In-Cab Air Quality of Trucks Air Conditioned
and Kept in Electrified Truck Stop

Doh-Won Lee, Josias Zietsman, Mohamadreza Farzaneh, \Wen-\Whai Li,
Hector A. Olvera, John M. E. Storey, and Laura Kranendonk

At night, long-haul truck driversrest inside the cabins of their vehicles.
Therefore, thein-cab air quality while air conditioning (A/C) isbeing
provided can beagreat concern tothedrivers health. Theeffect of using
different A/C methods [truck’s A/C, auxiliary power unit (APU), and
truck stop electrification (T SE) unit] onin-cab air quality of a heavy-duty
diesel vehiclewasinvestigated at an electrified truck stop in the El Paso,
Texas, area. Theresearch team measured thein-cabin and the ambient
air quality adjacent to the parked diesel truck aswell asemissionsfrom
thetruck and an APU whileit wasproviding A/C. The measur ed results
wer e compar ed and analyzed. On thebasisof theseresults, it was con-
cluded that the TSE unit provided better in-cab air quality while sup-
plying A/C. Furthermore, the truck and APU exhaust emissions were
measured, and fuel consumption of thetruck (whileidling) and the APU
(during operation) were compared. The results led to the finding that
emissions from the APU were less than those from the truck’s engine
idling, but the APU consumed mor efuel than the enginewhileproviding
A/C under given conditions.

Currently about 3 million long-haul trucks operate in the United
States. Becausethe U.S. Department of Transportation mandatesthat
truck driversrest 10 h for every 14 h of driving (1), driversrest and
sleep in the cabs of their trucks for extended periods. Consequently,
long-haul truck driversidletheir vehiclesto operate heating systems
and air conditioners (A/C), generate electricity, chargetheir vehicles
batteries, and warm up the engines.

Although the U.S. Environmental Protection Agency’s (EPA’s)
guidance defines long-duration idling as idling that occurs for a
period of 15 min or longer, studies have found that truck drivers
idle their engines from six to 10 h per day while on the road (2).
A typical long-haul truck is on the road for an estimated 250 to
300 days per year, resulting in an average annual idling duration
per truck of between 1,500 and 3,000 h (3-5). At an idling emis-
sionsratefor oxides of nitrogen (NO,) of approximately 135 grams
per h, it is estimated that on a daily basis more than 500 tons of

D.-W. Lee and J. Zietsman, Texas Transportation Institute, Texas ASM Univer-
sity System, 3135 TAMU, College Station, TX 77843-3135. M. Farzaneh, Texas
Transportation Institute, Texas A8M University System, 1106 Clayton Lane,
Suite 300E, Austin, TX 78723. W.-W. Li and H. A. Olvera, Civil Engineering
Department, University of Texas at El Paso, 500 West University Avenue, El Paso,
TX 79968-0516. J. M. E. Storey and L. Kranendonk, Oak Ridge National Labo-
ratory, 2360 Cherahala Boulevard, Knoxville, TN 37932. Corresponding author:
D.-W. Lee, leedw@tamu.edu.

Transportation Research Record: Journal of the Transportation Research Board,
No. 2123, Transportation Research Board of the National Academies, \Washington,
D.C., 2009, pp. 17-25.
DOI: 10.3141/2123-03

17

NO, isemitted. In addition, extended idling can result in aconsid-
erable waste of fuel and cause wear on truck engines. More than
2 million gal of diesel iswasted on a daily basis nationwide (6).
Studies (5) have shown that along-haul truck can idle away more
than agallon of diesel fuel per hour.

Severa methods have been developed to reduce extended truck
idling. These methods can be divided into stationary and mobile tech-
nologies. Theformer refersto stationary equipment that can connect to
thetruck to reduceidling. An example of thistechnology istruck stop
electrification (TSE) asproduced by companiessuch asldleAire Tech-
nologies Corporation and Shurepower. Mobile technologies include
auxiliary power units (APUs) that are installed onboard the trucks.

In this study, the effect of using different A/C methods on in-cab
air quality on aheavy-duty diesel vehicle(HDDV) wasinvestigated
at an electrified truck stop in the El Paso, Texas, area. The research
team measured the air quality in the cabin and the ambient air qual-
ity adjacent to the parked diesel truck while A/C was provided by
one of four different modes [A/C-in, A/C recirculation, auxiliary
power unit (APU), and TSE] aswell aswhileno A/C was provided
(off mode). Furthermore, emissions from the truck and an APU were
measured when they provided A/C. Themeasured datawere analyzed
and compared.

METHODOLOGY
General

Toinvestigatethein-cab air quality of anHDDV while A/C wasbeing
provided by each of four different modes (A/C-in, A/C recirculation,
APU, and TSE), the research team conducted the following tasks:

e Measurement of truck idling and APU exhaust emissions and
fuel consumption,

e Examination of factors affecting results and analysis, and

e Measurement of in-cab and ambient air quality.

Using two portabl e emissions measurement system (PEM S) units,
researchers measured pollutants from the vehicle and the APU
exhausts to examine the effects of their emissions on in-cab and
local air quality. Furthermore, vehicle and APU fuel consumption
rateswere estimated and compared. Researchers measured gaseous
and particulate matter (PM) pollutantsto examinein-cab and ambi-
ent (adjacent to the HDDV) air quality. The measured results of
in-cab and ambient air quality were compared and analyzed. In
addition, other factors, including number of trucks parked and
idled, other nearby emissions sources, and local meteorology, were
examined.
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Test Setup

Thefour different A/C modesto cool thediesel truck cabinwerethese:

e A/C-in. Outside (ambient) air flows inside the cabin through
the system while the vehicle's A/C system, powered from engine
idling, supplies A/C.

e A/C recirculation. Same as A/C-in mode, but only in-cab air
keeps circulating through the system.

e APU. A/C is provided by the APU-powered A/C system;
ambient air flows inside the cabin through the system.

e TSE. A/Cisprovided by aclosed electrified unit.

Researchers also conducted atest in the A/C-off mode, in which no
A/C was provided.

Test Vehicle

The test vehicle was a 2006 400-hp International truck (with a15-L
Cummins|SX 400 diesel engine). The vehiclewas equipped with an
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APU to provide A/C inside the cabin, eliminating theneed to idle the
vehicle. The Cummins APU had an 8.85-hp (at 2,400 rpm) Kubota
479-cc two-cylinder, four-stroke diesel engine. Figure 1 shows the
test vehicle, the APU, and the installation of predictive emissions
monitoring systems flow metersto the vehicle and the APU.

Test Location

The study was performed at the Petro truck stop, which islocated
at Exit 37 on the eastbound section of 1-10in Socorro, Texas (about
10 mi southeast of the El Paso city center). The truck was parked
in a spot in the electrified parking area in the truck stop and
remained there during the entire study period (Figure 2). Most
trucks parked in the electrified parking lot were not idling, while
trucksin other parking areasidled as necessary. Thetruck stop had
258 parking spaces. Among them, 87 spaces were equipped with
TSE units. Trucks could park in any available space aslong asthey
did not block traffic entering or exiting the truck stop. During the
study, researchers observed as many as 330 trucks parked at the
truck stop.

APLL powered’
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FIGURE 1 Test vehicle and installation: (a) test vehicle, (b) flow meter installation on vehicle, (c) APU, and (d) flow meter installation on APU.
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Electrified
Area

FIGURE 2 Test site map (from Google Earth).

Test Schedule with Meteorology Data

Thetest was performed from May 17 to May 20, 2007. On May 17
and 18, threemodesweretested: A/C-in, A/Crecirculation, and A/C-
off. Around 6:00 p.m. on May 17, the test vehicle' s engine was run-
ning at 600 rpm, and the A/C was set at maximum speed to bring
outsideair into the cabin (A/C-in mode). At approximately 7:30 p.m.,
the A/C setting was changed to circulate air only inside the cabin
instead of bringing outside air into the cabin (A/C recirculation
mode). At about 9:00 p.m., the A/C and the test vehicle engine were
turned off (A/C-off mode).

This process continued until about 7:00 p.m. on May 18; the three
modeswereinterchanged whileresearchersvaried the modedurations.
Table 1 summarizes the total duration of each mode and shows the
ambient temperature and relative humidity ranges reported by the
TexasCommission on Environmental Quality’s(TCEQ's) continuous
ambient monitoring sites (CAMS) 49 and 415. Station 49 is located
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about 2 mi west of the test site, and Station 415 is about 1.5 mi west
northwest of the site.

For meteorology data, a mobile weather station was located at
approximately 100 m to the northwest of the parked vehicle. Unfor-
tunately, the westher station was damaged when hit by lightning dur-
ing the study period. After the damaged weather station was fixed,
an additional study was performed at the same location for 17 days
(June 4 to 21) to ensure accuracy of the alternative way, which isto
use the meteorologica data obtained from the two nearby CAMS,
Station 49 and Station 415. The additional study showed that the
meteorological data measured by the fixed weather station were well
correlated to the averages of those at two sites. Therefore, the meteo-
rological datafrom the average of CAM S49 and 415 were used asthe
surrogate data for the truck idling study from May 17 to 20.

On May 18 at approximately 7:00 p.m., researchers activated the
APU air conditioner to cool the test vehicle's cabin. The unit was
turned off at 10:00 p.m. to gather data for the A/C-off mode. Until

TABLE 1 Test Modes, Duration with Temperatures, and Relative Humidity
Temperature Relative

Mode A/C Power Source Duration (h) Date (°C) Humidity (%)
A/C (in) Vehicle 7.75 5/17-5/18 15-28 25-37
AI/C (recirculation) Vehicle 7.75 15-27 26-37
Off — 95 15-28 25-45
APU APU 15 5/18-5/19 18-28 26-37
Off — 5 18-28 26-37
TSE Electrified 17 5/19-5/20 15-28 25-35
Off — 2 20-22 25-30
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3:00 p.m. on May 19, the APU had been turned on and off alter-
nately, with various durations of the modes. Table 1 summarizesthe
total durations of the APU mode and the A/C-off mode, along with
the ambient temperature and relative humidity ranges. At 3:00 p.m.
on May 19, researchers activated the TSE unit to cool the cabin, and
operated it continuously for 17 h. As Table 1 shows, the ambient tem-
perature and humidity ranges were approximately the same regard-
less of the test modes so that there were no temperature or relative
humidity effectson local air quality.

TEST EQUIPMENT

Researchers used two sets of instruments to measure gaseous pollu-
tants and PM: one set for lower concentrations of ambient and
in-cab air and the other for higher concentrations from vehicle and
APU exhausts.

Gaseous Pollutants (Ambient and In-Cab Air)

NO, and carbon monoxide (CO) analyzers and aldehyde samplers
were placed inside the cabin. By means of a three-way valve, NO,

A

(d)
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and CO concentrations of in-cab and ambient air were measured alter-
nately every 10 min. Figure 3a showsthesamplinglinesand thevalve;
the ambient-air sampling line was located outside the cabin through a
window of the truck. Aldehydes (formaldehyde and acetaldehyde)
were measured with a set of 2 DNPH (2,4-dinitrophenylhydrazine)
cartridge samplers, shown in Figure 3b. Two Waters DNPH solid
phase extraction (SPE) cartridges were used to collect samples.
Samplesweretaken for about 8 to 14 h depending on the test modes.
The cartridges were eluted with acetonitrile, and the effluent was
stored in arefrigerator for later analysis by high-performanceliquid
chromatography.

For NO, measurements, a Model 42i gas analyzer manufactured
by Thermo Scientific Inc. (Thermo) was used to measure NO, con-
centrations. By using chemiluminescence technology, the Thermo
42i unit provides outputs for nitric oxide (NO), nitrogen dioxide
(NOy), and NO,. The concentrations were recorded and reported
at intervals of approximately 60 s. The lowest detectable limit at a
60-sreporting rate was 0.40 ppb. For CO, researchersused aThermo
Model 48i gas analyzer, which measures CO by using gasfilter cor-
relation technology. The concentrationswere recorded and reported
at intervals of approximately 60 s. The lowest detectable limit at a
60-s reporting rate was 40 ppb (parts per billion). Figure 3¢ shows
the gas analyzers.

©

FIGURE 3 Setups and instruments: (a) three-way valve, (b) aldehyde samplers (in-cab on left, ambient on right), (c) CO (on left) and NO,
(on right) monitors, (d) SEMTECH-DS unit, and (e) Clean Air Technologies International, Inc. (CATI) unit.
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PM (Ambient and In-Cab Air)

For in-cab and ambient PM, two tapered-element oscillating micro-
balances (TEOMs, Thermo Series 1400 ab) were deployed. To mon-
itor PM-2.5 (PM of aerodynamic diameters equal to or smaller than
2.5 um) mass concentrations, sampling inlets of both TEOMs were
equipped with Thermo PM-2.5 sharp-cut cyclones. Mass concentra-
tion datawere recorded and reported in micrograms per cubic meter
(ug/m®) at standard intervals of 10 min. The TEOM resolution
is 0.1 pg/me. Both TEOMs were placed inside A/C enclosures to
ensure proper working environments.

Gaseous Pollutants (Exhaust Emissions)

The PEM S unit for gaseous emissions was a SEM TECH-DS manu-
factured by Sensors Inc. Thisunit included a set of gasanalyzers, an
engine diagnostic scanner, a Global Positioning System (GPS), an
exhaust flow meter (EFM), and embedded software. The gasanalyz-
ers measured the concentrations of NO,, total hydrocarbons (THC),
CO, and carbon dioxide (CO,) from the vehicle or APU exhausts.
The unit also obtained the test vehicle’ s engine speed (rpm) datavia
avehicleinterface connected to the vehicle engine control module.
The SEMTECH-DS used the SEMTECH EFM to measure vehicle
exhaust flow. The unit’ s postprocessor application software used this
exhaust mass flow information to calculate exhaust mass emissions
for al measured exhaust gases. Figure 3d showsthe PEM S unit. The
effect of temperature and humidity on the emissions of the HDDV
exhaust was automatically adjusted by the PEM S software by using
the Code of Federal Regulations 40 1065.670 method.

PM (Exhaust Emissions)

The PEMS unit used to measure PM was the OEM-2100 Montana
system manufactured by CATI. The unit, shown in Figure 3e, con-
sisted of agas analyzer, aPM measurement system, an engine diag-
nostic scanner, aGPS unit, and an onboard computer. For this study,
only the PM measurement system was used. The PM measurement
capability includes alaser light—scattering detector and asample con-
ditioning system. The PM concentrations were converted to mass
PM emissions by using concentration rates produced by the CATI
unit and exhaust flow rates produced by the SEMTECH-DS unit.
Engineexhaust typically producesthree sizeranges of particul ates:
3 to 30 nanometers (nm), 30 to 500 nm, and larger than 500 nm
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(or 0.5 pm). Most particles produced from a diesel engine are
0.5 um or less (7). This size is comparable to the PM-2.5 particle
size asregulated by the EPA.

RESULTS
Exhaust Emissions and Fuel Consumption

By means of the two PEM S units, gaseous pollutants and PM were
measured from the test vehicle and the APU engine exhausts. Table 2
summarizes the cal culated quantities of pollutants emitted from the
exhausts (as g/h) along with exhaust flow rates (as standard f*min
[SCFM]) and fuel consumption rates (as gal/h).

On the basis of thetest resultsin Table 2, CO, emissions and fuel
consumption ratesfrom the APU were higher (1.15 timesashigh for
CO, and 1.2 times for fuel consumption rates) than those from the
test vehicle. One possible explanation is that the test vehicle was
idled at alow engine speed (600 rpm with almost no load), whilethe
APU was operated at a full-load condition all the time. Further
investigations are required to verify the effects of the APU’ sengine
speed and load (if variable) on emissions and fuel consumption.

Other pollutant emission rates as well as exhaust flow rates from
the APU werelower than from thetest vehicle, as Table 2 shows. CO,
NO,, THC, and exhaust flow ratesfrom the APU were about one-third
of those from the vehicle. The APU emitted only about one-eighth of
the PM measured from the test vehicle exhaust.

Factors Affecting In-Cab and Ambient Air Quality
Other Emissions Sources from Vicinity

To examine the effects of emissions from the test vehicle and the
APU onlocal air quality, other emissions sourcesin the areaneeded
to be identified and considered. Researchers examined emissions
point source (in both the United States and Mexico) data available
from the Commission for Environmental Cooperation (CEC).

Figure 4 showsthat wind direction at the test site ranged from 0°
to 235° during the test period (May 17 to May 20, 2007). The CEC
data indicated only one emission source in the range of the 0° to
235° direction fromthetest site: Air System Components, LP. How-
ever, the quantity of emissions from this source was negligible.
Therefore, researchers concluded that the major emissions sources
affecting air quality at thetest site during thetest period wereonly from
theidling trucks at the site, two other nearby truck stops (located on
the westbound side of 1-10), and the traffic on 1-10.

TABLE 2 Gaseous and PM Emissions from, and Fuel Consumptions by, Test
Vehicle Engine and APU Exhaust A/C Supplied to Vehicle Cabin

Mass Emissions Rate (g/h)
Q% Fuel
CO, CcO NOx THC PM (SCFM) (ga/h)
Vehicle
AVE 6,700 31 109 13 0.48 120 0.64
\Y 3.5% 6.3% 5.5% 20% 10% 1.6% 6.1%
APU
AVE 7,700 11 47 4.5 0.058 43 0.76
\Y 4.0% 14% 2.2% 8.9% 17% 4.3% 5.7%

Note: AVE = average; V = coefficient of variation.

Qe = exhaust flow rate.
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FIGURE 4 Wind direction during study period (May 17 to May 20, 2007).

Truck-Counting Results

During the study period, researchers counted the number of trucks
parked and the number of idling trucks every 2 h. The average number
of trucks parked at the test sSite was 249 (+ 49). The greatest number of
trucks parked at the site, 299, was during the TSE mode test period,
May 19 (Saturday) to 20 (Sunday). The next greatest number of trucks
parked, 264, was during the A/C-in and A/C recirculation modes test
period May 17 (Thursday) to 18 (Friday), and the least number parked,
234, was during the APU mode test May 18 to May 19.

Because trucks that park overnight arrive around 6:00 p.m.,
remain overnight, and then leave around 7:00 am., the number of
trucks parked at the truck stop was higher inthe evening and at night
(283 + 26 trucks 6:00 p.m. to 6:00 am. during the test period) than
during the daytime (202 + 32 trucks 7:00 am. to 5:00 p.m. during
the test period). Figure 5 shows the truck-counting results.

Thenumber of idling truckswas 60 (+ 11) truckson averagethrough-
out thetest period. For diurnal variation, the number of idling truckswas
amost the same, asshownin Figure5, except that it washigher between
4:00 and 6:00 p.m., with the highest number, 77, at 6:00 p.m., and lower
between 8:00 and 10 am., with the lowest count, 47, at 8:00 am. For
the test modes, the number of idling trucks during the TSE mode test,
68, was higher than those during the other test modes, A/C-inand A/C
recirculation mode (58) and APU mode (56).

In-Cab and Ambient Air Quality
Gaseous Pollutants (NO, and CO)

Table 3 summarizes the measured average concentrations of in-cab
and ambient (adjacent to the vehicle) NO, and CO concentrations
for all thetest modes. Furthermore, NO, concentrations at the TCEQ
CAM S 49 station are shown as ranges for the associated test modes
(CAMS 415 does not provide air quality data). The concentrations
at the CAM S 49 station were much lower than those measured at the
site. Thiswas expected because the major emissions sources during
the test period (as noted earlier) wereidling trucks at the test truck
stop and at two nearby truck stopsand traffic on1-10. The emissions
from these sourceswould definitely be diluted asthey traveled to the
CAMS 49 station.

Therelatively high end of the TCEQ NO, range during the TSE
test period was possibly associated with the higher number of trucks
parked during the TSE mode test than during the other modes as
noted earlier in the section on truck-counting results. The higher
number of parked trucks indicated higher traffic volumes on 1-10,
which resulted in higher emissionsrates. For the A/C-off mode test,
it was expected that the concentrations would be in a wider range
than those for other modes because segments of the A/C-off mode,
conducted between two other modes, were sporadic during the test
period. CO concentrations from the CAM S 49 station were either O
or 100 ppb; just at or below the detection limit, 100 ppb.

Table 3 showsthat ambient (adjacent to thetest vehicle) NO, con-
centrationswhen thetest vehicle or APU was used for supplying A/C
to the cabin were higher on average than those when no engine was
operating (i.e., TSE or A/C-off mode). During the TSE mode, there
was no difference on average between in-cab and ambient concen-
trations. However, when the test vehicle or APU engine was used to
supply A/C, in-cab concentrationswere higher than ambient concen-
trations. The ratio of in-cab-to-ambient concentrations was greatest
for the A/C recirculation mode (8:85), followed by the ratio for the
APU mode (6:15). The lowest ratio was for the A/C-in mode, 3:88.
The higher in-cab concentrations during these three modes indicate
that engine emissions penetrated through openingsin the cabin.

While the engine was running, the emissions (from the engine
crankcase) possibly penetrated through openings in the cabin floor,
asdiscussed in the literature (8). In the A/C-in mode, some ambient
air entered the cabin and mixed with the in-cab air; thus, it is obvi-
ousthat thein-cab concentration and theratio for A/C-in mode were
lower than those for the A/C recirculation mode. During the APU
mode, emissions from the APU’s engine exhaust appeared to enter
the cabin through the APU-powered A/C unit (Figure 1d), although
some of the emissions could penetrate through the cabin floor. In the
A/C-off mode, average in-cab concentrationswere higher than ambi-
ent concentrations because the average concentrations contained some
elevated in-cab concentrations from the previous test modes.

Resultsfor CO weresimilar tothosefor NO,. As Table 3 shows, in-
cab concentrations for the A/C-in, A/C recirculation, and APU modes
were higher than ambient concentrations. The A/C recirculation mode
showed the greatest ratio of in-cab-to-ambient CO concentrations
(6:27). Theratio for the APU mode (5:80) was next. For the A/C-in
mode, thelowest ratiowas 1:71, as Table 3 shows. The APU mode
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TABLE 3 NO, and CO Average Concentrations with Associated Standard Deviations
and Ratios for All Test Modes

Test Mode
AIC(in.) A/C (recirculation) APU TSE Off
NO,
In-cab
AVE 675 2,373 1,854 127 242
SD 105 568 565 42 142
Ambient
AVE 174 268 302 125 98
sD 83 264 138 50 87
TCEQ (range) 0-8 0-5 0-7 0-12 0-15
Ratio (in-cab:ambient) 3:88 8:85 6:15 1:02 2:48
Cco
In-cab
AVE 290 940 1,160 170 160
SD 74 235 396 47 101
Ambient
AVE 170 150 200 170 130
SD 74 89 90 58 124
Ratio (in-cab:ambient) 171 6:27 5:80 1:.00 1:23

Note: AVE = average, SD = standard deviation.

20:00

22:00

0:00
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ratio was similar to the NO, ratio (5:80 versus 6:15), but the ratios
for the A/C recirculation mode, 6:27, and for the A/C-in mode,
1:71, were lower than the NO, ratios, 8:85 and 3:88, respectively,
for unknown reasons. There were no differences between the in-
cab and ambient concentration for the TSE mode: they were the
same as for NO, (1.00).

PM-2.5

In-cab and ambient PM-2.5 concentrations were measured with two
TEOMssimultaneously. In contrast to the gaseous pollutant results,
in-cab concentrations were generally lower than ambient, as shown
in Figure 6.

In Figure 6, the TSE mode showed the greatest difference between
average in-cab and ambient concentrations. During the TSE mode,
the average in-cab concentration was 7.02 pg/m?®, while the average
ambient concentrations were 16.1 pg/m®. The ratio of in-cab-to-
ambient concentrations was 0:43; that is, the in-cab concentrations
were 57% lower than the ambient concentrations. Thismeansthat the
TSE A/C system, while supplying A/C inside the cabin of the test
vehicle, filtered 57% of the ambient PM-2.5 on average. In addition,
the datafor the APU-powered A/C system and thetest vehicle' sA/C
system for the recirculation mode show in Figure 6 that the systems
filtered 40% and 42% of the PM-2.5, respectively (i.e., the ratios of
in-cab to ambient PM-2.5 were 0:60 and 0:58, respectively).

However, in Figure 6, the A/C-in mode shows the smallest con-
centration differences|[i.e., theratio is the highest (0:89)]. During
the A/C-in mode, outside (ambient) air, which was not filtered,
entered into the cabin and mixed with filtered and conditioned air
through the vehicle’'s A/C system, resulting in the highest ratio.

25.00
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Theratio for the A/C-off mode was lower than that for the A/C-in
mode due to the effects of contaminated data from the other test
modes (as stated in the discussion of NO, results).

Figure 6 showsthat the average ambient PM concentration during
the TSE modewasthe highest. As stated earlier, the number of idling
trucks was about 20% higher during this mode than during other
modes. In addition, the number of trucks parked during the TSE
mode test was the highest, which indicates higher emissions rates
from the increased truck traffic during the test period. However, fur-
ther analysiswith more data, including detailed meteorological data,
is necessary to verify and quantify the effects on ambient air quality
from the number of idling trucks.

Gaseous Pollutants (Aldehydes)

Formal dehyde and acetal dehyde were coll ected asintegrated samples
with DNPH cartridges. The integrated in-cab and ambient samples
required sampling periods of 10 to 12 h to obtain a sufficient sample
but were collected simultaneoudly with two sampling pumps. An
equipment malfunction prevented the collection of integrated samples
during the TSE portion of thetests. The most striking result wasthe
very high ratios of in-cab to ambient formaldehyde (2:1 with truck
idling and 3:2 with APU while ambient concentrations were about
1.6 pg/m?), especially when compared with acetaldehyde ratios
(five with truck idling and four with APU while ambient concentra-
tionswere about 1.0 ug/m®). Typical idling levels of formal dehyde
can bethreeto five times as high as acetaldehyde (9), so, if significant
exhaust penetration into the cab was occurring, then the ratio would
aso be higher. Another possible source of formaldehydeinthecabis
theinsulation. Thistruck wasfairly new, and the materialsin the cab

20.00
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10.00

Mass Concentration (ug/m°)

5.00 -

0.00 -

AIC (in)
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APU TSE Off
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FIGURE 6 Average PM-2.5 concentrations for all test modes.
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could have been off-gassing, especially when thein-cab temperatures
were higher than 40°C during periods of no A/C.

Another significant difference in formadehyde concentrations
exists between the day and night concentrationsin the cab: 29.1 pg/m?®
for day and 43.5 ug/m® for night while the truck was idling, and
46.0 pg/m® for day and 51.3 pg/m? for night while APU was being
used. This difference may result from the presence of more stagnant
air during the nighttime and therefore the concomitant possibility of
more infiltration into the cab.

CONCLUSIONS

Withan HDDV parked at an el ectrified truck stop, thein-cab air qual-
ity was investigated under different A/C modes: A/C-in, A/C recir-
culation, APU, and TSE (aclosed electrified unit) aswell asA/C-off.
In-cab and ambient air pollutant concentrations and exhaust emis-
sions from the test vehicle and the APU were measured, compared,
and analyzed. Onthe basis of theresults, the el ectrified unit (the TSE
mode) provided better in-cab air quality during A/C usefor NO,, CO,
and PM emissions than the other modes.

For emissions from the vehicle and APU exhausts, fuel consump-
tion and CO, rates for the APU were 19% and 15% higher than those
for thevehicle, respectively. The authors concluded that the APU’ s
continuous operation at maximum load for providing A/C to thecabin
caused the APU to consume more fuel and, consequently, to emit
more CO, than the test vehicle' s engine, which was awaysin alow
idle mode (600 rpm). For gaseous pollutants, NO,, CO, and THC, the
APU emissionswere about one-third of those from the vehicle, while
PM emissionswerejust about one-eighth. Theselow APU emissions
resulted from the APU’s smaller engine size and therefore lower
amount of exhausts. On the basis of the EPA’ s point source data and
TCEQ meteorological data near the test site, researchers concluded
that vehicles parked at thetest site and at two other nearby truck stops
and traffic on 1-10 were the only sources affecting the in-cab and
ambient air quality during the test period.

For NO, and CO, the ratios of in-cab-to-ambient concentrations
for the A/C recirculation mode test were the greatest. Theratiosfor
NO, and CO in THE APU mode were the second greatest, and
those in the A/C-in mode were next; the |east ratios were found in
the TSE mode. During the TSE and A/C-off modes, in-cab and
ambient concentrations were almost the same.

For PM, in-cab concentrations were lower than ambient ones
because PM isfiltered when air passesthrough the A/C systems. The
TSE mode showed the greatest PM reduction at 57%. The A/C recir-
culation mode and the APU mode reductions were 42% and 40%,
respectively. The A/C-in mode reduction wastheleast at 11% because
some unfiltered PM in the ambient air was mixed in this mode.

For formaldehyde, in-cab concentrations were much higher than
ambient concentrations: 21 times as high while the truck was idling
(for both the A/C-in and recircul ation modes) and 32 timesashigh dur-
ing the APU mode. Thesestriking differences mean that therewas sig-
nificant penetration of formaldehyde into the cab. Another possible
source of formal dehyde was off-gassing of theinsulation of thisfairly
new vehicle, especially when thein-cab temperatureswere higher than
40°C during periods of no A/C. Unfortunately, there were no results
for the TSE mode due to malfunctioning of the samplers.

Thisstudy wasbased ononeHDDV test vehicle, one APU, and one
TSEinanactua truck stopinlimited days of testing (about one day of
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testing was performed for each mode.) A larger samplesize (e.g., more
vehicles, more APUs, and more TSES) would increase the statistical
confidence of theresults, and moretesting dayswould provide more
statistical strength to the analysis. Furthermore, tests conducted in a
more controlled environment (e.g., absence of emissionsfrom other
vehicles, constant or controlled meteorological conditions, etc.) would
assist in developing gas and PM emissions infiltration models that
can be useful for predicting in-cab air quality for vehicles parked at
truck stops running A/C units.
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