Attachment A: Commercial and Industrial Fuel Combustion

This section discusses emissions from industrial and commercial fuel combustion.  These emissions categories, which are listed below, are associated with numerous types of industries and businesses.  Emissions normally would be included with the point source inventory, or would be co-assessed with process-related emissions for a specific industrial or commercial sector.  Other attachments to this memorandum undertake analyses of process-related emissions and also address emissions from fuel combustion (e.g., see Attachment E – Minerals).  Therefore, this attachment only provides a very rough approximation of total emissions from all commercial and industrial fuel combustion sources.  The purpose of this general discussion is to serve as a coarse reality-check of superior, comprehensive emissions estimates or as a stand-in if comprehensive estimates are unavailable.  Specifically, if these rough estimates far exceed comprehensive estimates (say, by 2 orders of magnitude or more) it is recommended that a district or county should investigate more thoroughly whether all important industrial and commercial fuel consumers have been identified and assessed adequately.

Description
EIC Code
CES Number
Co-generation
020-995-0012-0000
74682

Industrial Stationary IC Engines - Diesel
050-040-1200-0000 
82099

Industrial Distillate Oil Combustion
050-995-1220-0000 
66803

Industrial Residual Oil Combustion
050-995-1500-0000 
83071

Industrial Stationary IC Engines - Other Fuel
050-040-0012-0000
82107


Industrial LPG Combustion
050-995-0120-0000 
66795

Industrial Stationary IC Engines - Natural Gas
050-040-0110-0000
66787

Industrial Natural Gas Combustion (Unspecified) 
050-995-0110-0000 
47142

Commercial Distillate Oil Combustion
060-995-1220-0000 
47159

Commercial Residual Oil Combustion
060-995-1500-0000 
47183

Commercial LPG Combustion
060-995-0120-0000 
58727

Commercial Natural Gas Combustion - Space Heating
060-020-0110-0000 
58735

Commercial Natural Gas Combustion - Water Heating
060-030-0110-0000 
58743

Commercial Natural Gas Combustion (Unspecified)
060-995-0110-0000 
47167

Unspecified Combustion Sources 
099-995-0012-0000 
66837

Liquid Fuels Combustion

Emission Factors

Table 1 lists emission factors for commercial and industrial processes that commonly use liquid fuels, such as diesel or distillate fuel, liquefied petroleum gases (LPG), and residual fuel.  The combustion processes that are represented in Table 1 include IC engines, turbines, and boilers.

Table 1.   Emission factors for commercial and industrial processes that employ liquid fuels

(EPA, 2000a; EPA 1999a; EPA 1996a; EPA 1996b).
	
	Emission Factorsa (lb/thousand gallons fuel consumption)

	Fuel Type and Process
	SOxb
	NOx
	CO
	TOC
	VOC
	PMc
	PM10d

	Diesel fuel no. 2; 

IC engine (<600 hp)e
	39
	604
	130
	49
	42
	42
	42

	Distillate fuel no. 2; uncontrolled turbine
	42
	121
	0.45
	0.55
	0.056
	1.6
	1.6

	Distillate fuel no. 2; 

Water-steam injection controlled turbine
	42
	33
	9.9
	0.55
	0.056
	1.6
	1.6

	Distillate oil;

Industrial Boiler
	49
	10
	5
	0.252
	0.2
	3.3
	1.65

	Distillate oil;

Commercial Boiler
	49
	10
	5
	0.556
	0.34
	3.3
	1.82

	Residual fuel;

Industrial boiler
	390
	40
	5
	1.28
	0.28
	26.8
	16.6

	Residual fuel;

Commercial boiler
	390
	40
	5
	1.605
	1.13
	26.8
	16.6

	LPG; industrial boiler
	1.5
	19
	3.2
	0.5
	0.3
	0.6
	0.6

	LPG; commercial boiler
	4.5
	14
	1.9
	0.5
	0.3
	0.4
	0.4


For emission factor selection, it was assumed that most diesel and residual fuels are graded No. 2, and most residual fuels are graded No. 6.

a For diesel and distillate fuels, units were converted from lb/MMBtu to lb/thousand gal by using the following conversion rates: 0.0193 MMBtu/lb ( 7.1 lb/gal ( 1000 gal/thousand gal = 137 MMBtu/thousand gal

b Where applicable, SOx = SO2  + SO3.  The following sulfur contents were assumed: 0.3% for distillate oil; 2.4% for residual oil; 0.05% for diesel; 15 gr/100 ft3 for LPG.

c Where applicable, Total PM = filterable PM + condensable PM.  

d The following mass ratios of PM10:Total PM were assumed:  0.5 for distillate/industrial; 0.55 for distillate/commercial; 0.62 for residual; 1.0 for LPG.

e The VOC emission factor for diesel IC engines is based on the EPA’s speciation profile for this source (weight percents 11.6% methane, 2.8% ethane) (EPA, 199b) and the assumption that so VOC equals non-methane non-ethane hydrocarbons.

Fuel Consumption Data

Statewide fuel consumption data by fuel type is available for broad, comprehensive commercial and industrial sectors (EIA, 2001a).  Commercial fuel consumption was estimated for commercial buildings and public or private service-related entities. Industrial fuel consumption was estimated for manufacturing and other industries (i.e., mining, construction, agriculture, and forestry, and non-utility power generation). In 1999, the distributions of statewide commercial and industrial fuels consumption by fuel type were reported as follows.

Commercial

· Distillate oil 1,654 thousand barrels (includes diesel)

· LPG 1,008 thousand barrels

· Residual fuel 0 barrels

Industrial

· Distillate oil 8,737 thousand barrels (includes diesel)

· LPG 5,068 thousand barrels

· Residual fuel 684 thousand barrels

The EIA also collects fuel consumption data for manufacturing sectors in each major Census Region every four years (EIA, 2001b).  The most recent data available are from 1998.  The proportions of total industrial fuels that are consumed in the West Census Region
 by the manufacturing sector (excluding food processing and refinery production) are estimated below.

Manufacturing (excluding food processing and refinery production) proportion of Total Industrial fuel consumption

· Distillate oil: 9 of 1,321 trillion Btu = 0.68%

· LPG: 3 of 90 trillion Btu manufacturing = 3.3%

· Residual fuel: 4 of 302 trillion Btu manufacturing = 1.3%

It is difficult to assess accurately the specific processes that are employed within these sectors.  In the commercial sector, energy is consumed for space and water heating, cooling, lighting, and miscellaneous processes.  In the industrial sector, energy is consumed largely for process heat and process operations.  In order to estimate the fuel consumption rates for specific fuel combustion processes, a few rough approximations must be applied.

· Diesel fuel (a type of distillate fuel) is combusted in internal combustion engines.

· Distillate fuel oil is combusted in boilers/heaters/burners or turbines.

· Residual fuel oils are burned in boilers/heaters/burners.

· Other than motor-vehicle LPG (HD-5), commercial-grade LPG is burned in boilers/heaters/burners.

An EIA survey (EIA, 1998) for the Pacific Census Region showed that in commercial buildings, 60% of fuel oil is used for water or space heating and 40% is used for miscellaneous applications. It is assumed that water and space heating processes are powered by boilers/heaters/burners, and that miscellaneous applications are powered by a combination of distillate-fired turbines and diesel-fired IC engines.  For miscellaneous applications we must make an arbitrary decision for the split in fuel consumption between turbines and IC engines.  (A 50-50% split was assumed.)  In addition, we will assume that commercial turbines are not equipped with NOx control devices.

In the manufacturing sector in 1994, 28% of distillate and 71% of residual were used as boiler fuel, 34% of distillate was used for heating, and 23% of distillate was used for on-site transportation (EIA, 1997a), which should be excluded from inclusion in this emissions source category.  It is assumed that the remaining 29% of residual fuel is used for heating and the remaining 15% of distillate is used to power stationary IC engines.
Emissions for industrial and commercial fuel consumption can be apportioned to the county level according to industrial and commercial employment (US Census Bureau, 2001).  For the sample calculations shown here, the manufacturing sector (NAICS 31) represents industrial employment, and the employment categories listed below represent commercial and services employment.

· Wholesale trade, NAICS 42

· Retail trade, NAICS 44

· Information, NAICS 51

· Finance and insurance, NAICS 52

· Real estate and rental and leasing, NAICS 53

· Professional, scientific and technical services, NAICS 54

· Management of companies and enterprises, NAICS 55

· Admin, support, waste management, remediation services, NAICS 56

· Educational services, NAICS 61

· Health care and social assistance, NAICS 62

· Arts, entertainment and recreation, NAICS 71

· Accommodation and food services, NAICS 72

· Other services (except public administration), NAICS 81

· Auxiliaries (except corporate, subsidiary and regional management), NAICS 95

· Unclassified establishments, NAICS 99

Seasonal Allocation

Seasonal patterns of residual and distillate fuel were gathered from monthly fuel consumption reports (EIA, 2000/2001).  (Similar data for LPG were not available.)  It was determined that the consumption rates of these fuels remain fairly constant over the course of the year.  A flat seasonal distribution is recommended.

Sample Calculation

The following is a sample calculation for combustion of distillate fuel in the industrial sector for Placer County (EIC code 050-995-1220-0000).  Statewide consumption of distillate fuel is disaggregated by process and the appropriate emission factors are applied.

8737 thousand barrels ( 0.68% (  (28% + 34%) = 37 thousand barrels consumed in boilers or heaters
37 thousand barrels ( 42 gallons/barrel ( 10 lb NOx/thousand gal ( 2000 lb/ton = 8 tons
8737 ( 0.68% ( 15% = 9 thousand barrels consumed in IC engines
9 thousand bbl ( 42 gal/bbl ( 604 lb NOx/thousand gal ( 2000 lb/ton = 114 tons

The sum of emissions from combustion in boilers, heaters, and IC engines is 122 tons.  Of total statewide manufacturing employment (1.8 million), 0.5 % (or 8 thousand) are employed in Placer County.

0.0045  ( 122 tons = 0.5 tons
Tables 2, 3, and 4 tabulate the results of similar calculations for California and all of its counties.

Table 2.   Statewide liquid fuels consumption and emissions for the manufacturing and commercial sectors.
	Sector, Fuel Type, and Process Type
	Proportion
	Consumption (1000 bbl)
	Consumption (1000 gal)
	Emissions (tpy)

	
	
	
	
	SOx
	NOx
	CO
	TOC
	VOC
	PM
	PM10

	Manufacturing

	Distillate
	
	
	
	
	
	
	
	
	
	

	IC Engines
	0.15
	9
	375
	7.3
	113.3
	24.4
	9.2
	7.9
	7.9
	7.9

	Turbines
	0
	0
	0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Boilers & Heaters
	0.62
	37
	1,550
	38.0
	7.8
	3.9
	0.2
	0.2
	2.6
	1.3

	Residual
	
	
	
	
	
	
	
	
	
	

	Boilers & Heaters
	1.0
	9
	381
	74.2
	7.6
	1.0
	0.2
	0.1
	5.1
	3.2

	LPG
	
	
	
	
	
	
	
	
	
	

	Boilers
	1.0
	170
	7,127
	5.3
	67.7
	11.4
	1.8
	1.1
	2.1
	2.1

	Subtotal of Emissions for Manufacturing:
	124.9
	196.3
	40.6
	11.4
	9.2
	17.7
	14.5

	Commercial

	Distillate
	
	
	
	
	
	
	
	
	
	

	IC Engines
	0.2
	331
	13,894
	270.9
	4,195.9
	903.1
	340.4
	291.8
	291.8
	291.8

	Turbines
	0.2
	331
	13,894
	291.8
	17.7
	0.00
	0.00
	0.00
	0.00
	0.00

	Boilers
	0.6
	992
	41,681
	1,021.2
	208.4
	104.2
	11.6
	7.1
	68.8
	37.9

	Residual
	
	
	
	
	
	
	
	
	
	

	Boilers
	1.0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	LPG
	
	
	
	
	
	
	
	
	
	

	Boilers
	1.0
	1,008
	42,336
	95.3
	296.4
	40.2
	10.6
	6.4
	8.5
	8.5

	Subtotal of Emissions for Commercial:
	1,679.1
	4,718.3
	1,047.5
	362.6
	305.2
	369.0
	338.2

	Grand Total of Emissions:
	1,804.0
	4,914.6
	1,088.1
	374.0
	314.4
	386.7
	352.6


	Table 3.  Estimated county-specific emissions for industrial (manufacturing) liquid fuels combustion.

	

	County
	Manufacturing Employment
	Proportion of Statewide Employment
	Total Emissions (tons per year)

	
	
	
	SOx
	NOx
	CO
	TOC
	VOC
	PM
	PM10

	Alameda
	89,281
	4.98%
	 6.2 
	 9.8 
	 2.0 
	 0.6 
	 0.5 
	 0.9 
	 0.7 

	Alpine
	-
	0.00%
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   

	Amador
	857
	0.05%
	 0.1 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Butte
	4,512
	0.25%
	 0.3 
	 0.5 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Calaveras
	468
	0.03%
	 0.0 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Colusa
	709
	0.04%
	 0.0 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Contra Costa
	18,890
	1.05%
	 1.3 
	 2.1 
	 0.4 
	 0.1 
	 0.1 
	 0.2 
	 0.2 

	Del Norte
	250
	0.01%
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	El Dorado
	2,042
	0.11%
	 0.1 
	 0.2 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Fresno
	26,406
	1.47%
	 1.8 
	 2.9 
	 0.6 
	 0.2 
	 0.1 
	 0.3 
	 0.2 

	Glenn
	905
	0.05%
	 0.1 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Humboldt
	5,262
	0.29%
	 0.4 
	 0.6 
	 0.1 
	 0.0 
	 0.0 
	 0.1 
	 0.0 

	Imperial
	1,506
	0.08%
	 0.1 
	 0.2 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Inyo
	252
	0.01%
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Kern
	13,140
	0.73%
	 0.9 
	 1.4 
	 0.3 
	 0.1 
	 0.1 
	 0.1 
	 0.1 

	Kings
	2,948
	0.16%
	 0.2 
	 0.3 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Lake
	338
	0.02%
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Lassen
	325
	0.02%
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Los Angeles
	622,885
	34.76%
	 43.4 
	 68.2 
	 14.1 
	 4.0 
	 3.2 
	 6.1 
	 5.0 

	Madera
	3,964
	0.22%
	 0.3 
	 0.4 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Marin
	4,227
	0.24%
	 0.3 
	 0.5 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Mariposa
	113
	0.01%
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Mendocino
	4,231
	0.24%
	 0.3 
	 0.5 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Merced
	8,322
	0.46%
	 0.6 
	 0.9 
	 0.2 
	 0.1 
	 0.0 
	 0.1 
	 0.1 

	Modoc
	-
	0.00%
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   
	 -   

	Mono
	39
	0.00%
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Monterey
	6,755
	0.38%
	 0.5 
	 0.7 
	 0.2 
	 0.0 
	 0.0 
	 0.1 
	 0.1 

	Napa
	10,019
	0.56%
	 0.7 
	 1.1 
	 0.2 
	 0.1 
	 0.1 
	 0.1 
	 0.1 

	Nevada
	2,891
	0.16%
	 0.2 
	 0.3 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Orange
	224,520
	12.53%
	 15.6 
	 24.6 
	 5.1 
	 1.4 
	 1.1 
	 2.2 
	 1.8 

	Placer
	8,131
	0.45%
	 0.6 
	 0.9 
	 0.2 
	 0.1 
	 0.0 
	 0.1 
	 0.1 

	Plumas
	642
	0.04%
	 0.0 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Riverside
	49,509
	2.76%
	 3.5 
	 5.4 
	 1.1 
	 0.3 
	 0.3 
	 0.5 
	 0.4 

	Sacramento
	31,865
	1.78%
	 2.2 
	 3.5 
	 0.7 
	 0.2 
	 0.2 
	 0.3 
	 0.3 

	San Benito
	2,197
	0.12%
	 0.2 
	 0.2 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	San Bernardino
	68,909
	3.85%
	 4.8 
	 7.5 
	 1.6 
	 0.4 
	 0.4 
	 0.7 
	 0.6 

	San Diego
	116,648
	6.51%
	 8.1 
	 12.8 
	 2.6 
	 0.7 
	 0.6 
	 1.2 
	 0.9 

	San Francisco
	21,725
	1.21%
	 1.5 
	 2.4 
	 0.5 
	 0.1 
	 0.1 
	 0.2 
	 0.2 

	San Joaquin
	22,673
	1.27%
	 1.6 
	 2.5 
	 0.5 
	 0.1 
	 0.1 
	 0.2 
	 0.2 

	San Luis Obispo
	6,894
	0.38%
	 0.5 
	 0.8 
	 0.2 
	 0.0 
	 0.0 
	 0.1 
	 0.1 

	San Mateo
	31,803
	1.77%
	 2.2 
	 3.5 
	 0.7 
	 0.2 
	 0.2 
	 0.3 
	 0.3 

	Santa Barbara
	16,464
	0.92%
	 1.1 
	 1.8 
	 0.4 
	 0.1 
	 0.1 
	 0.2 
	 0.1 

	Santa Clara
	231,338
	12.91%
	 16.1 
	 25.3 
	 5.2 
	 1.5 
	 1.2 
	 2.3 
	 1.9 

	Santa Cruz
	8,685
	0.48%
	 0.6 
	 1.0 
	 0.2 
	 0.1 
	 0.0 
	 0.1 
	 0.1 

	Shasta
	3,555
	0.20%
	 0.2 
	 0.4 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Sierra
	74
	0.00%
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Siskiyou
	864
	0.05%
	 0.1 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Solano
	9,202
	0.51%
	 0.6 
	 1.0 
	 0.2 
	 0.1 
	 0.0 
	 0.1 
	 0.1 

	Sonoma
	26,391
	1.47%
	 1.8 
	 2.9 
	 0.6 
	 0.2 
	 0.1 
	 0.3 
	 0.2 

	Stanislaus
	23,307
	1.30%
	 1.6 
	 2.6 
	 0.5 
	 0.1 
	 0.1 
	 0.2 
	 0.2 

	Sutter
	1,660
	0.09%
	 0.1 
	 0.2 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Tehama
	2,186
	0.12%
	 0.2 
	 0.2 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Trinity
	197
	0.01%
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Tulare
	12,048
	0.67%
	 0.8 
	 1.3 
	 0.3 
	 0.1 
	 0.1 
	 0.1 
	 0.1 

	Tuolumne
	930
	0.05%
	 0.1 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Ventura
	30,860
	1.72%
	 2.2 
	 3.4 
	 0.7 
	 0.2 
	 0.2 
	 0.3 
	 0.2 

	Yolo
	6,034
	0.34%
	 0.4 
	 0.7 
	 0.1 
	 0.0 
	 0.0 
	 0.1 
	 0.0 

	Yuba
	1,213
	0.07%
	 0.1 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	California
	1,792,061
	100%
	 125 
	 196 
	 41 
	 11 
	 9 
	 18 
	 14 


	Table 4.  Estimated county-specific emissions for commercial liquid fuels combustion.

	

	County
	Commercial Employment
	Proportion of Statewide Employment
	Total Emissions (tons per year)

	
	
	
	SOx
	NOx
	CO
	TOC
	VOC
	PM
	PM10

	Alameda
	 452,030 
	4.83%
	 81.1 
	 227.9 
	 50.6 
	 17.5 
	 14.7 
	 17.8 
	 16.3 

	Alpine
	 460 
	0.00%
	 0.1 
	 0.2 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Amador
	 5,678 
	0.06%
	 1.0 
	 2.9 
	 0.6 
	 0.2 
	 0.2 
	 0.2 
	 0.2 

	Butte
	 43,182 
	0.46%
	 7.7 
	 21.8 
	 4.8 
	 1.7 
	 1.4 
	 1.7 
	 1.6 

	Calaveras
	 4,151 
	0.04%
	 0.7 
	 2.1 
	 0.5 
	 0.2 
	 0.1 
	 0.2 
	 0.2 

	Colusa
	 2,258 
	0.02%
	 0.4 
	 1.1 
	 0.3 
	 0.1 
	 0.1 
	 0.1 
	 0.1 

	Contra Costa
	 250,885 
	2.68%
	 45.0 
	 126.5 
	 28.1 
	 9.7 
	 8.2 
	 9.9 
	 9.1 

	Del Norte
	 3,722 
	0.04%
	 0.7 
	 1.9 
	 0.4 
	 0.1 
	 0.1 
	 0.1 
	 0.1 

	El Dorado
	 29,564 
	0.32%
	 5.3 
	 14.9 
	 3.3 
	 1.1 
	 1.0 
	 1.2 
	 1.1 

	Fresno
	 154,720 
	1.65%
	 27.8 
	 78.0 
	 17.3 
	 6.0 
	 5.0 
	 6.1 
	 5.6 

	Glenn
	 2,516 
	0.03%
	 0.5 
	 1.3 
	 0.3 
	 0.1 
	 0.1 
	 0.1 
	 0.1 

	Humboldt
	 27,681 
	0.30%
	 5.0 
	 14.0 
	 3.1 
	 1.1 
	 0.9 
	 1.1 
	 1.0 

	Imperial
	 18,456 
	0.20%
	 3.3 
	 9.3 
	 2.1 
	 0.7 
	 0.6 
	 0.7 
	 0.7 

	Inyo
	 5,540 
	0.06%
	 1.0 
	 2.8 
	 0.6 
	 0.2 
	 0.2 
	 0.2 
	 0.2 

	Kern
	 110,162 
	1.18%
	 19.8 
	 55.5 
	 12.3 
	 4.3 
	 3.6 
	 4.3 
	 4.0 

	Kings
	 12,863 
	0.14%
	 2.3 
	 6.5 
	 1.4 
	 0.5 
	 0.4 
	 0.5 
	 0.5 

	Lake
	 7,690 
	0.08%
	 1.4 
	 3.9 
	 0.9 
	 0.3 
	 0.3 
	 0.3 
	 0.3 

	Lassen
	 3,261 
	0.03%
	 0.6 
	 1.6 
	 0.4 
	 0.1 
	 0.1 
	 0.1 
	 0.1 

	Los Angeles
	 2,836,373 
	30.31%
	 509.0 
	 1,430.2 
	 317.5 
	 109.9 
	 92.5 
	 111.8 
	 102.5 

	Madera
	 16,918 
	0.18%
	 3.0 
	 8.5 
	 1.9 
	 0.7 
	 0.6 
	 0.7 
	 0.6 

	Marin
	 88,032 
	0.94%
	 15.8 
	 44.4 
	 9.9 
	 3.4 
	 2.9 
	 3.5 
	 3.2 

	Mariposa
	 2,718 
	0.03%
	 0.5 
	 1.4 
	 0.3 
	 0.1 
	 0.1 
	 0.1 
	 0.1 

	Mendocino
	 17,668 
	0.19%
	 3.2 
	 8.9 
	 2.0 
	 0.7 
	 0.6 
	 0.7 
	 0.6 

	Merced
	 24,902 
	0.27%
	 4.5 
	 12.6 
	 2.8 
	 1.0 
	 0.8 
	 1.0 
	 0.9 

	Modoc
	 1,331 
	0.01%
	 0.2 
	 0.7 
	 0.1 
	 0.1 
	 0.0 
	 0.1 
	 0.0 

	Mono
	 5,371 
	0.06%
	 1.0 
	 2.7 
	 0.6 
	 0.2 
	 0.2 
	 0.2 
	 0.2 

	Monterey
	 84,754 
	0.91%
	 15.2 
	 42.7 
	 9.5 
	 3.3 
	 2.8 
	 3.3 
	 3.1 

	Napa
	 35,610 
	0.38%
	 6.4 
	 18.0 
	 4.0 
	 1.4 
	 1.2 
	 1.4 
	 1.3 

	Nevada
	 19,538 
	0.21%
	 3.5 
	 9.9 
	 2.2 
	 0.8 
	 0.6 
	 0.8 
	 0.7 

	Orange
	 989,521 
	10.57%
	 177.6 
	 498.9 
	 110.8 
	 38.3 
	 32.3 
	 39.0 
	 35.8 

	Placer
	 67,712 
	0.72%
	 12.2 
	 34.1 
	 7.6 
	 2.6 
	 2.2 
	 2.7 
	 2.4 

	Plumas
	 3,218 
	0.03%
	 0.6 
	 1.6 
	 0.4 
	 0.1 
	 0.1 
	 0.1 
	 0.1 

	Riverside
	 260,101 
	2.78%
	 46.7 
	 131.1 
	 29.1 
	 10.1 
	 8.5 
	 10.3 
	 9.4 

	Sacramento
	 331,967 
	3.55%
	 59.6 
	 167.4 
	 37.2 
	 12.9 
	 10.8 
	 13.1 
	 12.0 

	San Benito
	 6,251 
	0.07%
	 1.1 
	 3.2 
	 0.7 
	 0.2 
	 0.2 
	 0.2 
	 0.2 

	San Bernardino
	 310,056 
	3.31%
	 55.6 
	 156.3 
	 34.7 
	 12.0 
	 10.1 
	 12.2 
	 11.2 

	San Diego
	 806,152 
	8.62%
	 144.7 
	 406.5 
	 90.2 
	 31.2 
	 26.3 
	 31.8 
	 29.1 

	San Francisco
	 465,946 
	4.98%
	 83.6 
	 234.9 
	 52.2 
	 18.1 
	 15.2 
	 18.4 
	 16.8 

	San Joaquin
	 104,407 
	1.12%
	 18.7 
	 52.6 
	 11.7 
	 4.0 
	 3.4 
	 4.1 
	 3.8 

	San Luis Obispo
	 56,300 
	0.60%
	 10.1 
	 28.4 
	 6.3 
	 2.2 
	 1.8 
	 2.2 
	 2.0 

	San Mateo
	 261,403 
	2.79%
	 46.9 
	 131.8 
	 29.3 
	 10.1 
	 8.5 
	 10.3 
	 9.4 

	Santa Barbara
	 106,785 
	1.14%
	 19.2 
	 53.8 
	 12.0 
	 4.1 
	 3.5 
	 4.2 
	 3.9 

	Santa Clara
	 650,685 
	6.95%
	 116.8 
	 328.1 
	 72.8 
	 25.2 
	 21.2 
	 25.7 
	 23.5 

	Santa Cruz
	 59,932 
	0.64%
	 10.8 
	 30.2 
	 6.7 
	 2.3 
	 2.0 
	 2.4 
	 2.2 

	Shasta
	 34,943 
	0.37%
	 6.3 
	 17.6 
	 3.9 
	 1.4 
	 1.1 
	 1.4 
	 1.3 

	Sierra
	 279 
	0.00%
	 0.1 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Siskiyou
	 7,120 
	0.08%
	 1.3 
	 3.6 
	 0.8 
	 0.3 
	 0.2 
	 0.3 
	 0.3 

	Solano
	 67,543 
	0.72%
	 12.1 
	 34.1 
	 7.6 
	 2.6 
	 2.2 
	 2.7 
	 2.4 

	Sonoma
	 116,926 
	1.25%
	 21.0 
	 59.0 
	 13.1 
	 4.5 
	 3.8 
	 4.6 
	 4.2 

	Stanislaus
	 80,524 
	0.86%
	 14.4 
	 40.6 
	 9.0 
	 3.1 
	 2.6 
	 3.2 
	 2.9 

	Sutter
	 12,768 
	0.14%
	 2.3 
	 6.4 
	 1.4 
	 0.5 
	 0.4 
	 0.5 
	 0.5 

	Tehama
	 7,500 
	0.08%
	 1.3 
	 3.8 
	 0.8 
	 0.3 
	 0.2 
	 0.3 
	 0.3 

	Trinity
	 1,143 
	0.01%
	 0.2 
	 0.6 
	 0.1 
	 0.0 
	 0.0 
	 0.0 
	 0.0 

	Tulare
	 50,797 
	0.54%
	 9.1 
	 25.6 
	 5.7 
	 2.0 
	 1.7 
	 2.0 
	 1.8 

	Tuolumne
	 9,782 
	0.10%
	 1.8 
	 4.9 
	 1.1 
	 0.4 
	 0.3 
	 0.4 
	 0.4 

	Ventura
	 171,557 
	1.83%
	 30.8 
	 86.5 
	 19.2 
	 6.6 
	 5.6 
	 6.8 
	 6.2 

	Yolo
	 41,530 
	0.44%
	 7.5 
	 20.9 
	 4.6 
	 1.6 
	 1.4 
	 1.6 
	 1.5 

	Yuba
	 6,650 
	0.07%
	 1.2 
	 3.4 
	 0.7 
	 0.3 
	 0.2 
	 0.3 
	 0.2 

	California
	 9,357,532 
	100%
	 1,679 
	 4,718 
	 1,048 
	 363 
	 305 
	 369 
	 338 


Natural Gas Combustion

Emissions from Industrial Natural Gas Combustion

Industrial facilities combust natural gas in boilers, turbines, or engines to generate power and heat for production and miscellaneous processes.  Table 5 lists emission factors for various natural gas combustion processes.

Table 5.  Emission factors used to calculate the emissions generated by large industrial boilers and turbines for natural gas fuel (EPA, 2000a; EPA, 2000b; EPA, 1998).
	
	Emission Factors a (lb/MMscf)

	Process
	SO2 b
	NOx 
	CO
	TOC
	VOC
	Total PM 

	Large Boiler: Uncontrolled
	0.6
	190
	84
	11
	5.5
	7.6

	Large Boiler: Low NOx Burner
	0.6
	140
	84
	11
	5.5
	7.6

	Large Boiler: Flue Gas Recirculation
	0.6
	100
	84
	11
	5.5
	7.6

	Turbine: Uncontrolledc
	0.3
	326
	83.6
	11.2
	2.1
	6.7

	Turbine: Water-Steam Injectedc
	0.3
	132
	30.6
	11.2
	2.1
	6.7


a Units are expressed in of pounds of pollutant per million standard cubic feet natural gas.

b Assumes gas H2S content of 3.18 ppmv.

c  Assumes natural gas heating value of 1020 Btu/scf.
Activity Data

The largest consumers of industrial natural gas are chemical (38% of consumption), petroleum (12%), primary metal (12%), food processing (9%), paper (8%), stone/clay/glass (6%), and fabricated metal (3%) manufacturers (EIA, 1997b).  In the industrial sector, 42% of natural gas is consumed for process uses (most of it for process heating), 35% for boiler fuel, 12% for non-process use (50-50% split between space heating and electricity generation), and 10% used as feedstock (EIA, 1997b).  Therefore, its is assumed that 84% of industrial natural gas is consumed in boilers/heaters/burners, 6% is consumed in natural gas turbines, and 10% (feedstock) is not associated with combustion emissions.

For many areas of California, the amount of natural gas consumed by the industrial sector is available from Pacific Gas and Electric (PG&E) and can be obtained by contacting their Resource Center (telephone number 415-973-7206.  However, we have opted to use estimates of natural gas consumption that were prepared by the Demand Analysis Office of the California Energy Commission (CEC) (telephone 916-654-4755) because they were able to meet our request for information relatively quickly.  In addition, the CEC segregates consumption data into a more detailed set of categories such that Electricity Generation is a separate category from Industry.  Thus, it seems that for counties with electric power generation, the CEC consumption estimates are more accurate.  For year 2000, the California Energy Commission forecast the statewide industrial consumption of natural gas to be 6,190 million therms (or 606,900 million standard cubic feet).  

Temporal Distribution

Industrial natural gas consumption varies throughout the year.  EIA reports monthly natural gas consumption by California’s industrial facilities (EIA, 2001c).  The reported monthly distribution is recommended for use to apportion annual emissions.  The recommended monthly apportionment scheme is summarized below.  No information is available to estimate diurnal profiles for this category.
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7.9%

June
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11.5%
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9.6%
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10.0%
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8.2%
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8.0%

Example Calculation

PG&E forecast El Dorado County’s industrial natural gas consumption to be 160 MMscf in year 2000.  It is estimated that 84% (or 134 MMscf) of this is combusted in boilers/heaters/burners and that 6% (or 10 MMscf) is combusted in natural gas turbines.  In addition, it is assumed that industrial consumers of natural gas employ NOx emissions control technologies.  Emission factors are selected and applied as shown below.

134 MMscf ( 84 lb CO/MMscf (2000 lb/ton = 5.6 tons per year CO (boilers)

10 MMscf ( 30.6 lb CO/MMscf ( 2000 lb/ton = 0.15 tons per year CO (turbines)

Table 6 tabulates the results of similar calculations for all of California’s counties.

	Table 6.   Estimated industrial natural gas consumption and annual emissions.



	
	
	
	
	Total Emissions (tons per year)

	County
	Industrial

Natural Gas

Consumption

(MMscf)
	Consumption

in Boilers

(MMscf)
	Consumption

in Turbines

(MMscf)
	NOx
	SOx
	CO
	TOC
	VOC
	PM


	Alameda
	12,465
	10,471
	748
	678
	3
	451
	62
	30
	42

	Alpine
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Amador
	431
	362
	26
	23
	0
	16
	2
	1
	1

	Butte
	946
	795
	57
	51
	0
	34
	5
	2
	3

	Calaveras
	2
	1
	0
	0
	0
	0
	0
	0
	0

	Colusa
	432
	363
	26
	23
	0
	16
	2
	1
	1

	Contra Costa
	97,301
	81,733
	5,838
	5,289
	25
	3,522
	482
	231
	330

	Del Norte
	0
	0
	0
	0
	0
	0
	0
	0
	0

	El Dorado
	160
	134
	10
	9
	0
	6
	1
	0
	1

	Fresno
	14,898
	12,514
	894
	810
	4
	539
	74
	35
	51

	Glenn
	791
	664
	47
	43
	0
	29
	4
	2
	3

	Humboldt
	1,851
	1,555
	111
	101
	0
	67
	9
	4
	6

	Imperial
	2,965
	2,491
	178
	161
	1
	107
	15
	7
	10

	Inyo
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Kern
	69,213
	58,139
	4,153
	3,762
	18
	2,505
	343
	164
	235

	Kings
	2,154
	1,809
	129
	117
	1
	78
	11
	5
	7

	Lake
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Lassen
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Los Angeles
	229,561
	192,832
	13,774
	12,479
	60
	8,310
	1,138
	545
	779

	Madera
	3,432
	2,883
	206
	187
	1
	124
	17
	8
	12

	Marin
	282
	237
	17
	15
	0
	10
	1
	1
	1

	Mariposa
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Mendocino
	1,575
	1,323
	95
	86
	0
	57
	8
	4
	5

	Merced
	5,279
	4,435
	317
	287
	1
	191
	26
	13
	18

	Modoc
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Mono
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Monterey
	1,788
	1,502
	107
	97
	0
	65
	9
	4
	6

	Napa
	323
	272
	19
	18
	0
	12
	2
	1
	1

	Nevada
	16
	14
	1
	1
	0
	1
	0
	0
	0

	Orange
	15,880
	13,339
	953
	863
	4
	575
	79
	38
	54

	Placer
	1,242
	1,044
	75
	68
	0
	45
	6
	3
	4

	Plumas
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Riverside
	8,852
	7,436
	531
	481
	2
	320
	44
	21
	30

	Sacramento
	6,338
	5,324
	380
	345
	2
	229
	31
	15
	22

	San Benito
	910
	765
	55
	49
	0
	33
	5
	2
	3

	San Bernardino
	37,633
	31,611
	2,258
	2,046
	10
	1,362
	187
	89
	128

	San Diego
	4,913
	4,127
	295
	267
	1
	178
	24
	12
	17

	San Francisco
	582
	489
	35
	32
	0
	21
	3
	1
	2

	San Joaquin
	13,905
	11,680
	834
	756
	4
	503
	69
	33
	47

	San Luis Obispo
	1,465
	1,231
	88
	80
	0
	53
	7
	3
	5

	San Mateo
	1,551
	1,302
	93
	84
	0
	56
	8
	4
	5

	Santa Barbara
	5,111
	4,294
	307
	278
	1
	185
	25
	12
	17

	Santa Clara
	9,843
	8,268
	591
	535
	3
	356
	49
	23
	33

	Santa Cruz
	645
	542
	39
	35
	0
	23
	3
	2
	2

	Shasta
	4,511
	3,789
	271
	245
	1
	163
	22
	11
	15

	Sierra
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Siskiyou
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Solano
	8,649
	7,265
	519
	470
	2
	313
	43
	21
	29

	Sonoma
	904
	759
	54
	49
	0
	33
	4
	2
	3

	Stanislaus
	9,498
	7,978
	570
	516
	2
	344
	47
	23
	32

	Sutter
	526
	442
	32
	29
	0
	19
	3
	1
	2

	Tehama
	1,483
	1,246
	89
	81
	0
	54
	7
	4
	5

	Trinity
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Tulare
	5,493
	4,614
	330
	299
	1
	199
	27
	13
	19

	Tuolumne
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Ventura
	17,677
	14,849
	1,061
	961
	5
	640
	88
	42
	60

	Yolo
	3,196
	2,684
	192
	174
	1
	116
	16
	8
	11

	Yuba
	217
	182
	13
	12
	0
	8
	1
	1
	1

	Total
	 606,890 
	 509,788 
	 36,413 
	 32,991 
	 158 
	 21,968 
	 3,008 
	 1,440 
	 2,059 


Emissions from Commercial Natural Gas Combustion

Commercial energy needs are met with a variety of natural gas-fired boilers, turbines, or internal combustion engines.  In general, natural gas for space heating and water heating is burned in natural gas-fired boilers.  After these uses, commercial cooking (which is part of the unspecified combustion category listed above) is the third largest end use of natural gas in California.  

Cogeneration facilities recover thermal energy from the exhaust of electricity-generating turbines or internal combustion engines and use the recovered energy to generate steam for use in other processes, such as space heating, water heating, or industrial processes.  Many entities with cogeneration plants have significant electricity and heat energy demands (such as refineries, large factories, or independent power producers) and are most likely to be included in point source inventories.  However, small-capacity cogeneration is sometimes undertaken on by commercial entities.  Examples of facilities with potential to use micro-cogeneration devices are restaurants, hotels, residential health care facilities, small factories, health clubs, colleges, municipalities, hospitals, large apartment buildings, swimming pools, laundries, food and beverage processors, schools, and greenhouses.  Most cogeneration devices are natural gas powered, although it is feasible to design a cogeneration system that uses any other type of fuel (such as distillate oil, wood waste, etc.).  Smaller-scale cogenerators more often operate internal combustion engines, and larger-scale facilities more often run turbines.  

In order to select and apply AP-42 emission factors, natural gas consumption (by use and combustion type) and the design parameters listed below must be determined.  

Type
Parameters needed for emission factor selection

Boilers
Design heat input and control technology 

Turbines
Control technology 

Engines
Operating load, engine stroke (2- or 4-cycle), and fuel ratio (lean or rich burn).

The following steps and recommendations are provided as guidance for estimating emissions for commercial natural gas combustion.

Step 1:  Determine commercial natural gas fuel sales for the county.  A forecast for the year 2000, which was prepared in August 1998 (Table 7), was obtained from the Demand Analysis Office of the Information and Analysis Division at the California Energy Commission (telephone 916-654-4755).  Subtract from this figure the total natural gas consumption reported for any commercial facilities included in the point source inventory.  For Placer County, split commercial gas use between the Valley and Mountain Regions according to a spatially resolved surrogate, such as service/commercial employment by census tract.  Employment data for Placer Co. (Table 8) and a map of traffic analysis zones were obtained from Sacramento Area Council of Governments and the Tahoe Regional Planning Agency.  For other counties, these data are available from the local transportation planning agency or from Caltrans.  Year-2000 distributions were developed for ARB for the purposes of distributing area source surrogates.  These estimates are presented in Table 9.
Step 2:  Split commercial natural gas consumption according to end use (space heating, water heating, or unspecified).  Pacific Gas and Electric Company’s (PG&E) 1999 Commercial Building Survey Report was obtained from its Information Resource Center (telephone 415-973-7206).  This report summarizes the results of a comprehensive survey of all of PG&E’s commercial customers in the State of California.  Table 10 provides the typical distribution of natural gas end uses for commercial entities in four climate zones of California (see Figure 1).  Several counties are split between two climate zones.  Countywide natural gas usage should be distributed to each climate zone according to a spatially resolved surrogate, such as total employment by census tract (similar to the split suggested for Placer Co. in step 1 above).

Step 3:  Split consumption by end use according to combustion type (natural gas turbines, natural gas engines, or boilers).  No centralized source of information is available to consult for this information, therefore the following assumptions are recommended in the absence of county-specific information (e.g., telephone survey or other). 

· Assume that commercial natural gas users accomplish space heating, water heating, and 60% of process uses with boilers of design heat input capacities between 0.3 and 10 MMBtu/hr and no emissions controls.  Assume that emissions due to commercial natural gas cooking operations can be approximated by applying the emission factors for boilers.

· Assume that commercial cooling, 40% of process uses, and other natural gas applications are achieved with natural gas-fired turbines or with internal combustion engines with a 4‑cycle, lean burn design.

Step 4:  Select appropriate emission factors from AP-42 and apply them to estimates of fuel consumption.  The following assumptions are recommended for selection of emission factors.  For a conservatively high estimate, the higher emission factor for each pollutant should be chosen from those available.

· PM is essentially equal to PM10.

· PM10 includes filterable and condensable fractions.

· TOG equal total organic compounds (TOC).

· ROG equal TOC minus methane.

	
	Historical Consumption
	Forecast Consumption

	COUNTY
	1990
	1991
	1992
	1993
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005
	2006
	2007

	ALAMEDA
	94
	100
	89
	95
	103
	94
	95
	103
	95
	96
	96
	97
	98
	98
	98
	99
	99
	99

	ALPINE
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	AMADOR
	3
	3
	3
	3
	3
	3
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	BUTTE
	11
	11
	9
	10
	10
	10
	9
	10
	9
	9
	9
	9
	9
	9
	9
	10
	10
	10

	CALAVERAS
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	COLUSA
	3
	2
	6
	3
	2
	8
	8
	9
	8
	8
	8
	8
	8
	8
	8
	9
	9
	9

	CONTRA COSTA
	111
	48
	37
	61
	24
	34
	35
	38
	36
	37
	37
	37
	38
	38
	38
	39
	39
	39

	DEL NORTE
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	EL DORADO
	5
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	2

	FRESNO
	44
	44
	39
	44
	59
	55
	44
	48
	43
	44
	45
	45
	45
	46
	46
	47
	47
	47

	GLENN
	2
	2
	2
	2
	2
	2
	2
	3
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	HUMBOLDT
	10
	10
	8
	9
	9
	9
	25
	27
	23
	24
	24
	24
	25
	25
	25
	25
	25
	25

	IMPERIAL
	1
	1
	1
	2
	2
	2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	2
	2
	2

	INYO
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	KERN
	36
	42
	50
	16
	13
	15
	14
	14
	14
	14
	14
	14
	14
	15
	15
	15
	15
	15

	KINGS
	10
	8
	8
	6
	5
	4
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6

	LAKE
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	LASSEN
	0
	0
	0
	0
	0
	0
	0
	0
	1
	5
	19
	18
	18
	18
	19
	18
	18
	18

	LOS ANGELES
	467
	445
	417
	460
	459
	438
	465
	465
	500
	511
	520
	531
	540
	550
	560
	569
	580
	588

	MADERA
	6
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4
	4

	MARIN
	17
	17
	15
	16
	17
	16
	18
	19
	17
	18
	18
	18
	18
	18
	18
	18
	18
	18

	MARIPOSA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	MENDOCINO
	3
	3
	3
	3
	3
	3
	9
	9
	8
	8
	8
	9
	9
	9
	9
	9
	9
	9

	MERCED
	14
	9
	8
	6
	16
	14
	14
	15
	13
	14
	14
	14
	14
	14
	14
	14
	14
	15

	MODOC
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	MONO
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	MONTEREY
	30
	29
	26
	29
	28
	27
	38
	41
	40
	40
	41
	41
	42
	42
	43
	43
	43
	44

	NAPA
	13
	12
	9
	10
	10
	10
	9
	10
	10
	10
	10
	10
	11
	11
	11
	11
	11
	11

	NEVADA
	2
	3
	2
	3
	3
	2
	8
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9
	9

	ORANGE
	121
	122
	115
	120
	116
	116
	138
	139
	149
	152
	154
	157
	160
	162
	165
	167
	169
	172

	PLACER
	9
	9
	9
	10
	10
	10
	15
	16
	16
	17
	17
	17
	17
	18
	18
	18
	18
	18

	PLUMAS
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	RIVERSIDE
	48
	47
	45
	50
	52
	50
	56
	56
	62
	64
	66
	68
	70
	72
	74
	76
	77
	79

	SACRAMENTO
	60
	63
	57
	62
	72
	63
	74
	81
	79
	80
	81
	83
	84
	85
	86
	87
	88
	89

	SAN BENITO
	1
	2
	1
	2
	2
	2
	1
	1
	1
	1
	1
	1
	2
	2
	2
	2
	2
	2

	SAN BERNARDINO
	117
	81
	76
	85
	101
	74
	75
	75
	82
	85
	88
	91
	93
	96
	98
	101
	103
	106

	SAN DIEGO
	147
	71
	109
	198
	149
	151
	197
	210
	211
	216
	220
	223
	227
	230
	233
	237
	240
	243

	SAN FRANCISCO
	96
	101
	86
	93
	102
	97
	99
	108
	98
	99
	99
	100
	100
	101
	101
	101
	101
	101

	SAN JOAQUIN
	34
	28
	28
	29
	32
	34
	23
	25
	24
	24
	24
	25
	25
	25
	25
	26
	26
	26

	SAN LUIS OBISPO
	16
	16
	16
	16
	17
	15
	16
	17
	16
	17
	17
	17
	17
	17
	17
	18
	18
	18

	SAN MATEO
	47
	50
	45
	47
	53
	50
	53
	58
	53
	53
	53
	54
	54
	54
	54
	54
	55
	54

	SANTA BARBARA
	34
	24
	23
	23
	28
	30
	23
	24
	25
	25
	26
	26
	27
	27
	27
	28
	28
	28

	SANTA CLARA
	117
	120
	101
	110
	121
	115
	103
	112
	108
	110
	111
	113
	114
	115
	116
	117
	118
	119

	SANTA CRUZ
	16
	26
	22
	16
	16
	25
	26
	29
	26
	26
	26
	27
	27
	27
	27
	27
	27
	27

	SHASTA
	10
	7
	15
	9
	32
	23
	11
	13
	11
	11
	12
	12
	12
	12
	12
	12
	12
	12

	SIERRA
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	SISKIYOU
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	SOLANO
	18
	18
	15
	16
	17
	16
	15
	16
	16
	16
	16
	16
	17
	17
	17
	17
	17
	17

	SONOMA
	22
	24
	23
	24
	25
	24
	22
	24
	23
	23
	23
	24
	24
	24
	24
	25
	25
	25

	STANISLAUS
	18
	19
	19
	20
	20
	25
	21
	23
	21
	21
	22
	22
	22
	22
	22
	23
	23
	23

	SUTTER
	5
	12
	6
	5
	8
	6
	5
	6
	5
	5
	5
	6
	6
	6
	6
	6
	6
	6

	TEHAMA
	3
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	TRINITY
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	TULARE
	17
	15
	15
	16
	16
	16
	14
	14
	15
	15
	16
	16
	16
	16
	17
	17
	17
	17

	TUOLUMNE
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	VENTURA
	36
	49
	40
	23
	23
	29
	28
	28
	30
	31
	32
	32
	33
	33
	34
	34
	35
	35

	YOLO
	19
	18
	23
	20
	22
	21
	24
	26
	25
	25
	25
	26
	26
	26
	26
	27
	27
	27

	YUBA
	4
	4
	4
	4
	4
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3
	3

	Total
	1,895
	1,720
	1,631
	1,784
	1,815
	1,749
	1,852
	1,945
	1,946
	1,986
	2,031
	2,062
	2,093
	2,120
	2,148
	2,174
	2,202
	2,223


	SACOG/TRPA Traffic Analysis Zone
	Census Tract
	Regional Analysis District
	Total Employment
	PG&E Climate Zone

	157
	202
	Foresthill
	6
	Mountain

	966
	202
	Foresthill
	53
	Mountain

	977
	202
	Foresthill
	175
	Mountain

	1057
	220
	Colfax
	745
	Mountain

	1058
	220
	Colfax
	493
	Mountain

	1059
	202
	Placer High Country
	266
	Mountain

	1060
	202
	Placer High Country
	0
	Mountain

	1061
	220
	Placer High Country
	1162
	Mountain

	158
	203
	Auburn
	263
	Valley

	159
	204
	Auburn
	789
	Valley

	160
	205
	Auburn
	347
	Valley

	161
	206
	Granite Bay
	449
	Valley

	162
	206
	Loomis
	236
	Valley

	163
	206
	Granite Bay
	775
	Valley

	164
	207
	Roseville
	844
	Valley

	165
	207
	Roseville
	2931
	Valley

	166
	207
	Roseville
	3472
	Valley

	167
	207
	Roseville
	1263
	Valley

	168
	207
	Roseville
	1916
	Valley

	169
	207
	Roseville
	148
	Valley

	170
	207
	Roseville
	244
	Valley

	171
	207
	Roseville
	1080
	Valley

	172
	207
	Roseville
	856
	Valley

	173
	208
	Roseville
	655
	Valley

	174
	208
	Roseville
	703
	Valley

	175
	208
	Roseville
	1106
	Valley

	176
	209
	Roseville
	2252
	Valley

	177
	209
	Roseville
	1330
	Valley

	178
	209
	Roseville
	281
	Valley

	179
	209
	Roseville
	774
	Valley

	180
	210
	Roseville
	1073
	Valley

	181
	210
	Roseville
	618
	Valley

	182
	210
	Roseville
	111
	Valley

	183
	210
	Roseville
	368
	Valley

	184
	210
	Roseville
	612
	Valley

	185
	210
	Roseville
	578
	Valley

	186
	210
	Roseville
	241
	Valley

	187
	210
	Roseville
	2582
	Valley

	188
	210
	Roseville
	4435
	Valley

	189
	211
	Rocklin
	456
	Valley

	190
	211
	Rocklin
	165
	Valley

	191
	211
	Rocklin
	131
	Valley

	192
	211
	Rocklin
	979
	Valley

	193
	211
	Rocklin
	989
	Valley

	194
	211
	Rocklin
	13
	Valley

	195
	211
	Rocklin
	450
	Valley

	196
	211
	Rocklin
	750
	Valley

	197
	211
	Rocklin
	63
	Valley

	198
	211
	Rocklin
	349
	Valley

	199
	211
	Rocklin
	46
	Valley

	200
	211
	Rocklin
	19
	Valley

	201
	211
	Rocklin
	375
	Valley

	202
	211
	Rocklin
	243
	Valley

	203
	211
	Rocklin
	0
	Valley

	204
	212
	Loomis
	795
	Valley

	205
	212
	Loomis
	475
	Valley

	206
	213
	Lincoln
	0
	Valley

	207
	214
	Lincoln
	888
	Valley

	208
	214
	Lincoln
	513
	Valley

	209
	214
	Lincoln
	511
	Valley

	210
	214
	Lincoln
	265
	Valley

	211
	214
	Lincoln
	69
	Valley

	212
	215
	Auburn
	452
	Valley

	213
	216
	North Auburn
	1597
	Valley

	214
	215
	Auburn
	3516
	Valley

	215
	218
	North Auburn
	95
	Valley

	835
	206
	Granite Bay
	191
	Valley

	836
	206
	Loomis
	83
	Valley

	837
	206
	Granite Bay
	526
	Valley

	838
	213
	Rocklin
	186
	Valley

	839
	213
	Rocklin
	0
	Valley

	840
	213
	Sheridan
	60
	Valley

	841
	213
	Lincoln
	36
	Valley

	842
	213
	West Placer
	6
	Valley

	843
	213
	Rocklin
	60
	Valley

	844
	213
	Rocklin
	1433
	Valley

	845
	213
	Lincoln
	1784
	Valley

	846
	213
	Lincoln
	112
	Valley

	929
	203
	Auburn
	638
	Valley

	930
	203
	Auburn
	932
	Valley

	931
	203
	Auburn
	914
	Valley

	932
	203
	Auburn
	220
	Valley

	933
	203
	Auburn
	327
	Valley

	934
	203
	Auburn
	1094
	Valley

	935
	203
	Auburn
	469
	Valley

	936
	204
	Auburn
	173
	Valley

	937
	204
	Auburn
	325
	Valley

	938
	204
	Auburn
	961
	Valley

	939
	204
	Auburn
	392
	Valley

	940
	204
	Auburn
	811
	Valley

	941
	204
	Auburn
	637
	Valley

	942
	204
	Auburn
	912
	Valley

	943
	205
	Auburn
	317
	Valley

	944
	205
	Auburn
	24
	Valley

	945
	205
	Auburn
	383
	Valley

	946
	206
	Granite Bay
	125
	Valley

	947
	207
	Roseville
	449
	Valley

	948
	207
	Roseville
	698
	Valley

	949
	207
	Roseville
	479
	Valley

	950
	207
	Roseville
	723
	Valley

	951
	208
	Roseville
	1562
	Valley

	952
	208
	Roseville
	1529
	Valley

	953
	209
	Roseville
	2048
	Valley

	954
	209
	Roseville
	908
	Valley

	955
	211
	Rocklin
	898
	Valley

	956
	211
	Rocklin
	1437
	Valley

	957
	211
	Rocklin
	2469
	Valley

	958
	212
	Loomis
	951
	Valley

	960
	215
	Auburn
	315
	Valley

	961
	215
	Auburn
	804
	Valley

	962
	215
	Auburn
	342
	Valley

	963
	215
	Auburn
	47
	Valley

	964
	215
	Auburn
	527
	Valley

	965
	215
	Auburn
	256
	Valley

	967
	216
	North Auburn
	35
	Valley

	968
	216
	North Auburn
	45
	Valley

	969
	218
	North Auburn
	40
	Valley

	970
	218
	North Auburn
	95
	Valley

	971
	218
	North Auburn
	41
	Valley

	972
	218
	North Auburn
	198
	Valley

	973
	218
	North Auburn
	3742
	Valley

	974
	218
	North Auburn
	271
	Valley

	975
	218
	North Auburn
	68
	Valley

	976
	206
	Granite Bay
	573
	Valley

	978
	213
	Rocklin
	295
	Valley

	979
	213
	Sheridan
	90
	Valley

	980
	213
	Sheridan
	21
	Valley

	981
	213
	Lincoln
	70
	Valley

	982
	213
	West Placer
	26
	Valley

	983
	213
	West Placer
	12
	Valley

	984
	213
	Rocklin
	1110
	Valley

	985
	213
	Rocklin
	131
	Valley

	988
	206
	Granite Bay
	374
	Valley

	1039
	207
	Roseville
	1611
	Valley

	1040
	207
	Roseville
	3296
	Valley

	1055
	219
	Colfax
	214
	Valley

	1056
	219
	Colfax
	319
	Valley

	1081
	209
	Roseville
	464
	Valley

	1082
	210
	Roseville
	423
	Valley

	1083
	210
	Roseville
	2760
	Valley

	1084
	210
	Roseville
	1100
	Valley

	1085
	210
	Roseville
	85
	Valley

	1086
	210
	Roseville
	175
	Valley

	1087
	210
	Roseville
	6645
	Valley

	1088
	210
	Roseville
	1003
	Valley

	1089
	210
	Roseville
	1306
	Valley

	1090
	210
	Roseville
	350
	Valley

	1091
	213
	Lincoln
	3
	Valley

	1092
	213
	Rocklin
	1220
	Valley

	1137
	207
	Roseville
	2690
	Valley

	TRPA Sum
	
	Lake Tahoe Region
	4043
	Mountain


Table 9.   Distributions of socioeconomic activities for counties that are split between air basins.

	County
	Air Basin
	Proportion of County Total Activity in Air Basin

	
	
	Total Population
	Total Employment
	Non-retail Employment
	Industrial Employment
	Service/ Commercial Employment

	Solano
	Sacramento Valley
	30.4%
	26.3%
	26.7%
	26.0%
	25.8%

	
	San Francisco Bay Area
	69.6%
	73.7%
	73.3%
	74.0%
	74.2%

	El Dorado
	Lake Tahoe
	11.9%
	11.2%
	9.2%
	33.9%
	14.2%

	
	Mountain Counties
	88.1%
	88.8%
	90.8%
	66.1%
	85.8%

	Placer
	Lake Tahoe
	2.7%
	1.9%
	1.8%
	6.1%
	1.5%

	
	Mountain Counties
	10.9%
	3.6%
	3.4%
	0.3%
	3.4%

	
	Sacramento Valley
	86.4%
	94.6%
	94.8%
	93.5%
	95.1%


Table 10.   Distribution of annual natural gas sales to commercial PG&E customers for various

end uses in four PG&E climate zones.  (Source: PG&E 1999 Commercial Building Survey Report)

	PG&E Climate Zone
	Heating
	Cooling
	Water Heating
	Cooking
	Process
	Other

	Desert/Mountain
	35%
	2%
	32%
	26%
	2%
	3%

	Valley
	32%
	5%
	20%
	10%
	29%
	4%

	Coastal
	41%
	0%
	31%
	20%
	6%
	2%

	Hill
	41%
	3%
	33%
	18%
	3%
	2%

	Total
	39%
	2%
	30%
	19%
	7%
	3%
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Figure 1.   Map of PG&E climate zones.  

(Source: PG&E 1999 Commercial Building Survey Report)

Step 5:  Allocate emissions by season.  The 1999 Commercial Building Survey Report provides the seasonal distribution of natural gas consumption for four PG&E climate zones (Table 11).

Table 11.   Quarterly natural gas consumption estimates for four

PG&E climate zones, reported in units of billion Btu.  

(Source: PG&E 1999 Commercial Building Survey Report)

	PG&E Climate Zone
	1st Qtr
	2nd Qtr
	3rd Qtr
	4th Qtr
	Total

	Desert/Mountain
	2,337
	1,232
	1,103
	2,167
	6,839

	Valley
	2,371
	1,419
	1,384
	2,231
	7,405

	Coastal
	5,382
	3,594
	3,228
	4,834
	17,038

	Hill
	7,467
	4,629
	3,845
	6,893
	22,834

	Total
	17,557
	10,874
	9,560
	16,125
	54,116


Example Calculation

Below is an example calculation for commercial natural gas combustion, which has been carried out for Placer County.

Step 1:  For Placer County, the California Energy Commission estimated commercial natural gas consumption in 2000 to be 17 million therms, or 1.7 million MMBtu.  According to SACOG estimates, 2900 + 4043 people are employed in the mountain climate zone and 109,010 are employed in the valley climate zone, which also roughly corresponds to the split between the Mountain and Valley Air Districts.

Valley Usage = 1.7 MMBtu ( 109010 ( (109010 + 2900 + 4043) = 1.60 million MMBtu

Mountain Usage = 1.7 MMBtu ( (2900 + 4943) ( (109010 + 2900 + 4043) 

= 0.10 million MMBtu
Step 2: Split commercial natural gas consumption by end use according to the percent distributions shown in Table 10.  The distribution of commercial natural gas combustion by area and end use for Placer County is shown below (units in MMBtu).

	PG&E Climate Zone
	Heating
	Cooling
	Water Heating
	Cooking
	Process
	Other

	Mountain
	32,764
	4,907
	21,096
	11,159
	27,877
	4,011

	Valley
	513,298
	76,883
	330,501
	174,821
	436,734
	62,846


Step 3: Apply assumptions about the type of combustion units employed for each end use, as follows.

End Use
Combustion Processes

Heating
Small boiler

Cooling
Turbine

Water heating
Small boiler

Cooking
Approximated as small boiler

Process heat or machinery
Small boiler (60%), turbine (20%), or engine (20%)

Other
Turbine (50%) or engine (50%)

The distribution of commercial natural gas combustion by process for Placer County is shown below (MMBtu).

	PG&E Climate Zone
	Boilers
	NG Engines
	NG Turbines

	Mountain
	81,744
	7,581
	12,488

	Valley
	1,280,660
	118,770
	195,653


Step 4:  Select emission factors from AP-42.  For a conservatively high estimate, choose the higher emission factor for each pollutant (Table 12).

Table 12.   AP-42 emission factors for natural gas combustion (lb/MMBtu).

	
	NOx
	CO
	SOx
	VOC
	TOC
	CH4
	PM
	PM10

	Turbines
	0.32
	0.082
	0.0034
	0.0021
	0.011
	0.0086
	0.0066
	0.0066

	IC Engines >90% load
	4.08
	0.317
	0.000588
	0.118
	1.47
	1.25
	9.99 ( 10-3
	9.99 ( 10-3

	IC Engines <90% load
	0.847
	0.557
	0.000588
	0.118
	1.47
	1.25
	7.71 ( 10-5
	7.71 ( 10-5

	Small boilers
	0.098
	0.082
	0.0006
	0.0054
	0.011
	0.0023
	0.0075
	0.0075


Step 5:  Estimate emissions for each PG&E climate zone and end use.  Table 13 tabulates results for Placer County and Table 14 summarizes results for CCOS II participating counties.  As an example, VOC emissions are calculated as follows.

Table 13.   Annual emissions for commercial natural gas combustion for Placer County 

(tons per year).

	Climate Zone
	NOx
	CO
	SOx
	VOC
	TOC
	CH4
	PM
	PM10

	Mountain
	21.5
	6.0
	0.0
	0.7
	6.1
	4.9
	0.4
	0.4

	Valley
	336.3
	93.6
	0.8
	10.7
	95.4
	76.5
	6.0
	6.0


Table 14.   Annual emissions for commercial natural gas combustion (tons per year).

	County
	NOx
	CO
	SOx
	VOC
	TOC
	CH4
	PM
	PM10

	Mendocino      
	79.6
	38.9
	0.3
	3.3
	17.8
	12.3
	3.2
	3.2

	Mariposa
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Nevada
	1.6
	0.8
	0.0
	0.1
	0.3
	0.2
	0.1
	0.1

	Plumas
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Shasta         
	105.8
	52.8
	0.4
	4.3
	22.5
	15.2
	4.4
	4.4

	Sierra
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Tehama         
	17.1
	8.5
	0.1
	0.7
	3.6
	2.5
	0.7
	0.7

	Amador         
	38.6
	10.7
	0.1
	1.2
	10.9
	8.8
	0.7
	0.7

	Calaveras      
	24.7
	6.9
	0.1
	0.8
	7.0
	5.6
	0.4
	0.4

	El Dorado      
	29.8
	8.3
	0.1
	0.9
	8.5
	6.8
	0.5
	0.5

	Placer         
	357.8
	99.6
	0.8
	11.4
	101.5
	81.4
	6.4
	6.4

	Tuolumne
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Butte          
	199.8
	54.4
	0.4
	6.3
	57.1
	45.9
	3.5
	3.5

	Colusa         
	178.7
	48.7
	0.4
	5.6
	51.0
	41.1
	3.1
	3.1

	Glenn          
	50.9
	13.9
	0.1
	1.6
	14.5
	11.7
	0.9
	0.9

	Sacramento     
	1780.5
	485.0
	3.9
	56.1
	508.5
	409.2
	30.9
	30.9

	Solano         
	356.3
	97.1
	0.8
	11.2
	101.7
	81.9
	6.2
	6.2

	Stanislaus     
	472.2
	128.6
	1.0
	14.9
	134.8
	108.5
	8.2
	8.2

	Sutter         
	119.8
	32.6
	0.3
	3.8
	34.2
	27.5
	2.1
	2.1

	Yolo           
	555.4
	151.3
	1.2
	17.5
	158.6
	127.6
	9.6
	9.6

	Yuba           
	67.7
	18.4
	0.1
	2.1
	19.3
	15.6
	1.2
	1.2


Step 6:  Distribute emissions according to the seasonal variation in natural gas demand shown in Table 11.  Table 15 illustrates quarterly emissions estimates for Placer County.

Table 15.  Quarterly emissions from commercial natural gas combustion in Placer County (tpy).

	Climate Zone

and Quarter
	NOx
	CO
	SOx
	VOC
	TOC
	CH4
	PM
	PM10

	Mountain
	
	
	
	
	
	
	
	

	1st
	 7.3 
	 2.0 
	 0.0 
	 0.2 
	 2.1 
	 1.7 
	 0.1 
	 0.1 

	2nd
	 3.9 
	 1.1 
	 0.0 
	 0.1 
	 1.1 
	 0.9 
	 0.1 
	 0.1 

	3rd
	 3.5 
	 1.0 
	 0.0 
	 0.1 
	 1.0 
	 0.8 
	 0.1 
	 0.1 

	4th
	 6.8 
	 1.9 
	 0.0 
	 0.2 
	 1.9 
	 1.5 
	 0.1 
	 0.1 

	Valley
	
	
	
	
	
	
	
	

	1st
	 114.9 
	 32.0 
	 0.3 
	 3.6 
	 32.6 
	 26.2 
	 2.1 
	 2.1 

	2nd
	 60.6 
	 16.9 
	 0.1 
	 1.9 
	 17.2 
	 13.8 
	 1.1 
	 1.1 

	3rd
	 54.2 
	 15.1 
	 0.1 
	 1.7 
	 15.4 
	 12.3 
	 1.0 
	 1.0 

	4th
	 106.6 
	 29.7 
	 0.2 
	 3.4 
	 30.2 
	 24.3 
	 1.9 
	 1.9 
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� Includes CA, OR, WA, AK, HI, MT, ID, WY, NV, UT, CO, AZ, NM


� Pacific Gas and Electric forecast


� Assume PM = PM10.





