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Carbon Monoxide Emission Effects of

Drive-Up Facilities

Curtis C. LUECK AND JILL MERRICK

The effects of drive-up facilities such as banks, restaurants, liquor
stores, and laundries on air quality are investigated; particular
attention is given to carbon monoxide emissions. The primary
purpose of the study is to provide guidance on whether regulation
of drive-up business is warranted and desirable. Carbon monoxide
monitoring, on-site traffic counts, queueing and service times,
and arterial traffic counts were simultaneously obtained at three
typical drive-up facilities in Tucson, Arizona. The field data were
analyzed to help determine the magnitude of air quality impact
and the amount of traffic generated by the various facility types.
A mail-out survey of drive-up facility regulations was also con-
ducted. Significant insight about the current operation, use, and
air quality effects of drive-up facilities is provided. First, field
measurement is not an effective means of determining the level
of carbon monoxide air pollution generated by a drive-up busi-
ness. Second, computer modeling can be used effectively to es-
timate pollution levels at drive-up facilities. Third, many com-
munities regulate the design and location of drive-up businesses,
but not for reasons of air quality. Fourth, the use of drive-up
facilities can produce less carbon monoxide pollution than the
park-and-enter alternative if the service time is less than 2 min.
Fifth, the traffic impacts of drive-up facilities are difficult to assess
because only limited data are available. The amount of pass-by
and diverted linked trips has not been adequately quantified for
the broad range of drive-up services. The findings of this study
reflect conditions in the Tucson metropolitan area. Recommen-
dations and conclusions of the study may be also valid in other
regions after local needs and conditions are carefully considered.

Drive-up facilities are commonplace in today’s American cit-
ies. Their prevalence reflects American reliance on the au-
tomobile for personal transportation, enjoyment of a high
degree of mobility, and insistence on speed, value, and con-
venience in many aspects of our daily lives. There has been
continuing concern over the environmental implications— both
energy use and air pollution—of drive-up restaurants, banks,
stores, and related enterprises since their inception in the
1970s. Poorly planned and designed drive-up lanes can in-
crease congestion, cause traffic circulation problems, and pro-
vide less-than-welcome intrusion into neighborhoods. Addi-
tionally, drive-up businesses often are at or near congested
locations that may already be hot spots for air pollution.

This study addresses the interrelationship between air qual-
ity and the use of drive-up facilities in the Tucson, Arizona,
metropolitan area. The study was authorized by the Tucson
City Council and managed by the Tucson Department of
Transportation, Planning Division, through a grant from the
Arizona Department of Transportation.

C. C. Lueck, JHK & Associates, 110 South Church Avenue, Suite
470, Tucson, Ariz. 85701. J. Merrick, Transportation Planning Di-
vision, City of Tucson Department of Transportation, P.O. Box 27210,
Tucson, Ariz. 85726.

STUDY PURPOSES

This study investigates the air quality impacts of drive-up
facilities such as banks, restaurants, liquor stores, and laun-
dries. Some public services are also provided on a drive-up
basis. Therefore, the private sector should not be singled out
as the sole user of drive-up establishments, although public
use is small in comparison to the private sector. The thrust
of the study is to determine what air quality impacts are as-
sociated with drive-up facilities and the magnitude of these
impacts on an individual location or in the aggregate, and to
determine whether or not such facilities should be regulated
by local government. If such regulations are desirable, an
ancillary purpose is to suggest what types of regulations should
be imposed and how sites may be evaluated for their air
quality impact. Another purpose of this study is to develop
a local information data base on the service times at typical
facilities, as well as the trip generation rate and the temporal
distribution of demand for these kinds of enterprises. This
information can then be correlated with other local and na-
tional data.

The study also provides an overview of existing air quality
computer models developed by the Environmental Protection
Agency (EPA) and state and local government, as well as
other models available from the private sector. From these
models, one or more may appear satisfactory for use in ana-
lyzing drive-up facilities.

Drive-up facilities are not all the same; therefore, this study
attempts to categorize the different types of facilities and
describes their relative effectiveness by design and use. A
site-specific evaluation procedure is described that is based
on current practice and may be used in the future whether or
not the city of Tucson adopts specific air quality regulations.
In other words, these procedures can be used to help refine
the design of the facility itself relative to circulation, demand
management, traffic flow, and parking. Mitigation strategies
are recommended to help improve the design of drive-up
facilities that will help minimize the amount of waiting time
(vehicle idling time) encountered at typical drive-up busi-
nesses. Mitigation strategies may be mandated by city gov-
ernment as part of the development approval process. Alter-
natively, mitigation guidelines may be used by the design
sector on an advisory basis to help improve the design of the
project site.

This project has been conducted using several concurrent
levels of investigation and analysis. First, a literature search
of similar or related studies was undertaken using manual
methods, as well as an on-line, interactive data base. We also
used the Planning Advisory Service of the American Planning
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Association to find ordinances and regulations of similar agen-
cies that would otherwise not be identified through a literature
search. This information proved invaluable in describing the
historic development of drive-up facility regulation as well as
the evolution of the industry itself.

Second, several levels of field analysis and data collection
were undertaken. Air quality monitoring, on-site traffic counts,
queueing and service times, and arterial traffic counts were
simultaneously obtained at three typical drive-up facilities in
the city of Tucson. The sites were monitored for a typical
midweek business day during November 1990. Air quality
data were collected by Pima County’s Department of Envi-
ronmental Quality, using a mobile monitoring van. Traffic
counts were obtained into and out of the facilities, as well as
on adjoining streets. An on-site observer monitored customer
arrival, service, and departure times at the various facilities.
The field data were analyzed to help determine the magnitude
of air quality impact and the amount of traffic generated by
the various facility types. The field studies also included gath-
ering service time data at several other types of businesses.
This information was used to help understand how various
drive-up facility designs and services impact vehicle idling
time.

Third, we obtained information from the drive-up industry
about service goals, trends in technological innovation, and
related background information. This effort included tele-
phone discussions with local and corporate spokesmen for
Burger King and McDonald’s, as well as review of industry
publications.

A mail-out survey of drive-up facility regulations was also
conducted. More than 70 surveys were mailed out to a variety
of municipalities throughout the United States. More than 40
surveys were returned and analyzed.

BACKGROUND: AUTOMOBILES AND AIR
POLLUTION

The use of the automobile is directly responsible for a major
portion of the air pollution problem in major metropolitan
areas, including the Tucson region. The pollutants of concern
include carbon monoxide (CO), nonmethane hydrocarbon
(NMHC), sulfur oxides (SO,), nitrogen oxides (NO,), lead
(Pb), and particulate matter 10 pm or less in aerodynamic
diameter (PM,,). Ozone (O,) is also a major concern, but it
is a secondary pollutant formed by NMHC and NO, in the
presence of sunlight and is not directly emitted in auto ex-
haust. All of these pollutants are generated by transportation
vehicles including cars, trucks, trains, and aircraft. Private
vehicles (cars and light-duty trucks) are the greatest contrib-
uting factor to several of these pollutants (1,2). Most signif-
icant to this study are CO and PM,,. These two primary
pollutants have caused the eastern Pima County air shed to
fall out of compliance with national air quality standards. Pima
County and the city of Tucson are generally in compliance
with all other national standards.

The automobile produces differing levels of CO and PM,,
under various operating modes and driving conditions. For
example, CO concentrations can become excessive whenever
a large number of vehicles are operating in a given location.
This can happen in very slowly moving traffic during periods
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of congestion, and at signalized intersections. Vehicle idling
also occurs at other locations, such as parking lots, service
facilities, and drive-up lanes. PM,, includes microscopic dust
particles from vehicle braking systems, tire wear, and engine
exhaust. In the Tucson area, dust is created about equally by
natural sources and transportation systems. The vortex of a
moving vehicle causes surface dust to become airborne, or
reentrained, resulting in impairment of visibility and potential
hazards to health at high concentrations. The amount of dust
produced by vehicles in motion is proportional to vehicle
speed, particularly on unpaved surfaces. Since this study ad-
dresses drive-up facilities where vehicle speeds are less than
5 mph on paved surfaces, PM,, is not a major concern. There-
fore, from an air quality perspective, CO is the principle
pollutant of concern and will be emphasized throughout this
study. The study looks only at the atmosphere outside the
vehicle, so CO concentrations inside vehicles or drive-up es-
tablishments are excluded.

HISTORY OF DRIVE-UP FACILITIES

Drive-up restaurants and banks became increasingly popular
in the 1970s, although their use has been traced back to the
1930s (3). Drive-up windows are popular because they offer
perceived speed and convenience compared with parking a
vehicle and entering a business for specific services. A wide
range of businesses and public sector services are provided at
drive-up windows. Banks, restaurants, liquor stores, laun-
dries, and other private businesses rely on drive-up operations
for a major portion of their revenue. Public sector drive-up
services, such as vehicle registration, emission testing, and
postal services have been used with great public acceptance.
Drive-up facilities have become a recognized part of the
American lifestyle.

TRENDS IN DRIVE-UP FACILITY USE

More and more businesses are using drive-up facilities to re-
main competitive. Several national fast-food restaurant chains
have improved the design of their facilities by providing sep-
arate menu boards and pay windows in addition to the nec-
essary service window. This trend has allowed faster service
times and a greater proportion of business revenue to be
generated through the drive-up window. Emerging technol-
ogies, such as radio communication and interactive video, are
also being incorporated into drive-up design. The convenience
and speed demanded by the customer has resulted in some
businesses establishing service time goals. For example, Burger
King and McDonald’s have target service times of 90 sec or
less. The trend towards more and faster drive-up services is
apparent, both in the literature and the marketplace.
Emerging technologies may have an important influence
on how, when, and where we travel in the future. A recent
report announces a new petroleum refining process that re-
duces automobile air pollution by a third (4); oil companies
encourage the public to drive less and carpool (5); and vehicle
manufacturers are marketing the next generation of fuel-
efficient vehicles. Telecommunications already allow us to
conduct business without traveling, and mobile communica-
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tions make it possible to be more productive while traveling.
Vehicle guidance and navigation systems will help increase
highway capacity and improve traffic safety (6). These tech-
nological trends will continue, resulting in an even more mo-
bile society. The role of drive-up businesses is expected to
increase, not diminish, as service becomes faster and mobility-
enhancing technologies are implemented.

The recently adopted Clean Air Act Amendments of 1990
are already having a marked effect on urban planning, vehicle
manufacturing, and fuel refining (7). Emission standards for
light-duty vehicles have become more stringent, and the use
of alternative or oxygenated fuels is mandated for some areas.
As automobile usage increases, vehicles are becoming si-
multaneously “cleaner.” The net result is that levels of carbon
monoxide, overall, are improving in Tucson, and probably
will continue to improve over the next 10 years until offset
by rising regional vehicle miles of travel. This same phenom-
enon could also occur in larger, more severely polluted cities.

AIR QUALITY MODELS AND LAND USE
CONTROLS

This section of the study addresses current computer models
and the relevant land use controls exercised by other com-
munities. Computer models are useful for estimating aggre-
gate emissions or emission concentrations near stationary or
mobile sources. This section emphasizes mobile source emis-
sion models applicable to slow moving traffic in urban areas,
similar to traffic conditions at drive-up facilities.

Air Quality Models

Air quality models primarily include computer-based algo-
rithms developed by governmental agencies or private soft-
ware vendors. Air quality models, however, may also include
simple manual calculations, as described in the literature.
Computer models must rely on a set of assumptions about
emission rates, dispersion methods, and physical processes
affecting ambient air quality levels. Generally, the models are
defined as numerical, Gaussian, statistical, or physical (8).
Numerical models are extremely complex and use a finite
element approach to estimating downwind pollution concen-
trations. These models are computationally rigorous, there-
fore, not utilized often. On the other hand, Gaussian models
use a simplifying assumption that the pollutant plume is trans-
ported according to a normal distribution. This assumption
greatly simplifies the computational process at the expense of
theoretical precision. Virtually all models approved by the
EPA for regulatory and screening purposes are Gaussian dis-
persion models. Statistical and physical models are used for
special studies, not for routine analysis.

Project analysis for mobile source emissions of carbon mon-
oxide should include preliminary screening techniques. If pre-
dicted concentrations using these techniques exceed the am-
bient air quality standards, then more refined techniques should
be used to determine compliance with the standards. CALINE3
is the preferred model when refined analysis is required. A
newer release of this model, called CALINE4, is also avail-
able, but it has not yet been approved by EPA. For free-flow
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sources, the latest version of mobile source emission factors
available from the model MOBILEA4 is required as input to
CALINES3, and for interrupted flow sources, such as signal-
ized intersections, procedures to calculate mobile emission
factors are contained in other EPA guidance documents. Point
and area sources are modeled using algorithms other than
CALINE3.

Proprietary models are available from several private ven-
dors. These models, however, vary little from the EPA models.
Private vendors frequently obtain the public domain software
and modify the software to make it more user friendly. Mod-
ifications typically include simplification of model input pa-
rameters, simplified file maintenance algorithms, and addition
of screen graphic and printer output options. The costs of
proprietary models are significantly higher than the public
domain models, often by a factor of 10 to 20. Proprietary
sources, however, can provide training on the use of these
models which may not be available from public agencies.
Proprietary models are as acceptable for regularly and screen-
ing purposes as the public domain version of the same models.

Research has recently been undertaken to evaluate the ef-
fectiveness of carbon monoxide models in the urban environ-
ment (9-11). There is some agreement among researchers
that (a) the models tend to underestimate actual pollutant
concentrations, (b) the models are difficult to calibrate with
field data, and (c) the models tend to oversimplify the impact
of meteorological conditions on the location of highest con-
centration downwind of an intersection.

Current Regulation of Drive-Up Facilities

For this study, we conducted a survey of other community’s
regulatory practices. The survey was distributed to more than
70 cities throughout the United States, but emphasized the
Southwest. The surveys were mailed to cities ranging in size
from 50,000 to 1,000,000 residents. Approximately 42 surveys
were returned. The univariate results of the survey are tab-
ulated in Figure 1. A multivariate analysis was also conducted,
though not tabulated herein. The high response to the survey
indicates that there is a significant interest in the regulation
of drive-up facilities. This is also substantiated by the 92 per-
cent of the respondents requesting a copy of this final study.

Almost one-third of the cities enforce some kind of specific
drive-up business regulation, yet almost none requires an air
quality impact study. Current regulations of drive-up busi-
nesses are generally not a response to local air quality prob-
lems. Most cities that currently have drive-up regulations feel
that the regulations are ineffective. Those that feel their reg-
ulations are effective generally have special zoning ordinances
for drive-up facilities, whereas regulations considered inef-
fective are general, governing all types of development. It
can be concluded that effective regulation of drive-up facilities
should (a) be specifically directed to drive-up uses, (b) include
site design guidelines, and (c) include a development review
committee process.

FIELD DATA COLLECTION

This section of the study describes the field data collection
effort and presents the results of this effort.
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I. BACKGROUND

C. Air Quality Status: Please indicate your community's compliance with National Ambient

Air Quality Standards.
Pollutant Compliance Noncompliance Don’t Know
CO (carbon monoxide)  (18) 42% (13) 30% (12) 28%
PM]( (particulate matter) (18)42% (10) 23% (15) 35%
NOx (nitrous oxides) (25) 58% 3) 7% (15) 35%
SOx (sulfur oxides) (25) 58% 2) 5% (16) 37%
03 (ozone) (16) 37% (12) 28% (15) 35%
Pb (lead) (24) 56% @M 2% (18) 42%

II. DRIVE-UP FACILITY REGULATIONS

drive-up facilities?

B. Which of the following do you
require?

Air Quality Impact Study
Design Review Committee
Noise Impact Study
Queueing Analysis

C. Do you have a special section of your
zoning or development code
addressing drive-up facilities?

1950 = Earliest
1960s = 4
1970s =2

E. Are your drive-up facilities regulations
generally effective, and not in need of
revision?

F. Are you currently considering
adopting new regulations?

OI. FURTHER INFORMATION

B. Indicate whether you would like a
copy of the final study.

Yes

. Does your community enforce special planning, analysis, or design requirements on
NO

. Approximately when were these regulations adopted?

(27) 63% (16) 37% (If No, Skip to F)
Don’t Know or
Yes No (no response)
(1) 20% (21)49.0% (21)49%
(20)46.5% (8)18.5% (15)35%
2) 50% (18)42.0% (22)51%
(17)40.0% (10)23.0% (16)37%
Don’t Know or
Yes No (no response)
(17)39.5% (15)35% (11) 25.5%
1980s = 11
1990s =2

Most were adopted in the mid- to late 1980s.

Don’t Know or

Yes No (no response)
(13)30% (14)33% (16) 37%

Don’t Know or
Yes No (no response)
(14)33%  (27)63% (2) 5%

Don’t Know or
Yes No (no response)
“40)93% (3)7% ©0) 0%

FIGURE 1 Survey results.

Multifaceted Collection Plan

A multifaceted field data collection effort was utilized to
help quantify air quality impacts of three typical drive-up
facilities in the Tucson area. The data collection effort was
also used to evaluate whether monitoring a drive-up facility
is a practical method of enforcing site-specific air pollution
regulations using locally available equipment. Concurrent data
were collected for carbon monoxide and meteorological con-
ditions, on-site traffic, queueing/service data, adjoining ar-
terial traffic volumes, and ambient carbon monoxide back-
ground concentrations. Data were collected in December 1990.
These data were collected in a joint effort by the City of
Tucson Department of Transportation, Pima County Air
Quality Control District (PCAQCD) and the project con-
sultant. The three sites selected include a fast food restaurant,
a bank, and a vehicle emissions testing facility. The selected
businesses and their locations are considered typical of the
Tucson area. The emissions testing facility was included to

help demonstrate that some public and quasi-public services
are also provided on a drive-up basis. The sites were also
selected because of their physical orientation allowing on-site
parking of the PCAQCD van, adequate electrical outlets, ease
of observation of the drive-up lane operation, and the co-
operation of the facility manager.

The van was placed 100 to 400 ft from the drive-up lane,
and CO data were collected at each site for 12 to 24 hr. The
van was equipped with a single Monitor Labs 8830 infrared
CO monitor, a Sumx 445 data logger, and a Linear 156 strip
chart recorder. The CO sample inlet was located approxi-
mately 9 ft above ground level. Wind speed and direction
were monitored at 13 ft above ground level. Air temperature
inside the van was monitored to assure calibration of the
equipment. Outside temperatures were obtained from the
National Weather Service and the ACQD’s permanent mon-
itoring sites. For each site, a field visit and coordinating meet-
ing with the facility manager or owner were conducted prior
to data collection.
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FIGURE 2 Field data summary: fast-food restaurant.

Typical results of the data collection efforts are shown in
Figure 2. This exhibit contains time-based data regarding: (a)
the number of vehicles queued at the fast-food facility, (b)
the CO concentration measured at the site, and (c) the back-
ground CO concentration recorded at a permanent monitor-
ing site several miles away.

The CO concentrations recorded at the sites are less than
9 parts per million (ppm), much less than the national stan-
dard of 35 ppm for 1-hr exposures. A graphical analysis ap-
proach using superposition of the data has been used. This
technique is similar to an approach used by EPA (12-14).
Although the data collection effort went smoothly, interpre-
tation of the data shows little, if any, correlation between the
amount of traffic through the drive-up facility and the CO
level detected at the monitoring van. The major difficulties
with this effort included: (a) variable winds that shifted the
concentration point away from the single CO monitor at the
sampling van, and (b) the low concentration of CO being
emitted by vehicles in queue, as well as very low ambient
levels of CO. The finding that measured CO concentrations
do not correlate well with field observations of the emission
source, although a disappointment in light of the amount of
effort to collect the data, has also been concluded by others.
For example, EPA (8) states that

calibration of short-term models is not common practice and is
subject to much greater error and misunderstanding. There have
been attempts by some to compare short-term estimates and
measurements on an event-by-event basis and then to calibrate
a model with results of that comparison. This approach is severely
limited by uncertainties in both source and meteorological data
and therefore it is difficult to precisely estimate the concentration
at an exact location for a specific increment of time. Such un-
certainties make calibration of short-term models of questionable
benefit. Therefore, short-term model calibration is unacceptable.

The findings of independent researchers are also consistent
with this EPA viewpoint.

It can be concluded that the air quality monitoring approach
used here is not a viable tool for enforcing locally adopted
emission regulations at drive-up facilities. A much more so-

phisticated (and more expensive) approach using numerous
monitors and extensive on-site traffic data collection would
be needed. Drive-up facility regulation would be more effec-
tive in the form of site design and performance standards
rather than the establishment of incremental emissions levels
contributed by drive-up operations. Physical site constraints,
variable meteorological conditions, the limitation of moni-
toring equipment, and the cost of data collection simply pre-
clude site-specific monitoring as a realistic regulatory tool.

Industry Data

Personal communication with spokesmen of McDonald’s and
Burger King yields important insights into the fast-food busi-
ness as well as the use of drive-up facilities. The industry is
highly competitive and some of the major corporations have
established service time goals that generally range from 90 to
120 sec from arrival time to departure time (15,16). To help
improve service time, new technologies and architectural de-
sign strategies have been incorporated into drive-up facilities.
The single-window design of the 1970s has evolved to a two-
window (pay/pick-up) system with a separate menu board.
This design allows speed of service during peak hours, and
flexibility to operate with only one window open during lesser
demand periods. State-of-the-art drive-up lanes provide ser-
vice times, according to our field study, as quick as fifteen
seconds. Industry spokesmen claim that video technology will
be introduced into the next generation of drive-up facilities.
This will allow “face-to-face” communication between patron
and server that will minimize mistakes in order preparation.

The drive-up industry goal of quicker service time is con-
sistent with any proposed regulatory program to minimize
vehicle idling. However, the industry also attempts to site
their businesses at high traffic locations. These locations also
tend to be CO hot spots. Introduction of additional idling
vehicles at already congested locations may be counter pro-
ductive. This consideration must be weighed against the hours
of peak air pollution at a given location. According to the
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spokesmen, the busiest time for drive-up restaurants is at
lunch—that is, from 11:00 a.m. to 1:00 p.m.—and again after
5:30 p.m. for dinner. Drive-up financial services peak in the
midafternoon. Therefore, industry data indicate that service
time goals of 1% to 2 min generally support environmental
goals, whereas the desire to locate drive-up businesses near
congested intersections does not.

Traffic Queueing Data

The analysis of the queueing portion of on-site traffic data
collected for this study is identified in Table 1. It is evident
that the national fast-food chains attempt to provide quick
service in an effort to conform with their service goals. How-
ever, fewer than 20 percent of the customers were served
within 90 sec and fewer than 30 percent were served within
120 sec. The peak periods identified by major fast-food in-
dustry spokesmen were verified by field observations. The
maximum wait observed was 26 min in a line of 14 waiting
vehicles at the emission testing station. The queueing/service
discipline utilized at a specific site has a correlation with an-
ticipated service time. Fastest service can be offered by the
menu board/two-window system for already-prepared food.
The range of service times at drive-up banking windows is
highly variable depending upon the services provided. Busi-
nesses which use a single-window system for food items pre-
pared on request can take the longest amount of time.

Results of Data Collection

Based on graphical interpretation and linear regression anal-
ysis, there is little observed correlation between the measured
CO concentration and the amount of vehicle idling occurring
at the various drive-up facilities. As mentioned previously,
this is attributable to the low emission rates generated at the
facilities, overall low CO concentrations, and the variability
of wind direction limiting measured impact at the sampling
van. Other elements of the data collection phase provide in-
sight about trip generation rates at drive-up facilities, average
service times and peak hours of service as these factors occur
in the Tucson metropolitan area. The calculated trip gener-

TABLE 1 On-Site Traffic Data
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ation rates are within the range of expectation of the ITE’s
Trip Generation handbook (17).

The evaluation of average service times can be related to
both air pollution and energy consumption using a break-even
analysis. This analytic approach relates the mass of CO emit-
ted by a vehicle under hot start conditions with the time
needed for an idling vehicle to emit the same mass of CO.
Such an analysis is dependent on the vehicle fleet using drive-
up facilities (generally passenger cars and light-duty trucks)
and the air quality models used to estimate emission char-
acteristics of that fleet. A range of break-even times can
be established using a range of reasonable model input
assumption.

For the 1990 vehicle fleet, the minimum break-even point
for equal level of CO emission under the drive-up versus the
park and enter scenarios has been calculated based on an
incremental hot start emission rate of 15 g using EMFAC7D
and idle emission rate of 147 and 423 grams per hour using
EMFAC7D and MOBILEA4, respectively. For CO, the pri-
mary concern of this study, the break-even range is approx-
imately 2 to 6 min (K. D. Drachand, California Air Resources
Board, unpublished data). Similarly, this compares with the
average service time measured by this study at some of the
project sites.

It can be concluded that an efficiently run drive-up lane
(i.e., one that provides service in less than two minutes) pro-
duces less carbon monoxide than if a vehicle was stopped and
restarted. This conclusion is generally consistent with those
cited in the literature. Most of the observed service times,
however, were within the 2- to 6-min break-even point range.
For the observed facilities, the net impact on air quality is
elusive.

An additional consideration in the break-even analysis is
the effect of technological changes in the vehicle fleet. The
estimates cited here are for the 1990 California fleet. A similar
analysis for the 1995 California fleet results in longer break-
even times because idle emission rates for this fleet are lower.
The results of the break-even analysis are sensitive to factors
such as inspection and maintenance programs, fuel oxygen-
ation, and the composition of the vehicle fleet, among others.
Care must be used in developing and applying break-even
analysis for a specific location.

Service Time

(sec)
Site Business Type of Queue* Min Max StdDev Observations Average
Valley Bank Financial One-to-Many 50 1,065 201 201 399
Emission Testing Govt. Service  One-to-Many 180 1,575 236 212 366
Burger King Fast Food 2-Window/MB 55 450 75 100 154
Liquor Store Liquor 1-Window 65 295 150 10 176
KFC Fast Food 1-Window/MB 145 430 153 3 320
Hardee's Fast Food 1-Window/MB 74 180 33 12 111
Dairy Queen Fast Food 1-Window 115 40 95 7 218

% The definitions of queuing disciplines are as follows:

MB - Menuboard

One-to-Many - One wait lane discharges to many service windows.
1-Window - A single window is used to take the customer's order, receive payment, and serve the order.
1-Window/Menuboard - Service is ordered at menuboard; payment and product are exchanged at the

service window

2-Window/Menuboard - Service is ordered at a menuboard; payment is made at the first window; service

is provided at the second window.
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From an energy conservation perspective, a break-even
analysis can also be conducted. The amount of fuel consumed
during an average 2-min service time cycle is approximately
0.02 gal (18,19). This compares with a consumption of ap-
proximately 0.002 gal under the stop/restart scenario. It is
apparent that approximately 10 times more fuel is needed to
use the drive-up lane than to park and enter a business, pri-
marily because restarting an engine relies on battery power,
not gasoline. The amount of additional gasoline consumed in
drive-up service lanes is not considered an important issue
during times of abundant petroleum supply. More air pollu-
tion in the form of carbon monoxide could be created if use
of drive-up lanes were restricted in an effort to conserve fuel.
The characteristics of today’s vehicles and drive-up operations
have lead to an apparent conflict between public air pollution
and fuel conservation policies. Energy conservation and con-
tingency programs currently emphasize supply problems, not
air pollution levels.

RECOMMENDATIONS AND CONCLUSIONS

The community survey and data collection efforts, as well as
the many sample regulations obtained from other cities, pro-
vide significant insight and policy guidance. The city currently
has no specific drive-up facility regulations, design guidelines,
or mechanisms for review by city staff. Tucson currently com-
plies with the NAAQS and is expected to remain in compli-
ance in the foreseeable future. However, the region is offi-
cially designated as a CO nonattainment area by the EPA
primarily because recertification as an attainment area has
not been requested by local officials. The study effort leads
to a series of recommendations regarding air quality main-
tenance and planning, site design guidelines, and agency
review.

Overview of Study Results

This study provided needed information about the current
operation, use, and air quality impacts of drive-up facilities.
The results are summarized here as a preamble to the rec-
ommendations and concluding remarks.

1. Field measurement is not an effective means of deter-
mining the level of CO air pollution generated by a drive-up
business. Ambient CO levels vary throughout the day, as do
wind speed, wind direction, and traffic on nearby streets. The
high variability of pollution sources and meteorological fac-
tors makes separation of source variables extremely difficult.
The amount of pollution associated with operation of a drive-
up facility can not effectively be measured in the field under
real world conditions.

2. Computer modeling can be used to estimate pollution
levels at drive-up facilities. The accuracy of current models
is uncertain and model output represents an approximation
of actual emission concentrations. Appropriate EPA-
approved models currently include CALINE3 using
MOBILEA4.1 (adjusted for fuel oxygenation) as emission fac-
tor input.
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3. Many communities successfully regulate the design and
location of drive-up businesses, although not primarily for
reasons of air quality. The most successful approach, accord-
ing to the community survey, is adoption of a specific drive-
up business ordinance and design review process. None of the
communities responding to the survey prohibit drive-up busi-
nesses entirely, although some prohibit drive-up businesses
in congested areas or in sensitive neighborhoods.

4. The use of drive-up facilities can produce less carbon
monoxide pollution than the park-and-enter alternative, if the
service time is less than the approximately two minute break-
even point. Conversely, the park-and-enter alternative uses
only about one-tenth the fuel required for the average drive-
up operation. These relationships will undoubtedly change as
technological advances in engine efficiency, zero emission ve-
hicles, and cleaner fuels are introduced.

5. The traffic impacts of drive-up facilities are difficult to
assess because only limited data are available. Applications
of standard traffic engineering techniques are limited because
on-site distribution of customers to park-and-enter and drive-
up services has not been well documented in the literature.
Further, the amount of pass-by and diverted linked trips has
not been adequately quantified for the broad range of drive-
up services.

Drive-Up Facility Design Guidelines

Effective drive-up facility planning includes consideration of
many design elements. The city currently has no specific reg-
ulations for drive-up facilities, and should develop its own
guidelines or ordinances based on local need and the success
of other communities. The following recommendations will
help attain this goal.

® Prepare site planning and design guidelines that regulate
access, circulation, traffic impacts, location, noise, odors,
lighting, and other elements important to the community.
These guidelines should be advisory and made part of the
design review process. The sample regulations obtained from
other communities for this study, ITE guidelines, and the
resources cited herein provide adequate guidance for this
purpose.

® Because of the localized effects of carbon monoxide, air
quality modeling should only be required for proposed facil-
ities at critical locations, and not indiscriminately required of
each proposed drive-up establishment.

® The regulations and review processes should be evaluated
for their effectiveness on a periodic basis, and revised to re-
flect changes in technology, air pollution regulations, or com-
munity need.

Drive-up facilities are an expected part of the urban ex-
perience. They provide convenience, and efficient drive-up
lanes (those with less than 2-min service times) create less
CO, yet use more gasoline than the park-and-enter alterna-
tive. Site design guidelines can help provide more efficient
drive-up operations. Adoption and implementation of appro-
priate design guidelines and air quality analysis procedures
should be viewed as mutually beneficial to businesses and
regulatory agencies. Additional research is needed regarding
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how the location of drive-up businesses along major arterials
detracts from highway capacity. This interrelationship may
actually be more significant than the design of the site itself
because diminished arterial highway capacity increases
congestion, which in turn, increases CO emissions and the
need for highway improvements.

The findings of this study reflect conditions in the Tucson
metropolitan area, and are subject to the uncertainty inherent
to the use of air quality models. Recommendations and con-
clusions of the study may be valid in other regions after careful
consideration of local needs and conditions.
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