

WORK IN PROGRESS


Inventory Methodology Guide 

The inventory of Pennsylvania statewide greenhouse gas emissions was compiled using EPA State Greenhouse Gas Inventory Tool (Synthesis Module Draft 6/13/2007).

Section I: Energy (Combustion of Fossil Fuels)

· Data Sources

· Default state-level date derived from EIA’s State Energy Data 2003: Energy Consumption Estimates
· Default state-level data derived from EIA’s State Energy Consumption, Price, and Expenditure Estimates (SEDS) 2004: Consumption Estimates (EIA 2007)

· Default state synthetic natural gas data obtained from Table 12 of EIA’s Historical Natural Gas Annual (EIA 2005), and Table 8 for Natural Gas Annual publications from 2001-2004 

· Variable carbon content coefficients obtained from DOE/EIA, Perry Lindstrom (September 2006)

· Carbon content of PA coal determined by EIA’s Electric Power Annual 2002 (2003b)
· General Methodology

· Residential, Commercial, Transportation, Electric Power

· CO2 emissions from fossil fuel combustion in these sectors were calculated by multiplying energy consumption (by sector) by the carbon content coefficients for each fuel type.  These quantities are then multiplies by fuel-specific percentages of carbon oxidized during combustion (“combustion efficiency”).  The resulting emissions (in short tons of carbon) are then converted to million metric tons of carbon dioxide equivalent.

· Transportation sector note: Adjustments were made for emissions reductions associated with ethanol additives blended in motor gasoline, beginning in 1993.

· Equation 1A:


· Industrial

· CO2 emissions from fossil fuel combustion in the industrial sector are calculated first by subtracting non-energy consumption multiplied by carbon storage factors from the total energy consumption for each fuel type.  The resulting combustible consumption for each fuel is multiplied by carbon content coefficient and a combustion efficiency percentage.  The resulting emissions are then converted into million metric tons of carbon dioxide equivalents. 

· Equation 1B:

(TC – NEC) × SF = Net Combustible Consumption

Where:


TC 
= Total Consumption (BTU)


NEC 
= Non-Energy Consumption (BTU)


SF
= % Storage Factor

Note:

Use Net Combustible Consumption as Total Consumption input to equation 1A


· Fuel Types

· Residential Fuel Types – Coal, Distillate Fuel, Kerosene, Liquid Petroleum Gas, Natural Gas, Other

· Commercial Fuel Types – Coal, Distillate Fuel, Kerosene, Liquid Petroleum Gas, Motor Gasoline, Residual Fuel, Natural Gas, Other

· Transportation Fuel Types – Aviation Gasoline, Distillate Fuel, Jet Fuel Kerosene, Jet Fuel Naphtha, Liquid Petroleum Gas, Motor Gasoline, Residual Fuel, Natural Gas, International Bunker Fuels (subtracted out), Other

· Electric Power Fuel Types – Coal, Distillate Fuel, Petroleum Coke, Residual Fuel, Natural Gas, Other

· Industrial Fuel Types – Coking Coal, Other Coal, Asphalt and Road Oil, Aviation Gas Blending Components, Crude Oil, Distillate Fuel, Feedstocks (Naphtha <401F), Feedstocks (>401F), Kerosene, LPG, Lubricants, Motor Gas, Motor Gas Blending Components, Misc. Petro. Products, Petroleum Coke, Petanes Plus, Residual Fuel, Still Gas, Special Naphthas, Unfinished Oils, Waxes, Natural Gas, Other.

Section II – Energy (Stationary Combustion, N20 & CH4)

· Data Sources

· Default state-level data derived from EIA’s State Energy Data for 2003: Consumption Estimates (EIA 2006)
· Default nitrous oxide and methane emission factors are from: IPCC/UNEP/OECD/IEA (1997) Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories, IPCC, United Nations Environment Programme, Organization for Economic Co-Operaton and Development, International Energy Agency, Paris.

· Global Warming potentials are from IPCC (1996) Climate Change 1995: The Science of Climate Change.

· General Methodology

· CH4 & N2O – Residential, Commercial, Electric Power

· CH4 and N2O emissions from stationary combustion are calculated using the IPCC Tier I approach.  Consumption of each fuel is multiplied by a fuel specific CH4 or N2O emissions factor. The resulting emissions values, in metric tons of CH4 or N2O, are then multiplied by the global warming potential, and eventually converted to million metric tons of carbon dioxide equivalent and summed.

· Equation 2A (N2O Example)


· CH4 & N20 – Industrial

· CH4 and N2O emissions from stationary combustion are calculated using the IPCC Tier I approach. First, non-energy consumption by fuel type is subtracted from the total energy consumption for each fuel type.  The resulting net energy consumption by fuel type is multiplied by a fuel specific CH4 or N2O emissions factor. The resulting emissions values, in metric tons of CH4 or N2O, are then multiplied by the global warming potential, and eventually converted to million metric tons of carbon dioxide equivalent and summed.

· Equation 2B


· CH4 – Residential, Commercial, Electric Power

· CH4 - Industrial

Section III – Energy (Mobile Combustion)

· Fuel Types – See Section I
Section III – Energy (Mobile Combustion, N2O, CH4)

· Data Sources

· Highway Vehicle

· State highway agency

· Federal Highway Administration (FHWA), in FHWA’s Highway Statistics report

· Non-Road

· State diesel fuel consumption and other non-highway mobile sources

· US Department of Energy’s State Energy Data Book (EIA 2006) for aviation gas consumption

· EIA State Energy Data Reports

· EIA, Fuel Oil and Kerosene Sales

· Methodology

· Highway Vehicles

· CH4 and N2O emissions from highway vehicles in four steps: 1)calculate vehicles miles traveled (VMT) for each vehicle type, 2) convert VMT data for use with existing emissions factors, 3) distribute VMT by vehicle age, 4) determine emissions control systems for each vehicle type.

· Aviation

· CH4 and N2O emissions calculated in two steps, 1) obtain data on fuel consumption for aircraft, 2) convert the fuel consumption data with existing emissions factors and energy contents.

· Boats, Locomotives & Other Non-Highway Factors

· CH4 and N2O emissions calculated in two steps, 1) obtain data on fuel consumption for boats, 2) convert the fuel consumption data with existing emissions factors and density factors.

· Alternative Fuel Vehicles

· Calculated using three steps: 1) obtain data on VMT, 2) convert the fuel consumption data with existing emissions factors (by vehicle and fuel type), and 3) subtract VMT of alternative fuel vehicles from VMT included in highway vehicles.

· Criteria Considered

· Highway
· VMT & Highway Emissions Factors

· VMT Catagories - HDDV, HDGV, LDDT, LDDV, LDGT, LDGV, MC

· CH4 & N2O Emissions Factors (control technologies) – 3-way catalyst, early 3-way catalyst, oxidation catalyst, non-catalyst, low emissions vehicle, advanced, moderate, uncontrolled

· VMT By Year

· Considers 1) vehicle age distribution, and 2) annual age specific vehicle mile accumulation for all identified vehicles types.

· Allocating Control Technology by Model Year

· Considers all vehicle types identified

· Aviation

· Jet Fuel (Kerosene type)

· Jet Fuel (Naptha Type)

· Aviation Gas

· Energy contents from EIA; Annual Review 2005

· N2O emissions factors from 1996 Revised IPCC Guidelines, Jet Fuel values from EPA 2006 Inventory of U.S. GHG Emissions and Sinks

· CH4 emissions from 1996 IPCC Revised Guidelines

· Boats

· Residual Fuel

· Distillate Fuel

· Motor Gasoline

· Density factors - EPA 2006 Inventory of U.S. GHG Emissions and Sinks

· Emissions factors - 1996 IPCC Revised Guidelines

· Locomotives

· Residual Fuel

· Diesel Fuel 

· Coal

· Density factors from EIA: Annual Energy Review (2005)

· Emission factors - 1996 IPCC Revised Guidelines

· Other Non-Highway

· Gasoline Tractor, Other Gasoline

· Diesel Tractor, Other Diesel

· Gasoline Construction, Diesel Construction

· Gasoline Small Utility, Gasoline HD Utility, Diesel HD Utility, Gasoline Snowmobile

· Density factors from EIA: Annual Energy Review (2005)

· Emission factors - 1996 IPCC Revised Guidelines

· Alternative Fuel Vehicles

· Light Duty, Heavy Duty and Buses

· Methanol, CNG, LPG, Ethanol, LNG

· Emission factors for CH4 and N2O from EPA 2006 Inventory of U.S. GHG Emissions and Sinks 

Section IV – Energy (Coal Mining & Abandoned Mines)

· Data Sources

· U.S. EPA’s Coalbed Methane Outreach Program (CMOP)
· Mine Safety and Health Administration (MSHA) district offices.

· Default data taken from the Non-CO2 Gases and Sequestration Branch (NGSB) in the U.S. EPA’s Office of Air and Radiation (estimates can be found in the Inventory of U.S. Greenhouse Gas Emissions and Sinks (U.S. EPA 2006))

· The state coal agencies

· Default data taken from Energy Information Administration’s Coal Industry Annual

· MSHA Data Retrieval System

· General Methodology

· Comports with IPCC Guidelines and EPA methodology

· Emissions from Coal Mining

· Calculated by summing the emissions from the following activities:

· underground mines – 1) methane emitted from ventilation systems, and 2) methane emitted from degasification systems

· surface mines – product of surface coal mine production and a basin-specific emissions factor 

· post-mining activities -  such as transportation and coal handling.  The emissions are calculated as the product of coal production times a basin-specific and mine-type (surface or underground) emissions factor

· Emissions from Abandoned PA Mines

· Calculated by summing the emissions from mines that are vented, sealed or flooded.  Considers the following:

· Amount of gas and release rates of different types of coal seams.

· Ability of a vented mine to release gas into the atmosphere (age, coal characteristics, time since abandonment, etc)

· Leakage rates for sealed mines

· Front loaded release rate for flooded mines.

· Methodology for emissions from abandoned mines is based on an EPA White Paper, “Proposed Methodology for Estimating Emissions Inventories from Abandoned Coal Mine”.

· Equations employed to determine emissions from mines of unknown status.

Section V – Energy (Natural Gas & Oil Systems)

· Data Sources

· Gas

· In-State data

· EIA Natural Gas Navigator

· National GHG Inventory 1990-2003, Chapter 3.10 “Natural Gas Flaring and Ambient Air Pollutant Emissions from Oil and Gas Activities”

· Mineral Management Services

· Office of Pipeline Safety

· Oil & Gas Journal

· EIAGIS

· EIA/API/IPAA/AGA Gas Facts

· Oil

· In-state data

· EIA U.S. Crude oil field production

· National GHG Inventory 1990-2003, Chapter 3.10 “Natural Gas Flaring and Ambient Air Pollutant Emissions from Oil and Gas Activities”

· EIA’S Petroleum Supply Annual (PSA)

· General Methodology

· Natural Gas Production

· The only category of production site applicable to PA is onshore wells (not offshore shallow water or deepwater platforms).  The number of well sites is multiplied by a site-specific emission factor.  The result is converted to million metric tons of CO2 equivalent.

· Natural Gas Transmission

· Calculated as the sum of methane emissions from the pipelines that transport gas, the gas processing stations, the transmission compressor stations and gas storage compressor facilities.  Emissions from each source are calculated as the product of the activitiy factor (miles of pipeline or number of stations, etc) and the source specific emissions factor.  The result is converted to MMTCO2e and summed.

· Natural Gas Distribution

· Calculated as the sum of emissions from distribution pipelines and end services.  The activity factor for each type of pipeline (ex. Miles of plastic distribution pipeline) is multiples by the corresponding emissions factor.  Number of services is multiplies by a general emissions factor and type-specific emissions factor.  Converted to MMTCO2e

· Natural Gas Venting and Flaring

· Emissions are calculated as the percent of emissions flared. The amount of gas that is vented or flared is multiplied by a national emissions factor.  This total of potential emissions is then multiplied by the percentage of gas flared and converted to MMTCO2e

· Petroleum Systems

· Calculated as the sum of emissions from three sectors: production, refining and transportation.  The activity factor (number of barrels of oil) for each sector is multiplied by the sector-specific emissions factor, then converted to MMTCO2e.

Section VI – Industrial Processes

· Data Sources

· Cement

· In-state

· U.S. Geological Survey (USGS) in Cement: Annual Report
· Lime Manufacturing

· In-state

· USGS – Lime: Minerals Yearbook Annual Report
· Limestone & Dolimite

· In-state & USGS Minerals online

· Soda Ash Manufacturing and Consumption

· In-state

· USGS – Soda Ash: Minerals Yearbook Annual Report (trona and soda ash consumption

· Bureau of Census Current Industrial Reports

· Aluminum Production

· In-state

· For Aluminum production capacity

· USGS – Minerals Yearbook: Aluminum Annual Report

· Bureau of Census Current Industrial Reports

· HCFC-22 Production

· In-state manufacturers

· The Chemical Manufacturers Association (Washington, D.C.)

· Alliance for Responsible CFC Policy (Arlington, VA)

· Grant Thorton Consulting (Washington, D.C.)

· Semiconductor Manufacture

· National emissions of PFC, HFC & SF6 – EPA Inventory of U.S. GHG Emissions and Sinks: 1990-2005 (2006)

· Value of Semiconductor Shipments (State & US) – US Census’s Economic Census, NAICS Code 334414 “ Semiconductor and Related Device Manufacturing”

· Electric Power and Transmission & Distribution

· Total nation emissions of SF6 from electric utility – EPA Inventory of U.S. GHG Emissions and Sinks: 1990-2005 (2006)

· State and national electricity consumption – US DOE EIA report, Electric Power Annual, 2005, Volume 1 (EIA 2006) (Electricity Consumption Data)

· Magnesium Production and Processing

· In-state sources online at USGS - http://minerals.er.usgs.gov/minerals/pubs/state/index.html#contact

· Ammonia Production and Urea Consumption

· In-state sources online at USGS http://minerals.er.usgs.gov/minerals/pubs/state/index.html#contact

· Iron and Steel Production

· In-state manufacturers of iron and steel

· In-state sources online at USGS http://minerals.er.usgs.gov/minerals/pubs/state/index.html#contact

· Methodology

· Cement – emission from cement production occur during the cement clinker and masonry cement production processes

· Clinker – calculated by multiplying the clinker production quantity by an emissions factor and adding the product to the emissions from cement kiln dust. Convert to MMTCO2e

· Masonry – calculated by multiplying the masonry cement production quantity by an emissions factor. Convert to MMTCO2e

· Lime

· Emissions from lime manufacture consist of emissions from high-calcium and dolomitic lime production.

· Production quantity of each lime type is multiplied by its respective emissions factor

· Limestone

· Emissions from limestone and dolomite use result from industrial consumption.  Limestone, dolomite and magnesium production from dolomite are multiplied by their respective emissions factors. Converted to MMTCO2e

· Soda Ash Consumption and Manufacture

· Multiple the quantity of soda ash consumed by its respective emission factor. Convert to MMTCO2e.  Soda ash is not manufactured in PA

· Iron & Steel

· Iron and steel production generate process-related emission.  Information required is the quantities of crude steel and the production method used. 

· Default data is used based on national averages.  State level production data is assigned to production method (open hearth furnace, electric arc furnace, blast over furnace with coke, blast oven furnace without coke) based on the national distribution of production by method.  This is likely to be inaccurate.  Activity data are them multiplied by the appropriate emissions factor then converted to MMTCO2e

· Methodology based on draft 2006 IPCC Guidelines for National GHG Inventories.

· Ammonia Production

· Multiply the quantity of ammonia produced and urea supplied by their respective emissions factors.  Emissions from urea application are subtracted from emissions due to ammonia production.  Convert to MMTCO2e

· Data only reported from 1990-1993

· Ozone Depleting Substance Substitutes (ODS Substitutes)

· Emissions from HFC, PFC & SF6 from ODS substitute production are estimated by apportioning national emissions to each state based on population, then converting to MMTCO2e

· Population data from the Census

· Semiconductor Manufacture

· Emissions from HFC, PFC & SF6 from semiconductor production are estimated by apportioning national emissions to each state.  National emission are multiplied by a ratio of the value of a state’s semiconductor shipments, as found in the 1997 and 2002 Economic Census, to the value of national semiconductor shipments.  Converted to MMTCO2e.

· Electric Power Transmission and Distribution

· Multiplying the quantity of SF6 consumed by an emission factor, then converting to MMTCO2e.  The default assumption is that the emission factor is 1, i..e. all SF6 consumed is used to replace SF6 that was emitted. 

· Default activity data from the sector equals national SF6 emissions apportioned by stat electricity sales divided by national electricity sales.

· Aluminum, Nitric Acid, Adipic Acid, HCFC-22 and Magnesium production related emissions are not reported.

· Fuel Types

Section VII – Agriculture

· Data Sources

· Methodology

· Fuel Types

Section VIII – Land-Use Change and Forestry

· Data Sources

· Methodology

· Fuel Types

Section IX – Municipal Solid Waste

· Data Sources

· Methodology

· Fuel Types

Section X – Wastewater

· Data Sources

· Methodology

· Fuel Types

Total		×	Emissions	×	%Combustion 		= 	Short Tons 		


Consumption 		Factor			Efficiency			of Carbon


(BTU)			(lbs/BTU)		





Total 		 - 	Non-Energy		×	% Storage	= Net Combustible	 


Consumption		Consumption			Factor		Consumption (**)


(BTU)			(BTU)





(**) Use Net Combustible Consumption as Total Consumption input to equation 1A.








Total		×	Emissions	=	Emissions	×	GWP	=	Emissions  


Consumption		Factor			(MTN2O)				MMTCE


(BTU)			(MTN2O/BTU)						(converted to	


											MMTCO2e)			





Total		-	Non-Energy	= 	Net Combustible


Consumption		Consumption		Consumption


(BTU)			(BTU)			(BTU) (**)





(**) Use Net Combustible Consumption as Total Consumption input to equation 2A 
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