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EXECUTIVE SUMMARY

The purpose of thisreport isto provide an initid inventory of greenhouse gas emissons for the
State of Maryland. This effort was supported by a $25,000 grant from the U.S. Environmenta
Protection Agency (EPA).

The greenhouse gases included in the inventory are the four primary greenhouse gases emitted
asaresult of human activity. These are carbon dioxide, methane, nitrous oxide, and ozone depleting
compounds (primarily chlorofluorocarbons). Emissions of these gases are estimated for 1990. The
emission source categories consdered in the study arelisted in Table 1 of the Introduction. Emissions
were estimated primarily by using the methodologies provided in the Sates Wor kbook: Methodologies
for Estimating Greenhouse Gas Emissions (EPA-230-B-92-002, November 1992) published by the
EPA. However, emissons from some EPA source categories (notably landfills) and emissons from
some source categories not included in the EPA Workbook, were estimated using dternative
methodologies.

The results of this emisson inventory are presented in Figures 1 and 2, which summarize
greenhouse gas emissions and source category contributions to the tota inventory. Table 3 provides a
more detailed summary of theresults. Approximately 110 million tons (CO, -equivaent) of greenhouse
gases were emitted as aresult of activity in Maryland in 1990.

Carbon dioxide is the mgor greenhouse gas emitted in Maryland, accounting for 66.3% of the
1990 emissions. Ozone depleting compounds (primarily chlorofluorocarbons) accounted for 29.4% of
the 1990 greenhouse gas emissions. Methane and nitrous oxide are both minor contributors and
accounted for 2.5% and 1.8% of Maryland' s greenhouse gas emissions, respectively.

The consumption of fossl fudsisthe mgor source of greenhouse gas emissions in Maryland,
accounting for 65% of the 1990 emissons. The use of coa and petroleum accounted for 56% of the
1990 fossi| fuel emissons, while natural gas consumption accounted for 9%. The emisson of ozone
depleting compounds from various indudtrid processesisthe largest single greenhouse gas emisson
source category in Maryland, emitting 31% of the 1990 emissons. Transportation is the second largest
single source category, emitting 23% of the 1990 emissions. Electric utility cod burning power plants
were the third largest category, emitting 19% of the 1990 emissons. These three categories together
are responsible for 73% of the 1990 greenhouse gas emissons. The remaining emissons are primarily
from foss| fuel consumption by theindudtrid, resdential and commercid sectors, representing 13%, 6%
and 3% of the 1990 emissions, respectively. Agriculture, waste disposal, and biomass combustion
were dl minor emisson source categories, accounting for 5 percent of the 1990 emissons. Land use
change was the smalest category, contributing 1 percent of the 1990 greenhouse gas emissons.



Figure 1. Maryland 1990 Greenhouse Gas Emissions
(million Tons, CO2 equivalent)
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Figure 2. Maryland 1990 Greenhouse Gas Emissions
by Source Category

(million Tons, CO2 equivalent)
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INTRODUCTION

1 Greenhouse Gases and Climate Change

The greenhouse effect is anatural phenomenon without which life as we know it on Earth could
not exist. The underlying scientific principles are well established. Incoming visble light from the suniis
absorbed by the atmaosphere and the surface of the Earth. Some of this energy is radiated back toward
pace asinfrared light (i.e,, heat). Water vapor and other trace gases in the atmosphere trgp much of
the re-radiated heat. Without this heat trapping by the trace gases in the atmosphere, the surface of the
Earth would be about 59 °F colder than it is. This effect is Similar to a horticultural greenhouse, which
uses glass to trap the sun’s energy as heet, hence the term greenhouse effect.

Many trace gases in the atmosphere trap the Earth’ s re-radiated heat and thus act as
greenhouse gases. The ones that have the most effect are water vapor (H,O), carbon dioxide (CO,),
ozone depleting compounds (ODCs, primarily chlorofluorocarbons (CFCs)), methane (CH,), and
nitrous oxide (N,O). Water isvery abundant in the atmosphere (for a trace gas) and occurs naturdly in
many forms, including clouds, fog, rain, snow, and humidity. Massve amounts of water are naturaly
cycling through the atmosphere every day. Human activity contributes some water vapor to the
amosphere (primarily from the burning of fossil fuels), but the amount of water vapor from human
activity is minuscule compared to the amount of the water cycled through the atmosphere every day.
Thus, water vapor is not included in this greenhouse gas emisson inventory.

Carbon dioxide is the primary anthropogenic (human caused) greenhouse gas, dthoughitisaso
naturally occurring. Scientists estimate that CO, is responsible for 68 percent of the U.S. contribution
to globa warming (USEPA, 1992). By andyzing air bubbles trgpped in glacid ice, scientists have
determined that carbon dioxide concentrations in the atmosphere have remained relatively stable at
about 280 ppm (parts per million) over the severa thousand years. But, during the last 200 years or so
(i.e, Snce the beginning of the industria revolution) CO, concentrations have increased by about 25
percent up to about 350 ppm. Thisincreasein CO, concentrationsis due primarily to the burning of
fossl fudsby humansto produce energy. Part of the increase is aso due to destruction of forests
(which store carbons) to create farmland and urban development.



Chlorofluorocarbons (CFCs) are dso significant contributors to global warming. It is estimated
that they are responsible for about 24 percent of the U.S. contribution to globa warming (USEPA,
1992). CFCsare entirely human-made; there are no biogenic (natura) sources. CFCs are thousands
of times more heat absorbing than CO,, and they remain in the amosphere for 65 to 400 years before
they arefinaly destroyed by ultraviolet radiation in the stratosphere. They are used by industry for
many purposes, including refrigerants, solvents for cleaning meta and electronic parts, and asfoam
blowing agents. CFCs also destroy ozone in the stratosphere, and, in this capacity, they make up the
mgority of agroup of chemicas known as ozone depleting compounds (ODCs). The ODCs are
carbon compounds containing chlorine, fluorine, and/or bromine, and dmogt dl of them are greenhouse
gases. The production and use of CFCs and other ODCsis being phased out to protect the ozone

layer.

It has adso been determined that 0zone depletion results in aimaospheric cooling, thus diminishing
the importance of ODCs as greenhouse gases. The production of the commonly used CFCsisbeing
phased out beginning in 1996 in the U.S,, but existing stocks and the CFC replacements being
developed will continue to contribute to greenhouse gas emissions for the years to come.

Methane is estimated to be responsible for about 5 percent of the U.S. contribution to global
warming (USEPA, 1992). The mgor sources of methane are livestock, landfills, rice paddies,
wetlands, cod mining, and lesks during naturd gas production and distribution.

Nitrous oxide is estimated to be responsible for about 3 percent of the U.S. contribution to
globa warming (USEPA, 1992). It isimportant to note that nitrous oxide (NO) isacompletely
different gas than nitrogen oxides (NO, = NO and NO,). These gases are often confused with one
another, but they have different properties and play different roles in the atmosphere. The main sources
of N,O are the breakdowns of nitrogen fertilizers and the combustion of gasoline in automobiles. Some
N,O isaso produced by burning of fossl fuelsin indudtrid boilers

A number of other trace gases dso contribute to globa warming, but not as much as the gases
discussed above. These include nitrogen oxides (NOy ), carbon monoxide (CO), ozone (O3), carbon
tetrachloride (CCl,), and other chlorinated organics, and a number of volatile organic compounds.

Greenhouse gases (especidly carbons) are congtantly cycling through the environment and are
temporarily stored in various parts of the environment asthey are cycling. The mgor compounds of the
environment through which these gases cycle are called reservoirs because they store huge amounts of
carbon and other materiads. The main carbon reservoirs are the biogpheres (including plants, animas,
and soils), the oceans, and the atmosphere. Large amounts of carbon move between the reservoirs
every year, and these are cdled carbon fluxes. The carbon fluxes make up the natura carbon cycles
which are so important for the life on Earth. These cycles tend to be steedy state so that the amount of
each gas in each compartment of the environment tends to stay fairly constant while large amounts of
materid are continuoudy cycling. Thus, for example, the concentration of carbon dioxide in the
atmosphere has been fairly congtant for thousands of years. But for the past two hundred years human
activities have caused the concentrations of the carbon dioxide in the aimosphere to increase



ggnificantly.

The atmosphere is the greenhouse gas reservoir of mgjor interest for globa warming. When
viewed from this perspective, greenhouse gas sources are activities or processes that increase the
amount of greenhouse gases in the amosphere. One mgor greenhouse gas source is the burning of
fossl fuels, which emits large amounts of carbon dioxide into the atmosphere. Activities or processes
that remove greenhouse gases from the atmosphere are called greenhouse gas anks. An exampleis
photosynthesis, whereby plants remove carbon dioxide from the atmosphere to produce carbohydrates
that become plant tissue.

Carbon dioxide concentrations in the atmosphere are expected to double from their pre-
indudtrid levels by the middle of the next century. Scientists are using very large and complex computer
models, called globa circulation models, to estimate the effect of the increasesin carbon dioxide and
other greenhouse gases on the globa climate. These models predict that a doubling of greenhouse gas
concentrations will cause average globa temperature to increase by 2° to 8° F by the end of the next
century (WDNR, 1991).

Increasesin globa temperature of the magnitude predicted by the globa circulation mode could
cause changes in the climate around the world which may have serious consequences for Maryland and
other regions. Some of the potentid impacts of climate change include; increasing sealevels and coasta
flooding, change in precipitation patterns which could lead to droughts or floods, migration of forests,
changes in aguatic ecosystems, disruption of some agricultura practices, more frequent droughts, and
higher frequency of storms and severe wesather.

There is much uncertainty about the magnitude of potentia future globa temperature increases.
Globd circulation models used to predict these future temperature increases atempt to Smulate avery
complex globa climate system. They do not take dl factorsinto account. For example, they do not
account for the effect of clouds or ocean circulation on future climate. The modes aso have not been
totaly successful a reproducing the temperature changes experienced over the past 100 years using the
measured increases in amospheric CO, concentrations. All of the models predict increasesin globa
average temperature, but they differ in the magnitude and timing of thelr predicted temperature
increases. Also, since the models are globa in scope, they cannot predict changesin local or aregiond
climate. Predicted climate changes for Maryland and other small regions must be inferred from the
changes in temperature and precipitation predicted by the models for larger aress.

2. Study Objectives

Because climate change could have serious consequences for Maryland, the Maryland
Department of the Environment, the Maryland Department of Natural Resources, and other Sate
agencies have begun to addresstheissue. AsU.S,, and internationd policies on globa climate change
continue to evolve, it isimportant to continue expanding our information on greenhouse gas emissons
and the cogts of the various measures available for reducing those emissons.



3. Study M ethodology

The primary methodologies used in this study to estimate anthropogenic greenhouse gas
emissons are from the U.S. Environmental Protection Agency’s States Workbook: Methodol ogies for
Estimating Greenhouse Gas Emissions (USEPA, 1992). The EPA workbook is based on the
Organization for Economic Cooperation and Development (OECD) guide for estimating greenhouse gas
emissions (OECD/OCDE, 1991) which is being used by the U.S. and other countries to estimate
greenhouse gas emissions under the United Nations Framework Convention on Climate Change. One
of the stipulations in accepting the EPA grant to do this sudy was that we use and evduate the
methodologies in the workbook. For some emission source categories, other methods were used to
estimate emissons when they were expected to yield more accurate results. These other methods were
taken from various sources, primarily emisson inventory studies done in Caifornia, Oregon,
Washington, Wisconsin, and Canada, as well as relevant published academic studies or other
methodologies previoudy used by MDE. A comparison of the EPA workbook methodologies and the
methodologies used in this study to estimate greenhouse gas emisson isincluded in Section 1V of this
report. The discussonin section IV includes recommendations on how to improve the EPA workbook
methodologies.

Thisisacomprehensve emisson inventory and includes dl of the emisson source categories we
could identify for Maryland. It includes ten of the eeven emission source categories covered by the
EPA workbook. The one EPA category omitted does not occur in Maryland. Thisisflooded rice
fields. Also, severd other source categories not covered in the EPA workbook were added. These
include waste incineration and lime processing. All of the emisson source categories congdered in this
sudy arelisted in Table 1.

This study focuses on anthropogenic (human-caused) emissions of the four main greenhouse
gases. These gases are carbon dioxide, methane, nitrous oxide, and ozone depleting compounds
(ODCs). Thisisonly one part of much bigger picture that includes anthropogenic and biogenic (naturd)
sources and Sinks of these gases. We have attempted to look at this bigger picture by constructing a
rough greenhouse gas budget for Maryland. The greenhouse gas budget focuses primarily on the
carbon because carbon dioxide is the mgor anthropogenic contributor to globa warming. Though the
carbon budget makes up aminor part of this sudy, it isincluded to provide a broader perspective, to
examine the cycling of greenhouse gases through the environment, and to provide an understanding of
how the anthropogenic emissions are related to the big picture. We are primarily interested in the
anthropogenic greenhouse gas emissions because they contribute to the buildup of greenhouse gasesin
the atmosphere, and they can be managed. Current specific understanding is that biogenic emissons are
inanatura baance and do not contribute to this buildup.



Table 1. Greenhouse Gas Emissions and Sour ces Considered in the Maryland Greenhouse Gas I nventory

CATEGORY Greenhouse Gases
CO, CHs N0 opC

Biomass and Fossil Fuels

Stationary Combustion of Fossil Fuels v v v

Mobile combustion of Fossil Fuels v 4 v

Stationary Combustion of Biomass Fuels v v v

Fuel Production, Refining, Transport v 4 v

Power Plant Construction Q o o
Production Processes

Lime Processing v

Processes’End Use of Ozone Depleter v

Other Production Processes

Furnace Electrode Manfct.

Foundries (Iron & Steel)

Glass

N-Fertilizer

Bakeries

Cheese

Malt/Y east

Wine

Beer

Coke Prod./Calliery

Primary Metal Prod (misc.)

Secondary Metal Prod (misc.)

Aluminum Production

Calcium Carbide Production

Castable Refractory Production

Nitric Acid

Ammonia

Ethylene

Adipic Acid

Acrylonitrile

Spirits




CATEGORY Greenhouse Gases
CO, CH, N2O OoDC

Agriculture and Livestock Production

Domestic Animals V] v

Anima Manure Management V] v

Fertilizer and Lime Application

Lime Application v
Fertilizer Application v

Flooded Cultivated Fields _
Waste Disposal, Treatment, and Recovery

Waste Incineration v v

On-Site Infectious Waste Incineration v v

Open Burning of Rural Waste v

Open Burning of Yard Waste v

Open Burning of Agricultural Crop Residues _

Sewage Treatment Plants _ _ -
L and-Use Change

Forest Conversion v U v

Wetland Drainage v v V]

Pasture Conversion to Cultivated Land v V] U

Non-forest Land Development v U U

Forests: Fires and Logging C C C

Cultivated Soils E S

v" Greenhouse gas emissions produced by this source and accounted for in table 3, Summary of Maryland 1990 Greenhouse Gas Emissions.
O Greenhouse gas emissions produced by this source and estimated in the text, but not included in Maryland emissions estimates.

Greenhouse gas emissions produced by this source and noted in the text but not estimated nor included in the Maryland emissions estimates.

U Greenhouse gas emissions produced by this source and not addressed nor accounted for in this study, see section Il1.

C Biogenic cycling, see Section 111
E Net emissions, see Section 11, no methodology
S Net sinks, see Section |11, no methodology




Some anthropogenic sources are not included in this emission inventory because their emissions
are cycling through the natural carbon cycle and do not contribute to the buildup of greenhouse gasesin
the atmosphere. One example of thistype of source is sustainable logging, because, for each tree cut
down, &t least one new treeis planted to replaceit. Thus, the carbon released from the logged treesis
taken out of the atmosphere by the growing replacement treesin acontinud cycle. Another exampleis
forest fires. Burned forest generaly becomes forest again after a number of years, so the carbon
released by the forest fire is eventually captured by the new forest.

In this study, greenhouse gas emissions were estimated for a 1990 base year, which is the most
recent year for which most activity data are readily available. A1990 base year is dso used for ozone
precursor inventories developed by the states. Using 1990 as the base year for the GHG inventory
dlows us to evaluate GHG reductions contributed by programs designed to control ozone. The
Nationa Energy Policy Act of 1992 provides for voluntary reductions of greenhouse gas emissons
using emissons for the period 1987 through 1990 as the basis of emission reductions. For this sudy,
we et out to estimate greenhouse gas emissions for those four years, but it was not feasible to do this
for dl emisson source categories.

4, Global Warming Potential

In this study, we have estimated emissons for severd different greenhouse gases: carbon
dioxide, methane, nitrous oxide and ozone depleting compounds (ODCs). Each of these gases has
different chemica and physica properties and differing contributions to global warming. In other words,
one molecule or one ton of methane or nitrous oxide will have a different influence on globd temperature
than will the same amount of carbon dioxide. In order to be able to compare the effect of the various
greenhouse gases on globa warming, the concept of globa warming potentia has been devel oped.

The concept of globa warming potentia (GWP) is based on the rdlative radiative forcing effect
of the concurrent emission into the atmaosphere of an equa quantity of CO, and any other greenhouse
gas. Since CO; isthe mgor greenhouse gas of concern, it isassgned a GWP of one, GWP for dl
other greenhouse gases are calculated relative to CO,. There are various ways to caculate GWP,
taking into account various direct and indirect effects of the greenhouse gases. The GWP used in this
study are taken from the EPA States Workbook (USEPA, 1992) and are based on two main factors:
the ingantaneous radiaive forcing effect, and the atmospheric lifetime of each greenhouse gas. The
indantaneous radiative forcing effect refers to the relative amount of the heat captured by a given
amount of any greenhouse gas. For example, one CFC molecule can capture severd thousand times as
much heat as a CO, molecule. In generd, the other greenhouse gases have a much stronger
ingtantaneous radiative forcing effect than does CO,, but CO, has alonger atmospheric lifetime and a
dower decay rate than most other greenhouse gases (USEPA, 1992).

Because of the different atmospheric lifetimes of the various greenhouse gases, the magnitudes
of the GWP vary with the length of the time horizon of the andyss. For example, the GWP for methane
for a 100-year time horizon is estimated to be 11, whileit is estimated to be four for a horizon of 500
years. Thedifferenceis due to the relatively shorter aamospheric lifetime of methane compared to



carbon dioxide.

Table 2 shows the GWP for methane and nitrous oxide for various time horizons. In this sudy
we used the GWP for the 100-year time horizon, as recommended by EPA in the States Wor kbook
(USEPA, 1992). The estimated methane and nitrous oxide emissions were multiplied by the GWP to
obtain equivaent CO, emissons. The GWP used for the 0zone depleting compounds are given in
Table 2.2. The ODC GWP were obtained from the EPA Sates Workbook (USEPA, 1992) and from
Emissions of Greenhouse Gases in the United States 1985 - 1990 (USDOE, 1993).

Table 2. Global Warming Potential of Greenhouse Gases
Greenhouse Atmaospheric GWP Over a20 GWP Over a GWP Over a
Gas Lifetime (years) Year Time 100 Year Time 500 Year Time
Horizon Horizon Horizon
Carbon 120 1 1 1
Dioxide
Methane 10.5 35 11 4
Nitrous Oxide 132 260 270 170
5. Report Organization and Review

Since the focus of this study is on anthropogenic greenhouse gas emission sources, the mgority
of the reports present the methodol ogies and results for the emisson estimates for those sources. They
are covered in Section |: Anthropogenic Sources. The various anthropogenic sources are grouped into
five main source groups, each of which is covered in adifferent subsection of section|. Thefive
subsections are: 1)Fuel Consumption (fossil and biomass), 2)Production Processes, 3)Agriculture and
Livestock Production, 4)Waste Disposd, Treatment, and Recovery, and 5)Land Use Changes.
Section I1: Maryland Carbon Budget, covers anthropogenic sinks, biogenic sources and sinks, and the
Maryland carbon budget summary, which ties together dl of the sources and sinks. In other words,
Section |1 presents the big picture in order to put everything into perspective. Section 111:
Anthropogenic Sources and Sinks Not Included in the Maryland Inventory, discusses the greenhouse
gas emission sources which were not included in thisinventory. The gppendices contain tables of
detailed emissions data or emissions estimates for severd emisson source categories, including landfills,
motor vehicles, anima manure, and Sationary fossil fuel combustion sources.
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RESULTS

1 Summary of Results

Table 3 and Figures 1 through 6 present greenhouse gas emissions for al of the gases and the
anthropogenic emission source categoriesin Maryland. A tota of about 107 million tons of greenhouse
gases (CO, equivadent) were emitted as aresult of activity in Maryland in 1990.

Carbon dioxide accounts for the mgjority of the greenhouse gas emissons in Maryland (66%).
Ozone depleting compounds (mainly CFCs) account for 29%, methane accounts for 3% and nitrous
oxide accounts for 2% of greenhouse gas emissions (Figure 1).

Fossi| fud combustion is the mgor source of Maryland' s greenhouse gas emissions, accounting
for 65% (69 million tons) of tota emissionsin 1990 (Figure 2). Maryland rdlies heavily on imported
fossl fudsfor its energy supply. Liquid petroleum products (gasoline, diesel fud, ail, kerosene, jet fud,
and liquefied petroleum gas) account for the largest portion of Maryland’ s greenhouse gas emissions,
emitting 42 million tonsin 1990 (Figure 4), or 38% of totd emissions. Most petroleum used in
Maryland is burned in motor vehicles. Thus, the trangportation sector is the mgjor source of greenhouse
gas emissions from foss| fue combugtion in Maryland, emitting 24.5 million tonsin 1990 or 23% of tota
1990 emissions. Production processes are another major source of greenhouse gas emissonsin
Maryland, emitting 33 million tonsin 1990, which is 31% of tota Maryland greenhouse gas emissons
(Figure 3).

Cod isthefossl fud that isthe largest Sngle source category of greenhouse gas emissonsin
Maryland (20 million tons (Figure 4), at 18% of total emissionsin 1990). About 77% of Maryland's
electricity is generated by cod burning power plants, and cod is aso burned a a number of industria
facilities around the state. This explains why eectric utilities are the magor source of greenhouse gas
emissons in Maryland, emitting 21 million tonsin 1990, which is 19% of total Maryland greenhouse gas
emissons (Figure 3).

Naturd gasisthe other mgor fossl fuel burned in Maryland, primarily in the indudtrid,
resdential, and commercid/inditutiona sectors. 1n 1990, about 10 million tons of greenhouse gases
were emitted from the combustion of natura gas (Figure 4), which represents 9% of total greenhouse
gasemissons.

Emissons of ozone depleting compounds (primarily CFCs) by variousindustrial processes and
product end usesis another mgjor source of greenhouse gas emissonsin Maryland. Thissourceis
estimated to have emitted about 31 million tons of greenhouse gases in 1990, which represents about
29% of tota 1990 emissons (Figure 1). Thisisavery rough estimate, however, Snce it was done by
multiplying the total emissons for the U.S. by the fraction of the U.S. population living in Maryland.
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Totd Maryland methane emissonsin 1990 are estimated to be about 243,000 tons, which
trandates into about three million tons of CO,.equivaents. The mgor source of Maryland' s methane
emissonsislandfills, which accounted for 60% of methane emissions (1.5% of totad greenhouse gas
emissons). Another mgjor source of Maryland' s methane emissons is domestic animals (livestock),
which accounted for 25% of methane emissons when emissons from manure are included (Figure 5).
The overwheming mgority (99%) of the domestic anima emissions come from cows. When compared
with dl other greenhouse gas emission sources on a CO, equivdent bas's, domegtic animds (including
manure management) contribute about 0.6% of equivaent CO, emissons. Foss| fue consumption
accounted for 2% of methane emissons, and cod mining accounted for 13% of methane emissons.

Foss| fud production and distribution systems account for the mgority (87%) of Maryland's
fossl fue methane emissons, while fossl fud combustion within Maryland produces avery smdl
amount of methane. Mog of the methane emissons associated with fossl fud consumption occur from
cod mining.

Maryland' s nitrous oxide emissionsin 1990 are estimated to be about 7,000 tons, which is
equivaent to about two million tons of CO,. The two main sources of Maryland' s nitrous oxide
emissons are fertilizer use on farms, which accounted for 54% of N,O emissions (1% of totd
greenhouse gas emissions), and foss| fuel combustion for trangportation, which accounted for 36% of
N,O emissions, but less than 1% of total greenhouse gas emissons (Figure 6). Stationary fossl fud
combustion contributed another 9% of N,O emissons, and the one remaining source (land use change)
contributed 2%. The N,O emission estimates are not complete because N,O emisson factors are il
not available for some emission source categories.

The accuracy of the anthropogenic greenhouse gas emissons estimates in this sudy varies
greatly from category to category. Estimated carbon dioxide emissons from foss| fud combustion a
power plants and other industria sources are fairly accurate because detailed and reliable records of the
amount of fud burned are available, and the calculation of CO, emissons from fossl fud combugtionis
graightforward. The estimate of statewide CO, emissions from the transportation sector are probably
less accurate Since estimates of the amount of trangportation fuel consumed in the state are derived from
gasoline tax records rather than measured directly. Allocation of trangportation sector emissions by
vehicle type, age, and county using vehicle milestraveled (VMT) data aso affects the accuracy of
emisson estimates. The accuracy of the emission estimates for such categories as domestic animals,
fertilizer use, and land use change is even lower since activity data are sketchy and emisson factors are
not well established. While the accuracy of the emisson estimates varies from category to category, the
emission estimates for each category are based on the best available information.

2. Recommendationsfor Further Research
This study was funded through an EPA grant of $25,000. With additiona resourcesthis
inventory could be improved through the acquisition or development of better activity data, better

emission factors, or improved emission estimation methodologies. In this section, areas where
improvements could be made are identified. The following are areas of this study where further
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research and andysis would improve the results of this greenhouse gas emission inventory.

1 Fud combustion emisson estimates could be improved by caculating fuel combustion emissons
for individua emisson sources by county.

2. Much more work could be done on the Maryland carbon budget, including:

a Quantification of anthropogenic sinks (e.g., carbon stored in structures) and
b. Quantification of biogenic reservoirs (carbon stored in foredts, lakes, soils, etc.).

3. Electric utility methane and nitrous oxide emission factors could be examined to determine the
best and most accurate factors. Severd different emission factors for these gases have been used by
various dectric utilities, USEPA, and other greenhouse gas emission studies.

4, Greenhouse gas emissions from land use changes could be updated and improved by using
more up-to-date information on land use changes which will be published with the next one to two
years. The current emissons were estimated using data for periods before the 1990 base year because
more recent data were not available.

5. Emissions could be estimated for additiona source categories not included in thisemisson
inventory. These sources are discussed in Section 11 in this report and include categories such as
wastewater treatment plants and septic systems.

6. The contribution of other air pollutants that act as direct or indirect greenhouse gases could be
determined. These include carbon monoxide, nitrogen oxides, and volatile organic compounds. These
are aso discussed in Section 1.

7. The accuracy of mobile source emisson estimates could be improved if better activity data (fuel
use, vehicle milestraveled) could be obtained or developed.

8. Emissons associated with the production and trangport of products other than fossil fudls (e.g.
rice, adipic acid) could eventualy be included.

0. The estimate of ozone depleting compound emissions could be improved by using a bottom-up

approach (i.e. surveying production and use in Maryland) to replace the top-down estimate used
(apportioning nationa emissons to Maryland by population fraction).
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TABLE 3 SUMMARY OF MARYLAND 1990 GREENHOUSE GAS EMISSIONS (thousands of tons)

Global Warming Potential 1 11 270
(Over 100-year Time Horizon) CH4as N20 as ODC as Total % of
Emission Source Category CcOo2 CH4 CO2- equiv. N20 CO2- equiv. CO2-equiv. CO2- equiv. CO2- equiv.
Fossil Fuel Consumption 68,282 5 51 3.16 853 - 69,187 64.58%
Commercial/lnstitutional Sector 2,933 0 1 049 132 3,066 2.86%
Industrial Manufacturing Sector 14,108 0 2 - 0 14,111 13.17%
Residential Sector 6,728 0 5 - 0 6,733 6.29%
Utilities Sector 20,722 0 1 0.14 3 20,761 19.38%
Transportation Sector 23,791 4 42 253 683 24516 22.8%

0 0

0 0
Production Processes 972 32 353 0.00 0 31,406 32,731 30.55%
Lime Processing 972 - - - - 972 0.91%
Ozone Depleting Compounds (ODC) - - - - 31,406 31,406 29.32%
Coal Mining - 32 353 - - 353 0.33%
Other Processes - - - - - 0
Agricultureand Livestock Production 3 60 664 382 1,031 0 1,698 1.58%
Domesticated Animals - 24 263 - - - 263 0.25%
Animal Manure Management - 36 401 - - - 401 0.37%
Fertilizer and Lime Land Application 3 - 3.82 1,031 - 1,033 0.96%
Waste Disposal, Treatment, & Recovery 400 146 1,602 0.00 0 0 2,001 1.87%
Landfills 400 146 1,602 - - - 2,001 1.87%
Open Burning of Agricultural Crop Residues - - - - - -
Land Use Changes 1475 0 0 013 35 0 1511 141%
Forest Conversion 1,339 - 013 35 - 1,374 1.28%
Drainage of Wetlands - - - - - -
Other 137 - - - - 137 0.13%
Total Emissons 71132 243 2,670 711 1919 31,406 107,127 100
% Global Warming Potential 66% 2% 2% 29% (1000 tons)
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Figure 1. Maryland 1990 Greenhouse Gas Emissions
(million Tons, CO2 equivalent)

Carbon Dioxide 71.0 66%

Nitrous Oxide 2.0 2%

Methane 2.7 3% Ozone Depleting Cmpd 31.4 29%

Figure 2. Maryland 1990 Greenhouse Gas Emissions
by Source Category

(million Tons, CO2 equivalent)

Fossil Fuels 69.2 65%

Agriculture 1.7 duse Ch 15 1%
2% V\)‘agpe B?gposgpgez.o 'g% 0

Production Processes 32.7 30%
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Figure 3. Maryland 1990 Greenhouse Gas Emissions
by Source Category and Economic Sector
(million Tons, CO2 equivalent)

Transportation 24.5 23%

Industrial Fuel 14.1 13%

Electric Utilities 20.8 19%

Residential Fuel 6.7 6%

Agriculture 1.7 2%
Comm./Inst. Fuel 3.1 3%

Waste Disposal 2.0 2% Landuse Change 1.5 1%

Production Processes 32.7 31%

Figure4. Maryland 1990 Greenhouse Gas Emissions
by Source Category and Fud Type
(Million Tons, CO2 Equivalent)

Coal 20.3 18% Petroleum 42.2 38%

Landuse Change 15 1%  [—
Natural Gas 10.2 9%
Waste Disposal 2.0 2% Agriculture 17 2%
Production Processes 327 30%
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Figure 5. Maryland 1990 Methane Emissions
(Thousand Tons, CH4)

Landfills 146.0 60%

Animal Manure 36.0 15%
Fuel Consumption 5.0 2%

Coal Mining 32.0 13% Domesticated Animals 24.0 10%

Figure 6. Maryland 1990 Nitrous Oxide Emissions
(Thousand Tons, N20)

Fertilizer Applicatn 3.8 54%

Forest Conversion 0.1 2%

Highway Vehicles 2.5 36% Stationary Fuel Cons 0.6 9%

Note:- Due to rounding, percentages do not add up to be 100%
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|. ANTHROPOGENIC SOURCES

1. FUEL CONSUMPTION

To quantify and compare greenhouse gas emissons from activities consuming fossl fudsin
Maryland, it is necessary to consder the range of activities that are connected with providing fossl fud
power. Non-energy fossl fud (i.e, lubricants, motor oil, chemical feedstock, etc.) are considered
under Production Processes, Section 2.4.

A fud cycle includes the extraction, processing, transport, and end use of afuel, such as naturd
gasor cod. Emissions are generated during each step of this process, and the steps can be grouped
into categories gpplicable to dl fossl fuds

Extraction of the fuel

Fud processing/refining (including trangport to processing facilities)
Transportation of fud to end-use fadilities

Congtruction of power plant faclities

Combustion of fue

a s wbdpE

Maryland, like most other sates, rdies on avariety of foss| fudsto satisfy its energy needs--
including severd grades of cod, naturd gas, and awide range of petroleum products. All of the fossil
fuds consumed in Maryland are not produced in Maryland, some are imported from outside the State.
In addition, Maryland generates power not only through conventiona fossil fud power plants, but also
through nuclear plants.

For each of these fuel types and corresponding power generation processes, some of the
emissions occur within the sate of Maryland while other emissions occur in the other states and
countries where the fue is extracted, processed and transported. To enable environmenta ly-conscious
energy plamning and policy decisions, it isimportant to congder dl of dl these emissons, regardless of
where they occur. The purpose of these Section is to facilitate that decison-making process by
edimating the emissions associated with Maryland fossil fud usein 1990.

Sections 1.1 and 1.2 provide estimates of the emissions associated with the combustion of the

fuds Thisisthetraditiona way of viewing fud-related emissons, and is divided between Sationary and
mobile combustion.
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1.1 Stationary Fossil Fuel and Biomass Combustion

The combustion of fossl fudsisthe largest single contributor of anthropogenic greenhouse
gases, especially carbon dioxide (CO,). Within the US, 58% of the CO, derived from foss fud
combustion is attributable to stationary sources -- dectric utilities, manufacturing, and residentia and
commercia use (Amann, 1992). In addition to CO,, Sationary fue combustion dso emits methane
(CH,) and nitrous oxide (N,0), aswell as criteriapollutants. Criteria pollutants are air pollutants for
which EPA has established hedth-based ambient air quality standards (SO,, NO,, CO, inhdable
particulates, and ozone). Egtimates of summertime average daily of the ozone precursor emissonsin
Maryland are included in Section 111 of this study.

The amount of CO, emitted is directly related to the amount of fuel consumed, the fraction of
the fuel that is oxidized, and the carbon content of the fud (USEPA, 1992). Thus, CO, emissons
depend predominately upon the characteristics of the fuel rather than on the particular combustion
process. Emissions of non-CO, greenhouse gases (i.e. CH, and N,O) depend on the fuel type, the
combustion process technology and efficiency, and the control devicesin place (USEPA, 1992).

Thus, non CO, greenhouse gas emissions vary by fud type and boiler/combustor type. Since
activities in the same economic sector (industrid, dectric utility, commercid/inditutiond and resdentia)
use smilar boiler/combustor types, emission factors are based on economic sector to account for the
variation of boiler/combustor types. For this study, emissions for each greenhouse gas were calcul ated
separately by fud type and economic sector.

Tablel.1 Fud Types Used in Each Economic Sector in Maryland
Fuel Type Liquefied
_ Coal Distillate | Residual Natural Petroleum | Biomass | Kerosene
Economic Sector . .
Oil Oil Gas Gas

Electric Utilities v v v v

Industrial v v v v v v
Commercial/institutional v v v v v v
Residential v v v v v v

Electric utilities are treated as point sources, i.e. dl of their emissons are emitted from a
relatively small number of smokestacks (emission points). The emissions are caculated * bottom up”
based on actud fud use from the Department’ s air emissons inventory and emission factors provided in
the EPA States Workbook (USEPA, 1992). These emissions are cdculated for each individud facility.

Industrid, commercid/ingtitutiond, and residential sector sources were treated as area sources
and emissions were caculated “top downward” for aclass of sourcesin alarge area (e.g. State,
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county, city). Emissonsfrom area source fuel combustion are determined based on quantity of fue
used statewide, summarized by fuel type and economic sector. These emissions are apportioned to the
county level based on the county to state ratio of some appropriate measure, such as employment or
population.

This section covers only the emissions atributable to Sationary fuel combustion. Emissons
attributable to trangportation, agriculture, and other mobile fud combustion are contained in Section 1.2,
“Mobile Foss| Fud Combustion”.

General Methodology

A. Carbon Dioxide

CO, emissons are estimated for each fued type in athree-step process.
Sep 1: Determine the consumption of energy in 1990 (Q) by fossil fuel type.

For biomass (wood), consumption is measured in pounds; for al other fuels, it ismeasured in
millions of British Thermd Units (BTU’s). All of the fue consumption data were obtained from the U.
S. DOE/EIA State Energy Data Report, Consumption estimates, 1960-1990.

Sep 2: Multiply the consumption, @, by the average carbon emission coefficient of the fuel,EF; .
Divide by 2000 to get tons of total carbon emitted per fuel.

The carbon emission coefficients for each fuel are given in Chapter 1 of the EPA States
Workbook (USEPA, 1992). For biomass (wood), thisfigureis given as a percent; for al other fuels, it
is given as pounds of carbon per million BTU.

Sep 3: Multiply by the oxidation factor (OxFac) to calculate total tons of carbon oxidized.
Multiply this by 44 tons CO,/12 ton C to get tons of CO, emitted.

Oxidation factors are provided in Chapter 1, of the EPA States Workbook (USEPA, 1992).
For biomass (wood), the oxidation factor is 0.90; for dl other fuds, itis0.99. The oxidation factor is
the fraction of the carbon in the fuel which is oxidized during combustion to form carbon dioxide.

The formulafor caculaing CO, emissions can be written as
CO, emissons (tons) = Q* Efi* OxFac/ 2000(ton/Ibs.) * 44C0O, / 12C

B. Methane and Nitrous Oxide

Methane and nitrous oxide emissions are dependent on the combustion process and emission
factors vary for different sectors and for different combustion technologies within the same sector.
Chapter D-12 of the EPA States Wor kbook (USEPA, 1992) gives emission factors (where available)
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for anumber of different combustion technologies for each of the sectors. The generd formulaused to
cdculate emissons are:

CH,4 or N;O emissions= Q * EF * 1 ton/ 2000 |bs
Where: = quantity of fuel typefin million BTU
Ef; = emission factor for fuedl typef in combustion processj (Ibs/million BTU)

C. Other Factors and Conversions:

Natural gas and wood combustion data require conversion from British Therma Units (BTU).
The heat content of fuels used for calculation of emissons from the resdentia, commercid/inditutiond,
and industria sectors are below. Utility emissions are calculated from heat contents reported in the
ARMA Air Emissons Inventory.

Naturd Gas. 1,021 MMBTU per million cubic feet
wood: 11.3MMBTU per ton

Commer cial/l nstitutional Sector

M ethodology

The SIC code isthe Standard Industria Classification code designating specific manufacturing
activities. The commercid/ingditutiona sector is defined as SIC 50-99.

The methodology for caculating greenhouse gas emissons is described under Generd
Methodology in Section 1.1 of thisreport. The factors used in calculating CH, and N,O emissions
were taken from table D12-6 in the EPA States Workbook (USEPA, 1992).

Results

Fud combusgtion in the commercid/indtitutiona sector generated about three million tons of
greenhouse gasesin 1990. Two fuds are commonly used in Maryland in the commercid/ inditutiond
sector, naturd gas and didtillate oil. These fuds generate the mgority greenhouse gas emissons from this
sector (Table 1.2). Natura gas combustion produced about 49% of emissons, digtillate oil produced
33%, and dl the rest of the fuels together generated the remaining 18%.
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Tablel12

1990 Maryland Commer cial/Ingtitutional Sector Greenhouse Gas Emissionsfrom Fuel

Combustion
Fuel Total Oxidized Greenhouse Gas Greenhouse Gas
Commercial Fraction Emission Factors Emissions
Energy Use (Lbs..MMBTU) (Tons)
MMBTU/Yr..
CO,-C CH, N,O CO, CH, N,O

Gasoline 1,208,190 0.99 41.8 NE NE 91,662 NE NE
Distillate Qil 12,203,375 0.99 44.2 0.0013 0.0350 978,991 8 214
Residual Oil 3,470,424 0.99 46.6 0.0035 0.1030 293,525 6 179
LPG 770,112 0.99 38 NE NE 53,115 NE NE
Kerosene 272,160 0.99 43.1 NE NE 21,290 NE NE
Bituminous Coal & 503,005 0.99 59 0.0221 0.1310 53,864 6 33
Lignite
Anthracite Coal 43,380 0.99 59.2 0.0221 0.1310 4,661 1 3
Natural Gas 24,720,000 0.99 32 0.0025 0.0050 1,435,738 31 62
Total 43,190,646 2,932,846 51 490

NE- Emission Factors are not established for this source.

I ndustrial/M anufacturing Sector

M ethodology

The SIC codeis the Standard Industrid Classification code designating specific manufacturing
activities. Theindugtrial sector is defined as SIC 20-39.

The methodology for caculating greenhouse gas emissonsis described under Generd
Methodology in Section 1.1 of thisreport. The factors used in calculating CH, and N,O emissons
were taken from table D12-3 in the EPA States Workbook (USEPA, 1992).

Results
Theindudtrid sector in Maryland emitted atota of about 14 million torns of greenhouse gasesin
1990. The mgor fuels burned by industriesin Maryland are bituminous cod and naturd gas, so these

two fuels contributed the most to greenhouse gas emissions from this sector. Bituminous cod
combustion generated 29% of industrid greenhouse gas emissionsin Maryland while the combustion of
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natura gas produced 26% (Table 1.3). All of the other fuels together contributed 45% of greenhouse
gas emissions from the indudtria sector.

Table1.3 1990 Maryland Industrial Sector Greenhouse Gas Emissions from Fuel Combustion
Total Oxidized Greenhouse Gas Greenhouse Gas
Fuel Industrial Fraction Emission Factors Emissions
Energy Use (Lbs./MMBTU) (Tons)
MMBTU/Yr.
CO,-C CH, N.O CO, CH, N,O

Gasoline 1,549,635 0.99 41.8 NE NE 117,566 NE NE
Distillate Oil 10,094,725 0.99 44.2 NE NE 809,829 NE NE
Residual Oil 7,751,871 0.99 46.6 0.0064 NE 655,645 25 NE
LPG 2,747,535 0.99 38 NE NE 189,497 NE NE
Kerosene 187,110 0.99 431 NE NE 14,637 NE NE
Asphalt and Road Oil 29,046,400 0.99 44.2 NE NE 2,330,189 NE NE
Lubricants 2,459,200 0.99 44.2 NE NE 197,284 NE NE
Other Liquids 24,905,200 0.99 44.2 NE NE 1,997,970 NE NE
Bituminous Coal & 38,141,655 0.99 59 0.0053 NE 4,084,399 101 NE
Lignite
Anthracite Coal 21,690 0.99 59.2 0.0053 NE 2,331 0 NE
Natural Gas 63,860,000 0.99 32 0.0029 NE 3,708,989 93 NE
Total 180,765,021 14,108,337 219 _—

NE- Emission Factors are not established for this source.

Residential Sector

M ethodology

The methodology for caculating greenhouse gas emissons is described under Genera
Methodology in Section 1.1 of thisreport. The factors used in caculating CH, and N,O emissons
were taken from table D12-5 in the EPA States Workbook (USEPA, 1992). The factor used for
wood is for wood burning stoves.

Results
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The resdentia sector in Maryland emitted atota of about 6.7 million tons of greenhouse gases
in 1990. The mgor fuds burned by resdentid sector in Maryland are naturd gas and distillate oil, s0
these two fuels contributed the most to greenhouse gas emissions from this sector. Naturd gas
combustion generated 59% of residentid greenhouse gas emissons in Maryland while the combustion of
didtillate oil produced 30% (Table 1.4). All of the other fuels together contributed 11% of greenhouse
gas emissons from the resdentid sector.

Tablel4 1990 Maryland Residential Sector Greenhouse Gas Emissions from Fuel Combustion
Total Oxidized Greenhouse Gas Greenhouse Gas
Fuel Residential Fraction Emission Factors Emissions
Energy Use (Lbs./MMBTU) (Tons)
MMBTU/YT.
(lbslyr.)
CO,-C CH, N,O CO, CH, N,O

Wood 3,464,976 0.90 0.27* 0.1640 NE 273,212 284 NE

(613,270,000)
Distillate Oil 24,954,300 0.99 44.2 0.0110 NE 2,001,909 137 NE
LPG 4,363,968 0.99 38 0.0024 NE 300,983 5 NE
Kerosene 2,182,950 0.99 43.1 NE NE 170,765 NE NE
Bituminous Coal & 260,175 0.99 59 NE NE 27,861 NE NE
Lignite
Anthracite Coal 43,380 0.99 59.2 NE NE 4,661 NE NE
Natural Gas 67,980,000 0.99 32 0.0021 NE 3,948,278 71 NE
Total 103,249,749 6,727,668