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PREFACE

Periodic Emission Inventories (PEI) are required by Title I of the Clean Air Act to be submitted to the U.S. Environmental Protection Agency (EPA).  This document contains Massachusetts 1999 Periodic Emission Inventory.  Emission inventories are required every three years for the precursors of ozone, i.e., volatile organic compounds (VOC), nitrogen oxides (NOx), and carbon monoxide (CO), until Massachusetts is redesignated to attainment for ozone.  Massachusetts was recently redesignated by EPA to attainment of the CO standards, and will no longer be required to report winter day emissions for the CO SIP beyond this inventory. 

Atmospheric ground level ozone or smog is formed indirectly when VOC, NOx and CO which are emitted from automobiles, power plants, combustion, and industrial processes, chemically react in the presence of sunlight and high temperatures during the summer.  Ozone is a photochemical oxidant that can cause lung dysfunction, eye, nose, and throat irritation.  Children, asthmatics, and those exercising or working outdoors for prolonged periods are particularly sensitive to ozone.  Ozone damages vegetation, agricultural crops, and synthetic materials such as rubber.

The periodic inventories provide estimates of the contributions of various source categories and track emissions reflecting impact of control strategies.  They serve as a base for developing and tracking reduction control programs adopted to achieve target emission levels. 

Massachusetts Department of  Environmental Protection (DEP) developed the periodic emission inventories using EPA's latest methodology and emission factor guidance documents.  The basic emission estimation methodology involves multiplying an activity factor (e.g., fuel use) by an emission factor (e.g., pounds VOC/gallon).  The estimated emissions represent a typical summer day, when ozone violations are most likely to occur.      

The emission inventories include a range of source categories that are covered by the five sections in the report.  The Stationary Point source section includes electric utilities, large industrial, and commercial/institutional facilities.  Stationary Area sources include small industrial, commercial/institutional, and residential processes that are too small or numerous to be individually counted in the point source section.  On-Road Mobile Sources include cars, trucks, buses, and automobiles.  The Off-Road Mobile sources include small engines such as lawnmowers, construction and farm equipment, aircraft, locomotives, and marine vessels.  The Biogenics section includes VOC emissions from trees, agricultural crops, grass and other vegetation.

Care should be taken when comparing this 1999 periodic inventory with previous estimates because methodologies and emission factors have been revised over the years.  DEP will continue to improve the emission inventory process and report emissions triennially to EPA until the ozone standard is attained.
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LIST OF ACRONYMS

BEIS-2

Biogenic Emission Inventory System (Version 2.0)

BTP&D
Bureau of Transportation Planning & Development

BWP

Bureau of Waste Prevention (Department of Environmental Protection)

CAA

Clean Air Act 

CO

Carbon Monoxide



CNG

Compressed Natural Gas

CTPS

Central Transportation Planning Staff

DEP

Massachusetts Department of Environmental Protection 

DOER

Massachusetts Division of Energy Resources 

DOE/EIA
US Department of Energy/Energy Information Administration 

DVMT

Daily Vehicle Miles Traveled

EIIP

Emission Inventory Improvement Program

EI/M

Enhanced Inspection/Maintenance

EOEA

Massachusetts Executive Office of Environmental Affairs 

EOTC

Massachusetts Executive Office of Transportation and Construction 

EPA

US Environmental Protection Agency 

ES

Emission Statement

FAA

Federal Aviation Administration

FAEED
Federal Aviation Emission Estimation Database

FHWA

Federal Highway Administration

FR

Federal Register

HC

Hydrocarbon

IWW

Industrial Wastewater

LAEEM
Landfill Air Emission Estimation Model

LBSD

Pounds per Summer Day

LPG

Liquid Petroleum Gas

LTO

Landing and Take-off (cycle)

MASSPORT
Massachusetts Port Authority 

MHD

Massachusetts Highway Department

MISER
Massachusetts Institute for Social and Economic Research
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MOBILE5ah
EPA's  On-road Mobile Source Emission Factor Model

MPO

Metropolitan Planning Organization

NAAQS
National Ambient Air Quality Standard

NON

Notice of Non-Compliance

IPP

Inventory Preparation Plan

NOx

Nitrogen Oxides

NO2

Nitrogen Dioxide

OMS

Office of Mobile Sources EPA

PEI

Periodic Emission Inventories

POTW

Publicly Owned Treatment Works

PPM

Parts per million 

QA/QC
Quality Assurance/Quality Control

RE/RP

Rule Effectiveness/Rule Penetration

RVP

Reid Vapor Pressure

SCC

Source Classification Code

SIC

Standard Industrial Code

SIP

State Implementation Plan

SSEIS

Stationary Source Emission Inventory System

TDM

Travel Demand Model

TPD

Tons per Day

TPSD

Tons per Summer Day

TPWD

Tons per Winter Day

TPY

Tons per Year 

TSDF

Treatment, Storage and Disposal Facilities

UST

Underground Storage Tanks 

VOC(s)
Volatile Organic Compound
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EXECUTIVE SUMMARY


MASSACHUSETTS 1999 PERIODIC EMISSION INVENTORIES:


VOC, NOx AND CO

1.1  INTRODUCTION


In November 1990, the US Congress passed amendments to the Clean Air Act (CAA).  Title I of the CAA required states to develop or revise State Implementation Plans (SIPs) for areas that failed to meet the National Ambient Air Quality Standards (NAAQS).

In 1990, Massachusetts was in non-attainment of the ozone and carbon monoxide standards.  Title I of the CAA requires Massachusetts to revise and develop strategies and control programs to attain these standards.  The CAA required states to develop 1990 base year emission inventories, and subsequent three-year periodic updates of these inventories for the precursors of ozone, and carbon monoxide.  The Ozone SIP required emission inventories for a typical summer day for the three precursors of ozone: volatile organic compounds (VOC), nitrogen oxides (NOx), and carbon monoxide (CO). 

Ozone is a respiratory irritant and can result in serious pulmonary effects as well as damage materials and vegetation.  In July 1997, EPA revised the federal ozone standard from 0.12 ppm, averaged over a one-hour period to 0.08 ppm, averaged over an eight-hour period.

CO is an asphyxiant gas with a federal 1-hour standard of 35 ppm and an 8-hour standard of 9 ppm.

The CO SIP required a CO inventory for a typical winter day.  The last remaining cities in Massachusetts to be in non-attainment of the CO standard were re-designated to attainment February 19, 2002 (FR Vol.67 #33 pp 7272-7279).  Therefore Massachusetts will not be required to report winter day CO emissions in the future.  Massachusetts will continue to estimate annual and summer day emissions for CO as part of the Ozone SIP.   

The Massachusetts Department of Environmental Protection (DEP) is the lead agency for SIP development, including emission inventories development.  The 1999 Periodic Emission Inventories reflect revisions of the 1990 Base Year and 1996 Periodic Inventories using updated methodologies and emission factors from the Environmental Protection Agency’s (EPA) latest guidance documents.  Caution should be exercised when comparing 1990 and 1996 emissions with 1999 estimates because the methodologies have changed.

 Note that the emissions presented in this and previous inventories are estimates with various levels of uncertainty in emission factors, activity factors, and electronic emission models.  The emission inventories are dynamic because of the on-going inclusion of new source categories and improvement in methodologies, emission models, and emission factors.  DEP followed the six core EPA procedural guidance documents for developing the 1999 Periodic Emission Inventories.  These core guidance documents are referenced at the end of this section.
Table 1.1 presents a summary of the 1999 statewide emissions with the percentage breakdown by the major source categories.







1.1
1.2    INVENTORY PREPARATION PLAN AND QUALITY ASSURANCE

In February 1992, DEP submitted an Inventory Preparation Plan (IPP) to EPA prior to developing the 1990 Base Year Emission Inventories.  The 1990 IPP was followed as closely as possible for this 1999 update.  The IPP specified how the Massachusetts inventories were to be developed, quality assured, documented, and presented.  The 1990 IPP included a Quality Assurance (QA) Plan, which DEP implemented while developing the 1990 Base Year Emission Inventories.  The QA plan included a review by an EPA contractor and the results of that review are presented in Appendix F of the 1990 Base Year Emission Inventories.  Additional QA reviews of the Base Year Inventories included the August 1993 public hearing comments, EPA’s comments, and DEP’s internal reviews.  Since the 1990 Base Year Inventory was used as a template, its QA procedures were incorporated into this 1999 Periodic Inventory.  The 1999 Periodic Emission Inventory was further enhanced by internal MADEP staff review.  The QA process ensured that DEP used approaches to develop the most accurate emission estimates consistent with EPA's CAA requirements and emission inventory guidance documents.


1.3     NON-ATTAINMENT STATUS

The non-attainment classification of the area of study determined the level of emission inventory requirements.  The Federal Register 56 FR 56693 (November 6, 1991) established the 

Boston (Eastern MA) and Springfield (Western MA) non-attainment areas which together cover the entire state.  The Boston ozone non-attainment area includes the following counties: Worcester, Middlesex, Essex, Suffolk, Norfolk, Bristol, Plymouth, Barnstable, Dukes and Nantucket.  The Springfield ozone non-attainment area includes the remainder of the state: Berkshire, Franklin, Hampshire and Hampden Counties.  Figure 1.1 shows the location of these counties that comprise the two ozone non-attainment areas.




Massachusetts 1-hour ozone standard attainment status has changed several times since July 1997 when the 8-hour standard was instituted.  During 1999, the 1-hour standard was revoked for Eastern MA and then later reinstated by EPA.  As of  the date of publication of this report both Boston (Eastern MA) and Springfield (Western MA) continue to be non-attainment for the 1-hour ozone standard.  Attainment status under the 8-hour ozone standard has not yet been determined.    MADEP’s 2000 Air Quality Report Section II provides further discussion on the ozone non-attainment status in Massachusetts (mass.gov/dep/bwp/daqc).

In 1996, the EPA redesignated the Boston metropolitan area to attainment of the federal CO standard.  In May 2001, MADEP requested that EPA redesignate the remaining cities of Lowell, Springfield, Waltham, and Worcester to attainment.  EPA approved MADEP’s CO SIP revision in February 2002, making the entire state in attainment for CO.    

1.4     POLLUTANTS INVENTORIED
A volatile organic compound (VOC) as defined by EPA in 310 CMR 7.00, is any compound of carbon which either participates in atmospheric reactions or which is measured by the applicable 

reference methods under 40 CFR 60, excluding certain compounds or classes of compounds.
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1.3

The Stationary Point Source (Section 2 of this report) lists the excluded non-reactive VOC compounds.  VOCs are emitted from industrial, commercial and residential solvent and fuel combustion processes, on-road and off-road mobile, and biogenic sources.  VOC, NOx and CO react  photochemically at high temperatures in the presence of sunlight to form ozone.


Nitrogen dioxide (NO2) is one of the major components of NOx.  NOx is emitted from fuel 

combustion by on-road mobile, off-road mobile, industrial, commercial, and residential sources.  Even though Massachusetts is in attainment of the annual NO2 National Ambient Air Quality  Standard (NAAQS) of 0.053 ppm averaged over one year, a NOx emissions inventory is required because NOx is an ozone precursor.  

CO is an asphyxiant gas with a federal one-hour standard of 35 ppm and an eight-hour standard of 9 ppm.  The same combustion process described for NOx generally produces CO.  CO is also a minor precursor to ozone formation in the summer.

Biogenic sources (trees, crops and grass) are a major emitter of VOCs, particularly during the summer growing period. 







1.5     INVENTORY COMPONENTS

The 1999 Periodic Emission Inventory (PEI) is an update of the 1996 PEI for the three precursors of ozone: VOC, NOx, and CO for a typical summer day.  Emissions were initially estimated annually and were seasonally adjusted in order to approximate emission rates for a typical summer or ozone exceedance day.  EPA's Emission Requirements Document for Ozone3 described a "typical summer day" or, a "peak ozone season weekday" as any day during the three-month period in which the ten highest ozone exceedances occur, generally from June to August in Massachusetts.

Included in this report are CO emissions for a typical winter day, when CO exceedances are most likely to occur.

DEP followed  EPA's Procedural Documents (Volume IV)2 for determining a typical ozone or summer day based on ozone data for the last three years.  Section 4 of this report presents the procedures for determining the typical summer day temperatures for On-Road Mobile Sources. 

DEP subdivided the VOC emission inventory into two categories: anthropogenic and biogenic.  The anthropogenic emission inventory for VOC, NOx and CO consist of four broad source categories: Stationary Point, Stationary Area, On-Road Mobile, and Off-Road Mobile Sources.






1.6     INVENTORY METHODOLOGY

The general methodology used in developing the emission inventory for Stationary Point, Stationary Area, On-Road Mobile, Off-Road Mobile, and Biogenic sources involves the application 

of activity factors to appropriate emission factors, with adjustments for seasonality.  Several recent EPA guidance documents provide procedures for estimating emissions.  These EPA documents and other sources of information were referenced at the end of each section of this report.







1.4

The Stationary Point Source (Section 2) includes stationary facilities that have actual emissions over 10 tons per year (TPY) of VOC, over 50 TPY of NOx or over 100 TPY of CO.  The Stationary Point Source category involves a data collection process originating from a source registration form mailed statewide to facilities, with emissions to the ambient air.

DEP records the updated facility data in its database program called the Stationary Source Emission Inventory System (SSEIS).  The activity factor is the quantity and type of material or fuel used.  SSEIS has a built-in table of EPA emission factors that are based on source classification codes related to the specific source process.  DEP factored in the control equipment and its effectiveness into the emission calculations for the point and area categories.

DEP included the Emission Trading (ET) emission reduction credits (ERC) as an addition to the point source inventory.  EPA requires states to count banked emission reduction credits as actual emissions in the inventory.

The Stationary Area Source category (Section 3) represents point sources that were too small and numerous to be recorded in the point source inventory (e.g., gasoline stations).  The Stationary Area source section is comprised of four basic categories: waste management practices, gasoline distribution, solvent use, and combustion processes.  The activity factors include material 

sales records, state registration records, fuel/material usage, and default employment and per capita data.  DEP obtained emission factors from EPA guidance documents.  Several source categories were estimated based on surrogate state employment and population data.  DEP applied a rule effectiveness formula to those categories which are subject to state regulatory controls e.g., gasoline 

station stage I tank truck unloading.  In order to avoid double counting, DEP subtracted the point source employment or emissions from those categories (e.g., degreasing, dry-cleaning) which overlapped with the point source inventory.  Area source emissions were apportioned to counties based on available fuel/material used, employment, state registration, and population data.


The On-Road Mobile Source category (Section 4) represents emissions from roadway and highway vehicles, such as cars, trucks, and buses.  The Massachusetts Highway Department (MHD) 

and Central Transportation Planning Staff (CTPS) developed the activity factor, which is daily vehicle miles traveled (DVMT).  CTPS developed the emission factors by speed from EPA's latest MOBILE6 emissions model.  MOBILE6 requires a wide range of state input parameters such as Inspection/Maintenance (I/M) data, temperature, vehicle mix, age distribution, and mileage accumulation rates.  I/M inputs include start year, anti-tampering rates, and emission failure rates. MOBILE6 calculated emission factors for the eight vehicle types for speeds up to 65 mph. MOBILE6 emissions were calculated for a typical ozone summer and CO winter day with temperatures based on the ten days with the highest ozone and CO levels respectively, over a three year period.  EPA recommended that DEP use the same typical summer day temperatures in the 1990 Base Year Inventory for the 1996 and 1999 inventory in order to be consistent. DEP multiplied the DVMT by the MOBILE6 emission factors according to roadway type and speeds in order to calculate on-road mobile emissions by county.







1.5

The Off-Road Mobile Source category (Section 5) includes emission estimates from various types of engines used by aircraft, locomotives, lawn and garden equipment, and other numerous off-road mobile operations.  The basic activity factor is the number of various engines and type of fuel multiplied by appropriate emission factors.  DEP used the February 1999 Version 2.1 of the EPA/Office of Mobile Sources NONROAD computer model to generate Off-Road emissions.

The EPA Biogenic Source category (Section 6) was estimated by EPA’s Biogenic Estimation Inventory System (BEIS-2).  EPA recommended using the 1990 BEIS-2 estimates for the 1999 Inventory.  The model incorporated default land use, crop acreage, and forest type by county, and assigned emission rates to different land use types.  It estimated emissions based on calculations using crop acreage and leaf biomass for the summer growing season, and utilized meteorological data inputs, including temperature and insolation for a typical summer day.
1.7 EMISSION TABLES AND FIGURES


Table 1.1 and Figures 1.2 to 1.5 present the statewide 1999 VOC, NOx and CO emissions by source categories.  Emission trends from 1990 to 1999 are shown in Table 1.2 and Figures 1.6 to 1.8.  Table 1.3 presents the emissions for the Eastern and Western ozone non-attainment areas.  Tables 1.4 to 1.15 summarize the emissions by county and source categories.

1.8  EMISSION TRENDS 1990 TO 1999

Table 1.2 reflects emission trends from 1990 through 1999 for each of the years for which an inventory was completed.  The 1999 on-road mobile emissions estimate is based on use of the MOBILE6 version of EPA’s mobile emissions model.  The 1990 and 1996 on-road mobile emissions estimate is based on MOBILE5ah.  The 1993 inventory used an earlier version of the model (MOBILE5a).  Each version of the model uses different assumptions and methodologies, so changes in the emission inventory numbers for any given year reflect, in part, changes in modeling parameters, rather than actual changes in emissions.  In order to try and compare emissions trends over time, DEP has run the 1999 data with MOBILE5ah, although the on-road mobile emissions 1999 inventory is actually based on the current MOBILE6 model.   

For off-road mobile emissions, the original 1996 PEI was based on NONROAD version 1.0.  The 1999 PEI is based on NONROAD Version 2.1. To compare emission trends from 1996-1999, DEP has run Version 2.1 with both 1996 and 1999 data.
1.6
VOC 

Total VOC emissions were reduced by 8% from 1996 to 1999 and by 25% from 1990 to 1999 as shown in Table 1.2.  The reduction is attributable to the 34% reduction from On-road Mobile sources and 20% reduction from Area sources form 1990 to 1999.  Mobile source emission reductions for this period, in spite of increased VMT, are due to the ongoing Federal Motor Vehicle Control Program (FMVCP), California LEV (1995), Basic I/M, Stage II Vapor Recovery for Gasoline Stations, and Reformulated Gasoline (low volatility).

NOx 

Total NOx emissions were reduced by 2% from 1996 to 1999 and by 7% from 1990 to 1999 as shown in Table 1.2.  NOx reductions from 1990 to 1999 are attributable to the 43% NOx reduction from power plants.  On and Off Road vehicle emissions increased by 8% and 19%, respectively.  This increase is due to the 15% percent increase in VMT and the emphasis on VOC controls during this period.  Enhanced I/M and other NOx based vehicle controls are expected to substantially reduce NOx emissions after 1999 with vehicle fleet turnover.

CO

Total CO decreased by 8% from 1996 to 1999 and by 21% from 1990 to 1999.  This reduction is due to the 43% reduction in On-Road Mobile emissions for this period. 
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