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EMISSION TESTS OF KEY AREA SOURCES

INTRODUCTION

As part of AEERL’s overall research program in area sources of VOC
emissions related to the ozone non-attainment problem, emission tests were
performed on two key area sources. The two sources chosen for the test were
gasoline lawnmowers and charcoal grills. These two sources were chosen
because limited data currently exist and emissions from these sources are
expected to show some correlation with population. Since ozone non-attainment
tends to occur in populated areas, it was desirable to learn more about the
quantities and types of emissions resulting from their use.

This report describes the test facilities, tests, and results. It
should be emphasized that the data presented was obtained (for experimental
purposes only) without benefit of quality assurance and has not been
duplicated. Therefore, all data should be viewed as strictly preliminary.

TEST FACILITIES AND ANALYSES

The tests were conducted in a small outbuilding (3.0 x 3.0 x 2.7 m,
10 x 10 x 9 ft). The temperature-controlled combustion air delivery system
was conf1?ured to perm1t the introduction of approximately 35.5 m*/min '
(1,253 ft°/min) of air (1.4 air exchanges/min) to the chamber. Deflectors
were positioned so that incoming air did not blow directly onto the emission
source. Since the experiment was designed to simulate outdoor use of the two
sources.in a controlled environment, this air delivery system maintained
ambient temperatures and ensured that chamber oxygen concentration always
exceeded 20% by volume.

Continuous gas-phase samples were extracted from the combustion chamber
through a heated 15.2 m (50 ft) long, 9.5 mm (3/8 in.) outside diameter Teflon
sample 1ine equipped with a particle filtration system. Part of this sample
was further conditioned for the removal of moisture and analyzed by the
individual continuous emission monitors (CEMs) (CO, CO,, O,). A portion of
the heated gas sample was collected and analyzed for SO, and total
hydrocarbons (THC). No other sampling and analysis was performed due to
limitation of funds.

EQUIPMENT AND TEST PROCEDURE
Lawnmowgr '

The gasoline-powered lawnmower used for the emissions test was a Briggs
and Stratton 3.5 horsepower, push model with 22 inch blades. It is
manufactured by Murrey Ohio Manufacturing Company and the model number 'is
7-2226x91. The following steps were used for the test:

. Start mower
Maintain low idle
Increase idle to 3/4 load
Shut off mower -
Remove mower from hut
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Charcoal Grill

The charcoal grill used for:-the test was the Little Weber grill.
However, the 1id which comes with the grill was not used during any part of
the test. Approximately 900 g (2 1bs) of charcoal were used with
approximately 100 ml of lighter fluid. The following steps were used for the

test.

1. Spray on lighter fluid
2. Light fire
3. Remove grill from hut

RESULTS AND DISCUSSION

The CEM data for the lawnmower and charcoal grill test are presented in
Tables 1 and 2, respectively. No significant change was seen in the 0,
measurement, indicating that ambient conditions were simulated as designed.
Likewise, no changes were noted for CO, to SO, during the tests. CO and THC
concentrations were found to vary during the tests with changes in conditions.

Figures 1 and 2 present the CO and THC concentrations graphically with
test conditions indicated for the lawnmower and charcoal grill, respectively.
Figure 1 shows that the CO level for the lawnmower increased smoothly after
the mower was started, with a rapid increase following the increase in idle to
3/4 load. After this rapid increase, a plateau was reached at about 220 ppm
before the mower was shut off. After the mower was shut off, the CO level
rapidly fell to background levels. A maximum of 11 ppm THC was reached at
35 minutes, at approximately the same time the CO level reached its plateau.

Figure 2 shows an increase in THC to about 6 ppm, after the lighter
fluid was sprayed on the charcoal. Both THC and CO peaked about 15 minutes
after the fire was 1it at maximums of 34 and 148 ppm, respectively. THC
showed a fairly rapid decrease after the maximum followed by a slow decline
until the grill was removed from the test facility. CO declined rapidly after
the maximum was reached and slowly rose to a second peak shortly before the
grill was removed. The THC and CO peaks at 15 minutes can possibly be
attributed to the combustion of the charcoal lighter fluid remaining after
volatilization with the second CO peak due to the smoidering of the charcoal.

CONCLUSIONS

Again, the data presented should be considered as preliminary. The
tests were not repeated and no quality assurance was applied. However, they
may be used for order of magnitude estimates for each source. Additional data
are needed on the use of each of these sources to project emission estimates.
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" TABLE 1
LAWNMOWER EMISSIONS TEST

TIME 02 o2 (o0 s02 TBC REMARKS
(Minutes) (%) (%) (ppa) (%) (ppm)
0 21.1 0 i 0 2
5 21.0 0 1 0 3 Start mower
10 21.0 0 45 0 7
15 21.0 0 67 0 5
20 21.0 0 79 0 é
" 25 21.0 (o] 85 (o] é Increase idle
30 21.0 0 149 0 10
35 21.0 0 218 0 11
40 21.0 0 216 0 10
45 21.0 0 221 0 10 Shut off mower
50 21.0 0 85 0 s
55 21.0 (o] 2 0 4
60 21.1 0. 2 0 4
45 21.0 0 2 o 3 Remove mower
70 21.1 0 2 0 k}
75 21.1 0 1 0 3
80 21.0 (o] 1 (o] 3
TABLE 2
CEARCOAL GRILL EMISSIONS TEST
TIME 02 02 0 sO2 THC REMARKS
{Minutes) (%) (%) (ppm) (%) (rpm)
0 21.1 0 2 0 2
5 21.1 0 1 0 2
10 21.1 0 1 0 2 Added lighter f£luid
15 21.0 0 1 (o] 6
20 21.1 0 1 0 7
25 . 21.0 0 2 0 7 Lit fire
30 20.9 0 5 0 4
35 20.¢9 0.1 41 o] 27
40 20.9 0.1 148 0 34
45 20.9 0.1 93 0 11
50 20.9 0.1 88 0 é
55 20.9 0.1 92 (¢} -4
é0 20.9 0.1 102 o 3
é5 20.9 0.1 114 0 3
70 20.9 0.1 112 0 2 Removed grill
75 21.0 0.1 45 0 2
80 21.0 0.1 2 0 2
85 21.0 0 1 0 2
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Figure 2. AEERL Charcoal Grill Emissions




APPENDIX C

CONVERSION OF CO,, CO, AND THC TO EMISSION RATES
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CONVERSION DESCRIPTION

The following discussion présents the method for converting the measured
concentrations and air flows to emission rates of lighter fluid frdm
barbecues. Results from the April 20, 1989 test report were used to predict
emission rates. The concentrations reported for total hydrocarbons (THC) are
reported as parts per million (ppm) of propane, or moles of propane per
million moles air. The baseline concentration of 2 ppm was assumed to be a
background concentration. The following example calculation demonstrates the
conversion from THC concentration reported to THC emissions (as propane -
CaHy). |

Example Calculation

Time = 5 minutes

THC Concentration = 6 x 10 (moles propane/mole air) = 6 ppm

THC Concentration (less background concentration) = 4 x 10°° moles
propane/mole air.

Air Flow Rate = 1253 ft® air/min

Temperature = 77°F = 537°R

Gas Constant = 0.7302 ft*® air « ATM/1b-mol air « °R

Pressure = 1 ATM.
Emissions (1b THC (as propane) =
(1253 ft? #ir(ming x (4 x 10" 1b moles propane/1b mole air)
(0.7302 ft° air « ATM/1b-mol air « °R) x (537°R/1 ATM)
x (44 1b mole propane/1b propane)
= 5.62 x 10°* 1b THC (as propane)/min

Assuming that evaporative emissions occurred during the time that the 15
~minute, 20 minute, and 25 minute readings were collected, the emissions from
‘evaporation over this 15 minute period were 0.0633 1b THC (as propane). This
represents 6% of the total quantity of Tighter fluid applied. The following
example calculation demonstrates the method used to develop these estimates.
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Example Calculation

(5.62 x 107 1b/min) x 5 min + (7.03 x 10 1b/min) x 5 min +
(7.03 x 10™* 1b/min) x 5 min = 0.0098 1b THC (as propane)
0.0098 1b THC/0.1631 1b lighter fluid
= 6.00% emitted from evaporation

Emissions from combustion and evaporation were calculated in a similar
manner. Emissions up through the first CO peak (at 40 min) and prior to the

second CO peak (at 50 min) were calculated in the same manner to be 0.0513 1b
and 0.0605 1b, respectively.
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APPENDIX B. CONVERSION OF C02, CO, AND THC YO EMISSION RATES
" Alr flow rate 1253 cub.ft/min

Temperature = 77 deg F

€02 emissions CO2 emissions CO emissions CO emissions THC emissions THC emissions
Time | CO2 CO THC | as Co2 as C as CO as C as C3H8 as C
(min) | (ppm) (ppm) (ppm) |  (lb/min) (ib/min) (lb/min) (ib/min) (lb/min) (tb/min)
|

| |

| |

| | |
.0 o 2 2| 0 0| 0.000  0.0000 | 0 0
5| o 1 2. 0 0. 0 0 0 0
10 | 0 1 2 0 0} 0 o] 0 0
5| 0 1 6| 0 0| ()} (N 5.62E-04 4.60E-04
20 | o 1 7] (1} 0| 0 0| 7.03€-04 5.75E-04
25| 6 .2 7} 0 0| 0.000 0.0000 | 7.03E-04 5.756-04
30 | o 5 4| 0 0| 0.000 0.0002 | 2.81E-04 2.30€-04
35| 1000 41 27| 0.141 0.0383 | 0.004 0.0015 | 3.526-03  2.88€-03
40 | 1000 148 34 | 0.141 10.0383 | 0.013 0.0056 | 4.50E-03  3.68E-03
45| 1000 93 11| 0.141 " 0.0383 | 0.008 0.0035 | 1.27€-03 1.04E-03
0| 1000 88 6| 0.141 0.0383 | 0.008 0.0033 | 5.62€-04 4.60E-04
55 { 1000 92 & 0.141 0.0383 | - 0.008 0.0035 | 2.81E-04 2.30E-04
60| 100 102 3| 0.141 0.0383 | 0.009 0.0039 | 1.41E-04 1.156-04
65 | 1000 114 3 0.141 0.0383 | 0.010 0.0043 | 1.41E-04 1.15€-04
70 | 1000 112 2 0.141 0.0383 | 0.010 0.0043 | 0 0
75| 1000 45 2| 0.141 0.0383 | 0.004 0.0017 | 0 0
80 | 1000 2| 0.141 0.0383 | 0.000 0.0000 | 0 0
85 | ()} 1 2| 0 0 _ 0 0| (] 0
Totals - 7.03 1.9 0.373 0.160 0.0633 0.0518

Evaporation 0.0098
Prior to 2nd 0.0605

Prior to 1st 0.0513
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