Emission Inventory Technical Support Studies

STI conducted two technical support studies for the Central California Ozone Study (CCOS):  (1) development of spatial allocation factors for distributing countywide emissions to individual grid cells for air quality modeling, and (2) development and implementation of improved area source emissions calculations for rural areas of CCOS.  Both support studies are discussed further below.

Development of Spatial Surrogates

The objective of the CCOS gridded surrogate project was to develop spatial allocation factors of the highest possible quality and spatial resolution for use in air quality modeling.  Spatial allocation factors are used to geographically distribute countywide emissions to a sub-county resolution, typically grid cells, and are developed from emissions surrogate data.  Emissions surrogates are geographic features or land-use data that are assumed to be representative of the spatial distribution of emissions activity.  Spatial allocation factors indicate the fraction of countywide emissions that should be allocated to a grid cell within the county.  Figure 1 provides a conceptual illustration of how spatial surrogate data are disaggregated into grid cells.
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Figure 1.   Conceptual illustration of disaggregating geographic objects into grid cells.

Gridded spatial allocation factors for a 2000 base year and future years (2005, 2010, and 2020) were developed for the entire state of California based on the statewide 4-km grid cell domain defined by the California Air Resources Board (ARB).  The definition and extent of the ARB-defined 4-km grid were used to create a 2-km nested grid for which spatial allocation factors were developed.  The grid extent and spatial coverage of the grid domain are shown in Figure 2.
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Figure 2.   Depiction of the CCOS domain extent (Lambert Conformal Conic projection).

Prior to the development of gridded spatial allocation factors, a thorough review was performed to identify sources of regional, local, and statewide surrogate data appropriate for use in the development of spatial allocation factors for the CCOS gridded surrogate project.  Many sources of data were identified, acquired, and processed to ensure that the surrogate data used were of the highest resolution and accuracy available.  A Geographic Information System (GIS)-based approach was used to develop and archive the surrogate and spatial allocation factor data that ARB can refer to and build upon in future surrogate work.

Subsequent to acquiring and compiling the surrogate data, each identified surrogate was assigned to a source category (or multiple categories) in the emission inventory.  This assignment provides a cross reference between the surrogate data and the emission inventory categories.  For example, the geographic distribution of total housing density was assigned as a surrogate for consumer product emissions.  A total of 65 unique surrogates were developed as part of this project.  A summary of spatial allocation factors are listed in Table 1.  Note that the spatial allocation factors and emissions category assignments vary by county depending on the data available for each county.

Table 1.   Summary of spatial allocation factors developed as part of the CCOS gridded 
surrogate project.

	Surrogate Description

	Agricultural cropland

	Agricultural land

	Feedlots

	Feedlots, dairies, and poultry farms

	Non-pasture agricultural land

	All airports

	Commercial airport locations

	Total employment & road density

	Total housing and locations of auto body/refinishing shops

	Locations of hospitals, institutions, population, and commercial employment

	Total housing, service, commercial, golf courses

	Industrial employment and locations of auto body/refinishing shops

	Road density & housing/employment (ft2/person)

	Population, institutions, and commercial employment

	Total housing and locations of restaurants/bakeries

	Single dwelling units and non-urban land

	Housing/employment (ft2/person)

	Computed surrogate - residential

	Computed surrogate - non-residential

	Computed surrogate - residential & non-residential

	Industrial employment + computed surrogate (residential & non-residential)

	Population

	Residential, service, commercial, golf courses

	Industrial employment and population

	Total housing and commercial employment

	Total employment

	Total housing

	Total housing and total employment

	Single dwelling units

	Single and multiple dwelling units

	Non-retail employment

	Industrial employment

	Service and commercial employment

	Elevation > 5000 ft

	Forest land

	Locations of bulk plants


Emission Inventory Development

For a number of area source categories, Sonoma Technology, Inc. (STI) prepared emissions estimation protocol memoranda and California Emission Inventory Development and Reporting System (CEIDARS)-format emissions estimates for the counties that participated in the Emission Inventory Project (listed below).  Pollutants included reactive organic gases (ROG), total organic gases (TOG), particulate matter (PM), PM of less than 10 microns aerodynamic diameter (PM10), carbon monoxide (CO), sulfur oxides (SOx), and nitrogen oxides (NOx).

	· Amador
	· Butte
	· Calaveras

	· Colusa
	· E. Solano
	· El Dorado

	· Glenn
	· Mariposa
	· Mendocino

	· Nevada
	· Placer
	· Plumas

	· Sacramento
	· Shasta
	· Sierra

	· Sutter
	· Tehama
	· Tuolumne

	· Yolo
	· Yuba
	


The area source categories that were addressed are listed below.

· Asphalt paving/roofing, including asphalt roofing operations, cutback asphalt paving, emulsified asphalt paving, hot-mix asphalt paving, other asphalt paving, and road oils

· Chemical and related products manufacturing, including rubber, plastics, fiberglass, and miscellaneous other chemical products

· Cleaning and surface coatings and related process solvents, including printing and miscellaneous industrial solvent use

· Fuel combustion, including the following items

Commercial natural gas combustion, including cogeneration, commercial natural gas combustion for space heating, commercial natural gas combustion for water heating, and unspecified commercial natural gas combustion

Commercial liquid fuels combustion, including liquefied petroleum gas, distillate oil, and residual oil combustion

Industrial natural gas combustion (unspecified)

Industrial liquid fuels combustion, including liquefied petroleum gas, distillate oil, and residual oil combustion

Unspecified miscellaneous combustion sources 

Resource recovery

Petroleum production fuel combustion, including gaseous fuel combustion, combustion on drilling rigs, and combustion on workover rigs

· Cooking, including commercial charbroiling, deep-fat frying, and other unspecified cooking

· Wastes, including farming operations livestock waste, municipal landfills, biological waste disposal, and volatile organics waste disposal

· Food and agriculture, including bakeries and agricultural crop processing losses

· Mineral and metal processes, including secondary metal production, sand and gravel excavation and processing, asphaltic concrete production, grinding/crushing of aggregates, surface blasting, cement concrete production, and other (miscellaneous) mineral processes

· Miscellaneous processes, including miscellaneous industrial processes, miscellaneous evaporation, and wood processing losses

· Petroleum marketing, including natural gas transmission losses, bulk plants/terminals breathing losses, bulk plants/terminals working losses, tank cars and trucks working losses, and bulk gasoline storage and transfer (unspecified).

Some emissions categories were treated with specialized equations or models, but for many, a basic approach to emissions modeling was applied, which is represented by the following equation.

E ( EF ( A
where:

E 
= 
Estimated emissions (mass per unit time)


EF 
= 
Emission factor (mass emitted per unit activity)


A 
= 
Activity level (units vary)

A few examples of activity measures, or “activity surrogates”, include the amount of raw material consumed, quantity of goods produced, site operating schedules, and geographical positioning data.  For the categories discussed in this interim memorandum, the activity surrogates include the quantity of fuel combusted (natural gas combustion) and the quantity of on-site waste refuse (landfills).  Similar activity surrogates were used to develop temporal profiles of emissions for most categories.

The protocols were pulled together from a variety of resources, including local air districts’ past methods documents, U.S. Environmental Protection Agency documents, ARB documents, and original ideas based on the discovery of new information sources through library research, Internet research, and telephone contacts.  Generally, we attempted to incorporate data and information resources into the protocols that are readily available to the general public at no or low cost.  And, while these methods and information resources are useful, it is recognized that it is more ideal to use highly customized or bottom-up emissions estimates when the costs of these efforts are warranted.

Raw Spatial Surrogate Data





Gridded Surrogate Data 








[image: image1]