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ABSTRACT 

A wide variety of unvented kerosene and gas space heaters are 

used in the United States. These include convective and radiant 

unvented kerosene space heaters and convective and infrared unvented 

gas space heaters (UVGSH). Unvented gas space heaters can be fueled 

by natural gas or propane. In addition, two-stage unvented kerosene 

space heaters have recently become available in the U.S. In this 

paper the pollutant emission rates of all five types of unvented space 

heate-rs are compared. Pollutant emission rates for carbon dioxide, 

carbon monoxide (CO), nitric oxide, nitrogen dioxide. (N02 ) , 

formaldehyde, and submicron suspended particles were measured. 

Special emphasis is placed on CO and N0
2 

emissions. Pollutant 

measurements were "made in a 27 _m3 environmental chamber and emission 

rates were calculated using a mass-balance model. Emission rates for 

propane and natural gas space heaters were similar. Emissions from 

the various types of heaters fall into three distinct groups. The 

groups are better characterized by burner design than by the type of 

fuel used. Radiant kerosene heaters and infrared UVGSHs constitute one 

group; convective kerosene heaters and convective UVGSHs the second, 

and two-stage kerosene heaters the third group. 'When groups are 

compared, emission rates vary by an order of magnitude for carbon 

monoxide and for nitrogen dioxide. The two-stage kerosene heaters 

emitted the least CO and also the least N0
2 

per unit of fuel energy 

consumed. The radiant/infrared heaters emitted the most CO, and the 

convective heaters emitted the most N0
2

•. The effects of various 

operation parameters such as the wick height for kerosene heaters and 

the air shutter adjustment for gas heaters are discussed. Convective 

UVGSHs operating at half input were found to have lower emission rates 

on average than when operating at full input. Some mal tuned convective 

UVGSHs were capable of emitting very high amounts of CO. Kerosene 

heaters were found to emit more CO and N0
2 

on average when they were 

operated with lowered wicks. 

Key Words: Combustion, Carbon Monoxide, Gas, Indoor Pollution, 

Kerosene, Natural Gas, Nitrogen Dioxide, Propane, Space Heating, 

Unvented 
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INTRODUCTION 

Previous work conducted by many researchers shows that the operation of 

unvented combustion appliances such as unvented gas space heaters (UVGSH) 

and kerosene heaters increases indoor concentrations of several pollutants 

(Girman et al. 1983; Leaderer 1983; Moschandreas, Relwani, Macriss, and Cole 

1984; Traynor et al. 1984; Traynor et a1. 1985, U.S. D.O.E. 1985). Since 

1981 the Building Ventilation and Indoor Air Quality Group at Lawrence 

Berkeley Laboratory (LBL),working·with the U.s. Consumer Product Safety 

Commission, the U.S. Department of Energy, and the U.S. Environmental 

Protection Agency, has been measuring pollutant emission rates from many 

types of unvented combustion space heaters. It has become clear that a 

necessary step in understanding human exposures to pollutants from these 

?ombustion appliances will be to accurately account for the magnitude and 

distribution of pollutant emission rates under a variety of user-controlled 

conditions. 

The focus of this paper will be to summarize LBL results of pollutant 

emission-rate tests of the. major types of unvented combustion space heating 

devices available in the United States. Determinations have been made for 

consumption of oxygen (Oz) and for emissions of carbon dioxide (COz) , carbon 

monoxide (CO), nitric oxide (NO), nitrogen dioxide (NOz) , total nitrogen of 

nitrogen oxides N(of NOx ) , formaldehyde (HCHO), and submicron suspended 

particles. Measurements were made on heaters under well tuned or normal 

operating conditions as well as under maltuned. and reduced fuel input 

conditions. All emission rates are expressed as mass of pollutant emitted 

per unit of fuel energy consumed. This allows for direct comparison between 

heaters of different energy consumption rates. 

1 



Unvented space heaters can be classified by type of burner and type of. 

fuel. Convective and infrared models of UVGSHs fueled by both natural gas 

and propane have been tested (Traynor et al. 1984; Traynor et al. 1985). 

Kerosene heaters of the white - flame (convective) and the blue- flame 

(radiant) types (Traynor et al. 1983) as well as the newer two-stage models 

have also'been tested. The UVGSHs that have been tested include nine 

natural- gas convective heaters, three propane convective heaters, four 

infrared natural-gas heaters, and one infrared propane heater. Kerosene 

heaters tested include four radiant, three convective, and two two-stage 

types. The results of the two-stage kerosene heaters are presented here for 

the first time. In addition, unpublished results from one convective and 

two radiant kerosene heaters are combined with previously published results. 

EXPERIMENTAL METHODS 

Heaters 

Table 1 summarizes the physical characteristics of the heaters 

discussed in this paper. The twelve convective UVGSHs tested have a blue 

flame when well tuned, and each heater has removable ceramic inserts, 

serving as radiant elements, positioned at least 2 cm above the burner. Most 

of these heaters have adjustable air shutters for tuning, and eight of the 

twelve tested did not have oxygen depletion sensors. Emissions from the 

pilot lights on these heaters were not measured separately; however, the 

pilot lights were operating during testing. The fuel' consumption rate 

ranges, under full input conditions, for the nine naturai-gas convective 

heaters and the three propane convective heaters were 10,100 to 44,700 kJ/h 

(9550 to 42,300 Btu/h) and 20,100 to 37,600 kJ/h (19,000 to 35,600 Btu/h), 

respectively. 
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1.1' ... 

The five infrared heater models had ceramic tile burners. Combustion 

takes place at the surface of a low-density ceramic tile cast with a matrix 

of hundreds of small openings. Through heat transfer, the tile becomes red 

hot, causing a significant portion of the heater's output to be in the form 

of infrared' radiant energy. The combustion temperature is lower for 

infrared heaters than it is for convective heaters. The full input fuel 

consumption rates ranged from 15,800 to 21,000 kJ/h (15,000 to 19,900 Btu/h) 

for the four natural-gas infrared heaters, and the propane infrared heater 

had a consumption. rate of 14,700 kJ/h (13,900 Btu/h). 

All three types of kerosene heaters tested use cylindrical wicks. 

Primary combustion air enters at the base of the wick. The burner of the 

white-flame convective type heater is a simple, unobstructed wick. These 

heaters operate at a relatively high combustion temperature. The blue-flame 

radiant type heaters have flames that extend up and into a perforated metal 

baffle, consisting of two concentric cylinders inside a glass plenum. After 

an initial warm-up period, the metal baffles glow red hot, causing a portion 

of the heat to be output as radiation. These radiant heaters operate at a 

lower combustion temperature than the convective models. The two-stage 

kerosene heaters' burners look very similar to the radiant heaters' burners, 

except that there is a se~ond chamber above the radiant element where more 

combustion air is introduced. In this region the flame temperature is 

allowed to rise, the color of the flame becomes white, and secondary 

combustion of the carbon monoxide and, presumably, unburned hydrocarbons 

l) occurs before the combustion products leave the burner. This design is a 

hybrid incorporating features of convective and radiant heater types. All of 

the kerosene heaters but one, an old convective model, had battery-operated 

igniting coils and safety shutoff mechanisms. The full input kerosene 
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consumption rates for the convective, radiant, and two-stage heaters ranged 

from 5500 to 15,300 kJ/h (5200 to 14,500 Btu/h) , 6600 to 11,300 kJ/h (6300 

to 10,700 Btu/h), and 7500 to 14,200 kJ/h (7100 to 13,400 Btu/h), 

respectively. All kerosene heaters were operated with high grade, low sulfur 

(No. l-K) fuel only (ASTM 1978). 

Heater tuning 

Most of the convective UVGSHs tested had air shutters that allowed for 

adjustment of the amount of primary air supplied to the burner and, thus, of 

their state of tune. For nwe1l-tuned" tests, these UVGSHs had their tuning 

adjusted according to manufacturers' instructions, which called for visual 

observation of the flame characteristics. Air-shutter adjustments to some 

heaters were made to test the effect of .maltuning on their pollutant 

emissions. The infrared UVGSHs did not have any serviceable tuning 

adjustments; however, the effects of partial input and varied fuel pressure 

were investigated. 

The kerosene heaters had no mechanical means for adjusting the air 

suppl ied to the wick; however, the height of the wicks themselves was 

adjustable. For the well-tuned tests ol these heaters, manufacturers' 

operating and maintenance instructions were followed. Some tests with the 

heaters set at a low wick height were also carried out. 

Facilities and Instrumentation 

The testing facilities consisted of an environmental chamber, LBL's 

Mobile Atmospheric Research Laboratory (MARL), and auxiliary 

instrumentation (see Figure 1). The facilities were the same for all tests 
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and were described in more detail a previous report (Girman et al. 1983). 

Important aspects will be summarized here. 

The environmental chamber is 27 m3 in volume with a base air exchange 

rate between 0.3 and 0.5 air changes per hour. The inside of the chamber is 

equipped with six 10-cm instrument fans to promote air mixing. Each fan has 

a maximum flow rate of 60 m3jh and was positioned at least one meter from the 

heater so as to avoid air drafts near the heaters. Use of the fans caused 

no visible disturbance of the heater flame. A water-cooled ncold wall n was 

used to remove some of the heater-generated radiant energy from the chamber. 

The real-time instruments for CO, COz , NO, NOz , and Oz were located 

inside the MARL. Air was drawn into the MARL from the chamber via Teflon 

tubing and a Teflon-lined pump. The formaldehyde collection system, located. 

adjacent to the chamber, had separate sampling lines. The electrical 

mobility particulate analyzer, used to measure submicron particles, was 

located inside the chamber but out of the initial path of the hot 

pollutants. Temperature and humidity probes were located both inside the 

chamber (out of the heater's plume) and outside the chamber. 

Mass-Balance Model 

A single-equation mass-balance model was used to calculate UVGSH 

pollutant emission rates from laboratory data using a technique previously 

published (Traynor, Anthon, and Hollowell 1982). This model has been used 

successfully to predict indoor air pollution levels as well as to quantify 

indoor air quality parameters that can affect such levels. The model is 

repeated here for completeness. 
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The mathematical expression for a change in the average indoor 

gaseous pollutant concentration of a whole house is 

where 

C 

P 

a 

C o 

t 

5 

dC - PaC dt + 5/V dt - (a + k) C dt o 

indoor pollutant concentration (ppm); 

fraction of the outdoor pollutant 

penetrates the building shell (unitless); 

air exchange rate (h-1); 

outdoor pollutant concentration (ppm); 

time 

indoor pollutant source strength (cm3/h); 

volume (m3); 

(1) 

level that 

V 

k net rate of removal processes other than air 

exchange (h-1). 

For particles, C and Co are usually expressed in units of ~g/m3 and S in 

units of ~g/h. The air exchange rate, a, is calculated from the decay in 

pollutant concentrations after the source is turned off (i. e., 5-0). 

Assuming Co' P, a, 5, and k are constant over the period of interest, Eq. 1 

can be solved for C(t), the chamber pollutant concentration at time t, to 

give 

+ C(O) e-(a+k)t (2) C(t) - ------
PaCo + SjV 

a + k 
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Equation 2 describes the spatial average concentration of a pollutant in an 

enclosed space of a given volume. 

Solving Eq. 2 for S, dividing it by the fuel consumption rate, R 

(kJ/h), and letting T equal the duration of appliance operation, we can 

obtain the emission rate, E (~g/kJ for particles and cm3/kJ for gases). 

S v 
E (a+k) 

R R 

C(T) - C(O)e-(a+k)T 

l_e-(a+k)T 

VPaC 

R 

o 
(3) 

For gases, E, in cm3/kJ, has been converted to ~g/kJ by using the ideal gas 

law and the time-weighted average temperature and pressure in the chamber. 

Note that Eq. 3 relies on the final average indoor pollutant concentration, 

C(T). The use of mixing fans increases the accuracy and precision of the 

C(T) measurement. 

Heater testing protocol 

Pollutant emissions from the heaters have been measured with one of two 

similar testing protocols. One protocol called for a single initial burn 

period from which pollutant emission rates were determined, and the other 

protocol called for two burn periods--an initial burn period and burn period 

approximately 1.5 h after the first burn period concluded. Figure 2 depicts 

the latter protocol; the first protocol is simply the first rise and decay 

,in Figure 2. The single-burn testing protocol was used in the early 

laboratory work. The heaters were operated in the environmental chamber 

until approximately 5500 kJ of fuel was consumed. The heater was then turned 

off, and a one-hour decay period ensued. Pollutant concentrations outside 

the chamber (in Building 44) were monitored before ignition of the heaters 
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and at the end of the decay period. During a controlled field study, it was 

found that the short-term and the long-term emission rates of some of the 

pollutants could be significantly different (Traynor et a1. 1985). However, 

it was also found that they became relatively stable after approximately 1.5 

h of operation. The two-burn laboratory protocol was then designed to 

assess both short-term and long-term pollutant rates. The heater was placed 

on a movable cart before testing. For the gas-fired heaters a long flexible 

hose was used to supply the heaters with either natural gas or propane. The 

heater was initially operated inside the chamber unti15500 kJ of fuel was 

consumed (140 L of natural gas, 60 L of propane, or 130 g of kerosene). 

Then, while the heater was still operating, it was rolled out of the 

chamber, and the building (Building 44) containing the chamber, to the 

outside. Heater operation continued in a.partia1 enclosure for 1.5 h. The 

heater was then returned to the chamber, and ~nother 5500 kJ of fuel was 

consumed before the heater was shut off. For the purposes of this paper, 

the two emission rates calculated for two-burn tests. were averaged to yield 

one emission rate value per test. 

RESULTS AND DISCUSSION 

Pollutant emission rates for CO
2

, CO, NO,N0
2

, N(of NOx ) , HCHO, and 

submicron suspended particles and consumption rates for 02 were measured for 

convective and infrared UVGSHs as well as for convective, radiant, and two-

stage kerosene-fired space heaters. Measurements were made for heaters 

operating under well-tuned, full-input conditions, as well as under a 

variety of maltuned and partial-input conditions. 
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Full-Input Tests on Well-Tuned Heaters 

Measured CO2 emission rates and 02 consumption rates were found to be in 

good agreement with theoretical emission rates based on fuel composition. 

The theoretical CO2 emission rates for natural gas, propane, and kerosene are 

51,000 ~g/kJ, 59,900 ~g/kJ, and 71,300 ~g/kJ, respectively. The average 

measured CO2 emission rate for all natural-gas heater types was 49,800 ± 2400 

~g/kJ. For propane they were 60,500 ± 1200 ~g/kJ, and for kerosene they 

were 70,000 ± 2800 ~g/kJ. Theoretical 02 consumption rates are 73,200 ~g/kJ, 

72,600 ~g/kJ, and 80,300 ~g/kJ for natural gas, propane, and kerosene, 

respectively. The measured 02 consumption rates were 70,300± 2500 ~g/kJ, 

70,500 ± 2100 pg/kJ, and 77,100 ± 2600 ~g/kJ for natural gas, propane, and 

kerosene, respectively. 

Table 2 shows the average CO, NO, N02 , N(of NOx)' HCHO, and submicron 

suspended particulate emission rates for h~aters separated by fuel type and 

design. These results agree with those of other researchers who have 

measured CO, NO, and N02 emission rates from these heaters (Leaderer 1983; 

Moschandreas, Re1wani, Macriss, and Cole 1984). Where two-phase emission 

rates'were measured for a heater, the average of both phases was used. This 

value was given the same weight as a single-burn emission rate. Emission 

rates of heaters that were tested more than once were averaged to obtain one 

emission rate per heater per pollutant. These average emission rates were 

then combined to yield geometric or arithmetic means and geometric or 

arithmetic standard deviations ... 

The mean emission rates of heaters fu.!.led by natural gas and those 

fueled by propane are not statistically different for CO, N02 , HCHO, and 

submicron suspended particles. However, when comparing propane convective 
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UVGSHs with natural gas convective UVGSHs ,we found that NO and 

consequently NOx ' emission rates are significantly different. In the 

following discussion, except where specifically noted, the average emission 

rates from the UVGSHs combine both propane and natural-gas space heater 

emission rates. 

Carbon monoxide emission rates from unvented gas appliances have been 

found to follow a log-normal distribution (Himmel and DeWerth 1974). Our 

data appear to follow the same pattern. The CO emission rates for well-tuned 

heaters ranged from a geometric mean (GM) of 9. 2 ~g/kJ and a ·geometric 

standard deviation (GSD) of 1. 2 for the two-stage kerosene. heaters to a GM 

of 64 ~g/kJ (GSD - 1.4) for the radiant kerosene heaters. It can be seen 

from Figure 3 that the heaters fall into three fairly distinct categories, 

based on design. and are reasonabJ y independent of fuel type. These 

categories are convective, radiant/infrared, and hybrid (two-stage). 

Arithmetic mean NOz emission rates range from a low of 2.2 ± 0.2 ~g/kJ 

for the two-stage kerosene heater up to 16.3 ± 13.9 ~g/kJ for the convective 

kerosene heater. Again Figure 3 shows the heaters falling into three 

categories with respect to NOz . Arithmetic mean NO emission rates ranged 

from a low of 0.3 ± 0.3 ~g/kJ for the infrared UVGSHs up to 26.6 ± 4.7 

~g/kJ for the propane convective UVGSHs. The natural-gas convective UVGSHs 

emitted 17.5 ± 4.0 ~g/kJ of NO; this mean is statistically different from 

the propane heaters of the same type. N (of NO
x

) emissions follow the same 

pattern as NO with a range of 1.6 ± 0.1 ~g/kJ from the infrared UVGSHs to 
l) ,. 

16.4 ± 1.0 ~g/kJ from the propane UVGSHs. 
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Emissions of HCHO and submicron suspended particles are also thought to 

follow a lognormal distribution (Girman et al. 1983). The two-stage 

kerosene heaters were the lowest emitters of HCHO, with a GM of 0.20 ~g/kJ 

(GSD - 1.1). The highest emitters were the convective UVGSHs, with a GM of 

0.92 ~g/kJ (GSD 

0.23 ~g/kJ (GSD 

2.4) from the 

4.5). Emission rates for the particles ranged from a GM of 

2.1) from the infrared UVGSHs to a GM of 1.7 ~g/kJ (GSD = 

two-stage kerosene heater. The submicron particulate 

emissions from the three convective kerosene heaters were <0.04 ~g/kJ for 

the first heater and 3.9 ~gjkJ for the second heater. For the third heater, 

a burst of 440 ~g of particles was emitted when the heater was lit. 

Partial input tests on well-tuned heaters. 

As previously mentioned, some of the heaters were tested under partial

input conditions. Although some manufacturers specificapy state th,lt their 

heaters should not be used this way, there is no mechanism to prevent it. 

Therefore, it is quite likely that they will be used, at least occasionally, 

at partial input. The main reason for this is convenience--it is easier to 

maintain a constant temperature by putting a heater on a lower setting than 

to be continually turning it on and off. The term "partial input" is used 

quite loosely here. It was possible to test the convective UVGSHs at 

approximately half their normal fuel input rate without obvious 

deterioration of the flame. The infrared UVGSHs tested had three separate 

burners, so low, medium, and high settings were available without effecting 

the outpu~ ~f the burner(s) in operation. In general the kerosene heaters 

could not be turned down as much as the gas heaters without degrading or 

extinguishing the flame. The average low-wick setting for the kerosene 

heaters was 73 percent of the measured full-input setting compared with 50% 

for UVGSHs. 
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On average, all the pollutant emission rates, except for CO
2

, for the 

convective UVGSHs were found to be reduced at partial fuel input. The 

geometric mean CO emission rates were reduced by 50 percent, and those of 

HCHO were reduced by 36 percent. Submicron suspended particles were 

reduced from a geometric mean of 0.4 I'g/kJ to less than the limit of 

detection (0.04 I'g/kJ); NO, N02 , and N(of NOx ) emission rates were all 

reduced by 25 percent. 

As mentioned earlier, the infrared UVGSHs had three separate burner 

settings controlling three separate vertically parallel burner assemblies. 

Emission rates were measured for one of the infrared heaters with one burner 

operating and with two burners operating. No differences were seen for NO 

or N0
2 

for either setting. For the one burner setting, CO emission rates 

increased by 25 percent compared with the full-input three-burner settings. 

No difference was observed for CO emissions between the two- and three-

burner settings; ilCHO emission rates were increased by 44 percent and 15 

percent, respectively, at the one - and two -burner settings. Submicron 

suspended particle emissions were reduced by one-third for both settings. 

Reduced-wick-11eight tests on· the kerosene heaters showed increased 

emission rates for CO, N02 , and HCHO. Submicron suspended particles were 

also marginally increased for the radiant and two-stage heaters. They also 

increased significantly for one of the two convective heaters tested in this 

mode. The GM of the CO emission rates for the convective, radiant, and two-

stage heaters increased by factors of 5.1, 2.4, and 5.9, respectively. 

Simultaneously, the arithmetic mean N0
2 

emission rates increased by 90%, 10%, 

and 12% for convective, radiant and two-stage kerosene heaters, 

respectively. The mean NO emission rates dropped, leaving the NO emission 
x 

12 
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rates within 20% of the full-input values for all heater types. The GM of 

the HCRO emission rates increased by factors of 1.5, 3-.0, and 2.0. The GM of 

the suspended submicron particles increased by 20% and 10% for the radiant 

and two-stage heaters, respectively. The particle output of one of the 

convective kerosene heaters increased by 50 percent, whereas another heater 

showed no measurable emissions. 

Tests of convective UVGSH under ma1tuned conditions. 

Several heaters have been tested under ma1tuned conditions. These 

tests have consisted of altering the adjustment of the heaters' primary air 

shutter. The highest CO emission rate ever measured in the chamber was 517 

~g/kJ, more than a 20-fo1d increase over the well-tuned condition for this 

heater. This was seen when a convective UVGSH, operating at full input, had 

its air shutter opened 100%. In thi~ test, the SCHO emission rate was 20.3 

~g/kJ, an increase of 30 fold. The N0
2 

emission rate did not change, and the 

particle emission rate, which was already low, dropped,to below detectable 

limits. It should be noted that this particular heater was found to be much 

more sensitive to the adjustment of its air shutter than were other models 

of convective UVGSHs. 

Tests of UVGSHs at various gas-inlet pressures 

One infrared and one convective UVGSH were tested with their gas-line 

pressures increased up to the limit specified by their manufacturers. At the 

increased fuel-line pressure, the infrared heater had 15 percent lower CO 

emissions and 8 percent higher NO
x 

emissions. The convective heater did not 

o 
show any change in emission rates. 
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CONCLUSIONS 

Results from emission rate tests show that well-tuned unvented gas

fired and kerosene-fired space heaters do emit significant amounts of air 

pollutants to the living space. Emissions from the various types of heaters 

fall into three distinct groups that are best characterized by design rather 

than by the type of fuel used. Radiant kerosene heaters and infrared UVGSHs 

constitute one group, convective kerosene and convective UVGSHs t~e second, 

and two-stage kerosene heaters third. It is anticipated that multistage 

UVGSHs, not tested by LBL; would fall into the third category. Emission 

rates vary by an order of magnitude for carbon monoxide and nitrogen dioxide 

when groups are compared. 

The two-stage kerosene heaters emitted the least CO and the least N02 . 

The radiant/infrared heater group emitted the most CO, under well-tuned 

conditions, and the convective heater group emitted the most N02 . Convective 

UVGSHs operating at half input were found to have lower emission rates on 

average--for all pollutants but CO2 --than when operated at full input. Some 

mal tuned convective UVGSHs were capable of emitting very. high amounts of CO. 

No major differences were seen when gas heaters had their line pressure 

increased. Kerosene heaters were found to emit more CO and N0
2 

on average 

when operated with lowered wicks. 

The hybrid design such as the two-stage kerosene heater offers lower 

risk of exposure to CO and N0
2

; however, CO
2 

emissions cannot be reduced. 

This design might lead to improved unvented gas space heaters. Perhaps 

further improvements can also be made in reducing the emissions from two

stage kerosene heaters at low wick settings. 
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These data can be used in conjunction with validated indoor air quality 

-models to predict indoor pollutant concentrations and to determine whether 

building occupants are at risk when using these appliances. 
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TABLE 1. 

UNVENTED SPACE HEATER DESCRIPTIONS. 

Fuelb 

Number of Consumption Type(s)C 
Heater Heaters Range of 
Types Tested Fuels (kJ/hr) Burner(s) 

Gas Fired 
Convective 9 NG 10,100- SP,DP,R 

44,700 

3 P 20,100- SP,DP,R 
37,600 

Infrared 4 NG 15,800- Ceramic 
21,000 Tile 

1 P 14,700 Ceramic 
Tile 

Kerosene Fired 
Convective 3 K 5,500- Wick 

15,300 

Radiant 4 K 6,600- Wick with 
11,300 metal 

radiating 
baffle 

Two Stage 2 'K 7,500- Wick with 
14,200 metal 

radiating 
baffle and 
secondary 
combustion 
chamber 

a 

b 
NG - Natural Gas; P - Propane; K - Kerosene. 
1.00 kJ/h - 0.95 Btu/h 

Adjustable 
Flame Air-shutter 

Blue Yes/No 

Blue Yes/No 

Infrared No 

Infrared No 

White NA 

Blue NA 

Blue/ NA 
White 

c Burner Code: SP - Slotted Port Burner; DP - Drilled Port Burner; 
R - Pressed Metal Ribbon Burner 

18 

Radiating 
Elements ~ 

Suspended 
Ceramic 

Suspended 
Ceramic 

Integral 
with 
burner 

Integral 
with 
burner 

None 

Metal 
radiating 
baffle 

Metal 
radiating 
baffle 
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, 

Heater Type 

Natural Gas 

Propane 

Natural Gas 

Propane 

Convective 

Radiant 

Two-stage 

TABLE 2. 

AVERAGE POLLUTANT EMISSION RATES FOR WELL-TUNED 
UNVENTED GAS AND KEROSENE SPACE HEATERS. 

Number 
of 

Heaters 

9 

3 

12 

4 

1 

5 

3 

4 

2 

33 
(GSD-2.6) 

16 
(GSD-1. 9) 

29 
(GSD-2.5) 

47 
(GSD-1.6) 

45 

47 
(GSD-1. 5) 

25 
(GSD-3.7) 

64 
(GSD-1. 4) 

9.2 
(GSD-1. 2) 

NO NO N(of NOx) 

(~gfkJ)· (~g/L) (~g/kJ) 
Partic1es B

•
b 

(~g/kJ) 

Gas Convective Heaters: 

17.5 
(±4.0) 

26.6 
(±0.5) 

18.2 
(±7.4) 

13.8 
(±4.3) 

13.0 
(±2.7) 

12.6 
(±5.1) 

12.4 1.2 0.48 
(±1.3) (GSD-5.2) (GSD=4.0) 

16.4 1.0 0.27 
(±1.0) (GSD-9.7) (GSD=1.3) 

12.3 0.92 0.43 
(±4.4) (GSD-4.5) (GSD-3.6) 

Gas Infrared Heaters: 

0.4 
(±0.4) 

0.1 

0.3 
(±0.3) 

4.6 
(±O.7) 

5.5 

4.8 
(±0.7) 

1.6 0.68 0.27 
(±0.2) (GSD-l.5) (GSD=2.1) 

1.7 1.0 0.13 

1.6 0.74 0.23 
(±0.1) (GSD-l.5) (GSD=2.1) 

Kerosene Heaters: 

14.1 
(±9.5) 

1.3 
(±0.9) 

4.3 
(±0.5) 

16.3 
(±13.9) 

4.7 
(±0.6) 

2.2 
(±0.2) 

11.6 0.31 d 

(±6.2) (GSD-3.3) 

1.9 0.29 0.49 
(±0.6) (GSD-2.8) (GSD=3.5) 

2.7 0.20 1.7 
(±0.2) (GSD-1.1) (GSD-2.4) 

B Heater emission rates log-normally distributed: Geometric mean and geometric 
standard deviations are given. 

b Mass of particles from 0.0056 to 0.56 ~m in diameter analyzed by an electrical 
mobility detector, assuming a particle density of 2.0 g/cm3 . 

C Natural gas and propane averaged together. 
d Average particle emission rates varied from below detection «.04 ~g/kJ) for 

one of the heaters to 3.9 ~g/kJ for a second heater. The third heater emitted 
440 ~g of particles in a burst when it was lit. 
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