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POLLUTANT EMISSIONS FROM PORTABLYE. FEROSENE-FIRED SPACE HEATERS

Abstract. Indoor use of unvented combustion appliances is known to

cause a 1increase in indoor air pollutants. Eg'conductedvlaboratory

tests on two radiant and two convective portable kerosene-fired space

heaters to identify the pollutants they emit and to determine their

emission rates. Results show that» carbon dioxide, carbon ﬁonoxide,

nitric oxide, nitrogen dioxide, and formaldehyde were emitted by both

types of heaters and that the radiant heaters and one of the convective

?: heaters also emitted trace amounts of fine particles. When such heaters

}are operated for one hourvlglg Eme3 chamber with 0.4 air changes per

hour, the resultant CO, concentrations are well above the U.S. occupa-

tional standard, and 'HQQ concentrations are well above California’‘s

short~-term outddor standard.

Two areas of concern for both the scientific community and the general
public. are. energy conservation and indoor air pollution. To reduce
residenﬁial heating costs, for example, thé public is increasingly turn-

ing to heating devices that use alternative fuels, such as portable

kerosene-fired space heaters. AStrategies designed to reduge energy

costs, however, are not always compatible with acceptable indoor air
quality. Because these heaters are not vented to the outside, the pol-
lutants they emit can have a detrimental effect on the quality of the

indoor air.

We investigated two types of portable kerosene-fired space heaters,
convective and fadiant, for their emissions of carbon dioxide (COZ)’
carbon monoxide (CO), nitrogen oxides (NOx = NO + NO,), formaldehyde

(HCHO), and fine particles, as well as for their consumption of oxygen
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(02). Tests on portable kerosene-fired heaters were conducted in a 27~
m3 environﬁental chamber, approximately the size of a kitchen or small
bedroom. The chamber has an infiltration rate of 0.40 + 0.03 air
changes per hour (ach). (Two of the heaters were new and were operated
for several hours before any tests were conducted.) The pollutant emis-
sion rates were quantified by means of a technique we had developed pre-
viously to determine pollutant emission rates from gas ranges (1). The

monitoring equipment used for gaseous and particulate emissions has been

. described elsewhere (1, 2).

All four kerosene heaters tested, were found to emit COZ’ co, 1o, NOZ,
and HCHO; addiﬁionally, both radiant heaters and one convective heater
emitted fine particles. The concentrations of COZ’ co, NOZ’ and 10
emitted from a convective heater are shown in Fig. 1 and those from a
radiant heater are shown in Fig. 2. For both heater types,'CO2 levels
reached twice the 8-hour U.S. occupational standard of 5,000 ppm (3).
N02 levels did not exceed the U.S. occupational standard of 5.0 ppm (3)
with either heater but~&id‘exceed the California short-term (l-hour)
standard of 0.25 ppm (4)--by a factor of seven for the convective heater
and by a factor of fwo for the radiant model. CO levels from the radi-
ant heaters exceeded the Environmental Protection Agency’s outdoor 8-
hour standard of 9 ppm, but were below its l-hour standard of 35 ppm
(5). (Bear in mind that the applicability of outdoor air quality stan-

dards to indoor environments has yet to be established.)

Table 1 summarizes the pollutant emission rates (per caloric value of
fuel consumed) from 12 tests on the four different heaters. The CO2

production rates and 02 conéumption rates were relatively constant for
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both convective and radiant heaters. The kerosene used in the study'had
an average molecular weight of 174 and an average carbon number of 12,25
(6). These values correspond to a theoretical CO, emission rate of .
71,300 pg/kJ and an 0, consumption rate of 80,300 pg/kJ, values very
close to our ﬁeaéﬁred emission rates averaging 70,200 + 3,500 pg/kJ for.
co, and 79,000 t 2,500 pg/kJ'for 0y. As is.evident from Table 1, no_
emissions were greatér for convective heaters and CO, HCHO, and fine-
particle emissions were greater for radiant heaters. The difference is
probably due to the hotter flame in gonvective heaters. The NOX reSulté
are slightly below thése of Yamanaka et al. (7) who studied NO2 emis-
sions from similér types of heaters. When results from the two studiés

are converted to cm3

per kJ of NOg emitted (at 25 °c énd 1 atmos;), the
differenées are minor: 0.027 and 0.026'cm3/kJ of NOx from ouf convec-
tive heater tests and 0.0634 and 0.0043 cm3/kJ from our radiant heater
tests in contrast to Yamanaka’s findings of 0.027 to 0.035 cm3/kafor

convective heaters and 0.0044 to 0.0065 cm3/kJ for radiant heaters.

Average>HCHO:concentrations.measured in the chamber for one hour after
fhe heaters were_tﬁrned off were 13 ppb for the new convective heater
under full-wick conditions (tests #1-1 to #1-4) and 66 ppb fof the new
radiant heater under full-wick conditions (tests #3-1 and #3-2). For
the new convective heater under the samerfull-wick conditions; ﬁhe aver-

age increase in fine particulate levels was below detection (< 0.2

'pg/m3) during the l-hour period after the heater was turned off, but for

the new radiant heater the increase averaged 4.0 pg/m3 above background.
Levels of HCHO and fine particles were below occupational and outdoor

air quality standards in all tests conducted.



To differentiate the emissions during the first 10 minutes of opera-
tion from those associated with "steady-state" operation, we conducted

emission rate tests with and without a 10-minute warm-up period (outside

the chamber).‘ In general, there was no significant difference in emis- -

sion rates with and without a warm-up period. The only exception was
with the 5-year-olq convective heater which, upon ignition, emitted 440

pg of fine particles (visually seen as a burst of smoke).

- We also conducted tests to determine the effects of adjusting the wick
length, since consumers do have this option. For the new heaters in

this study, we followed the manufacturers’ procedure for adjusting the

wicks to their optimum length, and found that maximum wick extension

’full—ﬁick)‘producéd the best burning conditiqns. Therefore, we pro—
ceededlto‘invesfigate the effects of reducing fbe wick extension on pol-
lutant emission rates. For the new convective ﬁeater, we rgduced the
wick until the flam¢>wasiapproximately one-~half its originalilepgth. As
evident in Tablé ii (tesf"#lfS), this adjustment féauced the fuel-
consumption rate but increased CO and HCHO emission rates by factors of
8 and 4, respectively; and had no effect on fine particulate emissions.

For the new radiant heater, the wick was‘feduced by adjusting the wick

control knob to one-half its full setting, slightly decreasing the:

fuel~consumption rate. Again, results (tests #3-3 and #3-4) indicated

an increase in CO emissions with the decrease in fuel consumption, but -

only a slight increase in HCHO and fine particdlate emissions.

The emission rates presented in Table ‘1, combined with specific
heater-use patterns, building characteristics (such as air-exchange rate

and building volume), and possibly other parameters, can be entered into

—-4-

-



an indoor air qﬁality model (1, 8-10) to estipatefindoor pollutidh prb-.
files for other structures where these appliaﬁ;es ;re*uséa.ﬁ~8uqh esti-
mates should be compared against‘data on health risks from pollutants in
‘ordet. to esﬁablish fhe potential hazard of using keroSeqe heaters
- indoors. In any case, Qhen using these appliances in small rooms,
" increased‘ventilatioﬁ or other pollution—control.strategies shbﬁld be
considered.
| G. W. Tfaynor
J. R. Al_le‘n_*u
H, G. Apte
5 R. Girman
c. D;1Hollowe11*
Lawrence Berkeley Labofatorf
kUniversity ofiCalifornia

Berkeley, California 94720

*
deceased
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Table 1.  Pollutant emission rzates‘from poi;ta_l;le kerosene-fired space heaters.

Emission Rates .

Heater . Fuel a PREDR " » . b Volumetric
- and. Consumption” co Co, N (of NOy) HCHO Fine Particles .. NOo/NOy
Test # Test Description GI/hn) e s/kD  Geld) | e/ GeD  Ge/k) Rattot”

" Convective (New) . . L _ )
“1=1 Fired in chamber - 7830 - 14.5 70,100 15.3 0.01 -77,200 <0.004 - 0.28 -

12 Fired in chamber 7980 {103 72,500 15.6 0.08  -78,900 . <0.004 0.25
1-3 © 10-nin warm-up 7850 9.1 70,700 15.5 0.4  ~73,800 <0.004 0.26
- -+ 10-min warm-up 7840 9.1 70,400 15.5 0.8  -78,000 <0.004 0.24
1-5 Reduced wick (10-min warm-up) 4230 849 78,000  16.0  0.42  -82,800 <0.004 0.45
Convective (5-yr-old) . L o _
.~ 2-1 - Fired in chamber " 5480 115.1 69,000 15,3 .. 1.22  -79,500 e 0.65
2-2" " 10-min varm-up ) 15780 110.5 63,600 4.2 0,98  -80,900 0.006 0.61
’ Radiant (New) ) v
3-1 Fired in chamber = . 8180 60.2 70,300 . 2.2 0.63 ~76,700 0.019 - 0.67
3-2 ' 10-min warm-up - 8250 7.7 68,500 1.8 0.49  -79,600 0,022 0.69
33 "+ Reduced wick (10-min warm-up) 7180 141.3 70,600 1.6 - 0.80  -81,800 .  0.031 0.92

FEE T T Reduced wick (10-min warm-up) 7650 91.7 71,900 - 1.7 0.58  -80,900 0.022 0.83

Radiant (1-yrold) 7 . , , |
4-1 """ 10-min warm-up 6640 54.0 66,200 2.5 0.10 -78,000 0.019 0.63

2. 000 kJ/br = 0.948 Btu/hr, heat content of kerosene = 43,5 kJ/g. -

bMass of particles from 0.005 to 0.4 ym in diameter, analyzed by electrical mobility detector, assuming particulate density of 2,0 g/cm .
' ?Measured at ghut-off. ‘

dAli‘warm-ups were conducted outside the chamber to avoid initial transien‘c emissions.

€440 ug emitted at'igniﬁion; heater ignited with a smokeless butane lighter.
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Figure 1. €O, CO,» 10, and no, concentrations measured during opera-

tion of a portable, convective-type, kerosene-fired space

3

heater in a well-mixed 27-m chémber. Fuel consumption was

7830 kJ/hr (7430 Btu/hr) and the air exchange rate was 0.39

air changes per hour; tes;‘#l-l.
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.Figure 2. co, COZ’ Mo, and 10, concentrations during operation of a

portable, radiant-type, kerosene-fired space heater in a

well-mixed 27-m3 chamber. Fuel consumption was 8180 kJ/hr
img - (7760 Btu/hr) and the air exchange rate was 0.40 air changes
P VI ‘ _
9 per hour; test #3-1.
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