Attachment K:  Wood Processing Losses

This memorandum discusses emissions from the wood processing industry, including other wood processing (EIC code 450-995-0230-0000).  (Rough emissions estimates are presented for sawmill/woodworking operations, EIC code 450-456-0230-0000, but these types of facilities are included with the point source inventory.)  Products of the industry include lumber, plywood, waferboard, medium-density fiberboard, hardboard, and engineered wood products.  Emissions include PM, THC, VOC, CO, and NOx from mechanical processes, drying, pressing, and other miscellaneous processes.
AP-42 provides emission factors for facility-specific emissions estimates (U.S. EPA, 2002).  Variables that must be known include heating energy type (natural gas, waste wood, radiowave, etc.); type of wood processed (hardwood, softwood, or a mixture); and moisture content of wood.  We identified specific wood processing facilities in the CCOSII domain and acquired as much activity data as possible for each (see attached list of facilities).  However, the available information was too incomplete to generate facility-specific emissions data.  Therefore, we gathered California statewide production data and disaggregated emissions as discussed below.
Warren (2002) reports that there was no softwood plywood nor softwood waferboard production in California from 1993 through 2000.  According to the Engineered Wood Association (Adaire, 2002), there is also no production in California of softwood plywood, oriented strandboard, and engineered wood products (which included glulam beams, wood I‑joists, and laminiated veneer lumber).  The Timber Committee (2002) of the United Nations Economic Commission for Europe (UNECE) produces an annual market review of the worldwide forest products industry, including the United States.  For wood products that are produced in California, Table 1 summarizes the Timber Committee’s US production data.  In addition, the US Census Bureau (1999a-d) reports product shipments from California and the United States for various segments of the forest products manufacturing industry.  Table 2 summarizes the California and US product shipment data.  From the data in Tables 1 and 2, California’s productions of wood products are estimated as shown in Table 3.

Table 1.   Year-2000 production of wood products in the United States.

	Product
	2000 US Production 

(thousand board-feet)

	Sawn softwood*
	 34,681 

	Sawn hardwood
	 12,683 

	Hardwood plywood
	 765 

	Particle board
	 3,922 

	Hardboard
	 525 

	Medium-density fiberboard
	 1,060 


*2001 production

Source:  Timber Committee of the UNECE, 2002

Table 2.   Wood product shipments for the US and California.

	Product
	Value of Product Shipments ($1000)
	California Share of US Total

	
	US
	California
	

	Softwood lumber, not edge worked, manufactured from purchased lumber and edge worked (US  Census 1999a; US  Census 1999b)
	14,853,162
	1,892,447
	12.8%

	Softwood cut stock and dimension (US  Census, 1999b)
	1,005,658
	145,076
	

	Hardwood lumber, not edge worked, manufactured from purchased lumber and edge worked (US  Census, 1999a; US  Census, 1999b)
	4,830,316
	130,366
	3.4%

	Hardwood cut stock and dimension (US  Census, 1999b)
	1,250,186
	76,722
	

	Hardwood plywood, except prefinished hardwood plywood made from purchased hardwood plywood (US  Census, 1999c)
	1,219,392
	29,343
	2.4%

	Particleboard made from particleboard produced at this location (US  Census, 1999d)
	1,263,554
	69,773
	5.5%

	Hardboard made from purchased hardboard (US  Census, 1999d)
	207,125
	3,346
	1.6%

	Prefinished particleboard and medium density fiberboard (mdf) made from purchased particleboard and mdf (US  Census, 1999d)
	696,867
	96,679
	14%


Table 3.   Estimated production quantities of wood products for California.

	Product
	Proportion of US total
	2000 CA Production 
(thousand board-feet)

	Sawn softwood
	12.8%
	4,456

	Sawn hardwood
	3.4%
	431

	Hardwood plywood
	2.4%
	18

	Particle board
	5.5%
	216

	Hardboard
	1.6%
	8

	Medium-density fiberboard
	14.0%
	148


The US Census Bureau (2001) reports county-specific employment data for sawmills (NAICS 321113), hardwood plywood manufacturing (NAICS 321211), and reconstituted wood product manufacturing (NAICS 321219).  As a group, the CCOSII counties have 32%, 4%, and 47% (respectively) of all California’s workers in these industries.  As shown in Table 4, these proportions were used with the statewide production quantities listed in Table 3 to estimate the production quantities of wood products for the CCOSII region.
Table 4.   Estimated production quantities of wood products for the CCOSII area.
	Product
	Proportion of California total
	2000 CCOS Production 
(thousand board-ft)

	Sawn softwood
	32%
	 1,442 

	Sawn hardwood
	32%
	 140 

	Hardwood plywood
	4%
	 0.7 

	Particle board
	47%
	 101 

	Hardboard
	47%
	 3.9 

	Medium-density fiberboard
	47%
	 69 


Table 5 tabulates comprehensive emission factors for various wood products and industrial processes as reported by the U.S. EPA (U.S. EPA, 2002).  Conversion factors were applied to create a set of emission factors with consistent units of measure (listed in Table 6).  These emission factors were applied to the 2000 CCOSII wood product production quantities (listed in Table 4) in order to estimate emissions.  Other than those for sawn softwood and hardwood, the emission factors presented in Tables 5 and 6 do not account for emissions controls.  Therefore, the use of cyclones or baghouses with control efficiencies of 85% are assumed for PM and PM10.  An example calculation is provided below.  Table 7 summarizes the CCOSII emissions results for all types of wood products and pollutants.

CCOSII production of particleboard = 101 thousand board-feet

101 thousand bd-ft ( (4.11 + 0.89) lb PM/bd-ft ( 2000 lb/ton ( (1 ( 0.85) = 38 tons PM 

101 thousand bd-ft ( (1.29 + 0.022) lb PM10/bd-ft ( 2000 lb/ton ( (1 ( 0.85) = 10 tons PM10 

101 thousand bd-ft ( (3.36 + 0.023) lb NOx/bd-ft ( 2000 lb/ton = 171 tons NOx 

Table 5.   Comprehensive emission factors for wood products processing, as reported by EPA (US EPA, 2002).
	Product
	Processes Included
	Emission Factors

	
	
	PM
	PM10
	NOx
	CO
	VOC
	Emission Factor Units

	Sawn softwood
	Cyclone for truck chip bin at chip and saw operations ((2); Cyclone receiving wood refuse from trim saw and planar at chip and saw operations; 
	0.608
	
	
	
	
	pounds per oven‑dried ton

	Sawn hardwood
	Cyclone for truck chip bin at chip and saw operations (x2); Cyclone receiving wood refuse from trim saw and planar at chip and saw operations; 
	0.608
	
	
	
	
	pounds per oven‑dried ton

	Hardwood plywood
	Press; wood-fired plywood dryer; plywood trim chipper; sander; saw
	0.443
	0.11a
	0.17
	0.23
	0.402
	pounds of pollutant per thousand square feet of 3/8-inch thick panel

	Particle board
	Wood-fired rotary dryer; flaker/refiner/hammermill
	2.2
	0.69
	1.8
	0.59
	1.16
	pounds per oven‑dried ton

	Particle board
	Press; cooler; sander
	0.657
	0.016
	0.017
	0.37
	1.27
	pounds of pollutant per thousand square feet of 3/4-inch thick panel

	Hardboard
	Wood-fired dryer, ovens, press preheaters; log chipper; refiner
	2.47
	0.6a
	0.44
	0.085
	1.595
	pounds per oven‑dried ton

	Hardboard
	Press; sander; humidification
	0.29
	0.086
	0.0028
	0.16
	1.28
	pounds of pollutant per thousand square feet of 1/8-inch thick panel

	Medium-density fiberboard
	Wood-fired dryer; chipper; former
	10.99
	1.6
	12a
	4
	6.77
	pounds per oven‑dried ton

	Medium-density fiberboard
	Press; cooler; sander; saw; hogger
	0.434
	0.154
	0.03
	0.034
	1.07
	pounds of pollutant per thousand square feet of 3/4-inch thick panel


aNo emission factor data were available.  Represents an assumed value that was estimated from the CO:NOx or PM10:PM ratios for other wood-fired dryers.
Table 6.   Comprehensive emission factors for wood products processing (with units conversion).

	Product
	Processes
	Emission Factors (lb per board-foot)

	
	
	PM
	PM10
	NOx
	CO
	VOC
	Conversion Factor

	Sawn softwood
	Cyclone for truck chip bin at chip and saw operations ((2); Cyclone receiving wood refuse from trim saw and planar at chip and saw operations; 
	0.78
	
	
	
	
	31 lbs/ft3 

( 82.99 ft3/bd-ft ( 2000 lbs/ton  

	Sawn hardwood
	Cyclone for truck chip bin at chip and saw operations (x2); Cyclone receiving wood refuse from trim saw and planar at chip and saw operations; 
	1.01
	
	
	
	
	40 lbs/ft3 

( 82.99 ft3/bd-ft ( 2000 lbs/ton  

	Hardwood plywood
	Press; wood-fired plywood dryer; plywood trim chipper; sander; saw
	1.15
	0.29
	0.44
	0.60
	1.04
	0.5 kg/m3 

( 2.205 lb/kg 

( m3/35.3 ft3 ( 82.99 ft3/bd‑ft

	Particle board
	Wood-fired rotary dryer; flaker/refiner/hammermill
	4.11
	1.29
	3.36
	1.10
	2.16
	45 lbs/ft3 

( 82.99 ft3/bd-ft ( 2000 lbs/ton  

	Particle board
	Press; cooler; sander
	0.89
	0.022
	0.023
	0.50
	1.71
	0.26 kg/m3 

( 2.205 lb/kg 

( m3/35.3 ft3 ( 82.99 ft3/bd‑ft

	Hardboard
	Wood-fired dryer, ovens, press preheaters; log chipper; refiner
	4.10
	1.02
	0.73
	0.14
	2.65
	40 lbs/ft3 

( 82.99 ft3/bd-ft ( 2000 lbs/ton  

	Hardboard
	Press; sander; humidification
	2.32
	0.687
	0.0224
	1.28
	10.22
	1.54 kg/m3 

( 2.205 lb/kg 

( m3/35.3 ft3 ( 82.99 ft3/bd‑ft

	Medium-density fiberboard
	Wood-fired dryer; chipper; former
	18.2
	2.66
	20
	6.6
	11.2
	40 lbs/ft3 

( 82.99 ft3/bd-ft ( 2000 lbs/ton  

	Medium-density fiberboard
	Press; cooler; sander; saw; hogger
	0.58
	0.21
	0.040
	0.05
	1.44
	0.26 kg/m3 

( 2.205 lb/kg 

( m3/35.3 ft3 ( 82.99 ft3/bd‑ft


aNo emission factor data were available.  Represents an assumed value that was estimated from the CO:NOx or PM10:PM ratios for other wood-fired dryers.

Table 7.   Total emissions from wood processing in the CCOSII area.

	Product
	CCOS Production 
(thousand board-ft)
	Total PM-Controlled Emissions (tons per year)

	
	
	PM
	PM10 
	NOx
	CO
	VOC

	Sawn softwood
	1,442
	564
	
	
	
	

	Sawn hardwood
	140
	70
	
	
	
	

	Hardwood plywood
	0.7
	0.1
	0.01
	0.1
	0.2
	0.4

	Particle board
	101
	37.8
	9.9
	171
	81
	196

	Hardboard
	3.9
	1.9
	0.50
	1.5
	2.8
	25

	Medium-density fiberboard
	69
	98.1
	14.9
	693
	232
	440

	Total
	
	772
	25
	866
	316
	662


Emissions for each type of wood product are disaggregated to the county level according to employment in the associated industry.  For counties that are split between air basins (El Dorado, Placer, and Solano), emissions are further distributed to air basins proportionally according to total industrial employment in each area.  An example for Menodocino County follows.  Table 8 summarizes emissions data for the individual CCOSII counties.
CCOSII total PM emissions = 772 tons PM per year

CCOSII total PM emissions for sawmills = 564 + 70 = 634 tons PM per year

CCOSII total PM emissions for reconsitituted wood products = 37.8 + 1.9 + 98.1 = 137.8 tons PM per year

CCOSII total PM emissions for hardwood plywood = 0.1 tons PM per year

Mendocino county employment in sawmills, reconsitituted wood products, and hardwood plywood: 249; 74; and 0
CCOSII total employment in sawmills, reconsitituted wood products, and hardwood plywood: 1702; 355; and 18

634 tons/yr ( (249/1702) + 137.8 tons/yr ( (74/355) + 0.1 tons/yr ( (0/18) = 94 + 29 + 0 = 120 tons PM/yr in Mendocino
Table 8.   Employment in the wood products industries and associated emissions for the CCOSII counties.
	County
	Employment
	Emissions (tpy)

	
	Employment in Sawmills
	Reconsitituted Wood

Product Manufacturing
	Hardwood Veneer and

Plywood Manufacturing
	PM
	PM10
	NOx
	CO
	VOC

	Amador
	39
	74
	
	43
	5
	180
	65
	133

	Butte
	9
	74
	
	32
	5
	180
	65
	133

	Calaveras
	9
	
	
	3
	0
	0
	0
	0

	El Dorado
	124
	
	
	46
	0
	0
	0
	0

	Mariposa
	9
	
	9
	4
	0.26
	0.8
	1.5
	12.8

	Mendocino
	249
	74
	
	121
	5
	180
	65
	133

	Nevada
	9
	
	
	3
	0
	0
	0
	0

	Placer
	124
	124
	
	94
	9
	302
	109
	222

	Plumas
	249
	
	
	93
	0
	0
	0
	0

	Sacramento
	9
	
	
	3
	0
	0
	0
	0

	Shasta
	617
	
	9
	231
	0.26
	0.8
	1.5
	12.8

	Sierra
	74
	
	
	28
	0
	0
	0
	0

	Solano
	
	9
	
	3
	0.6
	22
	8
	16

	Tehama
	9
	
	
	3
	0
	0
	0
	0

	Tuolumne
	124
	
	
	46
	0
	0
	0
	0

	Yolo
	9
	
	
	3
	0
	0
	0
	0

	Yuba
	39
	
	
	15
	0
	0
	0
	0

	CCOSII Total
	1,702
	355
	18
	 772 
	 25 
	 866 
	 316 
	662
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Wood products processing facilities located in the CCOSII area.  
(Sources: Directory of the Wood Products Industry, 1999; Wood Technology, 1998)
	Lumbermills

	Name
	Address
	County
	1996 Production
	1996 Production
	Daily Production Capacity
	8-Hr Shift Capacity
	Employees

	
	
	
	bd. ft.
	bd. ft.
	bd. ft.
	bd. ft.
	

	Big Valley Lumber Co.
	Burney, CA
	Shasta
	42,000,000
	
	
	
	

	Wetsel-Oviatt Lumber Co
	Folsom, CA
	Sacramento
	58,000,000
	
	
	
	

	Georga-Pacific Corp
	Martell, CA
	Amador
	137,000,000
	
	
	
	

	P&M Cedar Products Inc.
	Anderson, CA
	Shasta
	All 3 CA sites + 1 OR site: 95,000,000
	NA
	NA
	NA
	150

	Sierra Pacific Industries
	Anderson, CA
	Shasta
	
	NA
	
	
	NA

	Sound Stud
	Anderson, CA
	Shasta
	
	NA
	
	
	NA

	Harwood Products
	Branscomb, CA
	Mendocino
	90,000,000
	75,000,000
	500,000
	250,000
	230

	Sierra Pacific Industries
	Burney, CA
	Shasta
	
	NA
	480,000
	240,000
	175

	Sierra Pacific Industries
	Camino, CA
	El Dorado
	
	NA
	NA
	
	NA

	Collins Pine Co
	Chester, CA
	Plumas
	
	75,000,000
	300,000
	150,000
	200

	Fiberboard Corp
	Chinese Camp, CA
	Tuolomne
	
	NA
	NA
	NA
	NA

	Sierra Pacific Industries
	Chinese Camp, CA
	Tuolomne
	
	48,000,000
	NA
	NA
	125

	Georga-Pacific Corp
	Fort Bragg, CA
	Mendocino
	177,000,000
	177,000,000
	650,000
	NA
	350

	Louisiana pacific Corp.
	Fort Bragg, CA
	Mendocino
	
	NA
	NA
	NA
	NA

	Sierra Pacific Industries
	Lincoln, CA
	Placer
	
	NA
	NA
	325,000
	169

	Sierra Pacific Industries
	Loyalton, CA
	Sierra
	
	NA
	NA
	NA
	145

	Cedar Creek Horselogging & Milling Inc.
	Nevada City, CA
	Nevada
	
	5,000,000
	4,000
	4,000
	NA

	J. W. Bamford Inc.
	Oroville, CA
	Butte
	
	NA
	8,000
	NA
	NA

	Cal Oak Products
	Oroville, CA
	Butte
	
	100,000,000
	2,000
	2,000
	20

	Foothill Mill & Lumber Co
	Paradise, CA
	Butte
	
	NA
	NA
	2,000
	NA

	P&M Cedar Products Inc.
	Pioneer, CA
	Amador
	All 3 CA sites + 1 OR site: 95,000,000
	NA
	NA
	NA
	45

	Sierra Pacific Industries
	Quincy, CA
	Plumas
	
	NA
	600,000
	267,000
	189

	Butler Forest Products
	Redding, CA
	Shasta
	
	8,600,000
	120,000
	60,000
	24

	Wisconsin-California Forest Products
	Redding, CA
	Shasta
	
	NA
	260,000
	130,000
	100

	Sierra Pacific Industries
	Richfield, CA
	Tehama
	
	NA
	NA
	NA
	NA

	Sierra Pacific Industries
	Shasta Lake, CA
	Shasta
	
	NA
	NA
	NA
	NA

	Deutschman Lumber Co.
	Sonora, CA
	Tuolomne
	
	NA
	NA
	NA
	2

	Sierra Pacific Industries
	Standard, CA
	Tuolomne
	
	NA
	NA
	NA
	NA

	Louisiana pacific Corp.
	Ukiah, CA
	Mendocino
	
	NA
	NA
	NA
	NA

	Willits Redwood Co
	Willets, CA
	Mendocino
	
	NA
	40,000
	25,000
	18


	Hardwood Plywood Manufacturing Facilities

	Name
	Address
	County
	Ann. Capacity 
	Production
	Employees

	Pry Core Inc
	Anderson, CA
	Shasta
	NA
	NA
	20

	Louisiana-Pacific Corp.
	Oroville, Ca
	Butte
	NA
	NA
	NA


	Particleboard Manufacturing Facilities

	Name
	Address
	County
	Ann. Capacity       (1997-8 WTNAF)
	Ann. Capacity (1997 DWPI)
	Production
	Employees (1997 DWPI)
	Employees (1998 DWPI)

	
	
	
	bd. ft., 3/4 in. basis
	sq.ft., 3/4 in. basis
	
	
	

	Georgia Pacific
	Martell, CA
	Amador
	140,000,000
	150,000,000
	NA
	150
	

	Sierrapine, Ltd.
	Rocklin, CA
	Placer
	
	NA
	NA
	
	170

	International Paper Company
	Ukiah, CA
	Mendocino
	
	NA
	NA
	
	420


	Hardboard Manufacturing Facilities

	Name
	Address
	County
	Ann. Capacity (1997-8 WTNAF)
	Ann. Capacity (1997 DWPI)
	1995 Production (1997 DWPI)
	Employees (1997 DWPI)
	Employees (1998 DWPI)

	
	
	
	sq.ft., 1/8 in. basis
	sq.ft., 1/8 in. basis
	sq.ft., 1/8 in. basis
	
	

	Louisiana-Pacific Corp
	Oroville, CA
	Butte
	220,000,000
	NA
	NA
	150
	

	International Paper Co.
	Ukiah, CA
	Mendocino
	
	525,000,000
	371,000,000
	420
	

	Louisiana-Pacific Corp
	Oroville, CA
	Butte
	
	NA
	NA
	
	NA

	Sierrapine, Ltd.
	Rocklin, CA
	Placer
	
	NA
	NA
	
	NA

	International Paper Co.
	Ukiah, CA
	Mendocino
	
	NA
	NA
	
	420


	Medium-Density Fiberboard Manufacturing Facilities

	Name
	Address
	County
	Ann. Capacity       (1997-8 WTNAF)
	Ann. Capacity (1997 DWPI)
	Production
	Employees (1998 DWPI)

	
	
	
	bd. ft., 3/4 in. basis
	
	
	

	Louisiana-Pacific Corp
	Oroville, CA
	Butte
	50,000,000
	NA
	NA
	NA

	Sierrapine, Ltd.
	Rocklin, CA
	Placer
	90,000,000
	NA
	NA
	170


1

