products
survey response data base, 10 purchasefveneers from offsite, three peel ve:neers on-site, and two
purchase a combination of green and dry veneers.” Thus, five (one-thirdj of the LVL plants dry

o \
veneer onsite in veneer dryers.
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Figure 2-10. Laminated veneer lumber manufacturing process.

- The veneer drS/ers used at LVL pléants are the same types of dryers in use at plywood

plants . Veneer dryers.used at LVL plants are used to dry either 100 percent hardwood or
100 percent softwood:species.29 The typiical veneer drying temperature is around 350°F .‘ The
veneer.dryer may be a longitudinal dryer,j which circulates air parallel to the veneer, or a jet dryer.
Jet dryers direct hot, high velocity air at tihe surface of the veneers through jet tubes. Veneer
dryers may be either direct-fired or indirect-heated. The hardwood veneer dryers used at LVL
plants are indirect-heated, while the softwood dryers are direct-fired by gas burners.”

Once the veneers are dried, they a;re graded uitrasonically for stiffness and sfrength. The
lower grade veneers are used fbr the LVL core and the higher grade veneers are used in the LVL
. face. Once graded, the veneérs are passeél under a curtain or roll coater where PF resin is
applied. Plants that manufacture LVL frcé)m hardwood species may use UF resin rather than PF
resin.? ' | 7

Once resinated, the veneers are mhnuélly laid up into a long thick stack. The veneer stack
is fed to a hot press where the veneers .are;: pressed into a solid billet under heat and pressure. In
the United States, LVL is manufactured tio either a fixed length usirig a batch press, or to an
indefinite length using a continuous press;. The LVL pressés are heated by electricity,
microwaves, hot oil, steam, or RF waves.; Press temperatures range from about 250° to 450°F,

: ‘ !
averaging around 350°F. Batch presses may have one or more openings: A few plants produce
i . .

|
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short-length LVL using multi-opening pltaten presses similar to the hot presses used in plywood
manufacturing.?*° However, most plants employ continuous pressmg systems |

Billets exiting the press may be up to 3.5 inches thick, and rnay be made even thickerina
secondary gluing operation. The mmsture content of the billets exiting the press is about
10 percent.! Billets are produced in w1dths of up to 6 feet.?? The billets are typlcally ripped into
numerous strips based on customer spemﬁcaﬁons The LVL is produced i in lengths up to the
maximum shipping length of 80 feet.! Trademarks or grade stamps may be applied in ink to the
LVL before it is shipped from the plant.i ‘
2.8.2 Emission Sources and Controls at LVL Plants

The primary sources of HAP emissions at LVL plants include veneer dryers and presses.

Table 2-22 summarizes APCD used to eohtrol emissions from the veneer ciryers at LVL

plants.?**! There are 43 uncontrolled presses in use at LVL plants in the United States. In
addition to drying and pressing, glue application and application of trademarks or grade stamps
may also be a source of HAP emissions at LVL plants.

TABLE 2-22. NUMBER OF VENEER DRYERS AND APCD AT
LVL PLANT S IN THE UNITED STATES |

i Softwood veneer | Hardwood veneer
APCD type : dryers® dryers®
Incineration-based controls:
«RTO 3 4
Uncontrolled i ‘ , 5°
Total - : 4 5b

2 Softwood veneer dryers dry 30 percent or more (on a volume basis) softwood
species. Hardwood veneer dryers dry less than 30 percent softwood species.
> Two of these dryers are shared for LVL and PSL production at the same plant

2.8.3 Nationwide HAP Emissions from L VL. Plants
Nationwide baseline total HAP Lamissions from LVL plants are estfimated to be 94 tpy.
[ :
The average uncontrolled HAP emissions per LVL plant is 8 tpy. The average baseline HAP

emissions per plant is 7 tpy. Table 2-23 presents the average uncontrolled emissions per LVL

process unit. The average emissions per plant and per process unit were calculated as the
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average of the total emissions estimated for each plant and for each process unit using the

methodology documented in the baseline emissions memo.*

TABLE 2-23. AVERAGE UNCONTROLLED TOTAL
__HAP EMISSIONS FOR LVL PROCESS UNITS

: Average uncontrolled total
Process unit ; HAP emissions (tpy)
Softwood veneer drye%r ' 5
Hardwood veneer dryer 4
Press | 2

2.9 LAMINATED STRAND LUMBERS
2.9.1 LSL Process Description 7

Laminated strand lumber is a préduct manufactured by Trus-Joist MacMillan at two
facilities in the United Sfates. Lamjnated: strand lumber is made up of wood strands glued
together with the grain of each stran;i on’énted parallel to the length of the finished product.
Yellow poplar, aspen, and other hardwoofd species are used in the manufacture of LSL.

Figure 2-11 is a diagram of the LSL manufacturing process. Whole logs are received at
the plant, debarked, cut to length, and coﬁditioned in heated log vats. The conditioned logs are
cut into approximately 12-inch strands. 'i“he strands are screened to remove short strands and are
stored in green bins before they are driedi These short strands may be used as fuel for the
produétion process.'

The acceptable-sized strands are éﬂed'in either a conveyor or rotary drum dryer and
stored in a dry bin where they await furthfer processing. One of the two LSL plants in the United
States operates four tﬁple—tier conveyor ciryers. The other LSL plant operates two single-pass |
rotary dryers. The LSL strands are dried ito four to seven percent moisture (dry basis) in either
type of dryer. The rotary strand dryers ar:e direct-fired by wood burners. The rotary dryer inlet
temperature is approximately 900°F. Thé LSL conveyor dryers are indirect-heated, and operate

at 320° to 400°F.%
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Figure 2-11. Laminatfed‘ strand lumber manufacturing process.

Following drying, strands from ‘;the 'dry bin are re-screened to remofve short strands and
are conveyed to blenders for resin and Wax application. Methylene dipheﬁyl diisocyanate resin is
sprayed onto the strands as they tumble in a rotating blender. :

From the blender, the resmated strands are discharged through forrmng heads which layup
* a continuous mat of aligned strands The mats are cut to lengths appropnate for pressing and are
conveyed into a single-opening, batch, ;team-injectlon press. The press compacts the loose mat
of strands into a billet within 6 min at a tempefature of 310°F. Billets ma?y be up to 8 ft wide,

5.5 inches thick, and 48 ft long. The a\:rerage press throughput for the two LSL plants is 5.2
million ft3/yr. Once the billets leave thje press, they are sanded, cut to specific dimensibns, and
packaged for shipment.?’ . | ) |

Laminated strand lumber manu‘ifa‘cturing is similar to OSB manufacturing in some
regards. The equipment and processesffor L.SL and OSB manufacturing are similar, with the

exception of the press. Oriented strandboard is usually formed into panels used for sheathing in a
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multi-opening platen i)ress, while LSL is émade into a billet (which will be cut-to-size and used
for structural framing) in a steam-mjectlon press. As with OSB, the raw material for LSL
production is whole debarked logs cut into strands. In the case of LSL, however, the nearly
12-inch strands are mgmﬁcant]y longer than the 3- to 6-inch strands used for OSB.! The LSL
strands are about the same thickness (O.();% to 0.05 inches) as OSB strands. Laminated strand
lumber is manufactured from only hardw?ood species, while OSB is made from a mixture of
hardwoods and softwoods.%?® The LSL strands are oriented parallel to the length of the finished
product (rather than in perpendicular layérs as in OSB).
2.9.2 Emission Sources and Controls at LSL Plants

Sources of HAP emissions at LSL plants include strand dryers, blenders, the steam-
injection press, and application of edge se;als. All of the LSL strand dryers (four conveyor dryers
and two rotary dryers) are vented through an EFB. Emissions from the blenders at the two LSL
plants are ducted through a baghouse. Tl:ie two presses are enclosed and ducted through a stack.
The edge seal operations are fugitive emj;ssion sources.
2.9.3 Nationwide HAP Emissions from LSL Plants

Nationwide baseline total HAP erinissions from LSL plants are estimated to be 64 tpy.
The average total uncontrolled and baseligne HAP emissions per plant is 32 tpy. Table 2-24
presents thé average uncontrolled enﬁssiéns per LSL process unit. The average emissions per
plant and per process unit were calculated as the average of the total emissions estimated for each
plant and for each process unit using the hlethodology documented in the baseline emissions

memo."?

TABLE 2-24. AVERAGE UNCONTROLLED TOTAL HAP EMISSIONS

FOR LSL PROCESS UNITS
| Average uncontrolled total HAP
Process unit f _emissions (tpy)
Rotary strand dyers 27
Conveyor strand dryers . | 2°
Press , <1 ' .

* Emissions were estimated based: ‘rotary dryer emission factors that were scaled down
using ratios of rotary dryer and conveyor dryer formaldehyde and total hydrocarbon.
See the baseline emissions memo for details.
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2.10 PARALLEL STRAND LUMBER |
2.10.1 PSL Process Description |

Like LSL, PSL is a product manufactured by Trus-Joist MacMillan at two facilities in the
United States. Figure 2-12isa diagrami of the PSL manufacturing process. Both hardwood (e.g.,
yellow poplar) and softwood (e.g., Dou{glas—ﬁr, western hemlock, and southern pine) species may

be used to manufacture PSL. ‘ |

PF resin
Green Veneer . Defect | Adhesive
veneer dryer Clipper "1 removal " application
Y
PSL | Trimming : Billet
<4+——— Sanding : and < Press i4—
product sawing : assembly

Figure 2-12. Parallél strand lumber manufacturing pro:cess.

The manufacturing process beg;ins with rotary-peeling logs into véneer about 0.125 inches -
thick.! The green veneer is clipped mto sheets, sorted, and dried in a veneer dryer. The two PSL
plants in the United States each have two indirect-heated veneer dryers. One of the plants uses
the same veneer dryers for both LVL and PSL production. The veneers are typically dried at
around 400°F.? o -

The dried veneer is clipped inté strands approximately 0.75 inches wide. One advantage -
of PSL is that pieces and scraps of ven{eer smaller than full size sheets méy be used for its
production. The veneer strands are coated with PF resin, aligned, and fed into a continuous
press. The press uses microwaves to c[ure the PF resin.! A variety of blllet dimensions may be

produced in the continuous press. Following pressing, the billets are progessed into smaller

members according to customer specifications and packaged for shipment.




2.10.2 Emission Sources and Controls at PSL Plants

The HAP emission sources at PSi, plants include veneer dryers and presses. There are
two uncontrolled softwood veneer dryers in operatnon at PSL plants. (Note that there are two
additional uncontrolled hardwood veneer dryers that are shared between LVL and PSL
production lines at one plant. These hardwood veneer dryers were included in Table 2-22.)7!
There are two uncontrolled presses in use at PSL plante. In addition to drying and pressing, glue
application and application of trademarké or grade stamps may also be a source of HAP
emissions at PSL plants. |
2.10.3 Nat10nw1de HAP Emissions from PSL Plants

Nationwide baseline total HAP en‘nsswns from PSL plants are estimated to be 30 tpy.
The average total uncontrolled and baseline HAP emissions per plant is 15 tpy. Table 2-25
presents the average uncontrolled emissicéms per PSL process unit. The average emissions per
plant and per process unit were calculatec} as the average of the total emissions estimated for each
plant and for each process unit using the imethodology documented in the baseline emissions

memo."

TABLE 2-25. AVERAGE UNCONTROLLED TOTAL HAP
EMISSIONS FOR PSL PROCESS UNITS

: Average uncontrolled total HAP
Process unit emissions (tpy)
Softwood veneer dyers? 7
Press . o 5

2.11 I-JJOISTS

2.11.1 I-Joist Process Description

Wood I-joists are a family of engineered wood products consisting of a web made from a
structural panel such as plywood or OSB' Wh]Ch is glued between two ﬂanges rnade from sawn
lumber or LVL. Figure 2-13 shows the web and flange of a typical I-joist made with OSB and
LVL.* I-joists are available in many sizes and depths. They are used in residential and
commercial buildings as floor joists, roof Joists, headers, and for other structural applications.

|

|
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Flanges

. Figure 2-13. View of an I-joist made from an OSB web and LVL flanges.

The processes for manufacturing wood I-joists vary throughbut thé industry. There are
high-volume automated production lines that operate contmuously and produce more than
350 linear feet per minute (1f/min).’ There are also custom hand lay-up processes that are used
for heavier commercial grade I-joists. Regardless of the process, the general steps used to
fabricate I-joists are the same and incluide: flange preparation, web preparation, I-joist assembly,
I-joist curing, cutting, and packaging f(%)r shipment. Figures 2-14a and 2-14b show a typical
automated I-joist fabrication ﬁrocess. { :

. In the automated fabrication précess, web preparation includes dﬁping of the web into | §
sections of desired length and machinh;lg (tapering) the edges of the web.. Knockouts (thin l
circular areas in the web that may be “knocked out” during construction for installation of | ;
electrical wiring) may be machined mt[o the web prior to or after I-joist assembly |

Flanges are prepared by ripping of sawn lumber, LVL, or other engmeered wood material
to the desired width. If requlred the ﬂanges may be finger-jointed end-t o -end. During the i

r

finger-jointing process, grooves are cut into the end of each flange, a phenol -resorcinol-

2-56




Ripping and

Web machining of 5
material ™ edgesand |
‘ knockouts
Assembly of —
flanges andweb| - éﬁﬁﬁt | 5 l-joist
| to form I-joist uring product
“|i(see Figure _) oven

Ripping and
—— machining of | :
edges

Fiange
material

Figure 2-14a. I-joist manufacturing process.
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Figure 2-14b. Basic I-joist assembly.

|
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formaldehyde (PRF) finger-jointing resm is applied in the grooves, the ﬂanges are fitted together

end-to-end, and the finger-jointing resm 1s cured. Finger-jointing resins are typlr'ally cured in an

RF tunnel. The resultis a continuous ﬂange which can be cut to the desxred length before or

after I-joist assembly. Before the flanges enter the I-joist assembly machine, a profiled groove is

routed into one face of the flange along 1ts length.” .

Immediately prior to entering the I-joist assembler, PRF or MDI adheswe is applied in the
flange groove for formation of the ﬂange-to—web joints.?? The adhesive is also applied to the
short edges of the web material for formatlon of the web-to-web joints. Shortly after resin
application, the webs are mechanically fiftted into the resinated grooves between two flanges in
the assembler. The assembler presses the flanges and webs together into an I-joist. .

After exiting the assembler, the I:—joists are cut to length and passe& Zthrough an oven or
curing chamber to cure the adhesive. Re%sin curing chambers may be rooms surrounded by a
solid wall or heavy plastic flaps. Cun'ngi rooms are typically heated to aroubd 120° t0 225°F by a
gas-fired heater. However, some I-joist curing ovens operate near room tenlperature by
employing infrared or RF curing techniq[?:ues.29 Once cured, the finished I-joists are inspected and
bundled for shipment. |

2.11.2 Emission Sources and Controls at I-Joist Plants

Sources of HAP emissions at I-—jOlSt plants include resin apphcatlon I-joist assernbly, and
I-joist curing. Additional sources of HAP emissions may include apphcatlon of grade stamps or
trademarks. Most of the operations at I—_]OlSt plants are fugitive sources of HAP emissions. No
add-on APCD are used on sources of HAP emissions at Ijoist plants. If not vented inside the
building, emissions from I-joist curing ovens may be vented through exhaust fans, roof vents, or
hoods. There are 17 uncontrolled I-_]OlSt cunng ovens in use at I-joist plants in the United States.
2.11.3 Nationwide HAP Emissions from I-Joist Plants |

Nationwide baseline total HAP ennssmns from I-joist plants are estlmated to be 8 tpy.

The average total uncontrolled and baselme‘HAP emissions per plant is <1 tpy. Because the
average emissions per plant are <1 tpy, it follows that the average emissions per I-joist process
unit (e.g., curing oven, RF fingerjoint curing tunnel, and cutting operation) are <1 tpy."”

|
f
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2.12 GLUE-LAMINATED BEAMS |

2.12.1 Glulam Process Description | 7
. Glue-laminated beams are manufactured by gluing lumber together to form larger
étructural members for applications such Ias ridge beams, garage door headers, floor beams, and
arches. The glulam manufacturing prmeés consists of four phases: (1) drying and grading the
lumber; (2) end-joinﬁng the lumbef into ionger 1aminations€ (3) face gfuing the laminations; and
(4) finishing and fabﬁcaﬁon. |

Lumber used to manufacture glulam may be dried onsite at the glulam plant or purchased
pre-dried from suppliers. Nearly half of t;he glulam plants responding to the EPA’s engineered
wood products survey dry lumber in onsiie Iumber kilné. The remaining plants purchase dry
lumber. The moisture content of the lum;ber entering the glulam manufacturing process can be
determined by sampling from the lumber supply with a hand-held moisture meter or with a
continuous in-line meter that checks the m01sture of each board. Those boards with a m01sture
content-greater than a glven threshold are removed from the process and re- dned Re-drying may
be accomplished through air drying or k11n drying. Once the lumber is checked for moisture,
knots appearing on the ends of the lumber may be trimmed off and the lumber is graded. The
lumber is sorted into stacks based on the grade it recewes

To manufacture glulam in lengths beyond those commonly avaxlable for sawn lumber, the -
lumber must be end-jointed. The most cg)mmon end joint is a finger joint about 1.1 inches long.
The finger joints are machined on both ends of the lumber with special cutter heads. A structural
adhesive, such as an RF—curmg MF or PF adhesxve is applied and the joints in successive boards
are mated. The adhesive is cured with the Jomt under end pressure. Most manufacturers use a
continuous RF-curing system to cure end JOll’ltS '

Just before the face gluing proces§, the end-jointed lumber is planed on both sides to
ensure clean, parallel surfaces. for gluing. The adhesive is spread onto the lumber with a glue
extruder. Phenol-resorcinol- formaldehy(ﬁe is the most commonly used adhesive for face gluing.
Other adhesives used for face gluing mc]ude PF resin or MUF resin.’

The resinated lumber is assembled into a specified lay- up pattern. Straight beams are
clamped in a clamping bed where a mechamcal or hydraulic system bnngs the lumber into close

contact. Curved beams are clamped in a :curved form. With the batch-type clamping process,
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glulam beams are allowed to cure at rorme temperature for 5 to 16 hours before the pressure is
released.”” Some of the newer clampmg systems combine continuous hydrauhc presses and RF
curing to accelerate the face gluing process v

After the glulam beams are removed from the clamping systérn, thfe wide faces (sides) are
planed or sanded to remove beads of adhesive that have squeezed out betviveen the boards. The
narrow faces (top and bottom) of the beam may be lightly planed or sandeid depending on
appearance requirements. Edges (corners) are often eased (roundéd) as wsll. The specified
appearance of the member dictates whether additional finishing is required at this point in the
manufacturing process. Knot holes may be filled with putty patches and tile beams may be
further sanded. End sealers, surface seialers, finishes, or primer coats rnayi also be applied.*®

2.12.2 Emission Sources and Controls at Glulam Plants

Sources of HAP emissions at giulam plants include lumber drying, RF curing of finger
joints, glue application, and pressing. Glue application, RF curing of ﬁnéer joints, and pressing
are fugitive emission sources. Lumber kilns are not fugitive emissions sdurces. However,
lumber kilns have several emission poi;'nts. Lumber kilns are discussed m Section 2.14 below.
There are 22 glulam presses in use at US glulam p]ants.‘ No add-on controls are used on sources
of HAP emissions at glulam plants. | |
2.12.3 Nationwide HAP Emissions from Glulam Plants

Nationwide baseline total HAP emissions from glulam plants are estimated to be 84 tpy.
The average total uncontrolled and baselme HAP emissions per plant is 5 tpy. The average total
HAP emissions per glulam press is 4 tpy, based on the resin mass balance calculations described
in the baseline emissions memo." Avérage total HAP emissions for lumi)er kilns are
summarized in Section 2.14.3. |
2.13 MISCELLANEOUS ENG]NEERED WOOD PRODUCTS

In addition to the engineered wood products discussed in Sectlons 2.8 t0 2.12 above,
other miscellaneous engineered wood products are manufactured by md1v1dual plants in the
United States. These miscellaneous p:roducts are manufactured through operatlons similar to

other engineered wood products.
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2.13.1 Miscellaneous Engineered Wood:Products Process Description

One engineered wood product called “comply” is a composne ofa panel (e.g., OSB or
particleboard) core overlald with veneer on its edges or faces. Comp]y is manufactured as a
sheathmg panel with veneer faces.!** Comply panels are made in a three- or five-layer
arrangement. A three-layer panel has a vs{ood core and a veneer face and back. A five-layer
panel also has a veneer crossband in the cienter. When manufactured in a one-step pressing
operation, voids in the veneers are filled éutomatically by the particles or strands as the panels are
pressed.® | | |

One I-joist pla;nt manufactures cu%tom I-joist flanges by gluing several 0.75-inch strips of
wood together. Pre-dried lumber is purchased and ripped, and scarf joints are cut into the lumber
strips. Phenol-resorcinol-formaldehyde riesin is applied to the wood strips, and the custom
flanges are pressed at room temperature overni ght.®

Another facility ma.nufactures billzets similar to LVL billets for onsite use in I-joist flanges
and a product called “glue-laminated veneer beams.” The glue-laminated veneer beam billets are
manufactured from parallel laminated veneer (PLV) panels of varying thicknesses (5 to 11 ply)
obtained from outside facilities. The PLV panels are similar to plywood panels except that the
grains of the veneers in the panels are ali éned parallel to.one another. To manufacture billets, the
PLV panels are conditioned to achieve a fnanel temperature of 100° to 110°F. The ends of the
PLV panels are fingerjointed and PRF res:in is applied to the jointed edges. The end joints are
- mechanically forced together and are hot iﬁressed. Folléwing pressing the panels are cut to length
and moved to billet laYup where MDI resfn is épplied to the panel faces. The panels are stacked
" into billets of varying ihicknesses and pre}ssed in a room temperature batch press. Glue-
laminated veneer beams are made by nppmg the pressed billets to customer specxflcatlons
I-joist flanges are made from the billets as they would be prepared from LVL billets.”

2.13.2 Emission Sources at Miscellaneous Engineered Wood Plants

- Sources of HAP emissions at the céomply plant include particle drying and panel
pressing.** Emission sources related to c&siom flange preparation include glue application and
pressing, both of which are fugitive HAP ;sources. Finger joint hot pressing and billet pressing
are fugitive HAP emission sources relatedf to production of billets for glue-laminated veneer and

I-joist flange manufacturing.
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2.13.3 Nationwide HAP Emissions frorrjx Miscellaneous Engineered Wood iPlants

Nationwide uncontrolled and baseline total HAP emissions from miscellaneous

engineered wood products plants are estimated to be 18 tpy. The total baseiine HAP emissions E
per plant range from less than 1 tpy to lJ tpy depending on the nnscellaneous engineered wood |
product manufactured. The baselme ermss1on estimates were developed usmg the methodology ;
described in the baseline emissions memo, |
2.14 KILN-DRIED LUMBER |
Several PCWP plants are co—loca?ted with sawmills. Sawmills can process peeler cores
from plywood plants into lumber. Lumber is also produced from logs at sotne glulam plants for |
use in glulam production. Lumber may | be sold green, or it may be air drieci or dried in a lumber
kiln. This section discusses drying of lumber in lumber kilns. Lumber ktlns are emission
sources that contribute to the fac1hty—w1de HAP emissions when co- -located at PCWP plants. |
2.14.1 Co-Located LumberKilns w ' |
Green lumber is sawed from deb,arked logs or from plywood peeler cores. Freshly sawn
lumber has a high moisture content that must be reduced for many lumber end uses. Prior to kiln ;
drying, green lumber is stacked with stickers (thin strips of wood) in between each layer of the | i
stack. The stickers allow space between the layers of lumber for air flow. The lumber stacks are |
loaded into the kiln, the kiln runs through the drying cyc]e and the dried lumber is removed from
the kiln when the drying cycle is complete After completion of the lumber drying cycle, the
dried lumber is removed from the kiln, tmstacked (i.e., the stickers are removecl), and stored for
shipment. _ |
Lumber kilns are batch units. Softwood lumber kiln drying cycles typically last around
24 hours, while hardwood kiln drying cfycles can last from several days to 5weeks. Lumber kilns
may be direct-fired or indirect-heated (e. g., steam-heated). Lumber kiln oberating temperatures |
vary during the drying cycle as the hunﬁdity in the lumbeér kiln and lumbet rnoistute content
change. Lumber drying temperatures rainge from around 95° to 260°F and increase as the lJumber
becomes increasingly dry.*® The lumbe;r is dried slowly while at a higher hloisture content and ?

more severely as the moisture content decreases in order to maintain an adequate drying rate.

Green southern yellow pine is dried from about 40 to 100 percent moisture (dry basis) down to

below 20 percent moisture (dry basis).® The amount and direction of air that is vented from the

262 | |




kiln changes with the relative humidity, dry bulb temperature and wet bulb temperature inside
the kiln. Lumber kilns have multlple vents whlch alternate in function. During any given time,
one set of vents allows moisture to exhaust from the kiln while the other set of vents brings in
dry air. After some tlme the direction of mr circulation within the Kiln i is changed, and the kiln
vents exchange functions. Because of these changes in air flow patterns, lumber kiln emission
streams vary in flow rate, concentration, and mass emission rate throughout the kiln drying cycle.
In addition to emissions from lumber kilnivents, cor_lsiderable amounts of fugitive emissions may
be emitted from lumber kilns through cre\:zices in the kiln wall and around doors.
2.14.2 Emission Sources and Controls for Lumber Kilns

Lumber kilns are emission sources. There are a total of 356 uncontrolled lumber kilns
co-located at plants in the PCWP industry? Of the 356 kilns, roughly two-thirds are co-located at
softwood or hardwood plywood and veneeé:r plants while the remaining kilns are co-located at
glulam, OSB, conventional or molded particleboard and hardboard plants.5262° |
2.14.3 Nationwide HAP Emissions from Co-Located Lumber Kilns

The nationwide baseline total HAP emissions from co-located lumber kilns are included
with the nationwide totals presented in the sections on nationwide emissions above for each |
product. The average total HAP emissions per lumber kiln is 1 tpy, based on the emission

estimation methodology documented in the baseline emissions memo.'
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3.0 EMISSION CONTROL TECHNIQUES

This chapter discusses emission control techniques for reducing HAP emissions from
process units, primarily dryers and pressgs, at PCWP facilities. Emission control techniques
include add-on APCD, emission capturef systémé, and other control techniques (e.g., process
modifications). This chapter summmizés Athe pérfonnance of HAP control techniques and
discusses the operating parameters that can be monitored to assure prdper operation of these
control systems. ' |

Add-on control de;/ices traditionally have been applied to process units at PCWP
facilities to reduce particulate matter (Pl\?[) emissions. Examples of APCD used to control PM
emissions from PCWP facilities include ?multi—cyc]ones (multiclones), baghouses, electrified
filter beds (EFB), wet scrubbers, and WESP. Available control device performance data for
multi-cyclones, baghbuses (or fabric ﬁlteé:r_s), and EFB show that these control devices have no
effect on gaseous HAP or VOC? emjssioitns. The perfonﬁance data for WESP and wet scrubbers
installed for PM control also showed no !effect on HAP and VOC emissions. These wet systems
may achieve short-term reductions in VéC or gaéeous HAP emissions, howevér, the HAP and
VOC control efficiency data, which ranéé from slightly positive to negative values, indicate that
the ability of these wet systems to absorl% water-soluble compounds (such as formaldehyde)
diminishes as the recirculating scmbbilmg liquid becomes saturated with these compounds.!
Beginning in the 1990s, incineration-basfed controls and biofilters also were installed at some
PCWP facilities to reduce VOC emlssmns primarily from dryers and presses. These VOC

controls are also effective in reducing gaseous HAP emissions.

*Volatile organic compound (VOC) emissions are often based on total hydrocarbon
(THC) measurements. This chapter refers to VOC in discussions of control system design and
operation. However, performance data specific to PCWP control systems are presented in terms
of THC. The factors that affect control gystem performance for VOC are the same for THC.
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This chapter focuses on those control systems that reduce gaseous HAP emissions.

Incineration-based controls are dxscussed in Section 3.1 and biofiltration is dlSCllSSCd in
Section 3.2. Capture devices designed to capture and deliver gaseous HAP emissions from
PCWP process units to an APCD are discussed in Section 3.3. Although WESP do not
consistently and reliably reduce gaseous}HAP emissions, a discussion of WESP is included in
Section 3.4 because WESP are often used in conjunction with RTO to protect the media from
particulates that would otherwise enter the RTO. Additional control techniques are discussed in
Section 3.5. Section 3.6 contains the references cited in this chapter. |

3.1 INCINERATION-BASED CONTROLS |

Incineration is a highly effective: method for destroymg hydrocarbon and other or: gamc

vapors, gaseous pollutants, and combustlble particulate. Incmeratlon—based controls oxi idize
organic vapors in the process exhaust stream to carbon dioxide (CO,) and water (H,0) through
combustion reactions. Incmeratlon-based controls used in the PCWP mdustry include add-on
controls such as thermal oxidizers, regeneratlve catalytic oxidizers (RCO), end thermal catalytic
oxidizers (TCO). In addition to add-on éincineration-based controls, someiPCWP facilities
perform “process incineration.” Proces%s incineration involves routing 100 percent of the
emissions from a process unit to an onsite combustion unit such as a boilet or process heater
(e.g., dryer burner). Section 3.1.1 discusses thermal oxidization (i.e., thermal oxidizers, process
incineration, and RTO) and Section 3. 1;2 discusses catalytic oxidation (i. e RCO and TCO).
The performance of incineration-based controls is discussed in Section 3. 1 3. Parameters
monitored during operation of mcmeratxon-based controls are discussed i m Section 3.1.4.

3.1.1 Thermal Oxidization

The vast majority of mcmeratlon-based systems used in the PCWP industry are thermal -
oxidization systems and nearly all of these systems have waste heat recovery to reduce operating
costs related to fuel consumption. Thermal oxidation systems include thermal oxidizers (which
do not have heat recovery) and recupetative or regenerative thermal oxidizers. Recuperative
thermal oxidizers incorporate a heat exchanger at the combustion chamber outlet to recover up to
70 percent of the heat energy in the combustlon chamber exhaust. Regeneratlve thermal
oxidizers incorporate ceramic beds at the inlet and outlet of the combusnon chamber for up to

95 percent energy recovery. * Based on avallable information, either no heat recovery or only the
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regenerative heat recovery systems are m st commonly used with thermal oxidizers at PCWP
facilities.3 Therefore, this section focuses on describing operation of thermal oxidizers and RTO.
Recuperative thermal oxidizers are ot dfscussed

3.1.1.1 Thermal Ox1d1zers Thermal oxidizers are one of the best known methods for
industrial waste gas disposal in which the combustible compounds in the waste gas stream are
completely destroyed rather than collected Thermal oxidizers are refractory-lined combustion
chambers containing a burner (or set of burners) Figure 3-1 is a schematic of a thermal oxidizer.
The burner provides the heat necessary folr combusnon Natural gas or propane are typically used
as burner auxiliary fuels The heat from t e bumer 1gn1tes and begins to oxidize the gaseous
HAP and/or VOC pollutants in the exhaust once they enter the mixing chamber. Oxidation of
the pollutants to comb‘dstion products (i.ei., CO, and H,0) is completed in ,t_he reaction chamber.
Heat from combustion of the pollutants in the exhaust gas serves to reduce auxiliary fuel usage.
An efficient thermal oXidizer provides: (1) a combusfion cllamber temperature high enough to

completely oxidize the gaseous HAP or V:OC; (2) sufficient residence time in the combustion

chamber to allow for complete oxidation of gaseous HAP or VOC; and (3) sufficient mixing of

combustion products, air, and the processivent streams.*

1
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v ‘
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i
Figure 3-1. Scﬁlematie of a thermal oxidizer.

Combustion is_: greatly affected by ithe operating temperature of the incinerator. The
theoretical temperature required for thermal oxidation depends on the structure of the chemical

involved. Some chemicals can be oxidized at a temperature much lower than others. However, a




temperature can be identified that will result in the efficient destruction of most exhaust gas
streams containing gaseous HAP or VOC. To be efficiently incinerated, exhaust gas streams
must be heated to their ignition temperattne. If the ignition temperature is not met, then
incomplete combustion will occur. The;efore, most thermal oxidiz€rs operate above exhaust gas
ignition temperatures. Thermal destruétion of most compounds occurs between 1,110° and
1,200°F, while most incinerators operate between 1,300° and 1,500°F. ‘

Thermal oxidizer residence time is the time from when the exhaust gas stream reaches the
combustion temperature until the exhaust gas stream leaves the combustiou chamber. Therefore,
the residence time is determined by the size of the combustion chamber and the flow rate of the
exhaust gas stream through the chambet.’ The incinerator operating tempei'ature directly affects
the residence time, and vice versa. If the operating temperature is increased, then the gaseous
pollutants can be oxidized more rapidly, therefore, reducing the necessary:residence time. Also,
if the operating temperature is decreased, then the gaseous pollutants will be oxidized in a longer
period of time, requiring a longer re31dence time.’

Turbulence is necessary to achieve the proper amount of mixing, which is important for
two reasons. First, every gaseous pollutant molecule must come into contact with an oxygen (O,)
molecule to ensure complete combustion. If gaseous pollutant molecules do not contact O,
molecules, then the gaseous pollutants may be exhausted from the combustlon unit before being
oxidized. Secondly, the entire exhaust gas stream must be mixed with the heat source in order to
reach the necessary operating temperature.5 ‘

Relatively few thermal oxidizers without heat recovery are used in the PCWP industry.
" Nevertheless, the principles of thermal omdatlon described above apply to all types of thermal
oxidization systems (including process 1ncmerat1on systems and RTO) used at PCWP facilities.

3.1.1.2 Process Incineration. In addltlon to add-on thermal ox1dlzers exhaust gases from

PCWP process units may be'routed to the combustion chamber of an onsite boiler or process
heater. The boiler or process heater operates much like a thermal oxidizer. The organic
emissions in the process exhaust are incinerated in the combustion chamber. Hence, this control
technique is referred to as “process incineration.” As for a thermal oxidizer, the process
incineration system must be designed to allow for proper mixing of the pollutants with O,, have a

temperature high enough to ignite the pollutants, and provide adequate residence time.
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Some OSB facilities use a heaUenérgy system for process incineration. This technology
uses an oversized combustion unit that ac¢ommodates recirculation of 100 percent of the
volumetric flow of dryer exhaust gases. The recirculated dryer exhaust is mixed with
combustion air and exposed directly to the burner flame. The‘ gaseous HAP/VOC emissions are
incinerated at the high temperatures insidé the combustion unit. A urea solution may be injected
near the outlet of the combustion chamber to help lower NOy emissions (i.e., by chemically
reducing a portion of the NOy, to nitrogeni [N,]1). High temperature exhaust from the combustion
unit passes through a heat exchanger, which provides heat for dryer inlet air, and then through an
add-on device for PM emission ‘control. ?lants that use exhaust gas recycle to control dryer
emissions are generally designed from th§ ground up (i.e., exhaust gas recycle systems cannot be
easily retrofitted).’

3.1.1.3 Regenerative Thermal Oxi:dizers. The type of thermal oxidization system most
commonly used in the PCWP industry is the RTO. Regenerative heat recovery systems use
direct contact with a heat-tolerant ceramic material. The inlet gas first passes through a hot bed
or “cariister” of ceramic media which heats the gas stream to or above its ignition temperature
typically, 1,400° to 1,800°F. If the desired temperature is not attainable, then a small amount of
auxiliary fuel is added in the combustion ¢hamber. The hot gases react (i.e., oxidize to CO, and
HZO) in the combustion chamber, and thezj pass through a second canister of ceramic media,
heating the media to tﬁe combustion chanf;ber outlet temperature. Thus, while one canister
absorbs heat from the hot (cleaned) gas stream, another canister transfers its stored heat to the
incoming (polluted) gas stream. When thé heat absorbing canister reaches its heat storage
capacity, and the other canistér becomes l*;eat depleted, a series of valves redirects the gas flow so
the roles of the two canisters reverse.’ Th:is cyclic process allows exhaust gas streams to be
nearly self-sustaining.” Figure 3-2 shows Ethis regenerative heat recovery process.

The RTO used in thé PCWP induétry incorporate. two to eight canisters.> The number of
heat recovery canisters is dictated by the flow rate to be controlled. Some RTO with odd
numbers of canisters incorporate a purge canister to ensure that untreated exhaust in the plenum
beneath the RTO is not exhausted to the a?:mosphere (resulting in reduced control efficiency) as

the flow is reversed from canister to canister. For example, in a five-canister system, at any
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Figure 3-2. Regenerative heat recovery process.

given point in system operation, two caﬁiéters will be functioning as inlet beds and two are
functioning as outlet beds, while the remaining regenerator bed is being purged.®

The ceramic bedding of an RT O typically consists of either structu;'ed packing in the form
of a honeycomb ceramic monolith or raﬁdom packing consisting of 1 inch porcelain “saddles.”
Porcelain saddles are much cheaper to maﬁufacture and therefore cost less than the structured
packing. However, structured packingfljas advantages including lower pressure drop and laminar
flow characteristics.’ ; |

The preheat temperatures achie\jﬁed in the inlet canister are general1y higher than the
ignition temperatures for most gaseous HAP or VOC. Thus, some oxidati:on of pollutants will
begin to occur in the ceramic packed beds before the preheated gases are d1 scharged from the
inlet bed to the combustion chamber. A burner system fires- into the combustion chamber

between the ceramic beds to automatically maintain a preset oxidation temperature.® Most RTO
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are operated with combustion chamber temperatures of around 1,500°F.> The combustion
chamber is sized for a pre-determined ret:ention time with the oxidizer operating at normal design
temperature and handling the 'maxirrfium :ﬂow rate of process exhausts. The canister and
combustion chamber designs are such that relatively high linear velocities of the oxidizing gases
are typical. These velocities and the vertical gas flow patterns in the combustion chamber are
sufficient to provide satisfactory gas phaée mixing ('turl:.oulence).8

Natural gas injection (NGI) is a technique used with RTO to boost the hydrocarbon
concentration in the incoming air stream ito a level necessary for self-sustaining combustion.
Typically, a natural gas burner system is used to make up the heat energy that is not recovered by
the RTO. If the incoming air stream is hi;ghly concentrated, the hydrocarbons will ignite and the
process will become self-sustaining (i.e.,irequire no auxiliary fuel usage). However, emission
streams at PCWP plaﬁts typically are hi gh volume, low concentration streams. Natural gas
injection is performed when the heat exchan ge media is saturated and hot enough to bring the gas
stream above 1gmt10n levels. At that pomt the burner and combustlon blower are turned off and
natural gas or methane is injected into the Incoming gas stream, ennchmg it to the concentration
level necessary for self-sustaining combustlon The NGI reportedly improves the RTO thermal
efficiency by 1 percent or more, overall. 7:

As mentioned above, the exhaust istreams from PCWP process units are relatively dilute
(i.e., contain air which is comprised pnmanly of N, and O,). Thermal NOX is formed when N, is
exposed to high temperatures in the presence of O,. In addition, fuel NOy is formed when N, in
the fuel is oxidized to NOy. As temperature increases, the kinetics of NOy, formation accelerate,
and more NOy is formed. Thué, NOy formation must be considered in the design of incineration

systems. Low NOy burners and NGI can|be used to reduce formanon of NOy in combustion

units such as RTO. Low NOy burners in 11b1t NOy formation by controlling the mixing of fuel
and air.* Use of NGI fesults in a decrease in NOy emissions because it reduces the need for
burner operation. The bumer is the majoﬁr contributor to NOy emissions from the RTO due to the
high flame temperatures.”!° | |
Several facilities in the wood proc%iucts industry have noted trouble with huildup of
particulates or salts in the heat recovery heds of RTO. The salts include submicron particles of

sodium and potassium oxides which originate from wood ash that passes through direct wood-
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fired dryers. The salts can penetrate deep into the RTO media, where they melt and fuse to the
media. In the liquid state, these salts reéct with the ceramic media causing the media to weaken
and crumble, which eventudlly leadsrfo 1:‘estriction of air flow and unaccept:able pressure drop
through the RTO system.''> When air flow through the RTO packing is réstrictcd, the air flow
through the dryers is also restncted resulting in dryer plugging and the potent1a1 for dryer fires.
“Bakeouts” and “washouts” are two methods used to combat the buildup of particulates and salts
in the RTO media. Glazing of the RTO media by salts occurs most rapidly at the top of the RTO
media bed where temperatures are the h;ottest.13 A particulate prefilter, such as a WESP, may be
used upstream of an RTO to remove some of the particulates or salts before they enter the RTO.

During a bakeout, the RTO ternberature is increased to burn the reéidue off of the media.
Online bakeout features have been incb:zrporated into the design of some RTO to allow bakeouts
without shutdown of the RTO or produétion line. Once bakeouts are no lénger effective in
removing buildup on the RTO media, washouts may be performed. Durin:g a washout, residue is
rinsed from the media beds by manually spraying water over the media. The RTO must be shut
down and cooled prior to washout. Most facilities must perform bakeouts frorn time to time.
However, there are some facilities that perform washouts rather than bakeouts In addition, there
are some facilities that perform bakeouts but do not perform washouts. The frequency at which
bakeouts and/or washouts must be performed depends on the source contrélled and site-specific
conditions but generally ranges from mfonthly to arinual]y. Frequent bakeéuts and washouts of
the RTO can be costly due to lost production.?
3.1.2 Catalytic Oxidization ‘

A number of catalytic ox1datloﬁ systems, mcludmg RCO and TCO are used to control
PCWP process unit emissions. All of these systems have regenerative heat recovery to reduce
operating costs related to fuel consun*ipjtion. The primary difference between catalytic oxidation.
systems and thermal oxidation systems ié that catalytic systems employ a‘catalyst to increase the
rate of the combustion reaction by alléWing oxidation to occur at lower operating temperatures.
The use of lower reaction temperaturés results in substantial auxiliary fuel savings and, therefore,
reduced operating costs.

An RCO is designed much like an RTO, except that a layer of precious metal catalyst is

impregnated on the ceramic media. T\}pical operating temperatures for RCO are around 800°F.’
[ : ! .
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Another type of catalytic oxidizer, the TCO is a combination between an RTO and aRCO. The
TCO runs at a temperature of around 9OQ°F and contains catalytxc medla. However, the canisters
and fans on the TCO are sized large enobgh so that the TCO can be operated like an RTO if

- catalyst replacement costs become overl?y expensive. Natural gas can be injected into the TCO to
reduce NOy emissions.® |

A catalyst is a substance that causes or speeds up.a chemical reaction without undergoing
any change itself.’ In catalytic ozidizers, the act1ve catalyst is impregnated on the surface of
temperature-resistant substrate such as cera.m]c pellets cylinders, or a monolithic honeycomb 8
Even when using a catalyst, the i 1ncommg exhaust gas must be preheated toa temperature
sufficiently high (usually from 300° to 9%)O°F) to m1t1ate the ox1dat10n reactions in the catalytic
oxidizer.” The spec1frc reaction 1n1t1at1on temperature depends on the type of catalyst and the
specific pollutants in the exhaust gas. The reaction between the O, in the gas stream and the
gaseous pollutants takes place at the cata:lyst surface As the polluted process exhaust passes
though the catalyst bed and is oxidized, nhere is an increase in temperature proportional to the
amount of organics contained in the exhaust 8 _

Catalysts have a finite life in terms of catalytic act1v1ty “Catalytic activity” refers to the
degree to which a chemical reaction rate us increased compared with the same reaction without
the catalyst.* Catalyst replacement is neoessary when loss of catalytic act1v1ty causes the
oxidizer’s HAP/VOC reduction efflcrency to fall to unacceptable levels. The basic factors
affecting catalyst life ; are temperature and deactivation (e.g., po;sonmg, maskmg, or fouling).

Each type of catalyst has a requrred minimum activation temperature and a maximum
operating temperature above which catalyst performance is 1mpa1red or destroyed Thus each
catalyst type therefore has a “temperature window” for satisfactory operatlon. Because the
temperature increase across the catalyst b?ecl 1s proportional to the organic concentration in the
process exhaust, there is a maximum org%anic loading that corresponds with the maximum
catalyst operating temperature. Generally, the “temperature window” is greater for precious -
metal catalysts than for base metal catalysts |

Exposure of catalysts to certain chemlcal compounds can result in deactivation (i.e., a
loss of efficiency for destructxon of hydro,carbons). Deactivation can be caused by poisoning of

the catalyst by compotinds containing heavy metals, sulfur, or phosphorous. Deactivation can

! 3-9




R S S Rt

also result from masking or fouling of the catalyst by silicon compounds (which convert to silica
on the catalyst surface), PM, or resinous material which may coat the catalyst surface. The loss
of catalyst activity is irreversible when poisoning occurs. Catalyst activity can often be restored
following masking or fouling by techmques such as washing of the catalyst 8

Precious metal (e.g., platinum and platinum group metals) and base metal (e.g.
manganese droxrde and related oxides) catalysts are commonly used in catalytic oxidizers.?
Precious metal catalysts are more resistant to poisoning and fouling than base metal catalysts.”
Dryers with high moisture and particulate content in the dryer exhaust could potentially foul
catalytic media. Thus, RTO are most cornmonly used to control emissions ;frorn wood strand and ’
particle rotary dryers and tube dryers. H‘owever RCO or TCO, as well as l:{TO, are used to |
control emissions from presses or veneer dryers : '

Tradeoffs exist between thermal and catalytic oxidizers. Thermal oxidizers generally
require more auxiliary fuel than catalytic oxidizers and operate at temperatures that are several
hundred degrees higher than in catalytic ‘oxidizers. However, deactivation of the catalyst and
catalytic system is a possibility. Catalytic media is much more expensive than ceramic media (if
ceramic media is used in a thermal oxidizer to recover heat). Thus, catalytic oxidizers have
higher capital and media replacement costs than do thermal oxidizers. However, thermal
oxidizers have higher operating costs than do catalytic oxidizers.

3.1.3 Performance of Incineration-Based Controls

Incineration-based controls are an applicable control technology for a wide range of
exhaust streams containing gaseous orgamc compounds. Thermal oxrdlzers generally can be
+ designed to achieve 95 to 99 percent reductlon for most VOC and an outlet concentration of
20 ppmv.*!* Catalytic oxidizers are also frequently designed to achieve 95 to 99 percent |
reduction.® The control efficiency of process incineration systems is expected to be equivalent to [
that of a thermal oxidizer. The inlet concentration of combustible organic compounds affects the {
achievable percent reduction. For example, a 98 percent reduction is more easily achieved when .
there is a high concentration (e.g., l,OOCil‘ppm) of organics. However, a 98 percent reduction may l
be more difficult to achieve for low inlet concentrations (e.g., < 100 ppm). | ‘ ‘
Tables 3-1 and 3-2 summarize the range and average of the inlet and outlet concentrations

and achievable percent redugctions for formaldehyde methanol, and THC for RTO and RCO. B
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The performance data for individual control systems summarized in Tables 3-1 and 3-2 are

presented in a separate memorandum on control efficiency.! Examination of the performance

data for individual control systems shows that RTO and RCO used in the PCWP mdustry can

reduce methanol and formaldehyde emlssmns by at least 90 percent.except when the pollutant

loadings of the emission stream entering the control devices are very low. Examination of the

performance data for THC reveals that RTO and RCO can reduce THC emissions by at least

90 percent. As shown in Tables 3-1 and 3-2, low concentrations (generally less than 100 ppmdv)

of methanol and formaldehyde are present at the mlet of PCWP RTO and RCO. Thus, it is

reasonable that the average pollutant reduction efficiency for these compounds is less than the

typical design VOC destruction efficiency for RTO and RCO (i.e., 95 to 99 percent).

TABLE 3-1. SUMMARY OF RTO PERFORMANCE FOR
FORMALDEHYDE, METHANOL, AND THC*

No. of

Minimum-maximum (average)
concentration, ppmvd

Control
Pollutant ' tests RTO Inlet RTO Outlet efficiency, %°
Formaldehyde 17 1.0-45 (13) 0.067-13(1.4) | 51-99.8 (89)
Methanol 15 -} 4.0-109 (25) 0.25-4.6 (0.75) | 78-99.7 (94)
THC (as carbon, minus methane)® 25 51-5,090 (613) 0.5-130 (A7) 90-99.9 (97)

? This table presents the range and average of the available inlet and outlet concentration and control efficiency data -
for RTO used in the PCWP industry. Lower control efficiencies generally correspond with lower inlet
concentrations and higher control efficiencies generally correspond with higher inlet concentrations.

® Control efficiencies are calculated based on mass rates (inlet vs. outlet) which are not shown in the table.

¢ Excludes one data set not corrected for methane and one data set measured during process upsets.

TABLE 3-2. SUMMARY OF RCO PERFORMANCE FOR
FORMALDEHYDE, METHANOL, AND THC*®

Minimum-maximum (average)
concentration, ppmvd

NQ. of Control
Pollutant tests RCO Inlet RCO Outlet | efficiency, %°
Formaldehyde 2 3.5-21 2.6-7.9 18-51
Methanol 2 9.3-13 0.94-3.9 67-87
THC (as carbon, minus methane) 3 44-1,831 (674) 15-153 (64) 89-99 (949

? This table presents the range and average of the available inlet and outlet concentration and control efficiency data
for RCO used in the PCWP industry. Lower control efficiencies generally correspond with lower inlet -
concentrations and higher control efficiencies jgenerally correspond. with higher inlet concentrations.

® Control efficiencies are calculated based on mass rates (inlet vs. outlet) which are not shown in the table.

¢ Excludes one control efficiency not corrected for methane.
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No specific inlet and outlet test data are available to determine the control efficiency
achieved by thermal oxidizers (without heat recovery) and TCO used in the PCWP industry.
However, it is expected that thermal ox1dlzers and TCO can achieve the same level of control as
RTO and RCO, respectively. Furthermore, no inlet and outlet test data are available for process
incineration systems. However, test data for one process incineration system (a heat/energy
exhaust gas recirculation system at an OSB plant used to control emissions from rotary strand
dryers) shows that THC and formaldehyde emissions from the system on a pounds per oven dried

ton (Ib/ODT) basis are comparable to or lower than emissions at the outlet of an RTO used to

control similar dryers.''¢

Incineration-based controls currently used in the PCWP industry irtclude 2 thermal
oxidizers, 82 RTO, 8 RCO, 8 TCO, and 9 process incineration systems. The thermal oxidizers
are used to control tube dryers and veneer dryers. The RTO, which by far are the most
commonly used incineration-based control systems in the PCWP industry; are used to control
various types of dryers, presses, board coolers, and hardboard process units The RCO control
OSB presses and dryers, veneer dryers, and hardboard process units. One of the TCO controls an
OSB press and the other TCO is used to control the combined exhaust from an MDF press and
tube dryers. The process incineration systems are used to control OSB rotary and conveyor
dryers, MDF dryers and an MDF press, and veneer dryers. Although a variety of process units
are controlled with incineration;based‘control systems, the performance data for incineration-
based controls show that the same level of control (e.g., outlet concentration and/or control

efficiency) can be achieved regatdless of the type of process unit controlled.!

3.1.4 Monitoring of Incineration-Based Controls

Operating parameters monitored for incineration-based controls may include temperature,

flow rate, system pressure, catalyst activity for catalytic systems, and valve timing for
regenerative systems. Monitoring of tﬁese operating parameters is discussed below. In addition
to operating parameters, some facilitioé may continuously monitor VOC {or THC), CO, or stack
opacity, depending on the process unité controlled by the control system and the applicable
regulatory requirements.’

Combustion chamber (or “firebox”) temperature is a key operating parameter monitored

for thermal oxidizers. Monitoring and controlling firebox temperature is,a good method for
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ensunng that the oxidizer achieves the necessary 1gmt10n temperature requ1red for poliutant
destruction. In catalytlc oxidizers, temperatures at the inlet and/or outlet of the catalyst bed may
be monitored to indicate catalyst activity (shown by a temperature increase across the catalyst
bed) or to control operation of the oxidizer. E

Exhaust gas flow rates may be monitored directly with a flow meter or through use of a
flow indicator such as fan power or static pressure. Pressure drop varies as gas flow rate through
the control system varies. ‘An increase in ipressure drop or change in static pressure can‘indicate
problems with plugging of the heat recovery media.

As discussed in Section 3.1.2, catalyst material life is impacted by poisons, masking
agents, and thermal or physical degradatlon Annual sampling and testing of the catalystin a
catalytic ox1dlzer can be performed to deterrmne catalyst activity.

Operation and mamtenance of the valve system for switching between heat recovery
canisters can affect the perforrnance of regeneratxve systems (i.e., RTO, RCO or TCO). Leaking
valves or valve timing that is off could allow a small portion of untreated exhaust gases to bypass
the oxidation chamber. Periodic inspecti(i)n of the valves and verification of the valve timing
could be done periodically to guard against reduced system performance.

3.2 BIOFILTRATION

3.2.1 Description of Biofiltration

Biofiltration systems are currently used to control emissions of HAP and VOC from
PCWP presses and board coolers in the United States. Biofiltration systems consist of a vacuum
system, a humidification system, and the bxofllter Figure 3-3 presents a schematic of a
" biofiltration system. The vacuum system moves process unit exhaust through the humldlflcatmn
system and biofilter. The humidification. system uses water sprays to cool and saturate the air
entering the biofilter. The humld1ﬁcat10r; system also removes excess particulates from the air
stream. Pre-humidification of the gas str¢am entering the biofilter also helps to prevent the
~ constant flow of gas from drying the biofilter media. Humidification may be accomplished with
water spray nozzles in the biofilter inlet ciuct, with spray chambers in enlarged sections of the

inlet duct, or through use of a wet scrubber or packed bed upstream of the biofilter."”**
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Figure 3-3. Schematic of a biofiltration system.

The biofilter contains porous packing such as bark, wood chips, peat, or synthetié media.
The media provides a large surface area for the absorption and adsorption of contaminants. The
life span of bark varies from 6 months to 2 years depending on the proper’tives of the gases being
treated. ' Composted wood chips may last up to 7 years.®® A structural component may be
added to the media to prevent compaction which would result in excessive pressure drop across
the filter bed."” The filter media naturally contains some microorganisms and is inoculated with
additional microorganisms that are well rsuited for the environment in the biofilter and the
exhaust gas to be treated. Acclimation of the microorganisms to the biofilter environment and
gases to be treated may take weeks or months.® The microorganisms are immobilized in an
aqueous layer or “biofilm” on the packihg material. Typical biofilter design consists of a 3- to
6-foot-deep bed of media suspended over an air distribution plenum.

The vacuum system draws the hunndlfled gases into the plenum under the biofilter where
the gases are evenly distributed under the media. The exhaust gases are forced upward through
the moist biofilter media. As the contaminated exhaust stream passes thrqugh the biofilter
media, pollutants are transferred from the vapor phase to the biofilm. Once in the biofilm, the
pollutants are oxidized by microbiological activity to CO,, water, and mineral salts. The
biological oxidation process can de deScﬁbed as follows:

organic pollutants + 0, —> CO, + H,0 + heat + biomass
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Mlcroorgamsms requlre a carbon source, water, and nutnents (e g., N2 and phosphorous)
to carry out metabohc processes necessary for the microorganisms’ growth, reproduction, and
survival. In biofiltration systems, thé carbon source is the hydrocarbon pollutants from the
exhaust gas. The biofilter media is also a source of carbon and nutrients for the microorganisms.
Water and nutrients are added to the bioﬁ]trétion system‘ through water sprays over the biofilter
media and by humidification of the incorin’ng exhaust gases A media moisture of 30 to
60 percent is generally maintained. 17:20 Water and condensate flowing through the biofilter media
is collected in the plenum undemeath the biofilter which slopes so the water drains away to the
wastewater handling system |

Mlcroorganlsms also thrive w1th1n specific temperature and pH ranges. Outside of those
ranges, the microorganisms become less active; therefore, the pollutant reduction efficiency of
the biofilter can decrease if appropriate tejmperatur_e and pH conditions are not maintained in the
media bed. The optimal temperature range for the types of microorganisms used in biofilters
(i.e., mesophilic microorganisms)‘is arouhd 70° and 95°F."” The upper limit of temperature for
activity of mesophilic microorganisms is: about 105°F.!%?' Most mlcroorgamsms grow best in a
relatively neutral pH range (i.e., pH 6 to 8) 202

‘There are two main biofilter designs used, including the completely open system and the
totally enclosed system. Completely open systems are less expensive than totally enclosed
systems, however, the performance of an,open systcm can be affected significantly by outside
influences (e.g., rain, wind, and sun). C()?mpietcly open systems are used primarily for odor
control of dilute and cool exhaust streams. A totally enclosed system is necessary for exhaust
streams with hi gher concentrétions of organic compounds and increased monitoring requirements
(e.g., systems used to :comp]y with emission limits rather than for odor control).”” All of the
biofilters currently used to control emissigons from presses and board coolers in the PCWP
industry are fully enclosed. A

‘There are three general types of tojtally enclosed systems, including: building enclosures,
cellular systems, and modular units. Buiidin g enclosures are simple to construct and can include
multiple chambers. The spray nozzles cé;n be attached to the roof in order to thoroughly irrigate
the media. Because the roof is an mtegreﬂ part of the building enclosure deswn the only way to

enter the biofilter and remove the media i 1s through small doors and hatches (i.e., confined
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spaces). Cellular systems are subterranehn compartments that can be designed and constructed
prior to delivery and assembled on-site. ‘With the cellular design, the roof 1s easily removed,
which makes access for media replacémént more convenient. Modular units are similar to
cellular systems, except that the modules include self-contained gratings, media, and irﬁgation
systems. The entire module can easily be removed and replaced with an entirely new module
without interrupting the whole biofiltration system. The modular design is accommodating to
facilities with future expansion plans. | :

Onsite pilot-scale tests using a slip-stream of the actual gas stream targeted for control are
often conducted prior to design of a full#scale biofiltration system. Such tests reveal fluctuations
in off-gas conditions, such as pollutant'éoncentration and temperature, and the presence of
contaminants or particulates. Pilot tests are valuable for tailoring the bioﬁ'iter media, m‘icrobes,
and operating parameters to site-specifié conditions." :

3.2.2 Performance of Biofilters

Biofiltration systems are effective for treating low concentrations (e.g., <1,000 ppm) of
organic compounds with organic loading rates between 300 to 500 ft3/ft>-hr.® Biofilters perform
best when a steady flow of gaseous HAP or VOC must be treated, be:causei fluctuations in
emissions make the biological reactions more difficult to control.?> The size of the biofilter
increases as the flow rate and organic concentration increases in order to ﬁrovide sufficient
residence time for treatment of the organic loading. Biofiltration is most éffective on water
soluble and biodegradable organic contarnjnants. Formaldehyde, phenol, :and methanol meet
these criteria.!” However, somé vOC cbmpounds emitted from PCWP prbcess units (such as

‘ pinenes) are less water soluble. Biofiltration cannot successfully treat some organic compounds,
such as chlorinated VOC, which have iow adsorption or degradation rates.*

Five biofilters are being used to reduce emissions from presses or i)oard coolers at four
wood products plants. Table.3-3 sumﬁarizes the inlet and outlet concentrations of
formaldehyde, methanol, and THC in the PCWP exhaust streams treated lilsing biofilters.!

Table 3-3 also summarizes the control efficiency achieved by biofilters for these pollutants.
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TABLE 3-3. SUMMARY OF BIOFILTER PERFORMANCE FOR
FORMALDEHYDE, METHANOL, AND THC®

- : Minimum-maximum (average)
No. of concentration, p?mvd Control
Pollutant tests . Biofilter Inlet | Biofilter Outlet | efficiency, %°
Formaldehyde : _ 3 B 2.9-13(8.1) | 0.07-0.22(0.15) | 97-98 (98)
Methanol 2. 19-90 0.32-18 - 79-98
THC (as C, minus methane) 3 84-130 (110) 7.1-27 (19.2) 73-90 (81)

? This table presents the range and average of the available inlet and outlet concentration and control efﬁcnency data
for biofilters used in the PCWP industry.

b Control efficiencies are:calculated bascd on mass rates (inlet vs. outlet) which are not shown in the table

3.2.3 Monitoring of Biofilters

The health of the microorganism population and the ability of the biofilter to destroy
pollutants depends on the amount of moi:sture in the biofilter, pH of the biofilter media, bed
temperature, and nutnen,t levels. Adequate moisture is needed to ensure survival of the
rmcroorgamsms to ensure that pollutants are transferred to the biofilm, and to prevent drying and
channeling of the biofilter media. Over-watered and/or poorly drained media may also cause |
problems such as development of wet spots and anaerobic zones, and reduction in the active
surface contributing to pollutant transfer; Over-watered media is also prone to channeling.’® The
rnjcréorganisms become acé:limated to certain pH, temperature, and nutrient level ranges, and
large swings in these ranges can slow uptake and degradation of pollutants by the
microorganisms. Severe changes in pH <§:>r temperature could destroy the microorganisms.
Particulate buildup in the system, which is indicated by increased system pressure, also affects
the performance of the biofilter. A reductidn in the activity of the microorganism population can
be indicated through routine or continuous monitoring of VOC (e.g., with the THC analyzer). |
 Alternatively, bacteria counts could be nﬁonitored by collecting samples of the biofilter media or
effluent and analyzing the samples in a laboratory. Nutrient levels and pH could be checked by
monitoring the effluent from the bi ofilter. Pressure drop and bed temperature (or gas Stream

temperature) are biofilter parameters that are routinely monitored.*?** '
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3.3 CAPTURE DEVICES ,

Sections 3.1 and 3.2 discussed two types of control devices (incineration-based controls
and biofilters) used for destruction of'gaeeous HAP emissions. The reduction in gaseous HAP
emissions from a process unit depends not only on the destruction efficiency of the control
device, but also on the percentage of theiprocess unit exhaust routed to the control device.
Therefore, this section discusses capture devices used to capture and route process unit exhaust
to a control device. “Capture efﬁciency’:" refers to the fraction of emissions from a process unit
that is captured and routed to the control device. The total HAP reduction efﬁciency of a control
system (i.e., capture device and control device) is the product of the capture efficiency and
control device destruction efficiency. ‘ v

Most process units at PCWP plaﬁts exhaust through stacks or duct work; therefore,

100 percent of the exhaust from the prodeés unit is routed to the control device. However,
emissions from PCWP presses and board coolers do not exhaust directly through stacks.

Gaseous HAP emissions are released directly into the press or cooling area. These emissions
typically are drawn throuéh the roof vents above the press or cooler. The ermssxons that are not
drawn through the roof vents dissipate m31de the building (and are eventually emitted through the
building ventilation system). Several PCWP plants have hoods or other partial capture devices
above the press area to aid in collection of the press and board cooler emissions. The capture
efficiency achieved by such devices is not known and is difficult to measufe.

Permanent total enclosures, as defined by EPA in Method 204 (40 CFR 51, Appendix M),
are presumed to achieve 100 percent capture. Thus, the capture efficiency of PTEs does not
require measurement. To be considered a PTE (and qualify for the presumption of 100 percent

capture), a total enclosure must meet the five design criteria summarized below:*?’

1. All emission points inside the enclosure must be at least 4 equivalent diameters from
any openings; | |

2. The total area of all openings (doors, windows, etc.) must not exceed 5 percent of the
enclosure’s surface area (walls floor, and ceiling); .

3. Air must flow into the enc]osure at all openings Wwith an average face velocity of at
least 200 ft/min (which is equivalent to approximately 0.007 inches of water column);

|
!
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4. All windows and doors not counted in the 5-percent of area rule must be closed
during normal operation; and |

5. All exhaust streams must be discharged through a control device.

-

‘Capture devices (e.g., hoods or partlal enclosures) that do not meet the PI‘E desxgn
criteria are not considered to be total enclosures and the capture efficiency of such devices must
be measured. To measure the capture efﬁcxency for an unenclosed or partially enclosed process
unit, a temporary total enclosure (TTE) must be constructed and EPA Methods 204 and 204A
through 204F in 40 CFR 51, Appendix M must be used to measure the capture efficiency of the
TTE. An existing building can be used | as either a PTE or TTE, provided it meets the applicable
criteria in EPA Method 204. !
Some PCWP facilities have constructed PTE around presses and/or board coolers. The
PTE:s are usually made of corrugated sheet metal extending from the roof of the press area to the
floor. - Existing walls of the press building may be used as part of the enclosure The press
unloader is generally included inside the enclosure with the press; however the press loader may
or may not also be included within the enclosure The openings in the enclosure walls for the
unpressed mats to enter and for the pressed boards to exit may have heavy plastic flaps to
minimize in-leakageof ambient air. At sorne plants, the board cooler exhaust is ducted into the
press enclosure.’ -
The key to maintaining PTE peri%ormance is maintaining the integrity of the enclosure and
“the airflow through the system. Techniciues for ensuring the integrity of the enclosure rnay‘
" include periodic inspections le. g.,to ensure plastic strips have not been knocked off) and use of
self-closing mechanisms on doors. An indicator such as duct static pressure or fan amperage can
be monitored to ensure that the system airflow from the enclosure to the control device is
maintained.
3.4 WET ELECTROSTATIC PRECIPI';T ATORS .

Wet electrostatic precipitators are commonly used in the PCWP industry to reduce PM
(including PM,; and PM, ;) from dryer eéxhausts. Wet electrostatic precipitators are often used
upstream of RTO in the PCWP industry jto protect the RTO from long-term media degradation

caused by fine particulates and salts. Asi discussed in Section 3.1.1.3, the salts originate from

3.19




wood ash that passes through direct wobd—ﬁred dryers. Bakeouts and washouts of the RTO
media can combat this buildup to some dégree; however, the RTO media rhay require frequent
replacement.'*? Thus, many PCWP i)iants choose to install a WESP to reduce the effects of
buildup and the frequency of RTO mair;tenance. However, depending on company philosophy,
some plants may elect not to install a WESP or to use a less efficient PM control device (e.g., a
multiclone) upstream of the RTO to avdidlthe operating costs associated vs:/ith WESP although
more frequent replacement of RTO mecha may be necessary. :

According to industry survey data over two-thirds of OSB rotary dryer° with
incineration-based controls (including RTO, RCO, or TCO) have a WESP as a prefilter prior to
the incineration-based device. Five of the nine (just over half) of the particleboard rotary dryers
with RTO have WESP. One third of the tube dryers with incineration-based controls (RTO or
TCO) have WESP. However, no WESP dedicated to press emissions are operated upstream of
press controls and no WESP are oper.';ltéd upstream of incineration-based controls (RTO or RCO)
on veneer dryers.> Based on the survey data, it appears that exhaust strean?m from rotary particle
dryers, tube dryers, veneer dryers, and ﬁresses generally do not have the hfgh fine particulate or
salt loadings that can necessitate use of a WESP. Prefiltering of exhaust from particle and tube
dryers can be accomplished using lowef-cost PM control Flevices. Preﬁltegrin g of exhaust from

veneer dryers and presses is usually not necessary.”?

Wet electrostatic precipitators are effective on effluent gas streams: when there is a
potential for explosion, when the partic;ulates are sticky or are liquid dropiets, or when the dry
dust has an extremely high resistivity. Thus, WESP are well suited for PCWP dryer exhausts
because these exhausts are qﬁite humid;and contain wood particles and stilcky organic
compounds. Particulate removal efficiency for WESP varies from about 90 to 99.9 percent,
depending on the system design. New‘ TWESP are commonly designed to achieve 99 percent or '
greater PM removal.® |

A low energy wet scrubber (or prequench) is used upstream of the WESP to cool and
saturate gases before they enter the precipitator. The prequench sprays water into the incoming
gas stream. The amount of cooling requlred depends on the characteristics of the exhaust air

stream exiting the dryer. The prequench water, which flows at around 275 gallons per minute

(gpm), is typically recirculated for conservation. Caustic may be added to the prequench water
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for pH control.? The 'prequench removesi reiatively large paiticles (>2 um) from the incoming gas
stream to reduce the load on the WESP.3;° Some of the hydrocarbon vapors produced by the
drying process are condensed in the.f)req;uench and enter the precipitator as droplets.” ‘In
addition, some fraction of the highly water—soluble compounds, such as formaldehyde and
methanol, may be scrubbed by the prequéneh However as discussed above, the'ability of the
prequench water: to absorb water-soluble compounds diminishes as the water becomes saturated

The WESP uses electrical forces to move partlcles or droplets entrained in the exhaust
stream onto collection surfaces. The enttmned particles are given an electrical charge when they
pass through a corona, a region where gaseous ions flow. Electrodes in the center of the flow
lane are maintained at high voltage and generate the electrical field that forces the particles to the
collector walls. In WESP, the collectorslare either mterrmttently or continuously washed by a
water spray.® _ :

In a wire-pipe WESP, also calledfa tubular WESP, the exhaust gas flows vertically
through parallel conductive tubes. The h1 gh voltage electrodes are long wires or rigid “masts”
that run through the axis'of each tube. T:he electrodes are generally supported by both an upper
and lower frame of the WESP. Sharp pdints may be added to the electrodes, either at the
entrance to a tube or along the entire length in the forrn of stars, to provide addmonal ionization
sites.?

Wet electrostatic precipitators reduite a source of wash water to be injected'or sprayed
near the top of the collector pipes either eontinuously or at timed intervals. The water flows with
the collected particles into a, sump from Wthh the fluid is pumped or dramed A portion of the
fluid may be recycled through the prequench to reduce the total amount of water required. The
remainder is usually pumped into 2 setthng pond.®

Parameters typically monitored for WESP include amperage, voltage, or current; inlet or
outlet exhaust temperature spark rate; and washing frequency.’

3.5 OTHER CONTROL TECPNIQUE$

This chapter has focused on APQD that are already commonly used in the PCWP
industry. However, any pollution contro‘] technique tnat ‘achieves the rernission limits required by
the PCWP standards can be used to comply with the standards New APCD and lower-emitting

process equipment are contmually under. .development. For example one engineering firm has

i
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developed a regenerative vapor recovehy éystem (RVRS) applieable to lovs;/ concentration, high
flow, and high humidity exhausts. ThevRVRS adsorbs VOC onto polymeﬁc adsorbents and uses
a microwave desorption system followed by condensation of the desorbed VOC. 32

Catalytic infrared drying of wood strands is an example of a'rew drying technology under
development. With catalytic infrared drying, an energy source such as natural gas or propane is
oxidized in the presence of a catalyst to produce infrared energy, CO,, and water. The wood
strands absorb the infrared energy Wthh heats the strands to around 250°F and dries them.
Because of the lower drying temperature and absence of combustion in the catalytic infrared
drying system, emissions of NOy, CO, and VOC from catalytic infrared drying are lower than
from rotary wood strand dryers.” | |

Low temperature conveyor drymg is a drying technology that has élready been employed
to dry wood strands at PCWP plants. Emissions of HAP, VOC, PM, and NOX are lower with the
conveyor dryer than with rotary strand dryers because drying occurs at lower temperatures and |
conveyors (as opposed to pneumatic conveyance) are used to move the wood strands through the
dryer. 163

Another technology under deveiopment is a rotary concentrator that could be used to
concentrate dilute press exhaust streams. The rotary concentrator is appli;cable for press exhaust
streams because the inlet temperature of the gas stream entering the concentrator must be less
than 120°F. The pollutant-laden press; exhaust gas is drawn through a rotary adsorber where the
pollutants are adsorbed onto the adsorbent media affixed to the rotor. The purified air flowing
from the adsorber is directed to the atmosphere The pollutants adsorbed on the rotor are

* continuously desorbed by a hlgh temperature low-volume desorption air stream. The desorption
air stream exits the rotor containing the pollutants and may be directed to a thermal oxidizer or

other control device. Test results reportedly show rotary concentrator efficiencies of up to

98 percent.*
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4.0 CONTROL AND TESTING/MONITORING COSTS

This chapter presents the estimatéd nationwide capital and annualized costs for
compliance with the PCWP rule. Comphance costs include the costs of 1nstallmg and operatmg
air pollution control equ1pment and the closts assomated thh demonstratmg ongomg comphance
(i.e., emissions testmg, monitoring, reportmg, ‘and recordkeepmg COsts). Section 4.1 discusses
the estimated air pollutlon control costs. Cost estxmates associated with testing, monitoring,
reporting, and recordkeeping are dlscussqd in the Paperwork Reduction Act sqbrrussxon for the
proposed PCWP standards and are summiarized in Section 4;2.

4.1 BASIS FOR CONTROL COSTS |

As discussed in Section 3.1, add- c!m APCD most l1kely to be used to comply with the -

|
PCWP rule include incineration-based controls (e g, RTO RCO, and process incineration) or

biofilters. The control device most comn|)only used to control emissions from PCWP plants is
the RTO. Therefore, for costmg purposes it was assumed that most plants would mstall RTO to
comply with the rule. ‘A number of RCO'and blOfﬂtCI’S are also presently used by PCWP plants.
In addition, several plants with large capalclty heat energy systems currently use process
incineration. However, the applicability pf process incineration is limited to those plants that
have, or may later install, large onsite hea:t energy systems. There may be cost _édvantagés to

using RCO, biofilters, process incineration, other add-on control devices, or pollution prevention

measures instead of RTO for some plants. Plants may elect to use any of these technologies to

comply with the rule, provided the technology limits HAP emissions to the levels specified in the
rule. However, the cost analyses describc%d in this chapter focus on use of RTO due to their -
prevalence in the induétry, to minimize thje number of cost algorithms developed, and to avoid

judgments regarding which plants may choose a particular technology.
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Oriented strandboard plants typﬁ"cally install WESP upstream of rotéry dryer RTO to
protect the RTO media from plugging. Thus, the capital and annualized costs associated with
WESP were modeled for rotary straI;c'l dryers. As discussed in Chapter 3, available information
indicates that WESP are not necessary ‘ffor protecting RTO installed on other types of dryers (e.g.,
tube dryers) or on presses.’ Therefore, with the noted exception of OSB dryers without WESP,
the existing particulate abatement equipment on process units was assumed to be sufficient for
protecting the RTO media.’ '

Enclosures must be installed around presses to ensure complete capture of the press
emissions before routing these emissions to a control device. Thus, the capital costs of
permanent total enclosures (PTE) were included in the costing analyses. Annualized costs
associated with PTE were assumed to be minimal and were not included in the cost analyses.

The following sections (4.1.1 through 4.1.3) discuss the RTO, WESP, and P1E costs.
Section 4.1.4 describes how plant—by-plant control costs were estimated, and Section 4.1.5
summarizes the nationwide control costs.

4.1.1 RTO Costs | ,

An RTO cost algorithm was dc\:'e]oped based on: (1) information from an RTO ‘vendor
with numerous RTO installations at PCWP plants, and (2) the costing methodology described in
the Office of Air Quality Planning and Standards (OAQPS) Control Cost :Manual.&4 The RTO
cost algorithm was used to determine RTO total capital investment (TCI) and total annualized
cost (TAC) based on the exhaust flow ito be controlled and annual operating hours. The RTO
cost algorithm is presented in Appendix A. Development of the algorithrﬁ is discussed in

' Sections 4.1.1.1 and 4.1.1.2. | i i

4.1.1.1 RTO Total Capital Invéstment?’"‘ Equipment costs (including equipment, |
installation, and freight) were providedi by the RTO vendor for four sizes of RTO. The 1997

equipment costs were not escalated beéause the Vatavuk Air Pollution Cohtrol Cost Index
(VAPCCI) for 1997 (107.9) was slightly greater than the preliminary VAPCCI for RTO in fourth
quarter 1999 (107.8).3 According to the OAQPS Control Cost Manual, instrumentation is
typically 10 percent of equipment cost (RTO and auxillary equipment); séles tax is typically
3 percent of the equipment cost; and freight is typically 5 percent of the equipment cost.

Figure 4-1 presents the purchased equipment costs (PEC) supplied by the RTO vendor (minus
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|
freight), and shows that the equipment costs vary linearly with gas flow rate. The regression
equatlon presented in Flgure 4-1 was mcluded in the RTO cost algorithm to calcu]ate the
equipment cost for the oxidizer and aumhary equipment for various gas flow rates.

Instrumentation, sales tax, and freight wére added to the ca]cu]ated equipment costs to obtain the
total PEC. '
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Figure 4-1. Variation in RTO purchased equipment cost with flow rate.

Direct installation costs for handling and erection, electrical, and piping were included in

the equipment cost provided by the RTO Evendor'. Start-up costs were also included in the
equipment cost provided by the RTO ven;dor. These costs are typically 22 percent of the PEC.
_ Thus, these costs were subtracted from thb PEC before further célculations based on the PEC

were performed. Direct installation cos‘tsfincluding foundation and support, insulation for
: ! o :
ductwork, and painting were estimated ac’cording to the procedures in the OAQPS Control Cost

Manual. Because PTE were costed separately, no enclosure building was costed in the RTO

algorithm. Site preparatlon costs and 1nd1rect mstallauon costs (e.g., engineering, field expense,
1
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contractor fees, performance tests, and contingencies) were estimated according to the procedures
in the OAQPS Control Cost Manual, The TCI was calculated by summing the PEC, direct and

indirect installation costs, and site preparation cost.

4.1.1.2 RTO Total Annualized Cost. Total annualized costsﬂconsist of operating and

maintenance labor and material costs, utility costs, and indirect operating c§sts (including capital
recovery). Operating and maintenance labor and material costs were estimated based on the RTO
vendor information because the RTO vgndor assumptions led to higher costs than the OAQPS
Control Cost Manual and were assumed to be more representative of the PCWP industry. The
operator labor rate supplied by the RTO vendor was $19.50 per hour.

The RTO electricity use and natﬁral gas use was provided by the RTO vendor for the four
RTO sizes. Figures 4-2 and 4-3 present the relationships between flow rate and electricity and
flow rate and natural gas use, respectively. As shown in the figures, there is a linear relationship
between RTO electricity consumption and flow rate, and an exponential relationship between

RTO fuel consumption and flow rate.

Electricity costs were estimated ‘by the RTO vencior at $0.045 per kilowatt-hour (kWh).
The RTO vendor estimated natural gas costs at $3 per million British thermal units (MMBtu).
Both of these energy prices match closely with currently published nationwide averagé prices.®’

Thus, the electricity and natulral gas priées supplied by the RTO vendor were used in the cost

algorithm.
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Figure 4-2. Relationship between RTO electricity consumptiori and flow rate.
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Figure 4-3. Relationship between RTO natural gas consumption and flow rate.
. | , “ ,

Indirect operating costs were estirquated using the methodology described in the OAQPS
Control Cost Manual. The capital recovery cost was estimated assuming an RTO equipment life
of 15 years (based on the RTO vendor imj°ormation) and a 7-percent interest rate. The TAC was

calculdted by summing the direct and indirect annual operating costs.

4.1.13 Applieation of the RTO Cost Algorithm to Estimate C‘apital and Annualized
Costs.” The complete RTO cost algorithnil which predicts RTO capital and annualized costs as a
functlon of operating hours and flow rater was run several times assuming 8,000 operating hours
per year and various ﬂow rates. The 8, OOO hr operating time was selected based on the results of
the EPA’s MACT survey, which show mdustry average operating hours of sllghtly less than
8,000 hr/yr Although several plants operate process lines more than 8,000 hr/yr, their
equipment and control devices may or mhy not be operated for more than 8,000 hr/yr. Thus,

* 8,000 hr/yr was selected as the control dev1ce operating time for purposes of costing.

The TCI and TAC values generat!ed‘for each flow rate using the RTO cost algorithm are
presented in Appendix A. A regression e!quation wée developed besed on the calculated TCI and
TAC for each flow rate. Figures 4-4 and;4-5 present the relationships between flow rate and
RTO capital costs and flow rate and anmfjalized costs, respectively, and the associated regression
equations. . - o |
4.1.2 WESP Costs . , :
A WESP cost;model was develop;ed based on: (1) information from a WESP vendor with |

many WESP installations at wood produtts plants, and (2) the costing methodology described in
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Figure 4-5. Variation in RTO total annualized cost with flow.

the OAQPS Control Cost Manual for él?ctrostatic precipitators (ESP).*® The cost model was
used to determine TCI and TAC for WI*;SP used to control particulate emissions froin OSB
rotary dryers. The WESP vendor provided cost information for a WESP sized to treat 27,650 dry
standard cubic feet per minute (dscfm) of OSB rotary dryer exhaust. This flow rate matches

closely with the flow rates for uncontrolled OSB. Thus, the model TCI and TAC could be
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applied for each dryer to be controlled (i. la the model need not calculate different costs for
varying flow rates). The WESP cost model is presented in Appendlx A. Development of the
model is discussed in Sections 4.1.271 anll 4122.
4121 WESP Total Capital Investment. The WESP and auxiliary equipxnent costs

’ (Wthh makeup the PEC) were provided by the WESP vendor. These PEC include the cost of the
WESP; pumps, piping, and tanks; ductmg (including the quench) fans; and a 1-gpm blowdown
solids removal system. Instrumentation qosts were also provided by the WESP vendor. Sales tax
and freight were added into the total PEcl based on the methodology described in the OAQPS
Control Cost Manual.. ' _ B | _

The direct mstallauon costs such as foundatlon and support handhng and erection,
electrical, piping, insulation for ductwo1lﬁ and pamtmg were mcluded in the PEC provided by the
WESP vendor. It was assumed that no bu11d1ng would be necessary for the WESP and that there
would be no addmonal site preparatlon costs Several indirect costs were also included in the
equipment cost supphed by the WESP ve ndor, including engineering, construct1on and ﬁeld
expense, start-up, and contingencies. Bedause WESP are already w1dely used at OSB plants, 1t
was assumed that no 'xnodel study would be necessary for the WESP although the OAQPS
Control Cost Manual mentions model- study costs for ESP.

The cost of a performance test wa$ included in the WESP cost model. According to the

OAQPS Control Cost Manual, the performance test is typically 1 percent of 'the PEC. Thus,

1 percent of the model PEC (minus the difect and indirect installation costs included in the PEC)
was used as the cost of the performance te;st. The direct and indirect costs were summed to arrive
at the WESP TCL " 1

4.1.2.2 WESP Total Annualized ¢ost. The direct annualized costs include operating and

maintenance labor and materials, utilitles,l andrwaste disposal. The operating labor cost was
based on 1,146 hr/yr (previded by the WﬁSP vendor) at $19.50/hr (the labor rate used in the
RTO cost algorithm). The annual cost of Ioperating materials, including caustic and defoamer,
was provided by the WESP vendor. The mamtenance labor rate was estimated as 110 percent of

the operating labor rate. The mamtenance hours per year were estimated based on information

supplied by the WESP. vendor. The cost of maintenance materials (including replacement of one
i -
i
1
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pump seal per year, and one voltage controller every 4 years, and miscellaneous materials) was
supplied by the WESP vendor. |

The electricity necessary to pc;wer the WESP components (approximately
2,076,000 kWh/yr for all WESP components) was based on information provided by the WESP
vendor. An electricity cost of $0.045/kWh was used (the same as used in the RTO cost
algorithm). A $0.20/gal cost for makeup water was used based on the OAQPS Control Cost
Manual. The WESP water recirculation rate, makeup water addition rate, and blowdown
generation rates were provided by the WESP vendor. The OAQPS Contrél Cost Manual
indicated that wastewater treatment costs may range from $1.30 to $2.15 / 1,000 gallons.
Methods of WESP wastewater treatment and disposal could include'evapc_)ration from settling
ponds, discharge to a municipal water treatment facility, or spray irri gatio'r}. The wastewater
treatment and disposal cost for the blowdown was assumed to be $2.15 peir gallon. The
wastewater percent solids of 7.6 percent was based on the average from the MACT survey
responses.’ It was assumed that the solids would ultimately be disposed m a landfill (although
they could be burned onsite or used fo:r soil amendment). The trucking cost for hauling sludge to
a landfill was estimated to be $0.20 pef cubic yard per mile ($/yd*-mi).? The landfill was
assumed to be 20 miles away, and a $20/ton landfill tipping fee was used.* The derisity of the
solids was assumed to be 0.5 ton/yd® for wet wood particulate (given that;the density of water is
0.84 ton/yd3 and the density of wood is from 30 to 50 percent of the densny of water).

The indirect operating costs were estimated based on the methodology described in the
OAQPS Control Cost Manual. The capltal recovery cost was estimated assuming a WESP

‘ equipment life of 20 years (based on the OAQPS Control Cost Manual aﬁd WESP vendor

information) and a 7-percent interest rate. The TAC was calculated by summing the direct and
indirect annual operating costs. | : .
4.1.3 Permanent Total Enclosure (PTE) Costs

The capital costs associated with installation of a PTE were based on available
information in the project files on th§ capital cost of PTE for particleboa%d, MDF, and OSB
presses.'® These costs included the fQilowing elements: |

» installed cost of the PTE (ipcluding fan system)

* ductwork
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 instrumentation and wiring !
« fire suppression (in some cases)

|

* site supervision
 start-up and testing ' -
Based on the available cost information, the following algorithm was developed to estimate the
PTE costs for various exhaust flowrates: ) o |
TCly = 1.2031 x Qg + 425,760
where: ‘ 4
TCl,;; = the total capital cost/of the permanent total enclosure, $
Qucm = design exhaust flow|rate from PTE, dry standard cubic feet per minute

Available information on actual exhaust flow rates from PTE installed around reconstituted

wood product presses was used to develqp model flow rates for the various press applications."!!
Information ton press Vent flow rates fI'OI‘Iil unenclosed presses was available, but not used,
because unenclosed press flow rates are altered when a PTE is installed around a press.'? The
cost algorithm was then applied to the model flow rates to estimate the capital costs of the model
PTE as.shown in Table 4-1. The costs were rounded to the nearest $1,000. In the case of the
particleboard press PTE, the cost was setg at $485,000 (instead of $481,000, which is the value
derived from the cost algonthm) because the PTE model flow rate was similar to those for the
MDF and hardboard presses and applymg the same cost to all three types of press PTE.
simplified the costing analyses. Annuah:ked costs were not developed for PTE because the

annualized cost of the fans is already accounted for in the estimated costs of the RTO.
: ' ,

TABLE 4-1. PRESS ENCLOSURE EXHAUST FLOW RATES AND CAPITAL COSTS °

Equipment type ! Flow rate, dscfm PTE capital cost
Particleboard press 45,524 $485,000
OSB press l 197,509 $543,000
MDF or dry/dry hardboard press h 49,413 $485,000
Wet/dry or wet/wet hardboard press |, . 49.209. $485,000
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4.1.4 Plant-by-Plant Costing Approach. .

The control costs associated with the PCWP standards were estimated for each plant and
were summed to arrive at a nationwiczie?estimate of control costs. The PCWP standards apply
only to major sources of HAP emissions. Therefore, cost estimates were developed for only
those plants that were estimated to be major sources.'” Sections 4.1.4.1 and 4.1.4.2 describe the
information used to estimate the plant-by-plant control costs. Section 4.1.4.3 describes how the
nationwide control cost estimates were developed from the plant-by-plant estimates.

4.1.4.1 Application of Control Costs to Process Units. The cost models discussed in
Sections 4.1.1 through 4.1.3 were applied to each plant that would likely need to install air
pollution controls in order to meet the PCWP standards. Plant-specific information on process
units (e.g., dryers, presses) and controls was taken from the MACT surveylresponses."”"ls In
addition, information about the presen(:e of PTE on presses was taken from the MACT survey
responses.! If information about ﬁress enclosures was not provided in the MACT survey
responses, or was claimed confidential, the press was assumed to be unenélosed if it was
uncontrolled or enclosed 'if it was controlled for purposes of costing.

Some plants have begun operation and other plaﬁts have added eqﬁipment or controls
since EPA conducted the MACT survey. Such changes were accounted for in the nationwide
cost estimates. A separate memorandum summarizes the changes to plants that have dccurred
following the EPA’s MACT 'survey. The nationwide cost estimates reflect the equipment and
controls in place as of April 2000.'°

The process units and controls present at each plant were reviewed to determine what
control equipment (i.e., RTO, WESP, or PTE) the plant would need to iﬁstall to meet the PCWP
standards based on the MACT floor control levéls. The MACT floor control levels are based on-
the information presented in Chapters 2 and 3 of this document and are documented in a separate
memorandum.!” Table 4-2 summarizes the process units for which control equipment would be
required to meet the MACT floor and tﬁe control equipment costed for these process units. At
each plant, the exhaust gas flow rates from the applicable uncontrolled prbcess units listed in
Table 4-2 were summed to yield a plant-wide uncontrolled exhaust gas flow rate. Process units
already equipped with controls to. meet the MACT floor were not included in the plant-wide

uncontrolled gas flow rate estimates. The procedures for estimating the uncontrolled gas flow
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rates from process units and the application of the cost algorithms is discussed in the following

section.

TABLE 4-2. CONTROL EQUIPI\I/[ENT COSTED FOR PROCESS UNITS WITH

CONTR OLLED MACT FLOOR -
Eiisting process units with Control l
control requirements equipment costed ) Notes )
Tube dryers (primary and RTO I 1 Tube dryers are located at particleboard, MDF, and
secondary) | | hardboard plants
. [
Rotary strand dryers . | WESP and RTO| | Rotary strand dryers are located at OSB and LSL plants.
| | Assumed that the WESP is not needed for plants that already
have an RTO without a WESP. Assumed that plants that
currently operate an EFB or multiclone alone (i.e., with no
RTO) would install a WESP with the RTO.
Conveyor-type strand dryers | RTO Conveyor strand dryers are located at OSB and LSL plants.
Rotary green particle dryers { RTO : Rotary green particle dryers are located at particleboard,
’ i | MDF, or hardboard plants and process furnish with >30%
(dry basis) inlet moisture content at dryer inlet temperature
of >600°F
Hardboard ovens : RTO Includes bake and tempering ovens
Softwobd veneer dryers RTO .| Softwood veneer dryers are located at softwood plywood,
hardwood plywood, LVL, and PSL plants and dry >30% (by
volume, annually) softwood veneer
‘Pressurized refiners None ' The exhaust from pressurized refiners typically passes
through a tube dryer and exits through the tube dryer control
device. Therefore, it was not necessary to cost separate
control equipment for pressurized refiners. Pressurized
refiners are located at MDF and hardboard plants.
Reconstituted wood PTE and RTO | | Reconstituted wood products presses are located at
products presses ‘- ] | | hardboard, MDF, OSB, and particleboard plants
4.1.4.2 Exhaust Flow Rate to Be Controlled. If provided in the non-confidential MACT
l .
. . l .
survey responses, process-unit specific exhaust flow rate, temperature, and percent moisture were
used to determine the dry standard flow rate for each process unit. If sufficient information was

not provided in the MACT survey responoe to determine dry standard flow rates (or the
mformanon was claimed confidential), then default values were used for the flow rate. The
default values were based on the average yalue for other similar process units at plants that

provided enough non-confidential information to calculate the dry standard flow rate. Table 4-3
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summarizes the default flow rates used in the costing analyses. The average flow rates from

press enclosures are described in Section 4.1.3 and were used for all presses.

TABLE 4-3. DEFAULT FLOW RATES

Process line Equipment type Flow rate (dscfm)
Particleboard Rc;tary green particle dryer ‘ 35,731
Tube dryer 14,955
OSB Rotary strand dryer 32,478
Conveyor-type strand dryer 37,810
MDF Primary tube dryer (single-stage or first 79,173
stage of staged dryer)
Secondary tube dryer (second stage of : 18,195
staged dryer)
Plywood Softwood veneer dryer : " 12,062
Hardboard Bake oven . ' 4,742
Tempering ov'en‘ - 4,055
Primary tube dryer (single-stage or first . 37,436
stage of staged dryer)
Secondary tube dryer (second stage of ' 31,728
_staged dryer)

Several plants have mﬁltiple pfocess units requiring controls. Thel flow rates for these
process units were summed and divided across control equipment as necessary. In most cases,
the total dryer flow was assumed to be routed to one or more RTO dedicated to controlling dryer
exhaust, and the total press flow was assumed to be routed to one or moré RTO dedicated to
controlling press exhaust. Because RTO fuel costs incrc;ase exponentially with gas flow rate,
RTO sizes were assumed to remain les's than about 150,000 dscfm. (Theilargest RTO mentioned |
in the MACT survey responses was af(f)und 150,000 dscfm.) f ) i f

In some cases, dryers and presses were assumed to be routed to the same RTO, provided |
that the total dryer and press flow remained under 150,000 dscfm. For exaxﬂple, two RTO | :
(103,500 dscfm each) would be c:oste}dj for a MDF plant with 2 dryers (79,000 dscfm each) and
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1 press (49,000 dscfm) assurning that the flow for both dryers and the press could be combined
and split equal]y across the two RTO. T}Ius approach seems reasonable given that several MDF
plants currently route dryer and press exﬂaust to the same RTO. .

4.1.4.3 Calculation of Nationwid!e Control Costs. The total plant-by-plant control cost
was calculated by summing the control c‘é)st associafed with each RTO, WESP, and PTE costed
for each plant. The number of control deivices at each plant depended on the number of procéss |
units and the exhaust flow to be controlled at the plant. In some cases, only one control device
was costed, while in other cases, multiplé control devices were costed for a plant.

Some plants claimed all relevant .{)ortiOns of their‘MACT survey responses confidential.
In addition, a MACT survey response wa!s not available for a few plants likely to be impacted by
the PCWP standards. Without a non-con:ﬁdential MACT survey response, information was not
available to develop plant-specific cost e%timates. Therefore, the average cost for all other plants
manufacturing the same product was usec'i to approximate the costs for plarjts for which there was
" no non-confidential plant—spemflc mformatxon ' | |

~ The nationwide capltal and annuahzed control costs were determmed by summing the
total p]ant-specxﬁc costs. , ‘
4.1.5 Summary of Nationwfde Control Ciosts. Table 4-4 summarizes the nationwide control
costs for different product types. The nat!ionwide total capital cost for control eqﬁipment is
estimated to be $473 million and the natlan1de total annual cost for control equipment is

estlmated as $136 million.
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|
4.2 TESTING, MONITORING, REPORTING, AND RECORDKEEPING COSTS
Compliance with the PCWP standards must be demonstrated through performance

testing, ongoing monitoring of procéss or control device operating parameters or emissions,

periodic reporting to the government agency that implements the PCWP rule, and recordkeeping.

There are capital and annualized costs associated with these testing, monitoring, reporting, and
recordkeeping activities. These costs, wlllich are estimated and documented in the supporting:
statement for the Paperwork Reduction 11}ct submission, are summarized in this section.’

The annual costs associated with |testing, monitoring, reporting, and recordkeeping
activities include reporting and recordkec!aping labor; annualized capital for monitoring
equipment, file cabinets, and performanc!e tests; and the operation and maintenance costs
associated with monitoring equipment. ’ii‘he capital costs include capital for monitoring
equipment, file cabinets and performancc%, tests. Performance tests are considered to be capital
costs because plants will typically hire a !testing contractor to conduct the perforfnance tests.

The total nationwide capital cost associated with testing, monitoring, reporting, and
record keeping is estimated to be $5.8 million and the total nationwide annualized cost is
estimated to be $5.6 million. These costs were developed based on the information presented in
the Paperwork Reduction Act submission for the first 3 years following the effective date of the .

PCWP rule. The costs apply for the 223 PCWP plants that are expected to be major sources.
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50 ENVIRONMLENTAL AND ENERGY IMPACTS
l .

This chapter presents the nationvsf'/ide environmental and energy impacts estimated to
result from compliance with the PCWP s!,tandards. Environmental impacts include air impacts,
wastewater impacts, and solid waste impfacts. Energy impacts include the increased consumption
of fuel and electricity to power air polluti;ion control equipment. Section 5.1 discusses the
methodology used to.calculate the air imi:pacts. Section 5.2 discusses the wéstewater impact

estimates, Section 53 discusses the solicfl waste impact estimates, and Section 5.4 discusses the
energy impact estimates. The nationwidie en\(ironmental and energy }impact:s are summarized in
Section 5.5 and the references used are ﬁresented in Section 5.6.

. The environmental and energy insqpacts were estimated using the same plant-by-plant
approach that was employed to estimate 'the nationwide cost impacts in Chapter 4. This plant-by-
plant approach to estimating nationwidelimpacts is deseribed in detail in Section 4.1.4 of this

document. The impacts associated with the PCWP standards were estimated for each plant and

were summed to arriye at nationwide vimg)acts: estimates. Impact\esti}r\pates were developed en]y
for those plants that were determined to Be major sources.’ The impact estimates were developed
. based on the control equipment (e.g., RTO or WESP/RTO) that plants would likely mstall to
comply with the PCWP standards at the MACT floor control level. Impact estxmates were not
developed for process units that already Pave the necessary control equipment. The impact
estimates represent a worst-case estimatcia of impacts because the use of RTO results in greater
energy usage and secondary air impacts relative to other control technologies such as RCO and
bloﬁlters
Table 4-2 in Chapter 4 summanzes the control equipment assumed to be installed in
order to meet the MACT floor control levels for various process unlts. Section 4.1.4.2 of
Chapter 4 describes how the exhaust flow rate to be treated by each control device was

|
1
|




approximated. An 8,000 hr/yr operating time (the same time used for the cost estimates in
Chapter 4) was assumed for calculation of the environmental and energy impact estimates.
5.1 AIR IMPACTS ’ | |

The air impacts associated with the PCWP standards include a reduction in nationwide
HAP emissions, reduction in THC emissions, changes in emissions of primary criteria air
pollutants, and secondary air impacts associated with increased electricity generation at power
plants. The reduction in HAP and THC emissions is discussed in Section 5.1.1. Section 5.1.2

discusses the changes in emissions of criteria air pollutants and Section 5.1.3 discusses the
[ ' ;

secondary air impacts.
5.1.1 Reduction in Total HAP and THC

The reduction in emissions of total HAP and THC is the difference between baseline

emissions and the emissions expected t6 remain following.implementatioﬁ of the MACT floor
level of control identified for the PCWP standards. Baseline emissions reflect the level of air
pollution control that is currently used at PCWP plants. The MACT floor control level reflects
the level of control that will be used foliowing implementation of the PCWP standards. Baseline
emissions are presented in Chapter 2 fof each PCWP.

The same plant-by-plant approach used to estimate baseline emissions was used to
estimate the emissions at the MACT floor control level. This approach incorporates specific
information on process units (e.g., throughput, emission controls) from the MACT survey
responses and the emission factors developed for those process units. This approach is
documented in detail in a separate memorandum on baseline emissions.!

As for all of the environmental and energy impacts presented in this chapter, the
following assumptions were used wher{ estimating emissions at the MAC"!I‘ floor control level:
(1) plants will install RTO on all process units that require controls to meet the MACT floor; ).
presses at conventional particleboard, MDF, OSB, and h_ardboard plants will be fully enclosed by
a PTE that captures and routes 100 percent of the emissio.ns from the press area to an RTO; and
(3) WESP will be installed upstream of RTO for new RTO installations on rotary strand dryers.

Following the procedure outlined in the baseline emissions memorandum, the HAP and
THC reduction associated with RTO was taken to be 95 percent.' Thus, for each procé:ss unit
that would likely need an RTO to meet the MACT floor control level, uncontrolled HAP and

THC emissions from the process unit ‘were reduced by 95 percent to apprbximate the average
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emissions remaining fo]lowmg 1nstal]at1<|)n of an RTO. No HAP or THC reductlon was

associated with WESP

|

The emission estimates at the Mji\CT floor control level were summed for each plant.

The plant totals were summed to arrive 3
following implementation of the MACT

emission reduction was calculated by sut

control level from the baseline emissions.

THC emission reductions.

primary criteria pollutants (i.e., criteria p
primary criteria pollutants are PM lesé th
sulfur dioxide (SO,), nitrogen dioxide (N
pollutants, PM,;, CO, and nitrogen oxide
PCWP processes. Emissjons of SO, are
to the PCWP standards because RTO do
units, and RTO are not suspected of gene

little, if any, sulfur in the process exhaust

t a nationwide estimate oﬂt_hé emissions femaining
floor control level. The nationwide HAP and THC
otracting the emissions remaining at the MACT ﬂdor
Section 5.5 summarizes the nationwide HAP and

i

5.1.2 Effect of Standards on Criteria Pol
In addition to reducing HAP and

lutants’

THC_, the PCWP standards will affect emissidns of
olluténts emitted directly from an emission $Ao‘urce‘). The
én 10 &ﬁcrdmet;:fs in aerédynafnié diameter (PMIO), A
0,), carbon monoxide (CO), and lead (Pb). Of these

S (N Oy) are the most prevalent pollutants emitted from
not prevalent and are not expected to change greatly due
not destroy or alter SO, emitted from PCWP process
rating appréciable amounts of SO, (because there is -

-or in the natural gas burned by the RTO). No

information is available for use in evaluating emissions of Pb from PCWP processes. Lead is not

expected to be a pollutant of concern for

PCWP prdcesses, and emissions of Pb (if any) are not

expected to change as a result of the PCWP rulemaking. The changes in PM;,, NOy (as NO,),

and CO emissions expected to result from the PCWP standards were estimated using the

t
methodology described in the following $ubsecti0ns.

| . .
5.1.2.1 PM-10 Emissions. Plywood and composite wood products process unit exhausts

include solid PM (mcludmg PM less than 10 micrometers) and condenSIble PM. The

condensible PM leaves the process unit as vapor but may condense at normal atmosphenc

temperatures to form liquid particles or a|erosols Condensible PM cons1sts primarily of

compounds evaporated from the wood. Fabnc filters, cyclones, multicyclones, electrified ﬁlter

beds, and other dry particulate control de.

control devices are offcen not as effective

vices are commonly used to reduce solid PM, but 'ghese

for controlling condensible PM. Wet electrostatic

precipitators are often used on effluent gas streams containing.sticky, condensible organics. The

I
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WESP collects only particles and dropléts that can be electrostatically changed; vaporous
components of the gas stream that do not condense are not collected by the device. Thermal
oxidizers destroy condensible orgamcs by burning them at high temperatures.’

Information needed to estimate the reduction in PM,, associated wrth the PCWP
standards includes the RTO inlet PM,, loading and PM,, percent reduction achievable with an
RTO. The RTO inlet PM,, loading depends on whether there is a particuléte control device or
“prefilter” upstream of the RTO. Many plants already operate particulate controls on process
units that will be subject to the PCWP standards. Thus, the additional particulate reduction
achieved by the standards will be only the PM reduction across the RTO (r§gardless of whether
the particulate control device already in place continues to be used upstream of the RTO installed
to meet the standards). -

Emission factors are available for uncontrolied ﬁlterable PM, ﬁlterable PM,,, and
condensible PM for many PCWP process units.* These emission factors were used to
approximate the inlet PM loading for RTO on different types of process units. The EPA test
methods 201 and 201A suggest addmg fllterable PM,, and total conden51ble PM together to get
total PM,,. Thus, total PM,, was calculated as the sum of filterable PM,, and total condensible
PM. .

. Table 5-1 presents available information on the percent‘ reduction in total PM, achieved
across combined prefilter and RTO systeﬁls. Using the information in Table 5-1, it was
determined that a combined prefilter and RTO control system can achieve about a 90 percent

reduction in PM,,.

TABLE 5-1. PERCENT REDUCTION IN TOTAL PM,; ACROSS COMBINED
PREFILTER AND RTO CONTROL SYSTEMS

Process unit and control system description - PM,, ;eduction, % | Reference®
Multiple MDF process units with WESP and RTO 86? 5
Particleboard process units with unspecified prefilter and 95 6
control

OSB rotary dryer with multiclone and RTO ' 90.4 .1
MDF tube dryer with WESP and RTO | 90 8
Average ; 90

2 See Section 5.6 for a list of references.




Table 5-2 presents several reported total PM,, reductions across RTO without a prefilter
‘or following a preﬁltef (i.e., PM reduction across the RTO ohly). Using the information in

Table 5-2, it was determined that an I’QTO alone can achieve approximately an 80 percent

reduction in PM,,,.

TABLE 5-2. TOTAL PMIO REDUCTION ACROSS RTO
Process unit i PM,, reduction, % Reference®

MDEF dryer with knockout , 81.5 9

MDF dryer with cyclone | 81.4

OSB dryer with WESP | | 72.7

OSB press : 75

MDF press

9

9

‘OSB dryer with multiclone , 89 | 9
‘ 7

9

5

Multiple MDF process inits with baghouse 60

Average * Approx. 80
2 See Section 5.6 for a list of references. -

Given that the appro;&imate PM,, reduction across a combined prefilter and R’fO system
is about 90 percent, and the reduction in PM10 across the RTO alone is about 80 percent, it was
determined that the typical percent reduction in PM,, across a prefilter alone is about 70 percent.
The actual percent reduction in PM,, achileved by a prefilter depends on the type of prefilter and
the inlet PM loading into the prefilter (e.g., amount and fraction of filterable PM,, and
condensible PM). However, for purposes of this analysis, specific PM,, reductions achieved by
various types of particulate controls were’ not determined.

The annual PM,, reductions were calculated for ;;rocess units that would likely need
controls to meet the PCWP standards using the available emission factors and the percent

| reductions presented above. Table 5-3 shows the calculated PM,, reductions. A PM,, reduction
was‘not estimated for hardboard ovens or secondary tube dryers because no information wds

available for estimating uncontrolled PM,, emissions from these sources.
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As mentioned earlier, a plant-by—plant approach was used to estimate environmental
impacts. The PM,, reductions presented in Table 5-3 were applied to each process unit that
would likely need controls to meet the PCWP standards based on the MACT floor control level.
The PM,, reduction for process units with particulate controls already in place was applied for
process units with controls such as bagho;.xses, sand filters, scrubbers, EFB, wet or dry ESP, ‘
multiclones, or senﬁ-incineration. The PM,, reduction for units without particulate controls was
applied to units with no particulate controls or cyclones only. The PM,, reduction associated
with two veneer dryeré was assumed for the plywood plants that claimed the number of process
units confidential. The plant-specific PM,, reduction associated with the PCWP standards was
calculated by summing the PM,, reductions for all process units. The nationwide PM,, reduction
was calculated by summing the reductione for each. plant. Section 5.5 summarizes the estimated
nationwide PM,, reduction. | |

5.1.2.2 NOy Emiss.ions. As discussed in Chapter 3, NOy, is formed when nitrogen (from
ambient air or fuel) is exposed the high temperatures in the presence of oxygen (i.e., through
combustion processeé). Nitrogen oxides are present in the exhaust streams from PCWP process
units that incorporate combustion units (e.g., direct-fired dyers). Because RTO use combustion
to destroy pollutants, they may also generate some NOy.. The total amount of NO emitted
includes the NOy, emissions from the PCWP process unit plus the NOy generated in the RTO.

The NOy, air impacts associated with the PCWP standards result from the increase in NOy
emissions across the RTO. Vendor literature indicates that the typical NOy increase across an
RTO can range up to 10 ppmv.”*!® The following equation was used to estimate the annual
" increase in NOy (as NO,) for RTO:

NOy increase (ton/yr) = (8,000 hf)yr) x (10 ppm) x (10°) x (46.01 1b NO,/Ibmole) x

(dscfm) x (60 min/hr) / (385.3 ft*/Ibmole ideal gas at 528°R) / (2000 1b/ton)

The above equation was applied to estimete the NOy iﬁcrease for each RTO expected to be '
installed as a result of the PCWP standards. The p]ant-speciﬁc NOy increase was calcﬁlated by
summing the NOy incfease for each RTO, and the nationwide NOy increase was czilculated by
sumrming the plant-specific NO, increases. Section 5.5 summarizes the estimated nationwide
NOy, increase associated with the use of RTO. The NOy emission estimates presented in Section

5.5 do not account for the baseline NO,, emissions generated by PCWP process units.
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5.1.2.3 CO Emissions. By combusting process exhaust, RTO can either generate or
destroy emissions of CO depending on the process unit controlled. Whether there is a net
increase or decrease in CO across an RTO depends on the amount of CO entering the RTO.
Carbon monoxide is a product of incomplete combustion formed when there is not sufficient
time at high enough temperature to allow for complete oxidation of the CO to carbon dioxide
(CO,). Although combustion systems are designed to minimize formation of CO, a small
amount of CO will always be formed. Carbon monoxide is present in the exhaust from direct-
fired PCWP process units. As the exhausts from direct-fired process units enter an RTO, most of
the CO in the process exhaust is easily oxidized to CO, under the RTO combustion temperatures.
For direct-fired procéss units, much niore CO is destroyed than is formed in an RTO, resulting in
a net decrease in CO emissions. There is much less CO in the exhausts from indirect-heated
PCWP process units (e.g., veneer dryers, presses) than there is in the exhausts from direct-fired
process units. For indirect-heated PCWP process units, it appears that an RTO can form more
CO than it destroys, resulting in a net increase in CO emissions. Table 5-4 presents increases in

CO across RTO documented in vendor literature for veneer dryers and presses.

TABLE 5-4. CO INCREASES ACROSS RTO

Inc;‘ease in CO across RTO,
Process unit ‘ ppmv Reference®
Veneer dryer ' 30 9
MDF press | 3 8
OSB press - . 11 | 6

2 See Section 5.6 for a list of references.

The following equation was used to estimate the annual increase in CO for RTO used to control |
the sources listed in Table 5-4: |

CO increase (ton/yr) = (8,000 hr/yr) x (ppm increase from Table 5-4) x (109 x

(28 b CO/Ibmole) x (dscfm) x (60 min/hr) / (385.3 ft*/Ibmole ideal gas at 528°R)

/ (2000 1b/ton)
The CO concentration increase for MDF presses was also applied for particleboard presses

because particleboard presses operateE at temperatures similar to those for MDF presses.
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Likewise, the OSB press CO concentration increase was also applied to hardboard presses
bécause hardboard presses operate at temperatures similar to OSB presses.

Table 5-5 presents several re;i)ortéd percent reductions in CO across RTO. Using the
information in Table 5-5, it was determined that RTO reduce CO emissions from direct-fired

dryers by 80 percent on average.

TABLE 5-5. PERCENT REDUCTION IN CO EMISSIONS
ACROSS DIRECT-FIRED DRYER RTO

Dryer type % reduction Reference®
OSB ‘ 31 3
osB | ‘95 ' 3
OSB 88 3
OSB : 80 3
OSB 78 3
OSB : 83 3

" OSB 91 3
OSB 90 3
OSB 1 58 7
MDF © 883 9
MDF ‘ 80 9
OSB 95 9
OSB ‘ 88 9

Average , 80

2 See Section 5.6 for a list of references.

Table 5-6 shows the calculated CO reductions for-various types of process units. A CO

reduction was not estimated for conveyor-type strand dryers, hardboard ovens, or secondary tube
dryers because no information was available for estimating uncontrolled CO emissions from
these sources. For RTO that are shared by dryers and presses, the increase in CO associated with
the press exhaust was summed with the decrease in CO associated with the dryer exhaust. ,
Using a plant-by plant approach, fhe CO increases described above and the reductions

presented in Table 5-6 were applied to ejcich process unit that would likely install an RTO to meet
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the PCWP standards. The nationwide change in CO emissions associated with the PCWP

standards was calculated as the total of the CO increases and reductions for all process units.

Section 5.5 summarizes the estimated nationwide change (net reduction) in CO emissions.

TABLE 5-6. CALCULATION OF CO REDUCTION ASSdCIATED WITH THE
PCWP STANDARDS FOR VARIOUS PROCESS UNITS

Average Throﬁghput CO emission | Emission | Uncontrolled | CO reduction
Process unit throughput® units factor® factor units { CO (tpy)° (tpy)°
MDF tube dryer 87,000 " ODT/yr 0.11 1b/ODT 5 3.8
Hardboard tube dryer 58,000 ODT/yr 0.067 1b/ODT 2 1.6
OSB rotary dryers 65,000 ODT/yr 5.4 1b/ODT 176 140
g:yeen particle rotary 70,000 ODT/yr 3.5 Ib/ODT 123 98
er

# Average throughputs are documented in reference 1.
b Emission factors were selected for the types of units most commonly used for which emission factors were
available in reference 4.
© The uncontrolled CO emissions were calculated as follows: Uncontrolled CO = (average throughput) x (CO
emission factor) / 2000.
4 The CO reduction was calculated as follows: CO reduction = uncontrolled CO x 0.8.

5.1.3 Secondary Air Impacts

Emissions of criteria air pollutants are produced from generation of the electricity

necessary to power control devices. The secondary air impacts associated with increased

electricity consumption were estimated. Energy Information Administration statistics indicate

that most of the existing U.S. electric utility capacity uses coal as the energy source."

Therefore,

electricity was assumed to be generated at coal-fired utility plants built since 1978. Utility plants

. built since 1978 are subject to the new source performance standards (NSPS) in 40 CFR part 60,

subpart Da.”* The NSPS were used to estimate the SO,, PM,,, and NOy (as NO,) emissions

from coal combustion. The CO emissions were estimated using an AP-42 emission factor

because CO emissions are not covered by the NSPS.” The power plant thermal efficiency (i.e.,

the efficiency with which coal is converted into electricity) was taken to be one-third, based on a

typical value for fossil fuel power plants reported in literature.' The heating value for

bituminous coal (the type of coal most commonly used for electricity generation) was taken to be
12,750 Btw/lb coal, as fired.*!3
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The NSPS emission limits for coal-ﬁfed utilitieg for SO,, PM, and NOX (as NO,) are,
respectively, 1.20, 0.03, and 0.60 1b pollutant per MMBtu heat input. (Note: Use of the NSPS
emission limit for PM overstates thef'secondary air pollutant emissions for PM,,. .According to
AP-42, PM,, is about 37 percent of the total PM.") The following équation was used to
calculate the annual secondary airvemissi;ons of SO,, PM, and NOy:

EM=ELx 10°xE/TE x (3,415 BtwkWh) / (2,000 Ib/ton)

where:
EM = emissions, tons per year

EL = NSPS emission limit, Ib pol]utant per million Btu heat input (1.20 for SO,, 0.03 for
PM, and 0.60 for NO, as N02)

TE = thermal efficiency of power p]ant (33 percent)

]
]

plant-specific RTO and/or WESP electricity consumptlon calculated as described in
Section 5.4, kWh/yr

The following equation was used to calcﬁlate the annual secondary CO emissions:

EM =EFx E/TE/ (12,750 Btw/Ib coal fired) x (3415 Btw/kWh) / (2,000 1b/ton)?

where:
EM = emissions, tons per year
EF = 0.51b CO per ton coal fired .
E = plant-specific RTO and/or WESP electricity consumption calculated as descnbed in

Section 5.4, kWh/yr

The plant-specific secondary air impacts assoéiated with the PCWP standards were
calculated by summing the impacts estiméted for each RTO and/or WESP expected to be
installed at each plant. The nationwide secondary air impacts were calculated by summing the
plant-specific impacts. Section 5.5 sunnnérizes the estimated nationwide secondary air impacts.
52 WASTEWATER IMPACTS | ‘

l Potential wastewater impacts ass001ated with the use of RTO and WESP include disposal

of the washwater generated durmg RTO washouts and dlsposal of WESP blowdown. The WESP

5-11




o E

blowdown is the fraction of the recircul?ted WESP water that is purged from the WESP system.
Wastewater impacts were based on use of RTO, although other control devices, such as
biofilters, are also sources of wastewater. The wastewater impacts for RTO and WESP were

estimated using information from the MACT survey responses and WESP vendor information.

Some facilities wash out RTO media beds to prevent buildup of particulates in the RTO.
Other facilities can remove the particulates with routine bakeouts of the RTO beds without
having to perform periodic washouts. The amount of wastewater generated during washout of an
RTO depends on the size of the RTO and the extent of the particulate buildup. The MACT
survey responses contain information on the frequency of RTO washouts and the amount of
wastewater generated during the washduts. This information was used to determine the annual
wastewater used by plants that perform washouts. Table 5-7 summarizes the annual wastewater
generation rates for djfferent process ur‘zlits.16

TABLE 5-7. ANNUAL WASTEWATER GENERATION RATES
FOR RTO WASHOUTS"

‘ Annual RTO washwater
Process unit . generated, gal/yr
Rotary dryers (particle or strand) 39,000
Particleboard and OSB presses © 15,000
Multiple hardboard process units 21,000
Average from all MACT survey responses that 32,000
included information for RTO washwater volume ’

\

To approximate the annual ambunt of wastewater generated during washing out of RTO,
it was assumed that washouts would Be performed on all RTO. The average annual wastewater
generation rates were applied according to the process units controlled by each RTO. If the RTO
would control emissions from both a rotary dryer and a press, then the rotary dryer washwater
amount (39,000 gpy) was applied. For RTO on sources for which no average waste water
generation rate was available (e.g., véneer dryers or MDF process units), the industry average
(32,000 gal/yr) was applied.

The annual amount of WESP blowdown was determined based on the 1-gpm blowdown

system described by the WESP vendor that supplied inputs for the cost algorithm described in
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Chapter 4, Section 4.1.2.1. Using 8,000 Qhr/y‘i:, a l-gpm blowdown system -would produce
480,000 gal/yr wastewater. This wastewater is typlcally routed to a settling pond for solids
removal and is dlsposed of by evaporatlon or spray irrigation or is sent to a municipal wastewater
treatment plant. Because OSB mills are genera-lly designated as zerd discharge facilities, they
must treat their own spray water and/or eonsume it internally. Mills that operate boilers or other
wet cell burners can epply some of the s;:)ent spray water to the fuel. Some or all of the
remaining spray water may be used as mekeup water in hot ponds or in debarkers for dﬁst
control.? |

The total amount of wastewater ekpected to be generated by each plant as a result of the
PCWP standards was calculated as the sum of the wastewater generated from each control
device. The nationwide wastewater impacts were calculated by summing the wastewater impacts
for each plant. Section 5.5 summarizes the nationwide wastewater impacts.
5.3 SOLID WASTE IIVIPACTS ) ‘

" Potential solid waste impacts associated with the use of RTO and WESP include disposal
of the RTO packing media and disposal of WESP wastewater solids or sludge. The solid waste
impac"[s were estimated for RTO and WESP using information from the MACT survey responses
and State permits. . , A

The responses to EPA’s MACT survey from plants operating RTO indicate that RTO
packing media is typically replaced after 1 to 4 years of use. The packing media is generally
disposed of in a landfill or is reused on the plant site (e.g., as aggregate in roadbeds).’® For
purposes of estimating RTQ solid waste impacts, it was assumed that the RTO packing media
' would be replaced every 2 years. No information on the volume or mass of RTO packing media
was requested in the EPA’s MACT survey. Therefore, the mass of RTO media to be replaced
was approximated based on drawings of an RTO in a State permit. The RTO described in the
permit has 47,322 scfm cylindrical towers that are 12-ft high with an 11-ft inside diameter. Thus,
the volume of each tower is 1,140 ft>.)” Ceramic saddles are commonly used as RTO packing
media. The weight of 1 to 1-1/2-inch ceramic saddles is about 40 Ib/f."® Thus, a factor relating
mass of RTO media to RTO flow was de\:'eloped as folleWs:

(1,140 t%/47,322 scfm) x (40 1b/ft) x (ton/2,000 1b) = 4.82E-04 tons packing media/scfm
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This factor was divided by 2 (because media replacement was assumed to occur every 2 years)
and applied to each RTO to approximate the annual mass of RTO media to be disposed.

The mass of WESP solids to be disposed was estimated as described in Chapter 4,
Section 4.1.2.2. As described in Section 4.1.2.2, the wastewater percent solids was assumed to
be 7.6 percent (by volume) based on the average from the MACT survey responses. The density
of the solids was assumed to be 0.5 ton;/yd3. For a 1-gpm blowdown system, the mass of WESP
solids generated was estimated as follews:

(1 gal/min) x (60 mm/hr) x (8,000 hr/yr) x (0.076 volume % solids) /
(7.481 gal/ft®) / (27 ftalyd3) x (0.5 ton/yd®) = 90 tons solids/year
Thus, for each WESP likely to be mstalled on a rotary strand dryer as a result of the PCWP
standards, it was assumed that 90 tons’ of solids per year would require disposal. It was assumed
that the solids would ultimately be dlSPOSCd of in a landfill (although they could be burned onsite
or used for soil amendmentj. |

The plant-specific amount of solid waste expected to be generated as a result of the
PCWP standards was calculated as the sum of the solid waste generated from each RTO or
WESP. The nationwide solid waste ifnpacts were calculated by summing the solid waste impacts
for each plant. Section 5.5 summarizes the nationwide solid waste impacts.

5.4 ENERGY IMPACTS

Energy impacts associated W]th the PCWP rulemaking include fuel and electricity use by
control devices such as RTO or WESP. Natural gas is the most common fuel used in RTO. The
RTO natural gas and electricity consumptlon was determined using the relat1onsh1ps presented in
Figures 4-3 and 4-4 in Chapter 4, SGCUOH 4.1.1.2 and assuming 8,000 hr/yr of operation. The
relationships were applied to each of the RTO likely to be installed as a result of the PCWP
standards. The annual WESP electnc1ty consumption (2, 076,000 kWh/yr) presented in
Section 4.1.2.2 was used for each WESP to be installed. The control device energy consumption
was totaled for each plant, and the plant totals were summed to calculate the nationwide energy
impacts associated with the PCWP standards. Section 5.5 summarizes the nationwide energy

impacts.
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5.5 SUMMARY OF NATIONWIDE ENVIRONMENTAL AND ENERGY IMPACTS

Table 5-8 summarizes the nationwide reduction in total HAP and THC estimated to result
from the PCWP standards at the MACT floor control level. Table 5-9 summarizes the
nationwide change in emissions of primairy criteria air pollutants and the secondary air impacts
associated with the MACT floor control level. Table 5-10 summarizes the nationwide
wastewater and solid waste i‘mpacts, and Table 5-11 summarizes the nationwide energy impacts.
Each of the tablés present the nationwide environmental apd energy impacts by product type.
See Table 4-4 in Chapter 4, Section 4.1.5 fora sumn:iary of the number of plants, number of

plants impacted, and process units controlled for each product type.
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TABLE 5-10. ESTIMATED NATIONWIDE SOLID WASTE
AND WASTEWATER IMPACTS

Solid Waste Impacts (ton/yr)

Wastewater Impacts (1,000 gal/yr)

‘WESP wastewater

Product type RTO media solids® RTO washwater | WESP blowdown®
Softwood plywood/veneer 589 NA 2,112 NA
Hardwood plywood/veneer g o o° o
Medium density fiberboard 719 NA 832 NA
Oriented strandboard 740 810 768 4,320
Particleboard 1,096 NA 1,677 NA
(molded and conventional)

Particleboard (agriboard) o® o* o* o°
Hardboard 779 NA 630 NA
Fiberboard o o° o° o
Engineered wood products 72 180 156 960
TOTAL 3,995 990 6,175 5,280

* WESP wastewater solids and blowdown are only estimated for plants with rotary strand dryers (i.e., OSB and
engineered wood products plants) ‘
b There is no impact because no plants are impacted by the PCWP standards at the MACT floor control level.

TABLE 5-11. ESTIMATED NATIONWIDE ENERGY IMPACTS

RTO natural gas RTO electricity WESP electricity

comsumption consumption consumption
Product type (Billion Btu/yr) (GWh/yr) (GWh/yr)®
Softwood plywood/veneer [ 175 103 NA
Hardwood plywood/veneer o° o° o
Medium density fiberboard 346 125 NA
Oriented strandboard 269 129 19
Particleboard 434 191 NA
(molded and conventional) -
Particleboard (agriboard) o 0 o
Hardboard 385 135 NA
Fiberboard 0 0° o
Engineered wood products 29 13. 4
TOTAL® 1,638 695 23

* Totals may not sum exactly due to rounding.
* WESP electricity consumption is only estimated for plants with rotary strand dryers (i.e., OSB and engineered

wood products plants).

¢ There is no impact because no plants are impacted by the PCWP standards at the MACT floor control level.
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following: (1) description of PCWP manufacturing processes and process units; (2) description of the air
pollution control devices (APCD) used to reduce HAP emissions; (3) summary of nationwide counts of

L | process units and APCD; (4) summary of nationwide and per-process-unit average HAP emission estimates;

' | | (5) summary of the HAP reduction capabilities of APCD; (6) nationwide costs associated with the PCWP
. | rulemaking; and (7) nationwide environmental and energy impacts associated with the PCWP rulemaking.

Much of the information presented in this document is based on detailed information documented in

1 supporting memoranda. Section 1.2 describes the information sources used to develop this document and
o introduces the additional supporting memoranda.
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