Attachment D:  Bakeries

This attachment covers small-scale and large-scale bakeries (EIC No. 420-412-6012-0000, CES No. 57349).  Yeast fermentation produces ethanol and small amounts of other VOCs, which are driven off at high temperatures during baking.

Types of baking with yeast: 

Straight-dough process:  All ingredients are mixed together at one time and the dough is allowed to rise (or leaven) for 1-2 hours before baking.  In general, small-scale bakeries use this process.

Sponge-dough process:  At first, only about half of the flour is mixed together with nearly all of the liquid ingredients and the yeast.  This mixture is allowed to rise very slowly and for a longer period of time (6 to 10 hours), which produces a “sponge”.  The remaining flour and liquid ingredients are then mixed with the sponge to produce the dough for baking.  In general, large-scale bakeries use this process.

Methods To Calculate Emissions

Survey or Self-Reports

AP-42, Chapter 9.9.6 recommends an emission factor calculation that depends upon detailed information about the baking process.

VOC E.F. = 0.95Yi + 0.195ti ( 0.51S ( 0.86ts + 1.90
[1]
where:

VOC E.F. 
= 
pounds VOC per ton of baked bread

Yi 
= 
initial baker’s percent of yeast 

ti 
= 
total yeast action time in hours

S 
= 
final (spike) baker’s percent of yeast

ts 
= 
spiking time in hours

The “spike” and “spiking time” refer to a second stage of leavening when additional yeast is added to the pre-risen dough.  Spiking is employed very infrequently
.  Typical yeast percentages are 1-2%.  Commercial bakeries tend to use the higher end of this range, while small-scale bakers tend to use the lower end.

Example calculation for a sponge-dough recipe (Yi = 2%, ti  = 9 hr):

VOC E.F. = 0.95 (2) + 0.195 (9) ( 0.51 (0)  ( 0.86 (0) + 1.90 = 5.6 lb/ton

Example calculation for a straight-dough recipe (Yi  = 1%, ti  = 5 hr):

VOC E.F. = 0.95 (1) + 0.195 (5) ( 0.51 (0)  ( 0.86 (0) + 1.90 = 3.8 lb/ton

Top-Down Calculations

Emission Factors

In the absence of detailed process information, the EIIP recommends emission factors of 1 lb VOC per ton of bread produced by the straight-dough process and 10-16 lb VOC per ton of bread produced by the sponge-dough process (Emission Inventory Improvement Program, 1999).  We plan to apply mid-range emission factors taken from the EIIP document (1 lb/ton for straight-dough baking and 13 lb/ton for sponge-dough baking).

For a 1990 inventory, the Bay Area Air Quality Management District performed source testing of large-scale and small-scale bakeries (Bay Area Air Quality Management District, 1992).  Emission factors for large-scale bakeries were determined to range between 0.6-14 lb VOC per ton of bread produced.  For small-scale bakeries, source testing resulted in an average emission factor of 5.4 lb VOC per ton of bread produced.  These source test results are reasonably consistent the EIIP document, but demonstrate that the uncertainty in the emissions estimates probably ranges between a factor of 5 to 10.

In order to select and apply the emission factors appropriately, we will assume that large-scale bakeries with more than 50 employees employ the sponge-dough process, while all other bakeries employ the straight-dough process.

Activity Data

The required activity parameter is the quantity of leavened bread products baked by small-scale and large-scale establishments in a county for the year 2000.  We will use the following data products from the US Census Bureau to generate these estimates:  

Quantities and values of leavened baked products shipped by retail and commercial manufacturing bakeries in the State of California in 1997.   (Assume shipments equal production.)

County employment figures and facility counts from 1999 for retail and commercial manufacturing bakeries.

Sales of baked products produced on-site at retail food stores in the US and county-level sales by food stores in 1997.

Growth in sales of retail and commercial bread products for the nation and the State of California from 1997 to 2000.

In addition, we are in the process of acquiring from the California Food and Drug Administration a list of commercial baking facilities in the CCOS II counties.  Other information, such as employment at these facilities, may be possible to obtain but is still to be determined.  We will use this information to quality assure the facility counts and/or employment data from the US Census Bureau.

Calculations for the Commercial Bakeries Manufacturing Sector

For the US in 1997, the quantities and values of commercial product shipments of leavened baked goods are listed in Table 1 (US Census Bureau, 1999).  In addition, California’s contribution to the nationwide total was $2,467,079,000 of $21,459,322,000 (or 11.5%).  From the data in Table 1, the ratios of product weight per dollar value for the major product class categories were estimated.  An example for the major product class, Bread (NAIC = 3118121xxx) is shown below and results for all categories are shown in Table 2.
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The dollar values of leavened, baked products shipped by California commercial bakeries in 1997 are listed in Table 3 (US Census Bureau, 1999).  By applying the ratios listed in Table 2 to the values shown in Table 3, the quantities of commercial product shipments for California in 1997 are estimated as shown below for the product class, Bread (see Table 4 for all results).

1,005,785 ( 0.00144 = 1,149 million pounds of bread shipped

	Table 1.   1997 US commercial product shipments of leavened baked goods.



	NAICS
	Product Description
	1997 Quantity

(million pounds)
	1997 Value

($1000)

	3118121 
	Bread (white, wheat, and rye, etc.), inc. frozen
	
	

	3118121111
	White pan bread, except frozen 
	 5,609 
	 3,480,995 

	3118121121
	Frozen white pan bread 
	 273 
	 105,908 

	3118121231
	White hearth bread, except frozen (inc. french, italian, etc.) 
	 1,184 
	 967,567 

	3118121241
	Frozen white hearth bread (inc. french, italian, etc.) 
	 403 
	 308,119 

	3118121351
	Whole wheat, cracked wheat, multigrain, and other dark wheat breads, except frozen 
	 1,582 
	 1,268,830 

	3118121361
	Frozen whole wheat, cracked wheat, multigrain, and other dark wheat breads 
	 64 
	 43,999 

	3118121471
	Rye bread (inc. pumpernickel), except frozen 
	 385 
	 307,850 

	31181214G1
	Other variety breads (raisin, potato, self rising, salt free, canned, etc.), except frozen 
	 498 
	 467,008 

	31181214J1
	Other frozen variety breads (raisin, potato, self rising, salt free, canned, etc.) 
	 124 
	 76,198 

	3118124 
	Rolls (bread type), muffins, bagels, and croissants
	
	

	3118124111
	Hamburger and wiener rolls, except frozen 
	 3,442 
	 2,294,522 

	3118124121
	Frozen hamburger and wiener rolls 
	 196 
	 111,526 

	3118124231
	Brown and serve rolls, except frozen 
	 320 
	 258,764 

	3118124241
	Frozen brown and serve rolls 
	 16 
	 13,922 

	3118124251
	English muffins, except frozen 
	 379 
	 416,170 

	3118124261
	Frozen english muffins 
	 32 
	 20,213 

	3118124271
	Hearth rolls, except frozen 
	 281 
	 261,202 

	3118124281
	Frozen hearth rolls 
	 62 
	 55,048 

	3118124291
	Bagels, except frozen 
	 291 
	 241,342 

	31181242A1
	Frozen bagels 
	 818 
	 611,887 

	31181242B1
	Croissants, except frozen 
	 21 
	 45,162 

	31181242C1
	Frozen croissants 
	 86 
	 123,137 

	31181242D1
	Other bread type rolls (kaiser except hearth type, parkerhouse, etc.), except frozen 
	 389 
	 369,185 

	31181242E1
	Other frozen bread type rolls (kaiser except hearth type, parkerhouse, etc.) 
	 192 
	 101,209 

	31181242F1
	Bread stuffing, croutons, and bread crumbs (plain and seasoned) 
	 590 
	 299,443 

	311812D1
	Other sweet goods, except frozen

	1,474
	 2,020,919 

	311812D111
	Yeast raised doughnuts, except frozen 
	 229 
	 308,632 

	311812D181
	All other sweet goods containing yeast, except frozen (inc. sweet rolls and coffeecake) 
	 455 
	 563,879 


Table 2.  Ratios of product weight per dollar value for major baked product class categories.

	NAICS
	Product Class
	Ratio

(million lbs per $1000)

	3118121 
	Bread (white, wheat, and rye, etc.), including frozen
	0.00144



	3118124 
	Rolls (bread ~ type), muffins, bagels, and croissants
	0.00136



	311812D
	Other sweet goods, except frozen

[those containing yeast only]
	0.00073

   [0.00078]


Table 3.   Monetary values of baked products shipped by 

California commercial bakeries in 1997.

	
	
	Value of product shipments ($1,000)

	NAICS
	Product Class
	CA
	US

	3118121 
	Bread (white, wheat, and rye, etc.), including frozen
	1,005,785
	7,190,313

	3118124 
	Rolls (bread type), muffins, bagels, and croissants
	582,654
	5,276,466

	311812D
	Other sweet goods, except frozen

[those containing yeast only]
	202,320

  [87,350]
	2,046,923

  [883,738]


Table 4.   Estimated quantities of baked products shipped by 

California commercial bakeries in 1997.

	
	
	Quantity of product shipments (million lbs.)

	NAICS
	Product Class
	CA
	US

	3118121 
	Bread (white, wheat, and rye, etc.), Including frozen
	 1,449 
	 10,359 

	3118124 
	Rolls (bread ~ type), muffins, bagels, and croissants
	 793 
	 7,185 

	311812D
	Other sweet goods, except frozen

[those containing yeast only]
	 148

  [68] 
	 1,493

  [692]

	
	Total leavened products
	 2,311 
	 18,236 


California’s commercial sector “Bakeries and Tortilla Manufacturing” increased from $4.36 billion in 1997 to $4.60 billion in 1998 to $5.10 billion in 1999 (US Census Bureau, 2001).  If this growth trend continued into 2000, production of commercial leavened baked goods should have reached 2,878 million pounds (or, 2311 ( 5.43 ( 4.36).

Example Calculations for the Retail Bakeries Manufacturing Sector

Fewer California-specific data are available for retail manufacturing bakeries than for commercial bakeries.  Therefore, nationwide data must be disaggregated to estimate California production of baked goods by retail manufacturing bakeries.  For the US in 1997, the quantities and values of retail product shipments of leavened baked goods are listed in Table 5 (US Census Bureau, 1999b).  Estimated values are indicated with brackets.  In addition, California’s contribution to the nationwide total was $301,615,000 of $1,947,986,000 (or 15.5%).

	Table 5.   Monetary values of baked products shipped by 

US retail manufacturing bakeries in 1997.



	NAIC
	Product
	Value of

US Shipments

($1000)
	Percent

of Total

	3118110111 
	Breads and rolls (excluding bagels) 
	289,592
	15%

	3118110121 
	Bagels  
	18,684
	1%

	3118110151 
	Doughnuts  
	51,726
	3%

	
	[Leavened doughnuts, estimated]
	[18,369]b
	

	31181101V1 
	Other sweet goods (sweet rolls, coffeecake, 

pastries, danishes, muffins, etc) 
	168,084
	9%

	
	[Leavened sweet goods, estimated]
	[92,097]b
	

	
	Nonleavened cakes, cookies, and pies
	391,122
	20%

	3118110Y 
	Retail bakery products (not separated by kind)
	996,343
	52%

	
	[Breads and rolls, estimated]
	[313,893]a
	

	
	[Bagels, estimated]
	[20,252]a
	

	
	[Doughnuts, estimated]
	[56,067]a
	

	
	[Leavened doughnuts, estimated]
	[19,910]a,b
	

	
	[Other sweet goods, estimated]
	[182,189]a
	

	
	[Leavened sweet goods, estimated]
	[99,825]a,b
	

	
	[Nonleavened, estimated]
	[423,943]a
	

	
	Total leavened baked goods
	872,622
	46%

	
	Total baked goods
	1,915,551
	100%


a ( Estimate was calculated from the distribution of products listed in Table 5 that are separated by kind.

b – Estimates were calculated from the ratio of leavened:unleavened observed in the commercial data set.

Similar to the method used to produce Table 2, ratios of product weight per dollar value for the major product class categories can be estimated if the data from Table 1 are sorted to better match the distribution of retail product categories listed in Table 5.  In addition, the fraction of the US total market for baked goods attributable to California (15.5%) can be used to estimate California-specific production of leavened baked goods for 1997.  Example calculations shown below are for the category “breads and rolls (excluding bagels)” and all results are tabulated in Table 6.

Ratio of production per dollar value of breads and rolls:
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Estimated total value of US shipments of breads and rolls:

289,592 + 313,893 = 603,485 thousand dollars

Estimated total quantity of US shipments of breads and rolls:

603,485 ( 0.00142 = 857 million pounds

Estimated total quantity of California shipments of breads and rolls:

857 ( 15.5% = 133 million pounds 

Table 6.  Estimated quantities of baked products shipped by 

US and California retail bakeries in 1997.

	
	
	Ratio

(million lbs 
	Quantity of

product shipments

(million lbs)

	NAICS
	Product Class
	per $1000)
	CA
	US

	3118110111 
	Breads and rolls (excluding bagels) 
	0.0014
	133
	857

	3118110121 
	Bagels  
	0.0013
	9
	55

	3118110151 
	Doughnuts  
	0.00073
	24
	153

	
	[Leavened doughnuts]
	[0.00074]
	[8]
	[54]

	31181101V1 
	Other sweet goods 
	0.00073
	77
	497

	
	[Leavened sweet goods]
	[0.00081]
	[42]
	[273]

	
	Total nonleavened goods
	0.00077
	179
	1,157

	
	Total leavened baked goods
	
	192
	1,239


Nationwide, 2000 sales for retail bakeries to be valued at 8,012 million dollars, and 1997 sales were valued at 6,096 million dollars (US Census Bureau, 2001b).  Based on this growth trend, nationwide production of retail baked goods in 2000 is estimated to reach 1,628 million pounds (or, 8,012 ( 6096 (  1,239).  If this trend also holds true for California, 2000 production is estimated to be 252 million pounds (or, 8,012 ( 6096 ( 192).  If the growth rate of California’s retail production more closely resembles that of commercial production, then the estimate would be 239 million pounds (or 5.43 ( 4.36 ( 192), which agrees reasonably well with the former estimate.

Disaggregation of Statewide Manufacturing Production Data to the County Level

Recall that statewide production of leavened baked goods for retail bakeries and commercial bakeries in the manufacturing sector were estimated to be 2,878 million pounds and 252 million pounds for the year 2000, respectively.  The US Census Bureau “County Business Patterns” database has employment and facility count data for commercial and retail manufacturing bakeries by state and county, which were used to disaggregate the production estimates to the county level.  The County Business Patterns database contains 1999 estimates of the following items for the state and counties (US Census Bureau, 2001c).  The 1999 distribution of employment by counties was assumed to be reasonably representative of the distribution for the year 2000.
· Employment in the retail bakery manufacturing sector

· Employment in the commercial bakery manufacturing sector

· Counts of facilities distributed by staff size (commercial and retail bakeries combined)

From the counts of facilities by staff size, we first estimated the relative ratios of employment at small establishments to employment at large establishments.  (A small establishment was defined as having fewer than 50 employees, while a large establishment was defined as having 50 or more employees.)  According to these ratios, we distributed commercial and retail employment figures to estimate retail and commercial employment by size of establishment, small or large (see Table 7).  We apportioned the commercial and retail production of bakery products proportionally employment estimates (see Table 8).

	Table 7.  Estimated employment in the commercial and retail baking sectors 

in California for 1999.



	
	Commercial Employment

(no. employees)
	Retail Employment

(no. employees)

	County
	at small establishments
	at large establishments
	at small establishments
	at large establishments

	Alameda
	 229 
	 1,746 
	 360 
	0

	Amador
	-
	-
	-
	-

	Butte
	0
	0
	 10 
	0

	Calaveras
	 10 
	0
	 10 
	0

	Colusa
	0
	0
	 10 
	0

	Contra Costa
	 89 
	 163 
	 104 
	0

	Del Norte
	0
	0
	 10 
	0

	El Dorado
	0
	0
	 10 
	0

	Fresno
	 89 
	 549 
	 131 
	0

	Glenn
	-
	-
	-
	-

	Humboldt
	 28 
	 146 
	 60 
	0

	Imperial
	0
	0
	 10 
	0

	Inyo
	-
	-
	-
	-

	Kern
	 87 
	 88 
	 60 
	0

	Kings
	0
	0
	 10 
	0

	Lake
	-
	-
	-
	-

	Lassen
	-
	-
	-
	-

	Los Angeles
	 1,714 
	 5,780 
	 2,302 
	 643 

	Madera
	0
	0
	 10 
	0

	Marin
	 60 
	0
	 34 
	0

	Mariposa
	-
	-
	-
	-

	Mendocino
	 10 
	0
	 10 
	0

	Merced
	 10 
	0
	 10 
	0

	Modoc
	-
	-
	-
	-

	Mono
	0
	0
	 10 
	0

	Monterey
	 33 
	 61 
	 165 
	0

	Napa
	 63 
	0
	 60 
	0

	Nevada
	 10 
	0
	 10 
	0

	Orange
	 246 
	 1,496 
	 545 
	 151 

	Placer
	 10 
	0
	 60 
	0

	Plumas
	0
	0
	 10 
	0

	Riverside
	 96 
	 70 
	 175 
	0

	Sacramento
	 130 
	 1,089 
	 175 
	0

	San Benito
	0
	0
	 60 
	0

	San Bernardino
	 60 
	0
	 77 
	 53 

	San Diego
	 520 
	 683 
	 750 
	0

	San Francisco
	 194 
	 751 
	 315 
	 59 

	San Joaquin
	0
	 405 
	 94 
	0

	San Luis Obispo
	 63 
	 76 
	 60 
	0

	San Mateo
	 200 
	 705 
	 125 
	 50 

	Santa Barbara
	 60 
	0
	 77 
	0

	Santa Clara
	 121 
	 136 
	 375 
	0

	Santa Cruz
	 142 
	 144 
	 29 
	 120 

	Shasta
	0
	 60 
	 10 
	0

	Sierra
	-
	-
	-
	-

	Siskiyou
	0
	0
	 10 
	0

	Solano
	 10 
	0
	 60 
	0

	Sonoma
	 188 
	 417 
	 60 
	0

	Stanislaus
	0
	0
	 175 
	0

	Sutter
	0
	0
	 10 
	0

	Tehama
	-
	-
	-
	-

	Trinity
	-
	-
	-
	-

	Tulare
	 10 
	0
	 10 
	0

	Tuolumne
	-
	-
	-
	-

	Ventura
	 11 
	 163 
	 175 
	0

	Yolo
	 60 
	0
	 10 
	0

	Yuba
	 10 
	0
	 10 
	0

	California
	 4,557 
	 14,728 
	 6,836 
	 1,076 


Dashes indicate counties for which no manufacturing employment data were reported.  Assumed negligible.

	Table 8.  Estimated year-2000 production of leavened bread products for 

California counties.



	
	Commercial Production

(thousand tons)
	Retail Production

(thousand tons)

	County
	at small establishments
	at large establishments
	at small establishments
	at large establishments

	Alameda
	17.1
	130.3
	5.7
	0.0

	Amador
	-
	-
	-
	-

	Butte
	0.0
	0.0
	0.2
	0.0

	Calaveras
	0.7
	0.0
	0.2
	0.0

	Colusa
	0.0
	0.0
	0.2
	0.0

	Contra Costa
	6.7
	12.2
	1.7
	0.0

	Del Norte
	0.0
	0.0
	0.2
	0.0

	El Dorado
	0.0
	0.0
	0.2
	0.0

	Fresno
	6.6
	41.0
	2.1
	0.0

	Glenn
	-
	-
	-
	-

	Humboldt
	2.1
	10.9
	0.9
	0.0

	Imperial
	0.0
	0.0
	0.2
	0.0

	Inyo
	-
	-
	-
	-

	Kern
	6.5
	6.5
	0.9
	0.0

	Kings
	0.0
	0.0
	0.2
	0.0

	Lake
	-
	-
	-
	-

	Lassen
	-
	-
	-
	-

	Los Angeles
	127.9
	431.3
	36.7
	10.2

	Madera
	0.0
	0.0
	0.2
	0.0

	Marin
	4.4
	0.0
	0.5
	0.0

	Mariposa
	-
	-
	-
	-

	Mendocino
	0.7
	0.0
	0.2
	0.0

	Merced
	0.7
	0.0
	0.2
	0.0

	Modoc
	-
	-
	-
	-

	Mono
	0.0
	0.0
	0.2
	0.0

	Monterey
	2.5
	4.5
	2.6
	0.0

	Napa
	4.7
	0.0
	0.9
	0.0

	Nevada
	0.7
	0.0
	0.2
	0.0

	Orange
	18.4
	111.6
	8.7
	2.4

	Placer
	0.7
	0.0
	0.9
	0.0

	Plumas
	0.0
	0.0
	0.2
	0.0

	Riverside
	7.2
	5.2
	2.8
	0.0

	Sacramento
	9.7
	81.3
	2.8
	0.0

	San Benito
	0.0
	0.0
	0.9
	0.0

	San Bernardino
	4.4
	0.0
	1.2
	0.8

	San Diego
	38.8
	51.0
	11.9
	0.0

	San Francisco
	14.5
	56.0
	5.0
	0.9

	San Joaquin
	0.0
	30.2
	1.5
	0.0

	San Luis Obispo
	4.7
	5.7
	0.9
	0.0

	San Mateo
	14.9
	52.6
	2.0
	0.8

	Santa Barbara
	4.4
	0.0
	1.2
	0.0

	Santa Clara
	9.0
	10.2
	6.0
	0.0

	Santa Cruz
	10.6
	10.8
	0.5
	1.9

	Shasta
	0.0
	4.4
	0.2
	0.0

	Sierra
	-
	-
	-
	-

	Siskiyou
	0.0
	0.0
	0.2
	0.0

	Solano
	0.7
	0.0
	0.9
	0.0

	Sonoma
	14.0
	31.1
	0.9
	0.0

	Stanislaus
	0.0
	0.0
	2.8
	0.0

	Sutter
	0.0
	0.0
	0.2
	0.0

	Tehama
	-
	-
	-
	-

	Trinity
	-
	-
	-
	-

	Tulare
	0.7
	0.0
	0.2
	0.0

	Tuolumne
	-
	-
	-
	-

	Ventura
	0.8
	12.2
	2.8
	0.0

	Yolo
	4.4
	0.0
	0.2
	0.0

	Yuba
	0.7
	0.0
	0.2
	0.0

	California
	 340 
	 1,099 
	 109 
	 17 


Dashes indicate counties for which no manufacturing employment data were reported.  Assumed negligible.

Example Calculations for Grocery and Specialty Food Stores in the Retail Sector

In addition to the manufacturing business areas discussed above, the retail sector includes groceries and specialty food stores that produce baked goods on site for direct sale to the public.  In 1997, the values of US shipments of baked goods from bakeries in the manufacturing sector were as follows (US Census Bureau, 1999a; US Census Bureau, 1999b):

· Manufacturing sector – Retail bakeries ( $ 1,947,986,000 

· Manufacturing sector – Commercial bakeries ( $21,459,322,000

1997 US sales of on-site baked goods in the retail sector were as follows (US Census Bureau, 2001d):

· Retail sector – Groceries – Baked products baked on site  ( $ 5,335,885,000

· Retail sector – Specialty food stores – Baked products baked on site ( $72,490,000

The scale of on-site bakery activities in the retail sector is large enough to warrant consideration because it is comparable to the scale of the manufacturing sector.  Note that we are assuming at this time that the dollar values assigned to manufacturing shipments and retail sales are formulated on a comparable basis (i.e., manufacturing shipments are not reported in terms of wholesale value).  Total 1997 food and beverage store sales in California were valued at $48,767,273,000 (of $ 368,250,471,000 for the US) and are broken down by county in Table 9 (US Census Bureau, 1999c).  These data were used to apportion US retail sales of on-site baked goods to California and its counties as follows. 

For the State of California in 1997, value of on-site baked goods:

48,767,273,000 ( 368,250,471,000 ( (5,335,885,000 + 72,490,000) = $716,229,000

Only a portion of these sales of baked goods are attributable to leavened products. The value of all baked goods shipped by California commercial manufacturing bakeries was $2,467,079,000 and the value of all baked goods shipped by US retail manufacturing bakeries was $1,915,551,000 (US Census Bureau, 1999a; US Census Bureau, 1999b).  In comparison, Table 3 shows that the value of leavened products shipped by California commercial manufacturing bakeries was $1,675,789,000 (or 67.9% of the total for all baked goods) and Table 5 shows that the value of leavened products shipped by US retail manufacturing bakeries was $872,621,000 (or 45.6% of the total for all baked goods).  The figure for retail manufacturing bakeries is probably more representative of specialty food stores and groceries, so we will use that percentage to estimate the value of leavened goods baked on site in California.


For the State of California in 1997, value of leavened on-site baked goods:


$716,229,000 ( 46% = $329,465,000

If we assume the same distribution of products as that shown in Table 6, a weighted average weight-to-dollar ratio for leavened products can be calculated as follows:

[(0.0014 ( 133) + (0.0013 ( 9) + (0.00074 ( 8) + (0.00081 ( 42)] (192 

= 0.0012 million lbs per thousand dollars 

The quantity of leavened on-site baked goods can be estimated as follows for the State of California:

0.0012 ( $329,465,000 ( 1000 = 376 million pounds

Table 9 shows the results of all the calculations such as the examples discussed above.

	Table 9.   Estimated 1997 sales figures in California for the 

retail food and beverage stores sector.



	County
	Sales for Food and Beverage Stores ($1000)
	Est. Sales of On‑Site Baked Goods ($1000)
	Est. Sales of Leavened On-Site Baked Goods ($1000)
	Est. Sales of Leavened On‑Site Baked Goods

(thousand tons)

	Alameda
	 2,476,451 
	 36,371 
	 16,731 
	10.36

	Amador
	 60,309 
	 886 
	 407 
	0.25

	Butte
	 318,026 
	 4,671 
	 2,149 
	1.33

	Calaveras
	D
	 -   
	 -   
	 -   

	Colusa
	D
	 -   
	 -   
	 -   

	Contra Costa
	 1,486,375 
	 21,830 
	 10,042 
	6.22

	Del Norte
	 41,191 
	 605 
	 278 
	0.17

	El Dorado
	 277,231 
	 4,072 
	 1,873 
	1.16

	Fresno
	 1,031,767 
	 15,153 
	 6,970 
	4.32

	Glenn
	 27,870 
	 409 
	 188 
	0.12

	Humboldt
	 244,097 
	 3,585 
	 1,649 
	1.02

	Imperial
	 190,048 
	 2,791 
	 1,284 
	0.80

	Inyo
	 33,431 
	 491 
	 226 
	0.14

	Kern
	 815,102 
	 11,971 
	 5,507 
	3.41

	Kings
	 144,094 
	 2,116 
	 973 
	0.60

	Lake
	 96,982 
	 1,424 
	 655 
	0.41

	Lassen
	D
	 -   
	 -   
	 -   

	Los Angeles
	 12,671,512 
	 186,102 
	 85,607 
	53.02

	Madera
	 161,997 
	 2,379 
	 1,094 
	0.68

	Marin
	 553,413 
	 8,128 
	 3,739 
	2.32

	Mariposa
	D
	 -   
	 -   
	 -   

	Mendocino
	 185,253 
	 2,721 
	 1,252 
	0.78

	Merced
	 224,773 
	 3,301 
	 1,519 
	0.94

	Modoc
	D
	 -   
	 -   
	 -   

	Mono
	 30,925 
	 454 
	 209 
	0.13

	Monterey
	 574,514 
	 8,438 
	 3,881 
	2.40

	Napa
	 247,602 
	 3,636 
	 1,673 
	1.04

	Nevada
	 179,588 
	 2,638 
	 1,213 
	0.75

	Orange
	 4,273,921 
	 62,770 
	 28,874 
	17.88

	Placer
	 446,966 
	 6,564 
	 3,020 
	1.87

	Plumas
	 39,628 
	 582 
	 268 
	0.17

	Riverside
	 1,985,443 
	 29,160 
	 13,413 
	8.31

	Sacramento
	 1,749,686 
	 25,697 
	 11,821 
	7.32

	San Benito
	 74,730 
	 1,098 
	 505 
	0.31

	San Bernardino
	 2,248,526 
	 33,023 
	 15,191 
	9.41

	San Diego
	 3,758,006 
	 55,193 
	 25,389 
	15.73

	San Francisco
	 1,265,916 
	 18,592 
	 8,552 
	5.30

	San Joaquin
	 709,442 
	 10,419 
	 4,793 
	2.97

	San Luis Obispo
	 404,032 
	 5,934 
	 2,730 
	1.69

	San Mateo
	 1,257,062 
	 18,462 
	 8,493 
	5.26

	Santa Barbara
	 660,836 
	 9,705 
	 4,465 
	2.77

	Santa Clara
	 2,617,092 
	 38,436 
	 17,681 
	10.95

	Santa Cruz
	 424,114 
	 6,229 
	 2,865 
	1.77

	Shasta
	 275,131 
	 4,041 
	 1,859 
	1.15

	Sierra
	D
	 -   
	 -   
	-

	Siskiyou
	 76,582 
	 1,125 
	 517 
	0.32

	Solano
	 561,354 
	 8,244 
	 3,792 
	2.35

	Sonoma
	 898,609 
	 13,198 
	 6,071 
	3.76

	Stanislaus
	 633,557 
	 9,305 
	 4,280 
	2.65

	Sutter
	 138,916 
	 2,040 
	 938 
	0.58

	Tehama
	 80,594 
	 1,184 
	 544 
	0.34

	Trinity
	 15,320 
	 225 
	 103 
	0.06

	Tulare
	 458,762 
	 6,738 
	 3,099 
	1.92

	Tuolumne
	 95,525 
	 1,403 
	 645 
	0.40

	Ventura
	 1,087,333 
	 15,969 
	 7,346 
	4.55

	Yolo
	 253,105 
	 3,717 
	 1,710 
	1.06

	Yuba
	 67,663 
	 994 
	 457 
	0.28

	California
	 48,767,273 
	 716,229 
	 329,465 
	204.06


D = Data were withheld by the Census Bureau due to confidentiality concerns.  Assumed negligible.

The same 1997-to-2000 growth factor was used as that applied for retail manufacturing bakeries.  Year-2000 retail production is estimated to be 268 million pounds (or, 8,012 ( 6096 ( 204).

Estimation of Emissions

We applied the selected emission factors (13 lb VOC per ton of bread for large establishments and 1 lb VOC per ton of bread for small establishments and for the retail sector) to generate the emissions estimates presented in Table 10.  Note that these are uncontrolled emissions estimates.  Several counties, such as Sacramento, have enacted rules to control VOC emissions from larger bakeries.

	Table 10.  Estimated year-2000 uncontrolled VOC emissions from the production

of leavened bread products for California counties.



	
	VOC Emissions for Commercial Manufacturing Operations (tons)
	VOC Emissions for Retail Manufacturing

Operations (tons)
	VOC Emissions for 
	Total VOC

	County
	 small establishments
	 large establishments
	 small establishments
	 large establishments
	the Retail Sector (tons)
	Emissions 

(tons)

	Alameda
	8.56
	846.64
	2.87
	0.00
	6.81
	864.88

	Amador
	-
	-
	-
	-
	0.17
	0.17

	Butte
	0.00
	0.00
	0.08
	0.00
	0.87
	0.95

	Calaveras
	0.35
	0.00
	0.08
	0.00
	-
	0.43

	Colusa
	0.00
	0.00
	0.08
	0.00
	-
	0.08

	Contra Costa
	3.33
	78.99
	0.83
	0.00
	4.09
	87.23

	Del Norte
	0.00
	0.00
	0.08
	0.00
	0.11
	0.19

	El Dorado
	0.00
	0.00
	0.08
	0.00
	0.76
	0.84

	Fresno
	3.32
	266.32
	1.04
	0.00
	2.84
	273.51

	Glenn
	-
	-
	-
	-
	0.08
	0.08

	Humboldt
	1.06
	70.84
	0.47
	0.00
	0.67
	73.05

	Imperial
	0.00
	0.00
	0.08
	0.00
	0.52
	0.60

	Inyo
	-
	-
	-
	-
	0.09
	0.09

	Kern
	3.24
	42.46
	0.47
	0.00
	2.24
	48.42

	Kings
	0.00
	0.00
	0.08
	0.00
	0.40
	0.47

	Lake
	-
	-
	-
	-
	0.27
	0.27

	Lassen
	-
	-
	-
	-
	-
	-

	Los Angeles
	63.96
	2803.17
	18.33
	66.58
	34.84
	2986.88

	Madera
	0.00
	0.00
	0.08
	0.00
	0.45
	0.52

	Marin
	2.22
	0.00
	0.27
	0.00
	1.52
	4.01

	Mariposa
	-
	-
	-
	-
	-
	-

	Mendocino
	0.35
	0.00
	0.08
	0.00
	0.51
	0.94

	Merced
	0.35
	0.00
	0.08
	0.00
	0.62
	1.05

	Modoc
	-
	-
	-
	-
	-
	-

	Mono
	0.00
	0.00
	0.08
	0.00
	0.09
	0.16

	Monterey
	1.24
	29.53
	1.31
	0.00
	1.58
	33.66

	Napa
	2.35
	0.00
	0.47
	0.00
	0.68
	3.51

	Nevada
	0.35
	0.00
	0.08
	0.00
	0.49
	0.92

	Orange
	9.19
	725.39
	4.34
	15.65
	11.75
	766.32

	Placer
	0.35
	0.00
	0.47
	0.00
	1.23
	2.06

	Plumas
	0.00
	0.00
	0.08
	0.00
	0.11
	0.18

	Riverside
	3.59
	33.79
	1.39
	0.00
	5.46
	44.23

	Sacramento
	4.83
	528.41
	1.39
	0.00
	4.81
	539.44

	San Benito
	0.00
	0.00
	0.47
	0.00
	0.21
	0.68

	San Bernardino
	2.22
	0.00
	0.61
	5.52
	6.18
	14.54

	San Diego
	19.40
	331.21
	5.97
	0.00
	10.33
	366.91

	San Francisco
	7.23
	364.29
	2.51
	6.11
	3.48
	383.63

	San Joaquin
	0.00
	196.43
	0.75
	0.00
	1.95
	199.13

	San Luis Obispo
	2.33
	37.07
	0.47
	0.00
	1.11
	40.99

	San Mateo
	7.45
	342.02
	0.99
	5.18
	3.46
	359.10

	Santa Barbara
	2.22
	0.00
	0.61
	0.00
	1.82
	4.65

	Santa Clara
	4.51
	65.98
	2.98
	0.00
	7.20
	80.67

	Santa Cruz
	5.28
	70.06
	0.23
	12.37
	1.17
	89.12

	Shasta
	0.00
	28.86
	0.08
	0.00
	0.76
	29.69

	Sierra
	-
	-
	-
	-
	-
	-

	Siskiyou
	0.00
	0.00
	0.08
	0.00
	0.21
	0.29

	Solano
	0.35
	0.00
	0.47
	0.00
	1.54
	2.37

	Sonoma
	7.00
	202.39
	0.47
	0.00
	2.47
	212.34

	Stanislaus
	0.00
	0.00
	1.39
	0.00
	1.74
	3.13

	Sutter
	0.00
	0.00
	0.08
	0.00
	0.38
	0.46

	Tehama
	-
	-
	-
	-
	0.22
	0.22

	Trinity
	-
	-
	-
	-
	0.04
	0.04

	Tulare
	0.35
	0.00
	0.08
	0.00
	1.26
	1.69

	Tuolumne
	-
	-
	-
	-
	0.26
	0.26

	Ventura
	0.42
	79.19
	1.39
	0.00
	2.99
	83.99

	Yolo
	2.22
	0.00
	0.08
	0.00
	0.70
	2.99

	Yuba
	0.35
	0.00
	0.08
	0.00
	0.19
	0.62

	State Total 
	 170 
	 7,143 
	 54 
	 111 
	134
	7,613


Dashes indicate unavailable data.  Assumed negligible.

Temporal Adjustments

Seasonal adjustments:  Nationwide, monthly retail trade figures for baked goods were estimated to be 596, 613,  656,  659,  671,  664,  652,  680,  664,  700,  691,  and 766 millions of dollars (January through December, 2000) (US Census Bureau, 2001b).  We will assume that this monthly pattern is valid for production rates.

Diurnal and day-of-week adjustments:  We have not yet found new sources of information for bakeries.  A query is pending with the CA FDA representative, who may be able to suggest a typical work-week for large-scale bakeries.

Air Basin Distribution

In order to distribute emissions for counties that are split between air basins, we considered the county-specific distributions of activity levels for commercial manufacturing and retail manufacturing of baked products (calculated above), and the county-specific distributions of estimated employment in the non-retail and service/commercial sectors, which ARB uses as spatial surrogates to distribute area source emissions (see Table 11).  Emissions for bakeries were distributed as follows:

FA,NRE ( DNRE + FA,SCE ( DSCE = WFA
WFA = Weighted fraction of bakery emissions for area A, where area A is defined by a county and air basin.

FA,NRE, FA,SCE = Distribution of non retail employment (NRE) or service/commercial employment (SCE) for area A.

DNRE, DSCE = Distribution of NRE-associated bakery activity or SCE-associated bakery activity for the county.

For example, the fraction of total Placer County-wide emissions that occurs in the Sacramento Valley Air Basin is estimated as follows:


WFA = 95.5% ( 43% + 95.8% ( 57% = 95.7

Table 11.  Distributions of area source surrogates and emissions.

	County
	Air Basin
	Distribution of 
Non-Retail
Employment
	Distribution of 
Service and 
Commercial Employment
	Weighted Distribution of 
Bakery Emissions

	El Dorado
	Lake Tahoe
	9.4%
	14.7%
	14.7%

	
	Mountain Counties
	90.6%
	85.3%
	85.3%

	Distribution of Bakery Activity
	0.0%
	100.0%
	

	Placer
	Lake Tahoe
	1.7%
	1.4%
	1.5%

	
	Sacramento Valley
	95.5%
	95.8%
	95.7%

	
	Mountain Counties
	2.8%
	2.8%
	2.8%

	Distribution of Bakery Activity
	43.0%
	57.0%
	

	Solano
	San Francisco Bay Area
	77.0%
	76.2%
	76.5%

	
	Sacramento Valley
	23.0%
	23.8%
	23.5%

	Distribution of Bakery Activity
	43.0%
	57.0%
	


Other Information/Considerations

Tips for conducting a survey of bakeries:

· Identify population to be surveyed through the local health department and the state Food and Drug Administration.

· Request production and operating schedule data:  weight of leavened baked products produced, hours and days of operation, typical baker’s percent of yeast used and rising time.  If a secondary leavening is used for some products, how much of the production follows this process?  What are the baker’s percent of yeast used and rising time for the secondary leavening?
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� In fact, only one of several professional bakers we contacted knew of the term “spiking.”  He had been introduced to the term through AP-42 while he was evaluating emissions control devices for the baking ovens.


� Note: This major category includes products made without yeast.
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