Attachment G:  Commercial Cooking

This attachment discusses emissions from commercial cooking operations, including commercial charbroiling (EIC No. 699-680-6000-0000, CES No. 60418), commercial deep-fat frying (699-682-6000-0000, CES No. 66811), and other commercial cooking (699-684-6000-0000, CES No. 82180).  Most commercial cooking is carried out at restaurants, cafeterias, places of lodging, and catering businesses.

Emission factors

The South Coast Air Quality Management District (SCAQMD) recently sponsored an emissions testing program for various types of cooking operations (Welch and Norbeck, 1998).  Table 1 lists emission factors selected for use, which were approximated from a graph of the SCAQMD study results.

Table 1.   Commercial cooking emission factors (average and range).

	
	Emission Factors

(lb/1000 lb food cooked)

	Cooking Equipment 
	VOC
	PM

	Underfired charbroiler
	1.8 (0.4-4)
	16 (3.5-33)

	Automated charbroiler
	1.5 (0.1-2.2)
	3.7 (1.5-7.5)

	Griddles - all

Clamshell type

Flat
	0.18 (0-0.35)

0

0.2 (0.1-0.35)
	2.4 (0-5)

1

2.8 (0-5)

	Deep-fat fryer
	0.17 (0-0.25)
	0.03 (0-0.1)


Values are average results of 4-5 tests by Welch and Norbeck (1998).  Ranges show the min/max of test results.

Analyses of particle size distributions showed that PM emissions are almost exclusively comprised of PM10 (Welch and Norbeck, 1998).

Activity Data

The Air Resources Board recently sponsored a survey of California restaurants about commercial cooking practices (Potepan, 2001).  The draft report was reviewed for estimates of typical or average meat cooking process rates.  Table 2 lists the process rates selected for use.

Table 2.   Average process rate data for California restaurants.

	
	Average No. of Equipment Units
	Average Process Rates (lb food cooked/equipment unit·week)

	Cooking Equipment
	per Facility So Equipped
	Meat
	Vegetables

	Underfired charbroiler
	1.3
	490
	

	Automated charbroiler
	1.2
	840
	

	Flat griddle
	1.8
	320
	

	Clamshell griddle
	2.0
	1100
	

	Deep-fat fryer
	1.9
	240
	380


A process rate for vegetable cooking with deep-fat fryers was selected fairly arbitrarily.  Welch and Norbeck (1998) defined their emissions testing matrix according to the loading capacities of the cooking equipment tested.  From their discussion, it was apparent that the vegetable loading capacities of the tested deep-fat fryers were about twice as large as their meat loading capacities.  In addition, past emissions methodology documents from several Air Districts were reviewed.  An analysis of Ventura County’s 1994 documents, which was the only county that estimated emissions from cooking of vegetables, suggested that the vegetable process rate for fryers was about 50% as large as the meat process rate for charbroilers.  A vegetable cooking process rate was selected to be reasonably consistent with these observations.

The environmental health departments of all the participating CCOS II counties were contacted to determine the number of commercial food services in each county and, if possible, to determine an estimate of the numbers restaurants with charbroilers or fryers.  Responses were collected from Calaveras, Glenn, Mariposa, Pluma, Sacramento, Shasta, Solano, Sutter, Tuolumne, Yolo, and Yuba counties.  The reported numbers of food service facilities were regressed against the 1999 population for each county (see Figures 1 and 2).  Each county had approximately 4 facilities per 1000 residents.  Eight counties also responded with the number of facilities that operated charbroilers or deep-fat fryers.  Most of these reported that 30-40 percent of food services facilities operated charbroilers or fryers.
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	Figure 1.   Number of food services facilities versus population for responding CCOS II counties.
	Figure 2.   Number of food services facilities versus population for responding CCOS II counties, excluding Sacramento.
	


Population data and the information presented above were used to estimate the number of restaurants in each county.  Potepan (2001) reported the distribution of cooking equipment types among surveyed restaurants (see Table 3).  Note that his survey sample was designed to capture restaurants that were more likely to have cooking equipment than the general population of food services facilities.  Therefore, three sets of observations were used to approximate the number of equipment units and quantity of food cooked in each county:  (1) the relative proportions corresponding to the distribution shown in Table 3, (2) the data shown in Table 2, and (3) the assumption that 35% of food services facilities have cooking equipment.

Table 3.   Distribution of cooking equipment types

	Cooking Equipment
	Percent of Sampled

Restaurants So Equipped

	Underfired charbroilers
	45%

	Automated charbroilers
	8%

	Clamshell griddles
	6%

	Flat Griddles
	63%

	Deep-Fat Fryers
	87%


Source: Potepan, 2001

Results

Tables 4 through 6 tabulate the results for each county.

Table 4.  Estimated numbers of charbroilers, process rates, and emissions for 

participating CCOS II counties (1999-2000).

	County
	No. Underfired Units
	Food Cooked (lb/yr)
	VOC Emissions (tons)
	PM Emissions (tons)
	No. Auto Units
	Food Cooked (lb/yr)
	VOC Emissions (tons)
	PM Emissions (tons)

	Amador
	48
	1215976
	1
	10
	8
	362727
	0.3
	0.7

	Butte
	148
	3763565
	3
	30
	26
	1122674
	0.8
	2.1

	Calaveras
	43
	1098399
	1
	9
	8
	327653
	0.2
	0.6

	Colusa
	38
	973834
	1
	8
	7
	290495
	0.2
	0.5

	El Dorado
	127
	3227971
	3
	26
	22
	962906
	0.7
	1.8

	Glenn
	28
	716156
	1
	6
	5
	213630
	0.2
	0.4

	Mariposa
	10
	259222
	0
	2
	2
	77326
	0.1
	0.1

	Mendocino
	79
	2005748
	2
	16
	14
	598316
	0.4
	1.1

	Nevada
	84
	2131160
	2
	17
	15
	635727
	0.5
	1.2

	Placer
	175
	4463702
	4
	36
	30
	1331526
	1.0
	2.5

	Plumas
	38
	970985
	1
	8
	7
	289646
	0.2
	0.5

	Sacramento
	776
	19771190
	18
	158
	135
	5897762
	4.4
	10.9

	Shasta
	151
	3857579
	3
	31
	26
	1150719
	0.9
	2.1

	Sierra
	29
	728513
	1
	6
	5
	217316
	0.2
	0.4

	Solano
	231
	5896208
	5
	47
	40
	1758844
	1.3
	3.3

	Sutter
	60
	1537759
	1
	12
	11
	458715
	0.3
	0.8

	Tehama
	60
	1530085
	1
	12
	10
	456425
	0.3
	0.8

	Tuolumne
	72
	1845311
	2
	15
	13
	550458
	0.4
	1.0

	Yolo
	129
	3286411
	3
	26
	22
	980339
	0.7
	1.8

	Yuba
	121
	3084306
	3
	25
	21
	920051
	0.7
	1.7


Table 5.  Estimated numbers of griddles, process rates, and emissions for 

participating CCOS II counties (1999-2000).

	County
	No. Flat Units
	Food Cooked (lb/yr)
	VOC Emissions (tons)
	PM Emissions (tons)
	No. Clamshell Units
	Food Cooked (lb/yr)
	VOC Emissions (tons)
	PM Emissions (tons)

	Amador
	66
	1091871
	0.1
	1.5
	7
	377126
	0
	0.2

	Butte
	203
	3379448
	0.3
	4.7
	20
	1167244
	0
	0.6

	Calaveras
	59
	986295
	0.1
	1.4
	6
	340661
	0
	0.2

	Colusa
	53
	874443
	0.1
	1.2
	5
	302028
	0
	0.2

	El Dorado
	174
	2898518
	0.3
	4.1
	18
	1001133
	0
	0.5

	Glenn
	39
	643064
	0.1
	0.9
	4
	222111
	0
	0.1

	Mariposa
	14
	232766
	0.0
	0.3
	1
	80396
	0
	0.0

	Mendocino
	108
	1801037
	0.2
	2.5
	11
	622069
	0
	0.3

	Nevada
	115
	1913650
	0.2
	2.7
	12
	660965
	0
	0.3

	Placer
	241
	4008128
	0.4
	5.6
	24
	1384386
	0
	0.7

	Plumas
	52
	871884
	0.1
	1.2
	5
	301144
	0
	0.2

	Sacramento
	1067
	17753304
	1.8
	24.9
	107
	6131898
	0
	3.1

	Shasta
	208
	3463867
	0.3
	4.8
	21
	1196401
	0
	0.6

	Sierra
	39
	654160
	0.1
	0.9
	4
	225943
	0
	0.1

	Solano
	318
	5294430
	0.5
	7.4
	32
	1828668
	0
	0.9

	Sutter
	83
	1380813
	0.1
	1.9
	8
	476925
	0
	0.2

	Tehama
	83
	1373921
	0.1
	1.9
	8
	474545
	0
	0.2

	Tuolumne
	100
	1656975
	0.2
	2.3
	10
	572310
	0
	0.3

	Yolo
	177
	2950994
	0.3
	4.1
	18
	1019258
	0
	0.5

	Yuba
	166
	2769515
	0.3
	3.9
	17
	956576
	0
	0.5


Table 6.  Estimated numbers of deep-fat fryers, process rates, and emissions for 

participating CCOS II counties (1999-2000).

	County
	No. Units
	Food Cooked (lb/yr)
	VOC Emissions (tons)
	PM Emissions (tons)

	Amador
	91
	2924660
	0.2
	0.0

	Butte
	281
	9052113
	0.8
	0.1

	Calaveras
	82
	2641867
	0.2
	0.0

	Colusa
	73
	2342262
	0.2
	0.0

	El Dorado
	241
	7763905
	0.7
	0.1

	Glenn
	53
	1722497
	0.1
	0.0

	Mariposa
	19
	623480
	0.1
	0.0

	Mendocino
	150
	4824217
	0.4
	0.1

	Nevada
	159
	5125859
	0.4
	0.1

	Placer
	333
	10736080
	0.9
	0.2

	Plumas
	72
	2335410
	0.2
	0.0

	Sacramento
	1475
	47553597
	4.0
	0.7

	Shasta
	288
	9278235
	0.8
	0.1

	Sierra
	54
	1752217
	0.1
	0.0

	Solano
	440
	14181539
	1.2
	0.2

	Sutter
	115
	3698613
	0.3
	0.1

	Tehama
	114
	3680154
	0.3
	0.1

	Tuolumne
	138
	4438336
	0.4
	0.1

	Yolo
	245
	7904465
	0.7
	0.1

	Yuba
	230
	7418361
	0.6
	0.1
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