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Introduction

The sharp rise in the price of heating 0il during the past decade has resulted
in increased usage of lower cost fuels, where available. One such fuel is
waste crankcase o1l which is only 20 to 25 percent of the cost of distillate
heating oil of equivalent heating value. It is being used by businesses with
an abundant supply of waste oil to heat large areas, such as garages.

The use of waste crankcase oil as a heating fuel has caused concern among
environmental agencies. As a result of requests received from a number of
state and federal agencies, the U.S. Environmental Protection Agency's Indus-
trial Environmental Research Laboratory located in Research Triangle Park,
NC, has conducted a series of tests to determine the level of emissions

from two types of waste oil heaters. Emissions were measured from two popu-
1ar designs of waste oil heaters, vaporizing pot and air atomizing., Also,
two different types of waste crankcase oils were used. One was an automotive
crankcase 0il that came from a service station, and the other was a truck
waste crankcase oil that came from a diesel truck fleet.

The major concern about using these oils as fuel is related to the inorganic
emissions. The tests were designed to quantify criteria pollutant emissions
such as NO,, SOy, CO, and particulate, as well as organic and inorganic
emission levels.

Test Equipment and Fuels

Two types of waste oil heaters were tested while firing filtered, but other-
wise untreated, waste crankcase ofls. One was a Kroll, Model WA40OL, waste

0il heater rated at 35.2 kW (120,000 Btu/hr heat input). It uses a vaporizing
pot burner in which only the heated vaporized fuel is combusted. With this
type of burner the residue of unburned material, which accumulates in the
bottom of the fuel pot, must be physically removed. This residue was also
analyzed for organic and inorganic content.

The other unit tested, a Dravo Hastings Thermoflo, Model 20-W0, waste oil
heater rated at 73.3 kW (250, 000 Btu/hr heat input), uses a low pressure

air atomizing burner. With this type of burner most of the fuel is burned
and discharged as stack effluent. During the tests a 1ight coating of mater-
ial was noticed on the combustion chamber and heat exchanger walls. Sampling
and analyzing this material for each run was not feasible due to its small
quantity and difficulty in obtaining the sample. Cleaning the heater between
tests was not practical either.

Two different types of waste crankcase oils were tested in each heater. One
was an automotive waste crankcase 0il that was obtained from a service station.
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The other was a truck crankcase ofl that came from a diesel truck fleet. Re-
sults of the fuel ultimate and proximate analyses are given in Table I.
Heating values for both truck and automotive waste crankcase oils are simi-
lar to those expected for No. 2 fuel oil. Both 0ils are quite viscous com-
pared to No. 2 oil and have relatively high values for water, ash, and sulfur,
as expected in waste oils. The automotive 0il had a low carbon value. Com-
parison with 1iterature for density, heating value, and hydrogen/carbon ratios
suggests that these two waste oils are similar to No. 4 fuel oil in their com-
bustion properties. Both waste oils were analyzed by inductively coupled ar-
gon plasma (ICAP) and atomic absorption spectrometry (AAS) to determine fuel
elemental mass values. The automotive waste oil contained much higher concen-
trations of metals than did the truck crankcase oil.

Test Measurements

During each test run, data were manually recorded for the following physical
parameters: fuel flow rate, stack temperature, ambient air temperature, baro-
metric pressure, relative humidity, and pressure differences.

Gaseous emissions were measured with the following continuous analyzers:

Gas Analyzer
Oxygen (05) Paramagnetic
Carbon Dioxide (CO5) Nondispersive Infrared (NDIR)
Carbon Monoxide (CO) Nondispersive Infrared (NDIR)
Nitric Oxide (NO) Chemiluminescence
Nitrogen Dioxide (NO,) Chemiluminescence
Sulfur Dioxide (SO05) Ultraviolet
Hydrocarbon (HC) Flame Ionization Detector

It should be noted that a heated sampling line was used for NOX and hydrocar-
bon analyses.

Smoke number was measured under steady-state operating conditions, and a
Bacharach smoke spot number was obtained by averaging five consecutive smoke
spots taken at 1 minute intervals.

Total particulate emissions were determined for selected test conditions using
the EPA Method 5 sampling procedure modified with a sorbent (XAD-2) module cart-

ridge to collect organics. A minimum of two samples were collected at each
test condition.

Particulate size distributions were determined by using the Mark III Andersen
Stack Sampier. A minimum of two Andersen samples were taken at each selected
test condition. However, these results are not included in this paper.
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In addition, data were obtained for an EPA Level 1 assessment.Z2 This required
the use of a Source Assessment Sampling System (SASS) train with subsequent data
reduction by Battelle-Columbus Laboratories.3 The analysis included: spark
source mass spectroscopy (SSMS) using an AEI Model MS-702R instrument to screen
elemental constituents; inductively coupled argon plasma (ICAP) spectrometry us-
ing a Jarrel1-Ash Model 975 instrument to analyze elemental species; and atomic
absorption spectroscopy (AAS) using a Perkin-ETmer Model 5000 instrument to
provide mercury (Hg), arsenic (As), and antimony (Sb) emissions data. Total
chromatographable organic (TCO) analyses, gravimetric (GRAV) analyses, infrared
(IR) analyses, and low resolution mass spectroscopic (LRMS) analyses were per-
formed to obtain information about organic emissions.

A slipstream of the stack effluent was ducted into a dilution tunnel where a
flow of filtered dilution air was allowed to mix with the heater discharge at
a ratio of 10:1. The entire dilution tunnel effluent was collected on a Tef-
Ton coated Fiberglas filter. The dilution tunnel simulates the dilution and

mixing that would occur if the flue gas were discharged directly into the en-
vironment.

The sampling conditions for the two stack effluent samplers (SASS train and
dilution tunnel) are given in Table II for both types of waste oil heaters
firing both waste crankcase oil fuels (automotive and truck).

Results
Gaseous and Particulate Emissions

Continuous monitors were used to measure oxygen and emissions of carbon monox-
ide (CO), unburned hydrocarbons (HC), nitric oxide (NO), nitrogen dioxide (NO»),
and sulfur dioxide (502). The data shown in Table III compare emissions from
the vaporizing burner and air atomizing burner while firing No. 2 fuel oil,
automotive waste crankcase o0il, and truck waste crankcase 0oil. In general,

CO and HC emissions are similar to those of a conventional oil burner. NO

and SOy emissions are significantly higher-from the waste 0i1 combustion than
from No. 2 fuel 0il combustion because the fuel nitrogen and sulfur content is
higher, as shown in Table I. The air atomizing burner was capable of operating
at a lower excess air level, and thus provided more efficient combustion. Nitro-
gen dioxide (NO,) was also measured, but was not detected while firing the auto-
motive crankcase 0il and was only detected in 25 percent of the tests while
firing the truck crankcase oil. In those cases NO2 only averaged 6 ppm,

Smoke number was measured under steady-state operating conditions. For each
number reported in Table III, five consecutive smoke numbers taken at 1 min-
ute intervals were averaged.
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Particulate loading data are also shown in Table III. The data show that

the air atomizing burner emitted particulate at levels an order of magnitude
higher than did the vaporizing burner, while firing waste crankcase oils.

This was due to the difference in firing type between the two burners. The
vaporizing pot burner retained much of the inorganic material in the pot
residue, whereas the air atomizing burner permits more of the inorganic mater-
ial to be carried by the flue gas into the stack. It is also of interest to
note the difference in particulate loading for the air atomizing burner while
firing No. 2 oi1 (10 mg/m ) vs. waste crankcase oils (224 mg/m3). This dif-
ference is due to the high inorganic content of the waste oils.

Organic Emissions

Organic loading, as indicated by the SASS train samples in Figure 1, was simi-
lar for all four test runs with the concentrations being slightly lower when
burning automotive crankcase oil than with truck crankcase oil. For all tests,
excluding the air atomizing/automotive crankcase oil test, dilution tunnel
sampling collected 20 to 30 percent less organic material than did the SASS
train. Both sampling methods indicated essentially the same concentration

of organics in the air atomizing/automotive crankcase ol test. These analy-
ses revealed that the total organic material collected by the dilution filter
averaged slightly lower than, but compared favorably with, the total organics
collected by the SASS train. Some highly volatile organic constituents would
not be retained on either sample collection system; e.g., methanol, benzene.

The chemical composition of the organic portion of the samples from all four
effluents, sampled by both SASS train and dilution tunnel, was generally sim-
ilar. The two major types of constituents were hydrocarbons (mainly alipha-
tic, some olefinic, and aromatic), and oxidized species such as ketones, esters,
aldehydes, acids, and (to a lesser extent) ethers, anhydrides, alcohols, and
lactones. In tests with the vaporizing pot heater, significant quantities of
polynulcear aromatic hydrocarbons (PAH)) were found in the gaseous discharges
while burning automotive crankcase oil, and a similar resylt was observed in
the vaporizing pot residue after combusting truck crankcase oil. Infrared
analysis did indicate the presence of aromatic ring compounds in many of the
samples, including 1iquid chromatography (LC) fractions of most of the liquid
chromatographed samples. This finding indicates that PAHs and related com-
pounds could be present, although a compound specific technique such as cap-
i1lary gas chromatography/mass spectrometry (GC/MS) would be necessary to
determine levels of individual compounds, and this analysis was not performed.

Infrared analyses indicated that the truck crankcase oil tended to generate
more oxidized organic species than did automotive crankcase oil combustion,
This was evidenced by higher levels of acids and lactones in the gaseous
discharges.
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The organic composition of SASS and dilution tunnel samples were signifi-
cantly different. The dilution tunnel extracts had lower levels of ali-
phatic hydrocarbons and esters than the parallel SASS samples. The differ-
ences in organic chemical composition, observed between the two technigues
when sampling the same source, indicate that transformations may be occur-
ring in the dilution process or on the filters themselves.

Inorganic Emissions

The inorganic composition of discharges from these space heaters showed very
high levels of a number of elemental species. As with organic discharges,
speciation would be required to characterize adverse health impacts which
might be expected from using these waste fuels for space heating. 1In the
case of metallic species, the combustion emissions of several toxic or car-
cinogenic metals were found at elevated levels, especially in the flue gas
stream from the air atomization burner and in the vaporizing pot residues.
For example, 16 metallic species including boron are compared in Figure 2
for the vaporizing pot test using automotive crankcase 0il. The metallic

in the pot residue.

The flue gas concentration of elemental species was generally much higher
for the air atomizing burner than for the vaporizing pot burner. Typical
concentrations are shown in Figures 3a and 3b for the air atomizing heater
using automotive crankcase oil. Fuel levels and flue gas levels are shown
for both SASS and dilution tunnel samples. For most elements, the SASS
train collected a significantly higher amount of the element of interest
than the dilution tunnel, indicating that metallic species may be passing
through the dilution tunnel sampler uncollected. An anomalously high value
for chromium is seen in the SASS sample in Figure 3a. This may be due to
contamination from stainless stee] parts in the SASS train. Nickel is seen
to also show anomalous behavior with a high measured level in the SASS sam-
ple but low fuel concentrations. »

An interesting comparison can be made between the truck and automotive
crankcase oils. The high metallic content of crankcase oil is attributed

to wear of metal engine parts or, in the case of lead, exposure of residues
from lead-containing gasoline to lubricated surfaces. Thus, automotive
crankcase o1l would be expected to yield higher lead levels than the cor-
responding recycled oil from truck Tubrication. As shown in Figure 4,

which illustrates elements emitted at higher levels, this trend is observed
in the tests with the air atomization burner, showing much higher lead Tevels
with automotive crankcase oil. In Figure 5 a similar comparison is made of
the total mass of elements for waste oils and pot residues from the vapor-
1zing burner firing truck and automotive crankcase oils. As in Figure 2,
this figure also shows that a significant percentage of the elements are re-
tained in the pot residue of the vaporizing burner.
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Comparison with TLVs

Although speciation is necessary to evaluate specific health impacts, it

is significant to note that several elements exceeded the threshold limit
values established for chemical substances.4 Nine elemental species which
showed elevated discharges as measured by their flue gas concentrations are
shown in Table IV. A comparison of sampling systems, burner types, and
fuels tested is also included. The magnitude of several of these discharges
is very high. Consider lead, where the air atomizing burner produced con-
centrations at 1,000 times the 8-hour average TLV when burning automotive
crankcase oil. A Teaky flue or direct exposure to the flue gas could pro-
duce an elevated exposure to lead from this source. Iron is also a source
of concern because the combination of iron oxides and certain PAH compounds
has been shown to produce an elevated risk of cancer in laboratory animals.5
Ni, P, Cr, Cu, and Fe all had high metal discharge concentrations, especially
for the case of air atomization burners.

Conclusions

This study provides information about emissions from waste crankcase o0il heat-
ers. The data provided should be useful to heater manufacturers and to regqu-
lators. Burner design and fuel composition both have an obvious effect on

the level of inorganic elements emitted. The vaporizing pot burner retained

a significant amount of the trace elements in the pot residue, whereas the

flue gas into the stack, and had particulate emission levels that were an
order of magnitude higher,

The study also showed that total organic emissions from the two burner de-
signs are similar. However, higher levels of polynuclear aromatic hydrocar-
bons (PAH) were found in discharges of the vaporizing pot burner,

Emissions of carbon monoxide and unburned hydrocarbons are similar to those
of a conventional o0il burner. However nitric oxide (NO) and sulfur dioxide
(S02) were significantly higher due to higher nitrogen and sulfur contents
in the fuel.
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Table I. Analytical results of truck and automotive
crankcase oil and No. 2 fuel oil samples.

Truck Automotive No. 2
Analysis Crankcase Crankcase Fuel
Performed 0 0i1 011

Heating Value, Gross

MJ/kg (Btu/1b) 44,30 ( 19,040) 43.61 ( 18,750) 45,04 ( 19,360)

GJ/m> (Btu/gal) 39.54 (141,850) 39.09 (140,250) 38.02 (138,180)
Heating Value, Net

MJ/kg (Btu/1b) 41.54 ( 17,860) 40.76 ( 17,520) -

GJ/m° (Btu/gal) 37.07 (133,000) 36.54 (131,090) -
API Gravity @ 15°C 26,7 26.0 33.6
Density @ 15°C, g/ml 0.894 0.898 -
Viscosity @ 40°C,

mm&/s or cs 65.4 67.7 2.75
Viscosity @ 40°C,

kPa.s or cp 57.4 59.8 -
Density @ 40°C by 0.876 0.882 0.844

pycnometer, g/ml
Karl Fisher Water, % 0.94 1.15 -
Ash, % 0.63 1.17 <0.01
Carbon, % 86.5 81.3 87.0
Hydrogen, % 13.0 13.4 12.5
Nitrogen, % 0.07 0.12 <0.1
Sulfur, % 0.86 \9156 0.22

9272. 6




Table II. Sampling data.
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Vaporizing Burner

Air Atomizing Burner

Sampling Condition Automotive Truck Automotive Truck
Average Stack Temperature, °C 414 416 339 332
Alnor Reading, m/min (ft/min) 129 126 84 88
at stack conditions (424) (412) (275) (288)
Stack Diameter, cm 15.2 15,2 22.9 22.9
Total Volumg Sampled 30 32 15 29
(SASS), m
Total Volume Sampled 238 83 122 90
(Dilution Tunnel), m3
Volumetric Flow Rate (Q) 0.015 0.014 0.024 0.024
at STP (20°C, 0.1 MPa
(1 atm)), m3/sec
Fuel Feed Rate, 1/hr 2.51 2.46 5.91 5.91
(gal/hr) (0.662) (0.65) (1.56) (1.56)

10
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Figure 1. Comparison of total organics for each test run sampled by
SASS train and dilution tunnel.
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Figure 2. Comparison of total mass of elements determined by ICAP
for the fuel and pot residue in the vaporizing pot heater burning
automotive crankcase oil.
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Figure 3a. Comparison of total mass of elements determined by
ICAP for the air atomizing heater burning automotive crankcase oil.
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Figure 3b. Comparison of total mass of elements determined by
ICAP for the air atomizing heater burning automotive crankcase oil.
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