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A Ash percentage in fuel by weight

apt. ' apartment

Btu . British thermal unit
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Fahrenheit

d.u. dwelling unit
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op.hr. _ operating hour
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sq.ft. ’ square foot (floor area)
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PM Particulate Matter

SOx : Sulfur Oxides
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GLOSSARY OF SELECTED DEFINITIONS ENERGY CONVERSIONS

1 British Thermal Unit (BTU) = heat required to raise the temperature

of one pound of water by 1°F.

1 Therm = 100,000 BTU

1 Kilowatt-hour (kiWh) = 3,412 BTU

1 ton of refrigeration = 12,000 BTU per hour

heating degree days = 65° F minus average daily temperature,
when average daily temperature is below

: 65°F. :

‘cooling degree days = 65°F minus average daily temperature,
when average daily temperature is below
65°F.

(daily high temperature + daily low

average daily temperature
temperature) ¢+ 2

ENGLISH - SI CONVERSIONS

5/9 Degree day°C
1055.06 joules (J)
3.6*10° joules
1.0551*108 joules
3.5169*103 watts (W)
2.9308*10-1 watts

Degree-day°F

British Thermal Unit
Kilowatt-hour

Therm

ton of refrigeration
British Thermal Unit/hour
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I.  INTRODUCTION AND APPROACH

A. INTRODUCTION

This report documents the results of the fifth and sixth phases of
a study of the Growth Effects of Major Land Use Projects (GEMLUP). The
principal objectives of the GEMLUP study are to formulate a methodology to
predict air pollutant emissions from:

* Two types of major land use developments: Targe concentrations
of employment such as office or industrial parks and large
residential developments

- Secondary land development that is induced by the two types of
major land use development projects

* Motor vehicular traffic associated with both the major project
and secondary development.

GEMLUP relates to a number of EPA programs, including air quality
maintenance plan (AQMP) development [1], environmental impact statement
(EIS) review [2], the indefinitely suspended portions of indirect source
review [3], and the prevention of significant air quality deterioration,
or nondegradation [4]. Explicit or implicit in these programs is an evalu-
ation of air quality impacts of land use plans or project developments.
GEMLUP is desigﬁed to formulate and test a method of evaluating land use
impacts at the project scale, and, in the process, develop a set of land
use based emission factors potentially useful at the regional scale.

The study was divided 1nto'six phases:

Phase 1 - Specification of a preliminary model and generation of
a list of data requirements

Phase 2 - Data collection

Phase 3 - Causal analysis of the land use model using path anal-
ysis

Phase 4 - Development of predictive equations for the land use
: model and development of a traffic model

Phase 5 - Development of indices of fuel consumption

Phase 6 - Translation of fuel consumption indices into land use
based emission factors.
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This volume of the final report concerns itself with phases 5 and
6, i.e., the development of indices of fuel consumption in buildings and
the translation of those indices into land use based emission factors.

 There are two additional volumes of the final report. VYolume I
discusses phase 1, phase 2, and phase 3. Volume III contains the results
of phase 4, a summary of Volumes I and II, and a documentation of the appli-
cation of the models.

B. ORGANIZATION OF THE REPORT

The remainder of this introductory chapter discusses the general
approach to development of land use based emission factors. The fol]bwing
chapter is a compilation of the land use based emission factors generated
in this study. Chapter III discusses in the development of energy consump-
tion indices for each building type. Chapter IV discusses the generation
of the land use based emission factors from these activitysfactgrs.

C. APPROACH TO LAND USE BASED EMISSION FACTORS

The objective of this phase of the GEMLUP study was to develop a
set of land use based emission factors to permit the estimation of air pol-
Tutant emissions resulting from the construction and operation of a major
land use project. These emission sources may be principally categorized as
follows:

+ Stationary source emissions occurring on the site of the major
project (e.g., the on-site combustion of fuel oil for space
heating needs)

= Stationary source emissions occurring at the land use induced
by the major project (e.g., the on-site combustion of fuel oil
for space heating needs)

* Secondary (i.e., occurring off-site) stationary source emissions
(e.g., the combustion of fuel o0il at the local electric utility
to serve the electricity demand of the major project and
induced land uses)

* Mobile source emissions (e.g., emissions due to motor vehicular
traffic generated by the major project and induced land uses).
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The latter category, mobile sources, is treated separately in Volume III of
this report.

The estimation of emissions from the first three categories, all
stationary sources, is the subject of this volume of the report. The means
of this estimation is the use of land use based emission factors, that is,
emissions per unit area of a particular land use category. Given the size
of the major project and the amount of land use, air pollutant emissions
may then be estimated by taking the product of the apprdpriate land use
based emission factor and the area of a particular land use.

Previous compilations of land use based emission factors [5,6]
have treated emissions as a function of land area, viz.,

emissions
unit land area

emission factor =

For example, in the Hackensack Meadowlands Study [5], this was
an appropriate approach as the emission factors were developed for a speci-
fic region with a specified density of development. However, the require-
ments of the GEMLUP study necessitate the development of emission factors
that are more generalizable. In particular, the emission factors presented
in this report are a function of building floor area, viz.,

emissions

emission factor = —yat buiTding Floor area

As the output of the land use model in this project is in units of building
floor area, the question of the density of development is moot. It should

be noted that a true land use based emission factor may be constructed for

a particular application by taking the product of the factor presented here
and an appropriate floor area ratio (FAR), viz.,

emissions . _emissions
unit land area unit floor area

* FAR

where FAR is the floor area ratio or building floor area per unit lot area.
In regional studies, an adjustment may be necessary between the net FAR and
gross FAR (i.e., including streets, vacant land).
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1. Emission Factor Structure

The land use basediemission factérs and emissions per unit floor
area may be disaggregated into two factors, an activity factor (i.e., fuel
throughput, etc., per unit floor area), and the “"Standard" emission factor
(i.e., emissions per unit fuel). For example, in the case of fuel oil space
heating consumption, this would be,

emissions, gr. . _0il consumption, gals. . _emissions, gr.
floor area, 103 sq.ft. floor area, 103 sq.ft. oil consumption, gals.

Given this structure, a complete set of land use based emission factors would -
consist of an n-dimensional array with specific values given for a pollutant
species, fuel or process type, building category, and, in some cases, energy
requirements (e.g., region of the country).

Ignoring the solvent evaporation, solid waste disposal, and
other miscellaneous emissions*, the energy consumption related emission
factor can be generalized as follows:

emissionsi’j’k

sq.ft. - year

Bi:u,i ‘ Btu, Btu
L +

+ i )*
sq.ft. « year sq.ft. - ht.d.d.

= [l sq.ft. - cl.d.d.

1 Y 1 . emissionsj
heat content1 seasonal efficiencyi unit fue]i )k
where
ht.d.d. = heating degree days per year
cl.d.d. = cooling degree days per year

and for a particular fuel type i, pollutant species j
and building category k.

*Emissions from these sources are not considered in this report, since there
is both more limited information about their characteristics and that they
may be expected to display more variation in per unit floor area emissions
between parts of the country. However, the emission factor structure dis-
cussed above is amenable to their inclusion. It is recommended that they
be included in areas where there are significant emission sources and/or
better information concerning their characteristics is available.
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The fourth term in this equation, emissions per unit fuel, are
the commonly used values determined directly from the EPA Compilation of Air
Pollutant Emission Factors [7]. Hence, the focus of this project is generat-
ing the first three terms (i.e., the activity factor). ‘

The first three terms identify the fuel consumption per build-
ing floor area .given the heating and cooling degree days. The heat content
of a fuel in British thermal units is approximately constant and is well
known [8]. It does display some variation for every fuel, especially for
natural gas in different regions of the country [9].

The values for the efficiency for various building types and
fuels are less well known. Efficiency can be defined in a variety of ways.
The purpose of this application is to account for the differences in the
amount of energy consumed by a building depending on the fuel type selected
to provide that energy. This is not the heating unit efficiency, which is
measured at a full load steady state operation. Thus, it does not account
for rapid on and off cycling associated with the typical oversized furnace.
Nor (in the case of gas furnaces) does it measure the pilot light fuel con-
sumption when the furnace is off.

The desired efficiency measure is the ratio of heat loss from
a structure to the energy input to the structure variously defined as effi-
ciency of utilization or seasonal efficiency. Even with agreement on a
definition of efficiency, there is some disagreement in the literature over
what are appropriate values. '

The term in brackets, the energy requirement per square foot
and per square foot degree day, represents the energy requirements of a
building. It is divided into three components:

» Process use of energy-that:is not re]ated to climate;
examples include:

Lighting Water heating equipment
Elevators Cooking equipment
Refrigeration Ventilation

1-5



* Energy requirements for space heating as a function of
heating degree days*

« Energy requirements for air conditioning as a function
of cooling degree days.

D. ' VARIANCE OF ENERGY REQUIREMENT, EFFICIENCY, AND EMISSION FACTORS

The energy requirement factor, the efficiency of utilization, and
the standard emission factors are all estimates of the mean of population
values and can be expected to display a large variation. In general, these
factors are not precise indicators of energy requirement, efficiency, or
emissions of a single source. They are more valid when applied to a large
number of sources. Sources of variation in the energy requirement and
efficiency factors are discussed below.

1. Energy Requirements

The expression of the energy requirement of a building category
as solely a function of floor area and heating or cooling degree days is
only a gross approximation of energy demand. While this approach was
once used as a technique for predicting energy consumption for space heating
in buildings [29], it is more typical now to use a calculated heat loss
method [14]. The use of a degree day-square foot method is less precise in
that it does not allow for variation in exposure, type of construction, ratio
of exposed area to floor area, type of occupancy, outside temperature, wind,
and humidity. In fact, recent research has shown considerable variation in

*Early this century heating engineers developed the concept of heating degree
days as a useful index of heating fuel requirements. They found that when
the daily mean temperature is Tower than 65 degrees, most buildings require
heat to maintain an inside temperature of 70 degrees. The daily mean
temperature is obtained by adding together the maximum and minimum tempera-
ture reported for the day and dividing the total by two. Each degree of
mean temperature below 65 is counted as one heating degree day. Thus, if
the maximum temperature is 70 degrees and the minimum 52 degrees, four
heating degree days would be produced. (70 + 52 = 122; 122 divided by
2 =61; 656 - 61 = 4). If the daily mean temperature is 65 degrees or
higher, the heating degree day total is zero. A map of iso-heating degree
days for the United States is shown on Figure 1-1 [10].
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Figure 1-1: NORMAL SEASONAL HEATING DEGREE DAYS ( BASE 65°F ) 1941-1970
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the fuel consumption of identical buildings. The Center for Environmental
Studies has observed that occupant behavior is a significant component of
monthly energy consumption in identical townhouses in a residential project
in New Jersey [11].

The only area where an energy requirement per square foot
degree day factor has been adequate in predicting fuel consumption is in the
residential o0il dealer industry. In this industry, it is common practice
to predict when another 0il delivery is required on the basis of degree days
alone. The energy requirement factor is in essence calculated for each o0il
customer on the basis of past experience, thereby implicitly accounting for
type of construction and occupant 1ifesty1e;

The estimation of cooling requirements as a function of build-
ing floor area and cooling degree days* poses problems similar to the esti-
mation of heating requirements discussed above. However, unlike the rela-
tionship between heating degree days and space heating energy consumption,
(viz., heating degree days can at least successfully predict energy consump-
tion in the same building over time) the relationship between cooling degree
days and energy use is less precise. There is considerable controversy
among meteorologists, as well as air conditioning engineers as to what
meteorological variables are most closely related to energy consumption
by air conditioning systems. Many experts argue that because high humidity

levels make people feel more uncomfortable as temperatures rise, some measure
of moisture should be included in calculating energy needs for air condition-
ing. The Temperature-Humidity Index has been suggested as an alternative
basis for calculating cooling degree days. In addition to humidity, some
experts feel there are other factors, such as cloudiness and wind speed,

that should be included in computation of energy needs for air conditioning.

*The cooling degree day is a mirror image of the heating degree day. After
obtaining the daily mean temperature, by adding together the day's high
and low temperatures and dividing the total by two, the base 65 is sub-
tracted from the resulting figure to determine the cooling degree day total.
For example, a day with a maximum temperature of 82 degrees and a minimum
of 60 would produce six cooling degree days. (82 + 60 = 142; 142 divided
by 2 =71; 71 - 65 = 6). If the daily mean temperature is 65 degrees or
lower, the cooling degree day total is zero [105

1-8



Also, solar heat gain will vary between different regions of the country
as the solar angle changes due to differences in latitude.

Nevertheless, this study will use cooling degree days as an
index of cooling demand in nonresidential buildings. It is the most
adequate index that is readily available for all areas of the country
and for time periods shorter than a calendar year. A map of the United
States showing iso-cooling degree days is shown in Figure 1-2.

For residential buildings, this study will use the estimated
compressor operating hours of residential air conditioning units as compiled
by Oak Ridge National Laboratory. It is a more adequate index than cooling
degree days as it does take humidity and latitude into account. It is not
used in this study for nonresidential buildings because it was developed
for application to residential bui]dﬁngs only. In addition, regression
analysis* of nonresidential building energy consumption showed no difference
between the explanatory power of cooling degree days and compressor operat-
ing hours. A map of iso-compressor operating hours is shown in Eigure 1-3.
Their derivation is discussed in Appendix A.

2. Efficiency of Utilization

For reasons similar to the above, the efficiency of utilization
will also display variation between buildings of the same category. The
type and size of the heating system and age and condition will effect its
efficiency. In particular, in residential applications, the size of the
furnace relative to the structure's heat loss will determine the number of
times it is cycling on and off, thereby not operating at full load steady
state and maximum efficiency. Losses are incurred during the system start
up and shut down as well as when the system is off due to flue heat loss
and, in gas systems, pilot light consumption.

*See Appendix B and C.
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Figure 1-2: NORMAL SEASONAL COOLING DEGREE DAYS ( BASE 65°F )A 1941-1970
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FIGURE 1-3.

ANNUAL AIR CONDITIONER COMPRESSOR-OPERATING HOURS FOR HOMES THAT ARE NOT
NATURALLY VENTILATED. Source: Oak Ridge National Laboratory [17].




II. SUMMARY OF LAND USE BASED EMISSION FACTORS

This chapter presents a tabular summary of the land use based emission
factors as developed in Chapters III and IV. The emission factors are pre-
sented in units of pounds of pollutant emitted per "measure" for oil and
- gas combustion. For electricity consumption, the factors are in terms of
kilowatt-hours per "measure". The measure, depending on the activity
involved, may be per square foot of building floor area, per square foot
heating degree day, per dwelling unit, etc.

The quantity of secondary, i.e., offsite, emissions occurring due to
electricity consumption depends on the nature of the local electrig utility.:,
generating station. It is suggested that the local utility be contacted
to determine the appropriate emission factor. Default values of pounds of
pollutant emissions per kilowatt-hour sold are presented in Table 2-1 and
are based on data in References 7, 34, and 35. It should also be pointed
out that the emissions due to increased electrical demand do not necessarily
occur at the nearest generating plant.

Tables 2-2 through 2-13 present the land use based emission factors for
residential, commercial, institutional and industrial land uses. The indus-
trial factors do not include process emissions, as explained in Chapter III.

Table 2-1 presents the default electric utility emission factors in
SI (Syst2me International d'Unités) units, kilograms of emissions per joule
of electricity. Tables 2-14 through 2-25 presents the land use based emis-
sion factors in SI units. '

The emission factors in the following tables are for uncontrolled
emissions as presented in sections 1.1, 1.3, and 1.4 of AP-42 [7].

2-1
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TABLE 2-1
TYPICAL EMISSION FACTORS FOR ELECTRIC UTILITIES

Pounds of pollutant emissions per kilowatt hour sold to customer

PM 50 co HC NO
-3 X .2 -4 -4 X .2

coal 5.23 x 10794 1.53 x 10725 4.03 x 10°%  1.21 x 10 2.21 x 10
0il 6.30 x 1000 1.26 x 1072  2.38 x 1000 1.58 x 10°%  8.32 x 1073
gas 1.9 x 107 7.3 x10%  2.02x10% 1.19x10° 8.32x 1073

Kilograms of pollutant emissions per joule sold to customer (SI Units)

PM 50, co HC NO,
coal 6.50 x 10710 1.93x10% s5.08x10°" 1.52x10""  2.78 x107°
0il 7.99 x 100" 1.59 x107%  3.00 x 107" 1.99 x 10°'7 1.05 x 1072
gas 1.50 x 107"V 898 x 1073 255 x10°Y 150 x 1072 1.05 x 107°

Note: A 33.3% overall plant efficiency is assumed for coal fired plants [34].
A 31.6% overall plant efficiency is assumed for oil and gas fired plants [34].
A 10% transmission loss is assumed [35].

'S' and 'A' represent, respectively, the sulfur and ash percentage of fuel by weight.
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TABLE 2-2
'/SINGLE FAMILY RESIDENTIAL LAND USE BASED EMISSION FACTORS ‘

pound of pollutant (or kilowatt-hours) per measure |

PM SOX co HC NOX kWh Measure
Space Heating S )
Electricity - ] B ] - 3.8/ dwelling unit=ht.d.d.
Gas 26 x10°% 1.5x107° s5.a1x10% 2.0x10% 2.6 x1073 - dwelling unit-ht.d.d.
0i1 2.2 x1073 3.2x10% 1.1x10% 6.6x10 2.6 x107 - dwelling unit-ht.d.d.
Air Conditioning |
Central §
Electricity - - - - - 4.7 dwelling unit-op.hr.
Gas 1.8x10% 1.0x10% 3.5x10* 1.4x10% 1.8x107 - dwelling uniteop.hr.
Room f
. Electricity - - - - - 5.1%107 a.c. unit.operating hour
Process
Hot Water : »
Electricity - - - - - 1.4710"%  dwelling uniteyear
Gas 3.0x107 1.8x107% 6.0x10" 2.4 x107" 3.0 - dwelling unit.year
0il 2.5 3.7 .x 10'15 1.2 7.5 x 10'] 3.0 - ' dwelling unit.year
Cooking ‘
Electricity - . - - - 3{5§]o+3 dwelling uniteyear
Gas 10 x107" 6.6x10°3 2.2x10" 8.8x107% 1.1 3 ®elling uniteyear
Miscellaneous _ ’ _ - - - 7.9x10 dwelling unit.year

—_— -
—ll

Note: A 1600 square foot dwelling unit is assumed.
'S' represents the sulfur percentage of 0il, by weight.



TABLE 2-3
MOBILE HOME RESIDENTIAL LAND USE BASED EMISSION FACTORS

pound of pollutant (or kilowatt-hours) per measure
Activity PM SOX co HC NOx kWh Measure

Space Heating

Electricity - - - - - 2.32 dwelling uniteht.d.d. -
Gas 1.7x107% 9.9x10% 3.3x10% 1.3x10% 1.7x1073 - dwelling unit-ht.d.d.
0il 1.4 x1073 2.0x10% 6.9x10% 4.2x10% 1.7x1073 - dwelling unit-ht.d.d.
Air Conditioning
Central
Electricity - - - - - 3.4 dwé]]ing uniteop.hr,
Room '
Electricity - - - - . 5.1x10""  a.c. unitsop.hr.
Process
Hot Water _
Electricity - - - - - 1.3 x 10" dwelling unit.year
Gas 3.0x107 1.8x107% 6.0x107 2.4 x107" 3.0 - : dwelling unit.year
0il 2.5 3.6 x 1071s 1.2 7.5 x 1071 3.0 - dwelling unit.year
Cooking '
Electricity - - - - | - 3.5 x 10+3 dwelling unit.year
Gas 1.1x10" 6.6x1070 2.2x107" 8.8x10% 1.1 - dwelling unit.year
Miscellaneous - - - - - ' 7.9 x 10+3 dwelling unit.year

Note: A 720 square feet per dwelling unit is assumed.

| 'S' represents the sulfur percentage of oil, by Weight.



S

TABLE 2-4
LOW RISE MULTIFAMILY RESIDENTIAL LAND USE BASED EMISSION FACTORS

pound of pollutant (kilowatt-hours) per measure

Activity PM SOx co HC NOx kiWh Measure

Space Heating

Electricity - - - - - 1.3 dwelling unit-ht.d.d.
Gas 1.2x107% 7.3x10% 2.4 x10% 97 x107° 1.2x107% - dwelling unitht.d.d.
0i1 1.1x10% 1.7x10% s5.7x10% 3.4x10% 1.4x103 - dwelling unit-ht.d.d.
Air Conditioning
Central
Electricity - - - - - : 1.5 dwelling unit-op.hr.
Gas 6.2 x107° 3.7x10% 1.2x10% s5.0x107° 6.2x10% - dwelling uniteop.hr.
0il 4.5 x 107 6.4x103 2.2x10% 1.3x10% s5.3x10% - dwelling uniteop.hr.
Room
Electricity - - - - 5,1x10'] ‘a.c. unitrop.hr.
Process
Hot Water
Electricity - - - - - 1.1 x 10+4 dwelling unit.year
Gas 2.4 x 107 1.4x102 48x10" 19xi0" 2.4 - dwelling unit.year
0il 2.0 2.9 x 10"1s 1.0 6.0 x 107 2.4 -  dwelling unit.year
Cooking & Dryer |
Electricity - - - - - 3.8 x 103 dwelling unit. year
Gas 1.2x10°" 7.2x10° 2.4 x107 9.6 x107% 1.2 - dwelling unite year
Miscellaneous - © - - - - " 4.4 x 1073 dwelling unit*year

Note: A 900 square foot dwelling unit is assumed.
'S' represents the sulfur percentage of oil, by weight.



TABLE 2-5
" HIGH -RISF MULTIFAMILY: RESIDENTIAL LAND USE.BASED- EMISSION FACTORS

pound of pollutant (or kilowatt-hours) per measure
Activity PM SOX co HC NOx kiWh Measure

Space Heating

Electricity - - - - - 1.5 dwelling unit-ht.d.d.
Gas 1.0x107% 6.2x10°% 2.0 x10% 8.3x10 1.0x7073 - dwelling unit-ht.d.d.
0i1 1.0 x1073 1.5 x107%s 5.2 x107% 3.1 x10% 1.3x107% - dwelling unit-ht.d.d.
Air Conditioning
Central
m Electricity - - - - - 1.5 dwelling unit-op.hr.
< Room
Electricity - - - - - .51 dwelling unite-op.hr.
Process
Hot Water
Electricity - - - - - ' 6.2 x 1073 dwelling unit-year
Gas 1.4 x 107 8.4 x1073 28x107" 1.1 x107 1.4 - dwelling unit-year
0i1 1 1.6 x 10"'s 5.7 x 1077 3.4 x 1077 1.4 _— dwelling uniteyear
.Cooking & Dryer | |
- Electricity - - - - 3.8 x 10+3 'dwelling unit.year
Gas 1.2 x107 7.2x107% 2.4 x1077 9.6 x1072 1.2 - dwelling unit-year
Miscellaneous -~ - - - - - 5.9 x 10+3 dwelling unit-year

—_r——

Note: A 900 square foot dwelling unit is assumed.
'S' represents the sulfur percentage of 0il, by weight.



TABLE 2-6

RETAIL ESTABLISHMENTS, WAREHOUSES, WHOLESALING ESTABLISHMENTS, LAND USE BASED EMISSION FACTORS

pound of pollutant (or kilowatt-hours) per measure

Activity PM SOx co HC NOX kWh Measure
Space Heating
Electricity - - - - - 1.3 x 107 -sq.ftes ht.d.d.
Gas 9.8 x 1078 5.9x10° 2.0x107 7.8x10° 9.8x107 - sq.ft.sht.d.d.
0i1l 1.7 x ]0‘6 1.2 x 10'55 2.9 x 107 3.3 x 107 4.4 x 10° - sq.ft.-ht.d.d.
Air Conditioning '
Electricity - - - - - 5.2 x 10° sq.ft.cl.d.d.
™ Process
~ Hot Water
‘Electricity - - - - - 5.0 x 107 sq.ft.s year
Gas 2.4 x107° 1.4x10°% 48x10° 1.9x10° 2.4x10% - sq. ft.- year
011 5.2x 107 3.6 x10°% 9.1x10° 1.0x107% 1.4x107° - sq.ft. year
Lighting - - - - - 8.0 sq.ft.. year
Auxiliary - - - - - 3.6 sq.ft.r year
Equipment .
Appiiances - - - - - 2.0 sq.ft.--year
Refrigeration - - - - - 8.9 sq.ft.s year
Note: 'S' represents the sulfur percentage of oil, by weight.



TABLE 2-7

OFFICE BUILDING LAND USE BASED EMISSION FACTORS

pound of pollutant (or kilowatt-hours) per measure
co :

Activity PM SOX HC kWh Measure
Space Heating
Electricity - - - - - 1.9 x 10° sq.ft.+«ht.d.d.
' Gas 9.4 x 1078 5.6 x 1077 1.9x107 7.5x10°8 9.4 x107 - sq.ft.nt.d.d.
0i1 1.7x10% 1.2x107% 2.9 x107 3.3x107° 4.4 x10° - sq.ft.-ht.d.d.
Air Conditioning
Electricity - - - - - 1.5 x 107 sq.ft..cl.d.d.
o Gas 7.4x108 4.4 x10° 15x107 s59x108 74007 - 5q.ft..cl.d.d.
o 0i1 1.3x10°% 9.1 x10% 2.3x107 2.6 x107° 3.4 x10° - sq. ft.« c1.d.d.
Process - - - - - 2.8 x 10" sq. ft.. year

Note: 'S' represents the sulfur percentage of oil, by weight.
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NONHOUSEKEEPING® RESIDENTIAL LAND USE BASED EMISSION FACTORS

TABLE 2-8

pound of pollutant {or kilowatt-hours) per measure

Activity PM SOx co HC NOx kWh Measure
Space Heating
Electricity - . - - - .7 x 1073 sq.ft.-nt.d.d.
Gas 9.4 x10°8 5.6x10° 1.9x107 7.5x10® 9.4 x 1077 sq.ft.-ht.d.d.
0il 1.4 x10% 9.9x10% 2.5x1077 2.8x107° 2.8x107° sq.ft.-ht.d.d.
Air Conditioning \
Electricity - - - - - 7 x 10 sq.ft.«cl.d.d.
Gas 2.3x10% 1.4x10°? 4.6x10% 1.8x10% 2.3x107 sq.ft.~cl.d.d.
0i1 4.1 x107  2.8x10°% 7.1 x108 8.0x10% 1.1 x10° sq.ft.<cl.d.d.
Process - - - - - 2 X 10+] sq.ft.-year

* Hotels, Motels, Dormatories, etc.

Note: 'S' represents the sulfur percentage of oil, by weight.
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TABLE 2-9

HOSPITAL LAND USE BASED EMISSION

FACTORS

pound of pollutant (or kilowatt-hours)

per measure

Activity PM SOX co HC NOX kWh Measure
Space Heating
Electricity - - - - - 2.2x 107 sq.ft.-ht.d.d.
Gas 1.8x 107 1.1x108  3.7x107 1.5x107 1.8x10% - sq.ft.eht.d.d.
01 3.3x10°% 2.3x107% 5.8x1077 6.6 x107° 8.7 x10°% - sq.ft.-ht.d.d.
Air Conditioning
Electricity - - - - - 5.9 x 1073 sq.ft.-cl.d.d.
Process
Lighting - - - » - - 1.5 x 10+] sq.fteyear
Auxiliary - _ - - - - 1.7 x 10+1 sq.fteyear
Equipment
Appliances - - - - - 5.9 sq.ft.-year
Hot Water
| Electricity - - - - - 5.0 sq.ft.-year
Gas 2.4x107% 1.4x107°  48x10* 1.9x10? 2.8 x1073 - sq.ft.- year
0i1 5.2 %1073 3.6 x107% 9.1 x 107 1.0 x 107 . sq

1.4 7107

.ft.syear

Note: 'S" represents the sulfur percentage of oil, by weight.
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TABLE 2-10
CULTURAL BUILDING LAND USE BASED EMISSION FACTORS

pound of pollutant (or kilowatt-hours) per measure

Activity PM SOX co HC NOX kWh Measure

Space Heating

Electricity - - - - - 1.8 x 1070 sq.ft.+ht.d.d.

Gas 9.0x 108 5.4x107 1.8x1077.2x10°8 9.0x107 - sq.ft. ht.d.d.

0il 1.6 x10°% 1.1x107% 2.8x1073.2x10° 4.2x10° - sq.ft.eht.d.d.
Air Conditioning '

Electricity - - | - - - 5.9 x 1077 sq.ft.«cl.d.de

Gas 29x108 1.7x10% 57x108 2.3x1082.9x107 - sq.ft.-cl.d.d.

0i1 5.0 x107 356x10% 8.9x10® 1.0x107°1.3x10° - sq.ft.cl.d.d.
Process - - - - - T2 x 10+] ~sq.ft.e.year

Note: 'S' represents the sulfur percentage of oil, by weight.
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TABLE 2-11

CHURCH BUILDING LAND USE BASED EMISSION FACTORS

pound of pollutant (or kilowatt-hours) per measure

Activity PM N co HC NOX kWh Measure
Space Heating
Electricity - - - - - 2.9 x 107 sq.ft.*ht.d.d.
Gas 1.4x10°7 8.6x10° 2.9x107 1.1x107 1.4x10°% - sq.ft.-ht.d.d.
01 2.6 x10°% 1.8 x107% 4.5x107 5.0x107° 6.7x10° - sq.ft.-ht.d.d.
Air Conditioning
Electricity - - - - - 3.8 x 10° sq.ft.*cl.d.d.’
Gas 1.8x1077 1.1x10% 3.7x107 1.5x107 1.8x10°% - sq.ft.*cl.d.d.
0i1 3.3x10° 2.3x107% 5.7x1077 6.4x10° 86x10° - sq.ft.*cl.d.d.
Process - - - - - 4.2 sq.ft.tyear

Note: 'S*' represents the sulfur percentage of oil, by weight.
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TABLE 2-12
SCHOOL BUILDING LAND USE BASED EMISSION FACTORS

pound of pollutant (or kilowatt-hours) per measure

Activity PM SOx co HC NOx kWh Measure

Space Heating

Electricity - - - - - 1.7 x 1077 sq.ft.«ht.d.d.

Gas 8.0x10°8 4.8x10°% 1.6 x107 6.4x108 sox107 - sq.ft. ht.d.d.

0il 1.2 x10°% 8.5x10% 2.1 x107 2.4 x10° 3.2x10° - sq.ft. ht.d.d.
Air Conditioning

Electricity - - - - - 4.7 x 100" sq.ft.-cl.d.d.

Gas 2.3x10°8 1.4x107° 4.6x108 1.8x10% 2.3x107 - 5q.ft. cl.d.d.

0il 4.1 x107 2.8x10°% 7.1 x108 s.0x10% 1.1x100 - sq.ft.c c1.d.d.
Process - - - - - 7.1 sqg.ft. year
Note: 'S' represents the sulfur percentage of oil, by weight.



TABLE 2-13

ESTIMATED NATIONAL INDUSTRIAL LAND USE BASED EMISSION
. FACTORS BY TWO DIGIT 1967 STANDARD INDUSTRIAL CLASSIFICATION CODE

c pounds of pollutant (or kWhtof electricity) per floor area sq.ft.syear
SI

Code  PM S0, co HC HO, J
20 .64 .50 .013 .0033 .13 38
21 1.22 1.02 .025 .014 .23 48
22 .58 .54 .014 .0081 14 68
23 .06 .04 .0014 .00084 .015 16
24 .06 .07 .0034 .0023 .045 22
25 W1 .08 .0022 .0012 .021 14
26 3.12 3.09 .069 .040 .69 85
27 .01 .02 .00068  .00048 .0095 25
28 .10 .46 .011 .0081 .16 181
29 1.06 2.78 .055 .038 .73 426
30 .51 .38 .010 .0058 .097 50
31 7 17 .0047 .0029 .052 18
32 4.03 2.67 .72 .038 .61 78
33 3.06 2.38 .061 .034 .57 297
34 .14 12 .0035 .0021 .036 33
35 .22 .18 .0047 .0027 .046 31
36 .22 .20 .0053 .0032 . 056 56
37 .68 .48 .013 .0068 Bl 54
38 .95 .70 .018 .0095 .15 38
19 & 39 .08 13 .0035 .0024 .044 31

Note: The following is assumed: 2% sulfur in coal
10% ash in coal

0.2% sulfur in distillate oil
1.75% sulfur in residual oil

1967 SIC codes are used because of data availability. The
1972 SIC code manual provides conversions between 1967 and
1972 codes [39].



TABLE 2-14

SINGLE "FAMILY RESIDENTIAL LAND USE BASED EMISSION FACTORS (SI UNITS)

kilogram of pollutant (or Joules of electricity) per:measure

Activity - PM : SOX Co HC NOx . Measure
Space Heating
Electricity - - - . 2.5 x 1077 dwelling uniteht.d.d.,°K
Gas 2.1 x 1074 x 1072 4.2x10% 1.6x10t 2.0 x107 - dwelling unit-ht.d.d.,°K
0il 1.8x 1073 2.6 x107%s 9.0x10% 5.4 x10% 2.1 x107° - dwelling uniteht.d.d.,°K
Air Conditioning
Central
Ei Electricity - - - - - 1. 10+7 dwelling unit«op.hr.
7 Gas 8.2x107° 5.0x10% 1.6x10% 6.4x10° 8.2x10% - dwelling unit-op.hr.
Room
Electricity - - - - - 1. 10+6 dwelling unit-op.hr.
Process
Hot Water
Electricity - - - - - 4.9 x 1010 dwelling unit-year
Gas 1.4 x107 8.2x10% 2.7x100 1. x0T 1. - dwelling unit-year
0i1 1.1 1.7 x 10’ 5.4 x107 zaxi0l 1. - dwelling unit-year
Cooking _
Electricity - - - - - 1. 10+]0 dwé]]ing uniteyear
Gas 5.0 x 1072 3.0 x10°3 1.0x107' 4.0x107% 5.0x107 - dwelling uniteyear
Miscellaneous - - - - 2. 10+]0 dwelling unit-year

Note: A 149 square meter dwelling unit is assumed.

'S' represents the sulfur percentage of oil, by weight.

$



MOBILE 'HOME RESIDENTIAL LAND USE BASED EMISSION FACTORS (SI UNITS)

TABLE 2-15

kilogram of pollutant (or Joules) per measure
co

Activity PM X HC NOx J Measure
Spaée Heating
Electricity - ] - - - 1.5 x 1077 dwelling unitsht.d.d.,°K
Gas 1.4 x107% 8.1x100 2.7x10% 1.1x10 1.4x103 - dwelling unitht.d.d.,°K
0i1 1.1x103 1.6x102% 56x10% 3.4x10% 1.8x107° - dwelling uniteht.d.d.3°K
Air Conditioning
Central
Ej Electricity - - - - - 1.2 x 10+7 dwelling uniteop.hr.
i Room
Electricity - - - - - 1.8 x 10+6 dwelling units op.hr.
Process
Hot Water
Electricity - - - - - 4.9 x 16+10 dwelling unite-year
Gas 1.4x107" 82x10% 2.7x107 1.1x107 1.4 - dwelling uniteyear
0i1 1.1 1.7 x 107's 5.4 x 107" 3.4x107" 1.4 - dwelling uniteyear
Cooking
Electricity - - - - - 1.3 x<10+]0 dwelling uniteyear
Gas 5.0 x 1072 3.0x107° 1.0x10°" 4.0x107% 5.0x 107 - dwelling uniteyear
Miscellaneous - - - - - ‘ 2.8 x 10+]0 dwelling uhit'year

Note: A 67 square meter dwelling
'S' represents the sulfur percentage of 0il, by weight,

unit is assumed.



TABLE 2-16
LOW RISE MULTIFAMILY RESIDENTIAL LAND USE BASED EMISSION FACTORS (SI UNITS)

kilogram of pollutant (or Joules) per measure

Activity PM. S0, co HC NO, J Measure

Space Heating

Electricity - - - - - 8.4 x 10"  dwelling unit-ht.d.d.,°K
Gas 9.8 x 107 6.0 x 10°® 2.0x10™* 7.9x107° 9.8x107% - dwelling unit-ht.d.d.,°K
0i1 9.0 x 107 1.4 x107% 4.7 x 10 2.8x10% 1.1 x10% - dwelling uniteht.d.d.,°K
Air Conditioning
Central
N Electricity - - - - - 5.4 x 107®  dwelling uniteop.hr.
S Gas 2.8x107° 1.7 x10°% 5.4 x103 23x107° 2.8x10% - dwelling uniteop.hr.
0il 2.0x 10°% 2.9 x103 1.0 x 107 5.9 x 107 2.4 x 107% - dwelling uniteop.hr.
Room
Electricity - - - - - 1.8 x 10"®  unit-op.hr.
Process '
Hot Water
Electricity - - - - - 4.0 x 10+]0 dwelling unitieyear
Gas 1.1 x 1077 6.4 x1073 2.2 x 107 8.6 x107% 1.1 ; dwelling uniteyear
0il 9.1 x 107" 1.3 x10"s 4.5 x 1077 2.7 x 1077 1.1 - dwelling unite year
Cooking, Dryer
Electricity - - - - - 1.4 x ]0+]0 dwelling unit- year
Gas 5.4 x 1072 3.3 x10°° 1.1 x 107" 4.4 x 1072 5.4 x 107 - dwelling unit year
Miscellaneous - - - - 1.6 x ]O+]0 dwelling unite year

Note: An 84 square meter dwelling unit is assumed.
'S' represents the sulfur percentage of oil, by weight.
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TABLE 2-17

HIGH RISE MULTIFAMILY RESIDENTIAL LAND USE BASED EMISSION FACTORS (SI UNITS)

kilogram of pollutant (or Joules of electricity) per measure
co J

Activity PM SOx HC X Measure
Space Heating
Electricity - - - - - 7.5 x 10+6 dwelling uniteht.d.d.,°K
Gas 8.2x107° 5.1 x10% 1.7x10% 6.8x107° 82x10t - dwelling uniteht.d.d.,°K
0i1 8.2 x 107" 1.2x107% 4.2x10% 2.5 x 107 1.1 x107% - dwelling uniteht.d.d.,°K
Air Conditioning
Central
Electricity - - - - - 5.4 x 10+6 dwelling unit-op.hr,
Room
Electricity - - - - - 1.8 x 10+6 dwelling uniteop.hr,
Process '
Hot Water
Electricity - - - - - 2.2 X 10+]0 dwelling uniteyear
Gas 6.4 x 102 3.8x10° 1.3x10°" 5.0x1072 6.4x107 - dwelling unit-year
0i1 5.0 x 107 7.38 2.6 x 107 1.5 x 107" 6.4 x107" - dwelling unit-year
- Cooking, Dryer
| Electricity - - - - - 1.4 x 10+10 dwelling unit-year
Gas 5.4 x 1072 3.3x107° 1.1x10" 44x10? 5.4x107 - dwelling unit-year
Miscellaneous - - - - - s.1 x 10+]0 dwelling uniteyear

Note:

An 84 square meter dwelling unit is assumed.

'S' represents the sulfur percentage of 0il, by weight.



TABLE 2-18
RETAIL ESTABLISHMENTS, WAREHOUSES, WHOLESALING ESTABLISHMENTS, LAND USE BASED EMISSION FACTORS (SI UNITS)

kilogram of pollutant (or Joules:of electricity) per measure

Activity PM SOx co _ HC NOx J Measure

Space Heating

Electricity - - - - - 9.1 x 10*  n?.ht.d.d.,°K
Gas 8.6 x 1077 5.2x108 1.8x10°% 6.9x 107 86x107 - m2eht.d.d.,°K
01 1.5x10° 1.1x10 % 2.5x10°% 2.9x10% 3.9x107° - méeht.d.d.,°K
Air Conditioning
Electricity - - - - - 3.6 x 1070 mlecl.d.d..°K
Process
[3S]
). Hot Water
ve) L +7 2
Electricity - - - - - 1.9x 10 m-e year
Gas 1.2x10°% 6.8x10°% 2.3x10% 9.3x107° 1.2x1073 - mee year
0i1 2.5 x 1073 1.8x10% 4.4x10% 2.9x107? 6.8x 107 - mee year
Lighting - - - - - 3.1 x 10+8 mZ-year
Auxiliary - - ' - - - 1.4 x 10%8 2-'year
Equipment
: +7 2
Appliances - - - - - 7.8 x 10 m-e year
Refrigeration - - - - - 3.4 x 10+8 m2~year

Note: 'S' represents the sulfur percentage of oil, by weight.
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TABLE 2-19

OFFICE BUILDINGS, LAND USE BASED EMISSION FACTORS (SI UNITS)

kilogram of pollutant (or Joules of electrtcity) per measure

Activity PM SOx co HC NOx J - Measure
Space Heating
Electricity - - - ; - 1.3 x 10" m2nt.d.d. oK
Gas 8.3x1077 4.9x10°% 1.7x10® 6.6 x107 8.3x10° - m %ont.d.d. oK
0il 1.5 x 1072 1.1 x107% 2.5 x10® 2.9 x 107 2.9 x107* - mZent.d.d. oK
Air Conditioning ,
Electricity - - - - - 1.0 x 10 m2.cl.d.d.,%K
Gas 6.5 x 107 3.9x10°8 1.3x10% 5.2x107 6.5x10° - m 2 cl.d.d. ,°K
0i1 1.1 x 1072 8.0x107% 2.0x10°% 2.3x10™% 3.0x 107 - m2cl.d.d.,°K
Process - - - - - 1.7 x 10+9 n\z-year
Note: 'S' represénts the sulfur percentage of oil, by weight.
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TABLE 2-20
NONHOUSEKEEPING RESIDENTIAL LAND USE BASED EMISSION FACTORS (SI UNITS)

kilogram of pollutant (or Joules of electricity) per measure
Activity PM SOX

Space Heating

Electricity - - - - - 1.2 x 10" m-nt.d.d.,°K

Gas 3.9x 1077 4.0x10® 1.7x10° 6.6 x107 8.3x10° - m2+ht.d.d.,°K

011 1.2 x 1072 8.7 x107% 2.2x10°% 2.5x107* 2.5 x107* - o +ht.d.d. ,°K
Air Conditioning '

Electricity - - - - - 3.3 x 10"% o+ year

Gas 2.0x107 1.2x108 4.0x107 1.6 x1077 2.0x10° - e~ year

0i1 3.6 x 107 2.5 x 10°% 6.2 x 1077 7.0 x 107 9.7 x 10°® - me+ year
Process - - - - - 4.7 x 1078 mé. year.

Note: 'S' represents the sul fur percentage of oil, by weight.

ongt



TABLE 2-21
HOSPITAL, LAND USE BASED EMISSION FACTORS (ST UNITS)

kilogram of pollutant (or Joules of electricity) per measure

Activity PM SOX co HC NOx J. Measure

Space Heating

Electricity - - - - - 1.5 x 10"° nfent.d.d.,°K
Gas 1.6 x 1078 9.7 x10% 3.3x10% 1.3x10% 1.6x10° - n?ht.d.d. ,°K
0il 2.9 x 1078 2.0 x 107 5.1 x10°® s5.8x10% 7.6 x10° - m+ht.d.d. ,°K
Air Conditioning
Electricity - i - g - 4.1 x 10°° mlecl.d.d.,°K
n Process
) ) . : +8 2
R Lighting - - - - - 5.8 x 10 m-e« year
Auxiliary Equipment - - - - - 6.6 x ]O+8 mz-year
Appliances - - - - - 2.3 x 10+8 mz-year
Hot Water
.. ) +8 2
Electricity - - - - - 1.9 x 10 m-* year
-3 -5 -3 -4 -2 2
Gas 1.2 x 10 6.8 x 10 2.3 x10 9.3 x 10 1.2 x 10 - m-e year
011 2.5x 102 1.8x1077s 4.4x10° 4.9x107" 6.8x107 - n’ year

Note: 'S' represents the sulfur percentage of oil, by weight.
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TABLE 2-22
CULTURAL BUILDINGS LAND USE BASED EMISSION FACTORS (SI UNITS)

kilogram of pollutant (or Joulesof electricity) per measure
Activity PM SOX co HC NOx J Measure

Space Heating

Electricity - - - - - 1.3 x 107 ml.nt.d.d.,°K

Gas 7.9x 107 4.7x108 1.6x10° 6.3x107 