Attachment F:  Agricultural Processing Losses

This attachment discusses emissions from facilities that process miscellaneous food and agricultural products intended for human or animal consumption (EIC No. 420-420-6000-0000, CES No. 47076).  As a result of an evaluation of economic data, this discussion is limited to three types of processing plants, listed below.  (Corresponding North American Industrial Classification System, or NAICS, codes are shown in parentheses.)

Grain elevators and related processes (493130) and grain milling (31121X)

Nuts processing, including salted and roasted nuts and seeds (311911), and almond processing (115114)

Malt beverage manufacturing (312120)

Other types of food and agricultural products processing facilities, which were considered but not selected for further discussion, are listed below.  

Meat and animal by-products plants (3116XX), including meat packing plants, meat smokehouses, meat rendering plants, manure processing plants, and poultry slaughtering plants

Natural and processed cheese factories (311513)

Cotton gins (115111)

Fruits and vegetables processing plants (31142X), including onion/garlic processing plants, fruits and vegetables canneries, dehydrated fruits and vegetables plants 

Other grain products manufacturing plants, including cereal breakfast food plants (311211), animal feed processors (3111XX), alfalfa dehydration plants (311119), and pasta manufacturers (311823)

Sugar refiners and processors (31131X), 

Fats and oils processors (31122X), including vegetable oil manufacturers and corn wet mills

Distilled spirits manufacturers (312140)

Miscellaneous food and kindred products manufacturing, including fish processors (3117XX), coffee roasters (311920), deep-fried snack chip manufacturing (311919), yeast producers (311999, misc.), spice/flavoring manufacturers (311942, 311930), tobacco producers (3122XX), and leather tanners (316110)

For each industrial category listed above, economic activity was evaluated for the group of counties that are participating in the CCOS II Project.  (Employment and agricultural production data were gathered from the US Census Bureau and the US Department of Agriculture.)  The industries determined to have the greatest levels of employment in the CCOS II group of counties – 1,000 to 3,000 employees in the first quarter of 1999 – were fruit/vegetable canning, roasted nuts manufacturing, grain milling, and breweries (US Census Bureau, 2001a).  Levels of activity within the group of CCOS II counties also were compared to those for the State of California as a whole.  The industries with the greatest relative levels of activity – 25 to 58% of California’s total employment – were grain milling, roasted nuts manufacturing, farm products warehousing (most likely associated with grain or nuts processing), and breweries (US Census Bureau, 2001a).  (The shares fell below 15% for all other industrial categories listed above.)  Only those categories that had high levels of total employment and high levels of relative employment were selected for further analysis.

Grain Processing

Grain processing facilities include mills (wheat, corn, rye, rice, animal feed, etc.), grain processing plants (barley malt manufacturers, animal feed processors, etc.), and grain storage elevators.  According to a summary of County Agricultural Commissioners’ Reports, rice is by far the largest grain crop grown in the CCOS II group of counties (California Agricultural Statistics Service, 2000a).  In 1999, rice production for the region was 1.96 million tons, or 97% of the state total (California Agricultural Statistics Service, 2000a).  From 1999 to 2000, California rice production grew 19% (California Agricultural Statistics Service, 2001).  The California Rice Commission (2001) verifies that more than 95 percent of California rice is grown in the Sacramento Valley.  In the CCOS II region, rice mills (NAICS code 311212) account for 83 to 97% of employment in the grain milling industry (US Census Bureau, 2001a).  In fact, at least 75% (75-92%) of California’s rice mill employees work in Yolo, Colusa, and Butte counties alone (US Census Bureau, 2001a).

Productions of corn and wheat in the CCOS II region, the second and third largest grain crops, were around 0.6 and 0.3 million tons (of 9.7 and 1.6 million tons statewide) (California Agricultural Statistics Service, 2000a).  Productions of other grain crops were negligible.  Employment in the CCOS II counties for flour milling, a common use of wheat, is around 14% (5‑23%) of the statewide total.  

Emission Factors for Rice Processing
Processes at rice mills and grain elevators are primarily sources of particulate matter.  Processes include loading/unloading, conveying or transferring, cleaning, pressure soaking, steaming, drying, shelling (remove the husks), pearling (removing the bran and germ for white rice), sizing (for width), sorting (for color), grading (for brokenness), polishing (coating with glucose or talc), cooking, cooling, storage, flour milling, weighing, and packaging.  PM10 emission factors for these processes, which were acquired from the US EPA’s Compilation of Air Pollutant Emission Factors (AP-42) Chapter 9.9, are listed in Table 1.  

Table 1.   Emission factors for rice processing facilities.

	Process
	Emission factors 

(lb/ton of rice handled)

	
	PM
	PM10

	Grain loading and unloading (hopper truck)
	0.035
	0.0078 

	Rice drying 
	0.063
	0.032

	Rice cleaning 
	0.0031
	0.0031

	Rice millhouse operations (inclusive of shelling, 

pearling, sizing, sorting, and grading) 
	0.27
	0.27

	Rice bran handling 
	0.017
	0.017

	Wheat flour milling – uncontrolled 
	70
	35


(Source: EPA, 2000)

The emission factor for wheat flour milling will be applied in lieu of a rice-specific factor.  Generally, flourmills do not operate in an uncontrolled mode, which corresponds to the emission factor of 70 lb PM10/ton shown in Table 1.  Therefore, it is assumed that mills operate with cyclones and/or baghouses, which usually achieve 98% or better control efficiencies.  In addition, it is assumed that control measures are applied to other processes with an arbitrarily selected efficiency of 85%.  Lastly, it is assumed that conveyance or transfer points generate emissions at rates similar to that of the loading/unloading process; and that the polishing process is similar in magnitude to other individual processes (0.05 lb/ton, as a conservatively high estimate). 
Comprehensive emission factors for general rice milling and handling were calculated by considering typical process rates for rice mills and grain elevators.  The expression below represents a typical sequence of processes performed at a rice grain elevator.

Unload truck ( transfer to initial storage ( transfer to dryer ( dry  ( transfer to primary cleaning ( primary cleaning (1% impurities lost)( transfer to storage ( load for shipping to rice mill

The following equations calculate the cumulative PM emission factors for the sequence of grain elevator processes shown above.  Note that 1% of harvested rice is lost during the primary cleaning stage.  Because activity data is available in terms of rice harvested, proportions of 99% (0.99) are applied to correct for the reduced throughput at subsequent processes.

[0.0078 + 0.0078 + 0.0078 + 0.032 + 0.0078 + 0.0031 + (0.99 ( 0.0078) + (0.99 ( 0.0078)] ( (1 – 0.85) = 0.012 lb PM10/ton

[0.035 + 0.035 + 0.035 + 0.063 + 0.035 + 0.0031 + (0.99 ( 0.035) + (0.99 ( 0.035)] ( (1 – 0.85) = 0.041 lb PM/ton

The expressions below represent PM-emitting processes that are performed at a typical rice mill.  Corresponding emission factors are calculated below each process expression.  According to anecdotal information, hulls comprise about 20% by weight of the rice harvest; impurities (which are eliminated through primary and secondary cleaning) comprise about 3%, and the remaining 77% of the harvest becomes rice products.  According to the US Census Bureau, rice mills produced the following breakdown of products in 1997 (percent by weight):  “head rice,” or unbroken whole grains, 69%; “second head,” or slightly broken and/or damaged grains, 3.9%; screenings and brewers’ rice, or finely broken grains, 4.5%; rice flour, 8.0%; rice bran, 8.9%; and residuals/byproducts 5.5% (US Census Bureau, 1999a).  These process fractions are used to determine the proportions of the total rice harvest that typically follow each process at rice mills.

Receiving and millhouse processes:

Truck unloading ( transfer to secondary cleaning ( clean (3% impurities lost
) ( transfer to millhouse ( millhouse processes ( (20% husks, 77% millhouse product)

([0.99 ( (0.0078 + 0.0078 + 0.0031)] + [0.97 ( (0.0078 + 0.27)]) ( (1 – 0.85) = 0.043 lb PM10/ton

([0.99 ( (0.035 + 0.035 + 0.0031)] + [0.97 ( (0.035 + 0.27)]) ( (1 – 0.85) = 0.055 lb PM/ton

Rice husks (20% of harvested weight):

(From millhouse) ( husks transfer to storage pile ( load on trucks

[0.2 (  (0.0078 + 0.0078)] ( (1 – 0.85) = 0.0005 lb PM10/ton

[0.2 ( (0.035 + 0.035)] ( (1 – 0.85) = 0.002 lb PM/ton

Brokens/screenings/brewer’s rice (8.4% of millhouse product)

(From millhouse) ( transfer brokens/screenings/brewer’s to storage ( transfer for packing or truck loading

[0.084 (  0.77 ( (0.0078 + 0.0078)] ( (1 – 0.85) = 0.0002 lb PM10/ton

[0.084 (  0.77 ( (0.035 + 0.035)] ( (1 – 0.85)  = 0.0007 lb PM/ton

Finished “head rice” (69% of millhouse product)

(From millhouse) ( transfer to polisher ( polish ( transfer to storage ( transfer for packing or truck loading

[0.69 ( 0.77 ( (0.0078 + 0.05 + 0.0078 + 0.0078)] ( (1 – 0.85) = 0.006 lb PM10/ton

[0.69 ( 0.77 ( (0.035 + 0.05 + 0.035 + 0.035)] ( (1 – 0.85) = 0.012 lb PM/ton

Rice flour (8.0% of millhouse product)

(From millhouse) ( transfer to flour grinding ( flour processing (assumed 98% control efficiency) ( transfer to packing

0.08 ( 0.77 ( ([(0.0078 + 0.0078) ( (1 – 0.85)] + (35 ( [1 – 0.98]) = 0.043 lb PM10/ton

0.08 ( 0.77 ( ([(0.035 + 0.035) ( (1 – 0.85)] + (70 ( [1 – 0.98]) = 0.087 lb PM/ton

Rice bran and byproducts (15.5% of millhouse products)

(From millhouse) ( transfer bran to storage ( transfer for packing or truck loading

[0.155 ( 0.77 ( (0.017 + 0.017)] ( (1 – 0.85) = 0.0006 lb PM10/ton

 = 0.0006 lb PM/ton

Sum total for rice milling

0.043 + 0.0005 + 0.0002 + 0.006 + 0.043 + 0.0006 = 0.094 PM10/ton

0.055 + 0.002 + 0.0007 + 0.012 + 0.087 + 0.0006 = 0.158 PM/ton,

Activity Data and Emissions for Rice Processing

In 1999, farms in the CCOS II region produced 1.96 million tons of rice (California Agricultural Statistics Service, 2000a).  In addition, statewide production increased 19% from 1999 to 2000 (California Agricultural Statistics Service, 2001b).  The USDA reported that California’s stores of rough rice increased by 0.39 million tons from 1999 to 2000, which represented around 16% of the state’s total rice production in 2000 (California Agricultural Statistics Service, 2001b).  It is assumed that the remainder, 84%, was milled during 2000.

The quantity of rice produced in the CCOS II region for year 2000, all of which is assumed processed in the region, is estimated to be 2.34 million tons (or 1.96 million tons ( 1.19).  The quantity of rice milled in the CCOS II region is estimated to be 1.96 million tons (or 2.34 million tons ( 0.84).  Corresponding PM emissions are estimated below.

2.34 million tons ( 0.012 lb PM10/ton ( 2000 lb/ton = 14.3 tons PM10 for grain elevators

2.34 million tons ( 0.041 lb PM/ton ( 2000 lb/ton = 48.3 tons PM for grain elevators

1.96 million tons ( 0.0935 lb PM10/ton ( 2000 lb/ton = 91.8 tons PM10 for rice mills

1.96 million tons ( 0.1579 lb PM/ton ( 2000 lb/ton = 154.9 tons PM for rice mills

These emissions are assigned proportionally to the CCOS II counties according to rice production and employment in the grain warehousing and rice milling industrial sectors (see Tables 2 and 3).  For grain storage and elevators, arbitrary weighting factors of 0.25 and 0.75 were applied to the employment and rice production distributions, respectively.  As an example, the disaggregations are shown below for Colusa County.
14.3 tons PM10 ( [(0.34 ( 0.25) + (0.26 ( 0.75)] = 4.1 tons PM10 for grain elevators 

48.3 tons PM ( [(0.34 ( 0.25) + (0.26 ( 0.75)] = 13.7 tons PM for grain elevators
91.8 tons PM10 (  0.37 = 34 tons PM10 for rice mills 

154.9 tons PM ( 0.37 = 58 tons PM for rice mills

Table 2.   Estimated employment (first quarter, 1999) for grain storage and 

estimated emissions (2000) for rice grain elevators (NAICS code 493130).

	
	
	
	
	
	
	Emissions

	County
	No. of

Employees

Range
	No. of

Employees

Midpointb
	Proportion

of

Total
	Rice

Production

(1000 tons)
	Proportion

of

Total
	PM10
(tons)
	PM

(tons)

	Butte
	1-20
	10
	6%
	431.9
	18%
	2.21
	7.43

	Colusa
	20-99
	54
	34%
	620.0
	26%
	4.06
	13.69

	Glenn
	-
	-
	0%
	390.5
	17%
	1.79
	6.03

	Placer
	-
	-
	0%
	58.1
	2%
	0.27
	0.90

	Sacramento
	20-99
	54
	34%
	39.9
	2%
	1.41
	4.74

	Shasta
	-
	-
	0%
	1.9
	0%
	0.01
	0.03

	Solano
	1-20
	10
	6%
	0.0
	0%
	0.23
	0.76

	Sutter
	1-20
	10
	6%
	516.6
	22%
	2.59
	8.74

	Tehama
	-
	-
	0%
	2.3
	0%
	0.01
	0.03

	Yolo
	1-20
	10
	6%
	130.1
	6%
	0.82
	2.77

	Yuba
	1-20
	10
	6%
	153.8
	7%
	0.93
	3.14

	Total
	45-157a
	157
	100%
	2345
	100%
	14
	48


Source:  http://tier2.census.gov/cbp_naics/index.html, http://www.nass.usda.gov/ca/bul/agcom/indexcac.htm 
aEmployment in non-CCOSII counties is known to be at minimum 274 employees, which limits the share of CCOS II employees to 157 out of the statewide total of 431.

bAdjusted so that the total will not exceed 157.

Table 3.   Estimated employment (first quarter, 1999) and 

estimated emissions (2000) for rice milling (NAICS code 311212).

	
	
	
	
	Emissions

	County/Area
	No. of Employees

Range
	No. of Employees

Midpointb
	Proportion of

Total
	PM10
(tons)
	PM

(tons)

	Butte
	100-249
	175
	17%
	15.9
	26.9

	Colusa
	250-499
	375
	37%
	34.1
	57.6

	El Dorado
	20-99
	60
	6%
	5.46
	9.22

	Yolo
	500-518
	509
	50%
	46.3
	78.2

	CCOS II Total
	906-1109
	1008
	100%
	92
	155


Source:  http://tier2.census.gov/cbp_naics/index.html

Other Grains Processing:  Emission Factors and Activity Data
Processes for wheat and corn grain elevators are similar to those for rice elevators, but AP-42 gives slightly different emission factors for cleaning: 0.012-0.075 lb/ton.  Recall that the California Agricultural Commissioners’ Reports mentioned that the 1999 corn and wheat harvests were 0.6 and 0.3 million tons for the CCOS II region.  The year-2000 harvests were estimated to be 18% larger in wheat and 17% smaller in corn than the 1999 harvests, respectively (California Agricultural Statistics Service, 2000b; California Agricultural Statistics Service, 2000c).  The process expression, comprehensive emission factor, and estimated emissions for wheat and corn grain elevators in the CCOS II region are shown below.  Emissions are disaggregated to the CCOS II counties proportionally according to corn and wheat productions and employment in the grain warehousing industrial sector (see Table 4).  For grain storage and elevators, arbitrary weighting factors of 0.25 and 0.75 were applied to the employment and grain production distributions, respectively.

Truck unloading ( transfer to initial storage ( transfer to primary cleaning ( clean (1% impurities lost)( transfer to storage ( load for shipping to grain mill

[0.0078 + 0.0078 + 0.0078 + 0.075 + 0.99 ( (0.0078 + 0.0078)] ( (1 – 0.85)
= 0.017 lb PM10/ton

[0.035 + 0.035 + 0.035 + 0.075 + 0.99 ( (0.035 + 0.035)] ( (1 – 0.85) = 0.037 lb PM/ton

0.017 lb/ton ( [(0.6 million tons ( 1.18) + (0.3 million tons ( 0.83)] ( 2000 lb/ton

= 8 tons PM10 per year for grain elevators

0.037 lb/ton ( [(0.6 million tons ( 1.18) + (0.3 million tons ( 0.83)] ( 2000 lb/ton

= 18 tons PM per year for grain elevators

Colusa county: 

8 tons PM10 ( [(0.35 ( 0.25) + (0.05 ( 0.75)] = 1 ton PM10 per year for grain elevators

18 tons PM ( [(0.35 ( 0.25) + (0.05 ( 0.75)] = 2 ton PM per year for grain elevators

About 50% of produced corn is used for animal feed.  The comprehensive AP-42 emission factors for animal feed milling processes (receiving, transfer/conveyance, milling, etc.) are around 0.3 lb PM10/ton and 0.6 lb PM/ton.  Emissions are disaggregated to the CCOS II counties proportionally according to employment in the animal food processing industrial sector (see Table 4).

0.50 ( (0.6 million tons ( 1.18) ( 0.3 lb PM10/ton ( (1 – 0.85) ( 2000 lb/ton

= 8 tons PM10 for animal feed processing mills

0.50 ( (0.6 million tons ( 1.18) ( 0.6 lb PM/ton ( (1 – 0.85) ( 2000 lb/ton

= 16 tons PM for animal feed processing mills

Glenn county: 

8 tons PM10 ( 0.13 = 1 ton PM10 per year for animal feed processing mills

16 tons PM ( 0.13 = 2 ton PM per year for animal feed processing mills

About 60% of harvested wheat is processed at wheat flourmills.  The comprehensive AP‑42 emission factors for wheat flour milling processes (receiving, transfer conveyance, milling, etc.) are around 0.76 lb PM10/ton and 1.7 lb PM/ton.  These emissions are disaggregated to the CCOS II counties proportionally according to employment in the flour milling industrial sector (see Table 4).
0.6 ( (0.3 million tons ( 0.83) ( 0.76 lb/ton ( (1 – 0.85) ( 2000 

= 9 tons PM10 for wheat flourmills

0.6 ( (0.3 million tons ( 0.83) ( 1.7 lb/ton ( (1 – 0.85) ( 2000 

= 19 tons PM for wheat flourmills

Solano county: 

9 tons PM10 ( 0.05 = 0.4 ton PM10 per year for wheat flourmills

19 tons PM ( 0.05 = 1 ton PM per year for wheat flourmills

Table 4.   Estimated employment proportions (1st quarter 1999) for 

grain storage (NAICS code 493130), animal feed milling (NAICS 311119), and flour milling (NAICS 311210) with estimated emissions for corn and wheat processing (2000).

	
	Proportion of Total Grain Production
	Proportion of Total Employmenta
	Estimated Emissions (tons)

	
	
	NAICS
	NAICS
	NAICS
	Grain Elevators
	Animal Feed Processing
	Flour

Milling

	County/Area
	
	493130
	311119
	311210
	PM10
	PM
	PM10
	PM
	PM10
	PM

	Amador
	0%
	0%
	0%
	0%
	0.01
	0.02
	0
	0
	1.22
	2.65

	Butte
	0%
	6%
	0%
	14%
	0.15
	0.33
	0
	0
	1.22
	2.65

	Colusa
	5%
	35%
	0%
	31%
	1.05
	2.29
	0
	0
	2.61
	5.69

	El Dorado
	0%
	0%
	0%
	5%
	0.00
	0.00
	0
	0
	0.42
	0.91

	Glenn
	13%
	0%
	13%
	0%
	0.77
	1.68
	1.02
	2.06
	0
	0

	Sacramento
	37%
	35%
	75%
	1%
	2.97
	6.51
	6.09
	12.37
	0.07
	0.15

	Shasta
	0%
	0%
	0%
	1%
	0.00
	0.01
	0
	0
	0.07
	0.15

	Solano
	16%
	6%
	0%
	5%
	1.08
	2.38
	0
	0
	0.42
	0.91

	Sutter
	5%
	6%
	0%
	0%
	0.42
	0.92
	0
	0
	0
	0

	Tehama
	1%
	0%
	13%
	0%
	0.04
	0.09
	1.02
	2.06
	0
	0

	Yolo
	21%
	6%
	0%
	44%
	1.40
	3.08
	0
	0
	3.75
	8.16

	Yuba
	2%
	6%
	0%
	0%
	0.27
	0.58
	0
	0
	0
	0

	Ccos ii Total
	100%
	100%
	100%
	100%
	8
	18
	8
	16
	9
	19


Source:  Census Bureau (2001a)

aFrom midpoints of employment ranges.

Nuts Processing and Roasting

This emissions category includes activities associated with the processing, handling, and roasting of nuts and seeds.  Nuts and seeds processing operations include loading and unloading, hulling, cleaning, roasting, etc.  Table 5 summarizes recently estimated quantities of nuts and seeds produced by farmers in the US, California, and the CCOS II region alone.  
Table 5.   Nut and seed crops harvested in 1999 and/or 2000.

	Crop name
	1999 CCOS II Productiona (tons)
	1999 California Productiona (tons)
	CCOSII Proportion of California Totala
	1999; 2000 US Productionb (tons)

	Walnuts
	125,531
	309,924
	40.5%
	283,000; 239,000 
(CA only)

	Almonds
	57,287
	458,697
	12%
	416,500; 351,500 
(CA only)

	Sunflower seed 
	5,652
	6,852
	82%
	2,170,950; 1,772,200

	Pistachios
	1,487
	65,892
	2%
	61,500; 121,500 
(CA only)

	Pecans
	0
	700
	0%
	203,500 ; 104,925

	Macadamia nuts
	0
	224
	0%
	23,250; 25,000 
(HI only)

	Hazelnuts
	0
	0
	0%
	40,000; 24,000 
(OR & WA only)

	Peanuts
	0
	0
	0%
	1,914,745; 1,632,753 (Southeastern US only)

	Total
	189,957
	842,289
	23%
	4,802,525

	Fruits & nuts (% of total unspecified)
	16%
	2%
	
	


Note:  There are some discrepancies when data that were acquired from different sources of information are compared.  However, the differences are reasonably small (10% or less).

a Source: California Agricultural Statistics Service, 2000a

b Source: USDA, 2001a; and USDA, 2001b

Nuts Processing: Activity Data
Different types of nuts undergo different processes and different process rates.  Below are explained the information and assumptions that were used to forecast year-2000 production levels from 1999 data; and to estimate the quantities of nuts that underwent specific processing steps (e.g, hulling, cleaning, etc.).  (Note that the year-2000 data that are presented in Table 5 were added during a late revision of this memorandum, and were not available at the time of first writing.)
Walnuts Processing

According to USDA California Agricultural Statistics Service, California’s 1999 walnut crop reached 283,000 tons.   However, the 2000 walnut crop was estimated to be 15.5% smaller than the 1999 crop (California Agricultural Statistics Service, 2001a).  For the past several years, California handlers processed approximately 100% of the annual quantities walnuts produced by California farmers (California Agricultural Statistics Service, 1997-2000).  Thus, it is estimated that the quantity of walnuts processed in the CCOS II region for year 2000 was roughly equivalent to the year-2000 harvest, or around 106,073 tons (125,531 tons ( 0.845).

Based on the California Walnut Inventory Report released by the Walnut Marketing Board on August 22, 2000, producers and handlers held stores of 9,500 tons of inshell walnuts out of a total inventory of 73,777 tons (calculated on an inshell equivalent weight basis) (International Tree Nut Council, 2000).  Thus, it is estimated that approximately 13% of harvested walnuts are not hulled, but are left inshell after processing (9,500 tons ( 73,777 tons).

Almonds Processing

According to the Almond Board’s Year-2000 Almanac, CCOS II counties produced 51,600 tons of almonds during the 1999-2000 crop year.  The Board also forecasted that the 2000-2001 harvest would be 23% smaller than that from 1999-2000.
  Thus, it is estimated that year-2000 production of almonds in the CCOS II regions is 44,111 tons (or 0.77 ( 57,287 tons).  No information regarding inshell vs. shelled production was available for almonds.  The same percentage that was calculated above for walnuts (13%) will be assumed.

Pistachio Processing

Over the past several years, USDA figures show that pistachio production fluctuates a great deal from year to year – as much as 100%.  According to the California Pistachio Board (2000), total shipments in 2000 were 70,631 tons, which is 7% larger than the 1999 harvest shown in Table 5.  Thus, the year-2000 harvest for CCOS II counties is forecast to be 7% larger than the 1999 harvest, or 1591 tons (1487 tons ( 1.07).
  In addition, the Board suggests that 88% of stocks are shipped as open inshell, 5% as closed shell, 3% as shelling stock (with dark stain, adhering hull, closed shells or shell damage), and 5% as loose kernels.  

Sunflower Seed Processing

According to the National Sunflower Association, 17.3% of the US sunflower harvest is comprised of non-oilseeds, which are used to make snack and whole-kernel food products (National Sunflower Association, 2000a; National Sunflower Association, 2000b).  California is a minor producer of sunflowers, so the USDA provides no California-specific harvest estimates.  Therefore, the County Agricultural Commissioners’ Reports (California Agricultural Statistics Service, 2000a) will be used instead of USDA data to estimate the production of whole-kernel sunflower seeds.  Whole-kernel sunflower seed production for the CCOS II region is estimated to be 17.3% of total production, or 978 tons (or 5,652 tons ( 0.173).  No forecast for year 2000 is available, therefore the 1999 production level is used instead.  No information was available regarding manufactured quantities of shelled vs. inshell sunflower seeds.  Therefore, a 50-50% split is assumed.  

Nuts Processing: Emissions

Little information was found regarding emission factors for processing nuts and seeds.  AP-42, Chapter 9.10, presents PM emission factors for almond processing.  Comprehensive emission factors, which include loading/unloading/transfer points, precleaning (controlled), and shelling (controlled), are estimated to be approximately 1.4 to 1.7 lb PM10/ton and 1.8 to 2 lb PM/ton of nuts processed, depending upon the proportion hulled.  In the absence of nut-specific emission factors, the emission factors for almond processing were applied to estimate year-2000 emissions for all types of nut processing in the CCOS II region.  It is assumed that initial handling processes (cleaning, drying, grading, hulling, etc.) occur in the counties where nuts and seeds are grown.  Therefore, year-2000 emissions are disaggregated according to the relative sizes of the 1999 county nut harvests (see Table 6).  An emissions control efficiency of 85% is arbitrarily assumed.

Walnut processing: 
106,073 tons (  1.7 lb PM10/ton ( 2000 ( (1 – 0.85) = 14 tons PM10  


106,073 tons  ( 2 lb PM/ton ( 2000  ( (1 – 0.85) = 16 tons PM


Butte County only:
14 tons PM10 ( 0.26 = 3.5 tons PM10


16 tons PM ( 0.26 = 4.1 tons PM

Almond processing:
44,111 tons (  1.7 lb PM10/ton ( 2000 ( (1 – 0.85) = 5.7 tons PM10 

44,111 tons (  2 lb PM/ton ( 2000 ( (1 – 0.85) = 6.6 tons PM


Tehama County only:
5.7 tons PM10 ( 0.051 = 0.29 tons PM10


6.6 tons PM ( 0.051 = 0.33 tons PM

Pistachio processing:
1591 tons  ( 1.4 lb PM10/ton ( 2000 ( (1 – 0.85) = 0.17 tons PM10 

1591 tons  ( 1.6 lb PM/ton ( 2000 ( (1 – 0.85) = 0.19 tons PM

Glenn County only:
0.17 tons PM10 ( 0.599 = 0.1 tons PM10


0.19 tons PM ( 0.599 = 0.1 tons PM
Sunflower seed processing:
978 tons ( 1.6 lb PM10/ton ( 2000 ( (1 – 0.85) = 0.11 tons PM10 

978 tons  ( 1.8 lb PM/ton ( 2000 ( (1 – 0.85) = 0.13 tons PM


Glenn County only:
0.11 tons PM10 ( 0.929 = 0.11 tons PM10


0.13 tons PM ( 0.929 = 0.12 tons PM
Nuts Roasting

Although no emission factors for nut roasters were identified, activity data are provided should an emission factor become available at a future date.  For a recent year (1997), it was estimated that approximately 40% to 60% of the total California nut-and-seed production was roasted.
  It is assumed that California nut roasters exclusively use California-harvested nuts and seeds and that peanut butter production is negligible.  In the CCOS II region, employment for the industrial sector, “Roasted Nuts and Peanut Butter Processing” (NAICS code 311911) was approximately 2358 employees, or 47% of the state total (U.S. Census Bureau, 2001a).  Thus, for the year 1999, it is estimated that of the total California nut and seed harvest, approximately 158 to 237 thousand tons of nuts and seeds were roasted in the CCOS II region (or, 40% to 60% of 842,289 ( 47%).  Below are presented similar year-2000 estimates for the CCOSII region, which were calculated from the data presented in Table 5.

0.47 ( 0.40 ( (239,000 tons walnuts + 351,500 tons almonds + 6,852 tons sunflower seeds + 121,500 tons pistachios)

= 135 thousand tons of nuts and seeds roasted (low-end estimate)

0.47 ( 0.60 ( (239,000 tons walnuts + 351,500 tons almonds + 6,852 tons sunflower seeds + 121,500 tons pistachios) 

= 203 thousand tons of nuts and seeds roasted (high-end estimate)

This activity data may be disaggregated to counties according to the proportion of employment in each county relative to the total employment for NAICS code 311911, available from the US Census Bureau and summarized in Table 7 for 1999.

Table 6.   Estimated 1999 production of nuts and seeds in the CCOS II region and year-2000 estimated PM and PM10 emissions for processing.

	
	Almonds
	Pistachios
	Sunflower Seeds
	Walnuts

	County
	Production

(1000 tons)
	Percent

of Total
	PM10
(tons)
	PM

(tons)
	Production

(1000 tons)
	Percent

of Total
	PM10
(tons)
	PM

(tons)
	Production

(1000 tons)
	Percent

of Total
	PM10
(tons)
	PM

(tons)
	Production

(1000 tons)
	Percent

of Total
	PM10
(tons)
	PM

(tons)

	Amador
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	382
	0.3%
	0.04
	0.05

	Butte
	22,696
	39.6%
	2.25
	2.62
	530
	35.6%
	0.06
	0.07
	0
	0.0%
	0
	0
	32,600
	26.0%
	3.54
	4.13

	Calaveras
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	420
	0.3%
	0.05
	0.05

	Colusa
	12,125
	21.2%
	1.20
	1.40
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	6,357
	5.1%
	0.69
	0.81

	El dorado
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	132
	0.1%
	0.01
	0.02

	Glenn
	11,073
	19.3%
	1.10
	1.28
	890
	59.9%
	0.10
	0.11
	5,251
	92.9%
	0.11
	0.12
	8,477
	6.8%
	0.92
	1.07

	Mariposa
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0

	Mendocino
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0

	Nevada
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0

	Placer
	0
	0.0%
	0
	0
	67
	4.5%
	0.01
	0.01
	0
	0.0%
	0
	0
	1,668
	1.3%
	0.18
	0.21

	Plumas
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0

	Sac’to
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	352
	0.3%
	0.04
	0.04

	Shasta
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	962
	0.8%
	0.10
	0.12

	Sierra
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0

	Solano
	609
	1.1%
	0.06
	0.07
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	4,893
	3.9%
	0.53
	0.62

	Sutter
	3,894
	6.8%
	0.39
	0.45
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	28,448
	22.7%
	3.09
	3.60

	Tehama
	2,900
	5.1%
	0.29
	0.33
	0
	0.0%
	0
	0
	401
	7.1%
	0.01
	0.01
	16,470
	13.1%
	1.79
	2.09

	Tuolumne
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0

	Yolo
	3,423
	6.0%
	0.34
	0.40
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	11,605
	9.2%
	1.26
	1.47

	Yuba
	567
	1.0%
	0.06
	0.07
	0
	0.0%
	0
	0
	0
	0.0%
	0
	0
	12,765
	10.2%
	1.39
	1.62

	Total
	57,287
	100.0%
	5.7
	6.6
	1,487
	100.0%
	0.17
	0.19
	5,652
	100.0%
	0.11
	0.13
	125,531
	100.0%
	13.6
	15.9


Table 7.   Employment in the roasted nuts and peanut butter 

manufacturing sector for 1999.

	County
	No. of Employees 

(midpoint of range)
	Proportion of 

State Total
	Proportion of 

CCOSII Total

	Sacramento
	1750
	35%
	74%

	Yolo
	375
	8%
	16%

	Glenn
	175
	3%
	7%

	Butte
	60
	1%
	3%

	CCOS II Total
	2360
	47%
	100%

	California Total
	4991
	100%
	nc


Source: US Census Bureau, 2001a

Breweries 

Brewery processes include handling of malts and grains, milling of malts and grains (which generally only occurs at larger breweries), brewing, fermenting, and containerizing.  Based on the following information from the Beer Institute and the US Census Bureau, Table 8 lists estimated year-2000 brewery activity levels for California.  

· California beer production was consistently 11-12% of US production from 1989 to 1997 (Beer Institute, 1999).

· The US brewing industry experienced 2.7% growth from 1997 to 2000 (Beer Institute, 2000a; US Census Bureau, 2001b).  

· US production of beer was estimated to be 205,626,349 barrels in 1997 (Beer Institute, 1999).

· US brewery consumption of malts and grains in 1997 was 3,177,641 tons (US Census Bureau, 1999c).  

· Brewery production of dried spent brewers’ grain in 1997 was 282,738 tons (US Census Bureau, 1999c).

· Large breweries held a 96.7% market share in 2000 (Institute for Brewing Studies, 2001).

· Beer production is split 51%-39%-10% by volume between canned, bottled, and keg beers (Beer Institute, 1999).  

Table 8.   Activity parameters for beer brewing in California, year 2000.

	Activity
	Magnitude

	Grain handling
	379,957  tons of grain

	Grain milling at brewery
	367,264  tons of grain

	Brewers' grain drying
	33,808  tons

	Fermentation/Brewing
	24,587,188  barrels of beer

	Bottling
	12,943,780  barrels of beer

	Canning
	10,288,494  barrels of beer

	Keg filling
	2,457,550  barrels of beer


(One barrel, or bbl = 31 gallons.)

Emission factors for brewery processes are available from AP-42, Chapters 9.9 and 9.12.  Table 9 summarizes emission factors selected for use from AP-42.  These emission factors were combined with assumed control efficiencies and the activity parameters listed in Table 8 in order to estimate year-2000 emissions for the State of California (see Table 10).  (Control efficiencies of 85% for grain handling and 98% for milling were assumed.)  These emissions were disaggregated to the county level according to employment in the sector for malt beverage breweries (NAICS 312120).  Results are shown in Table 11.  Emissions for the CCOS II group of counties alone total 32.8 tons PM10, 66.5 tons PM, and 60.3 tons VOC.

Grain handling at brewery:  (0.014 + 0.014 + 0.015 + 0.014) lb PM10/ton malt ( (1-0.85) ( 379,957 tons malt ( 2000 lbs/ton= 1.6 tons PM10 

Grain milling at brewery:  [0.7 + 0.014 ( (1-0.85)] lb PM10/ton malt ( 367,264 tons ( 2000 lb/ton = 128.9 tons PM10 

Brewers' grain drying:  0.73 lb VOC/ton dried ( 33,808 tons = 12 tons VOC

Brewing:  0.001054 lb VOC/bbl beer ( 24,587,188 bbl = 13 tons VOC

Fermentation (assume closed):  0.002605 lb VOC/bbl beer ( 24,587,188 bbl = 32 tons VOC

Bottling:   0.017 lb VOC/bbl beer ( 12,943,780 bbl = 110 tons VOC

Canning:  0.014 lb VOC/bbl beer 10,288,494 bbl = 72 tons VOC

Keg filling:  0.00069 lb VOC/bbl beer ( 2,457,550 bbl = 0.8 tons VOC

Total VOC:  12 + 13 + 32 + 110 + 72 + 0.8 = 240 tons VOC

Mendocino county only:  240 tons VOC ( 4.3% = 10 tons VOC

Total PM10:  1.6 + 128.9 = 130.6 tons PM10
Solano county only:  130.6 tons PM10 ( 9.2% = 12.03 tons PM10 
Table 9.   Emission factors for brewing processes.

	Process
	Emission Factors

	Grain Handling

	Unloading/transferring malt or grain
	 0.014 lb PM10/ton of grain processed

 0.064 lb PM/ton of grain processed

	Hopper operationa 
	(0.015 lb PM10/ton of grain processed

 0.015 lb PM/ton of grain processed

	Composite total, with controlsb
	0.00855 lb PM10/ton of grain processed

0.03105 lb PM/ton of grain processed

	Grain Milling

	Unloading/transferring malt or grain
	 0.014 lb PM10/ton of grain processed

 0.064 lb PM/ton of grain processed

	Millingc
	 0.70 lb PM10/ton of grain processed

 1.4 lb PM/ton of grain processed

	Composite total, with controlsd
	0.7021 lb PM10/ton of grain processed

1.4096 lb PM/ton of grain processed

	Brewing Operations

	Cereal cooking
	0.0075 lb VOC/1,000 bbl of beer

	Mashing
	0.054 lb VOC/1,000 bbl of beer

	Brewing
	0.64 lb VOC/1,000 bbl of beer

	Settling
	0.075 lb VOC/1,000 bbl of beer

	Transferring spent grain
	0.25 lb VOC/1,000 bbl of beer

	Cooling
	0.022 lb VOC/1,000 bbl of beer

	Drying spent brewers’ grain
	0.73 lb VOC/ton of dried brewers’ grain

	Totals
	1.054 lb VOC/1,000 bbl of beer 

0.73 lb VOC/ton of dried brewers’ grain

	Fermentation

	Fermentation (closed)
	2 lb VOC/1,000 bbl of beer

	Activated carbon recharge and venting
	0.035 lb VOC/1,000 bbl of beer

	Filling aging tanks
	0.57 lb VOC/1,000 bbl of beer

	Total
	2.605 lb VOC/1,000 bbl of beer

	Containerizing

	Canning
	14 lb VOC/1,000 bbl of beer

	Bottling
	17 lb VOC/1,000 bbl of beer

	Filling kegs
	0.69 lb VOC/1,000 bbl of beer


Source: AP-42.

a Similar in magnitude to grain cleaning or rice bran handling.
b 3 transfer points are assumed.

c Assumed similar to wheat flour milling with 98% control.
d 1 transfer point is assumed

Table 10.  Year-2000 emissions for beer brewing in the State of California.

	Activity Description
	Emission Factor
	Activity
	Emissions

	Grain handling
	0.00855
lb PM10/ton grain
	379,957
tons
	1.6
tons PM10

	
	0.03105 

lb PM/ton grain
	379,957
tons
	5.9
tons PM

	Grain milling
	0.7021
lb PM10/ton grain
	367,264 tons
	128.9
tons PM10

	
	1.4096 

lb PM/ton grain
	367,264
tons
	258.8
tons PM

	Brewers' grain drying
	0.73

lb VOC/ton dried b.g.
	33,808

tons
	12

tons VOC

	Brewing
	0.001054

lb VOC/bbl beer
	24,587,188

bbl beer
	13

tons VOC

	Fermentation (assume closed)
	0.002605

lb VOC/bbl beer
	24,587,188

bbl beer
	32

tons VOC

	Bottling
	0.017

lb VOC/bbl beer
	12,943,780

bbl beer
	110

tons VOC

	Canning
	0.014

lb VOC/bbl beer
	10,288,494

bbl beer
	72

tons VOC

	Keg filling
	0.00069

lb VOC/bbl beer
	2,457,550

bbl beer
	0.8

tons VOC

	Totals
	240

tons VOC

	
	130.6

tons PM10 

	
	264.7

tons PM


Table 11.   Employment (1st quarter, 1999) and emissions (2000) for beer brewing by county.

	
	No. of Employees
	Percent of 
	Emissions (tons/yr)

	County Name
	(Range Midpoint)
	State Total
	VOC
	PM10
	PM 

	Alameda
	190
	4.7%
	11.2
	6.10
	12.38

	Butte
	175
	4.3%
	10.3
	5.61
	11.37

	Calaveras
	60
	1.5%
	3.5
	1.91
	3.88

	Contra Costa
	10
	0.2%
	0.6
	0.31
	0.62

	El Dorado
	34
	0.8%
	2.0
	1.09
	2.22

	Fresno
	10
	0.2%
	0.6
	0.31
	0.62

	Humboldt
	175
	4.3%
	10.3
	5.61
	11.37

	Kern
	10
	0.2%
	0.6
	0.31
	0.62

	Los Angeles
	1,981
	48.8%
	117.1
	63.65
	129.07

	Mendocino
	175
	4.3%
	10.3
	5.61
	11.37

	Napa
	10
	0.2%
	0.6
	0.31
	0.62

	Nevada
	10
	0.2%
	0.6
	0.31
	0.62

	Orange
	10
	0.2%
	0.6
	0.31
	0.62

	Placer
	10
	0.2%
	0.6
	0.31
	0.62

	Riverside
	10
	0.2%
	0.6
	0.31
	0.62

	Sacramento
	175
	4.3%
	10.3
	5.61
	11.37

	San Benito
	10
	0.2%
	0.6
	0.31
	0.62

	San Bernardino
	10
	0.2%
	0.6
	0.31
	0.62

	San Diego
	81
	2.0%
	4.8
	2.60
	5.28

	San Francisco
	60
	1.5%
	3.5
	1.91
	3.88

	San Luis Obispo
	60
	1.5%
	3.5
	1.91
	3.88

	San Mateo
	60
	1.5%
	3.5
	1.91
	3.88

	Santa Barbara
	60
	1.5%
	3.5
	1.91
	3.88

	Santa Clara
	10
	0.2%
	0.6
	0.31
	0.62

	Santa Cruz
	60
	1.5%
	3.5
	1.91
	3.88

	Solano
	375
	9.2%
	22.1
	12.03
	24.40

	Sonoma
	175
	4.3%
	10.3
	5.61
	11.37

	Stanislaus
	60
	1.5%
	3.5
	1.91
	3.88

	Sutter
	10
	0.2%
	0.6
	0.31
	0.62

	State Total
	4,064
	
	240.2
	130.6
	264.7


Temporal Distributions

Seasonal Distributions

News bulletins from the National Agricultural Statistics Service (1999-2000) and other anecdotal information sources were reviewed to determine harvest seasons, listed below.  

· Wheat:  May through July

· Corn: July through October

· Almonds: August through October

· Rice and sunflowers: September through November

· Walnuts and pistachios: October through December

Seasonal emissions adjustments for PM10, shown in Tables 12 and 13, are based on 4 assumptions: (1) grain elevators ship farm products to buyers at a constant rate over the year, (2) grain elevators process farm products during the harvest season and for one month following the harvest season, (3) grain milling processes are constant over the course of the year, and (4) seasonal beer sales correlate well with production rates.  

7% of emissions from rice and other grain elevators, which are associated with shipping or transferring products to buyers, are distributed evenly over 12 months.  The remaining emissions from rice grain elevators are distributed in September through December.  Of the remaining 93% of emissions for other grain elevators, 71% are associated with corn and 29% are associated with wheat.  The corn processing emissions are distributed from July through November and the wheat processing emissions are distributed from May through August.

Emissions from rice and other grain milling are distributed evenly over 12 months.

Emissions from almond processing are distributed from August through November.  Emissions from walnuts and pistachios processing are distributed from October through January.  Emissions from sunflower processing are distributed from September through December.  

The Beer Institute reports the following monthly distribution of US beer sales (average for 1999-2000).  It is assumed that beer production roughly follows the same distribution.

	
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	
	7.7%
	7.6%
	8.8%
	8.5%
	9.2%
	9.4%
	9.1%
	9.0%
	8.4%
	7.8%
	7.6%
	7.0%


The US beer sales figures, shown above, may be used to allocate VOC emissions for this category.

Diurnal Distributions

Arbitrarily, PM10 emissions are estimated to occur 6 days per week (Sundays off) during regular business hours.  VOC emissions from brewing and fermentation (19% of total VOC emissions) are estimated to occur 7 days per week, 24 hours per day.  All other VOC emissions from breweries are estimated to occur 6 days per week (Sundays off) during regular business hours.

Table 12.   Seasonal distribution of PM10 emissions (tons) for agricultural products processing in the CCOS II region.

	Process
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Rice grain elevators – loading for shipment
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Rice grain elevators – receiving and processing
	
	
	
	
	
	
	
	
	3.3
	3.3
	3.3
	3.3

	Rice milling
	7.6
	7.6
	7.6
	7.6
	7.6
	7.6
	7.6
	7.6
	7.6
	7.6
	7.6
	7.6

	Other grain elevators – loading for shipment
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Corn grain elevators – receiving and processing
	
	
	
	
	
	
	0.9
	0.9
	0.9
	0.9
	0.9
	0.9

	Wheat grain elevators – receiving and processing
	
	
	
	
	0.6
	0.6
	0.6
	0.6
	
	
	
	

	Animal feed mills and flourmills
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4
	1.4

	Almond processing
	
	
	
	
	
	
	
	1.4
	1.4
	1.4
	1.4
	

	Walnut/pistachio processing
	3.5
	
	
	
	
	
	
	
	
	3.5
	3.5
	3.5

	Sunflower processing
	
	
	
	
	
	
	
	
	0.0
	0.0
	0.0
	0.0

	Beer brewing
	2.5
	2.5
	2.9
	2.8
	3.0
	3.1
	3.0
	2.9
	2.7
	2.6
	2.5
	2.3

	TOTAL PM10 emissions
	15.1
	11.6
	12.0
	12.0
	12.7
	12.8
	13.6
	15.0
	17.6
	20.9
	20.8
	19.2

	Monthly distribution
	8.26%
	6.35%
	6.57%
	6.52%
	6.95%
	6.99%
	7.42%
	8.17%
	9.60%
	11.38%
	11.34%
	10.45%

	Seasonal
	
	21.2%
	
	
	20.5%
	
	
	25.2%
	
	
	33.2%
	


Table 13.   Seasonal distribution of PM emissions (tons) for agricultural products processing in the CCOS II region.

	Process
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Rice grain elevators – loading for shipment
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	Rice grain elevators – receiving and processing
	
	
	
	
	
	
	
	
	11.2
	11.2
	11.2
	11.2

	Rice milling
	12.9
	12.9
	12.9
	12.9
	12.9
	12.9
	12.9
	12.9
	12.9
	12.9
	12.9
	12.9

	Other grain elevators – loading for shipment
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	Corn grain elevators – receiving and processing
	
	
	
	
	
	
	2.0
	2.0
	2.0
	2.0
	2.0
	2.0

	Wheat grain elevators – receiving and processing
	
	
	
	
	1.2
	1.2
	1.2
	1.2
	
	
	
	

	Animal feed mills and flourmills
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9
	2.9

	Almond processing
	
	
	
	
	
	
	
	1.7
	1.7
	1.7
	1.7
	

	Walnut/pistachio processing
	4.0
	
	
	
	
	
	
	
	
	4.0
	4.0
	4.0

	Sunflower processing
	
	
	
	
	
	
	
	
	0.0
	0.0
	0.0
	0.0

	Beer brewing
	5.1
	5.0
	5.8
	5.7
	6.1
	6.3
	6.0
	6.0
	5.6
	5.2
	5.0
	4.6

	TOTAL PM emissions
	25.4
	21.2
	22.0
	21.9
	23.6
	23.7
	25.4
	27.0
	36.7
	40.3
	40.2
	38.1

	Monthly distribution
	7.3%
	6.2%
	6.4%
	6.3%
	6.8%
	6.9%
	7.4%
	7.8%
	10.6%
	11.7%
	11.6%
	11.0%

	Seasonal
	
	19.9%
	
	
	20.0%
	
	
	25.8%
	
	
	34.3%
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� Note that this forecast appears to have been slightly in error according to information that became available from the USDA subsequent to the first writing of this memorandum.  The USDA (2001a) reported that the year-2000 harvest was only 16% smaller than the 1999 harvest.


� Note that this forecast appears to have been largely in error according to information that became available from the USDA subsequent to the first writing of this memorandum.  The USDA (2001a) reported that the year-2000 harvest was nearly double the size of the 1999 harvest.  Because emissions from pistachio processing are estimated to be practically negligible – even if they are multiplied by a factor of two – we did not revise our earlier emissions estimates.


� The low estimate, 40%, represents the 1997 nut harvest consumption rate that was reported by US roasters (US Census Bureau, 1999b; US Department of Agriculture, 2000).  The high estimate, 60%, is proportional to (a) the 1997 quantity of roasted nuts and seeds produced in the US; and (b) California’s share of the total 1997 US employment in the industrial sector, roasted nuts and peanut butter processing (US Census Bureau, 1999b).
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