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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Abstract

Two kerosene-fired space heaters,  one white-flame convective and one
blue-flame radiant, were operated in the master bedroom of an unoccupied
house under several simulated use conditions. Tests were conducted with
the bedroom door and outside window closed, with the door closed and the
window open 2.5 cm, with the door open 2.5 ¢m and the window closed, and
with the door wide open and the window closed. The heaters were operated
until an 89C temperature rise was achieved in the room. Increases in
bedroom concentrations of CO, COZ, NO, NO,, and 0, are reported. The in-
creases in CO, Tevels ranged from 2440 to 5440 ppm while the increases in

N°2 levels ranged from 0.12 to 0.60 ppm. In addition, inter-room pollu-

tant transport rates are reported for tests conducted with the window
closed. . While inter-room pollutant transport rates were less than 10 m3/h
with the bedroom door closed, they were 30 + 10 m3/h with the bedroom door
open 2.5 cm, and ranged from 190 m3/h to 3400 m3/h with the door fully open
(74 cm).



Introduction

The indoor use of unvented kerosene-fired space heaters in the U.S.A.
has increased dramatically over the last several years due to increased
energy costs. Because these devices are not vented to the outside, the
pollutants they emit can have a detrimental effect on the quality of indoor
air. Past studies have concentrated on the quantification of pollutant
emission rates from unvented kerosene-fired space heaters (2,4,6). Results
of these studies have shown that kerosene-fired space heaters can emit CO,
Cog, NO, NO2, formaldehyde and respirable bartic]es while consuming oxygen.
Laboratory-derived emission rates coupled with indoor air quality modeling
indicate that NO, concentrations exceed the California, U.S.A. outdoor

guideline and €0, concentration can exceed the U.S.A. occupational guide-

line under certain operating conditions.

Experiments

This study measured the indoor pollutant levels from operating an
unvented kerosene-fired space heater in an unoccupied house under several
realistic use-patterns. The house is located in Truckee, California, U.S.A.
(elevation: 1800 m). It is a ranch-type structure with a volume of 236 m3.
The house has a long straight ha11way‘(5.4 mx2.4mx 0.93 m) which
allows access to the bedrooms. The master bedroom door is at the end of

the hallway furthest from the 1iving room and kitchen.

The convective and radiant heaters were operated in the master bedroom



until the bedroom air temperature increased at least 80C. This procedure
was followed under severa] operating conditions: first, the hinged bedroom
door (to the rest of the house) was closed and the sliding window (to the
outside) was élosed; second, the bedroom door was opened 2.5 cm and the
window was closed; third, the bedroom door was fully opened (74 cm) and the
window was closed; and fourth, the bedroom door was closed and the window
was opened 2.5 cm. The bedroom door opening is 204 cm high and the bedroom
window opening is 101 cm high. All other interior doors,except closet and
bathroom doors,were open for all tests and all other exterior doors and

windows were closed for all tests.

The instrumentation used in this study has been described previously
(1). Pollutant concentration at three indoor locations (living room, kit-
chen, and bedroom) ahd one outdoor location were monitored on a rotating
basis every 24 minutes (6 minutes at each location). Temperature was moni-
tored at each sample Tocation. The bedroom temperature and air sampling
probes were 1.5 m above the floor and were not in the path of the heater

plume.

Inter-room pollutant transport rates were calculated for tests with
the bedroom window closed using CO2 concentration data and a two-
compartment mass-balance model with several simplifying assumptions. The

‘bedroom was treated as one compartment with a volume of 31 m3 while the
remainder of the house was the other compartment having a volume of 205.m3.
House and room volumes were measured by injection of a tracer gas under
well-mixed conditions. The primary simﬁ]ifying assumption used to cal-

culate inter-room pollutant rates was that the flows out of each com-



partment to the outside are equal to the flows into each compartment from
the outside. This was plausible because the 1large indoor/outdoor tem-
perature differences, the low local wind speeds, and the wind-protected
location of the house allowed us to assume that the stack effect, as
opposed to the wind effect, was the primary driving force for infiltration
in this house. Therefore, we were able to assign a portion of the total-
home infiltration air flow rate, measured by CO, decay, to the bedroom and
the remainder to the rest of the house. The division of infiltration air

flow was based on the length of wall exposed to the outside.

Results and Discussion

Table 1 summarizes some of the test results including air exchange
rate estimates, temperature data, and net increases in bedroom pollutant
concentrations. CO0, was the only pollutant with a significant background
concentration, ranging from 360 ppm to 990 ppm with a mean of 580 + 190
ppm. The average fuel consumption rates were 7300 i.1200 kd/h for the

convective heater and 6400 + 300 kJ/h for the radiant heater.

An important observation from the results of these tests is that
moderate increases in ventilation rates, a result of opening a window or
door 2.5 cm, do not necessarily reduce the peak pollutant conéentrations
because the heater must operate longer to achieve the same temperature
rise. As expected, CO concentrations were highest when the radiant heater

was used and NO concentrations were highest when the convective heater was

used.  However, NO, concentrations, although widely varying, were similar



for both the convective and radiant heaters. The range of NO, concentra-
tions was from 0.12 to 0.60 ppm for the convective heater tests and was
from 0.12 to 0.52 ppm for the radiant heater tests. These numbers can be

compared to the short-term (one-hour average) California, U.S.A. outdoor

pollution NO, standard of 0.25 ppm (3).

Increases in bedroom CO, concentrations ranged from 2440 to 5440 ppm,

excluding Test 1A which had a temperature increase greater than 100C.
Actual peak bedroom CO, concentrations ranged from 2870 to 5970 ppm ex-
cluding Test 1A. These numbers can be compared to the short-term (eight-

hour average) U.S.A. occupational CO2 standard of 5000 ppm (5).

Inter-room pollutant transport rates were calculated for all tests
with the bedroom window closed. During the tests with the bedroom door
closed and with the bedroom door open 2.5 c¢cm there were substantial diffe-
rences between the bedroom and kitchen/1iving room concentrations for at
least 90 minutes after the heaters were shut-off allowing us to calculate
inter-room flow rates during this period. Reported inter-room flow rates
and average inter-room temperature differences for these test types are
time-weighted averages over a minimum'time period of 120 minutes. When the
bedroom door was closed the inter-room flow rate averaged 6 + 3 m3/h. This
corresponds to an inter-room air exchange rate (relative to the bedroom
volume) of 0.2 h=1. This number can be compared with the values of 0.35 to
0.50 h~l in the third column of Table 1 which represent the total flow of
air out of the bedroom for these cases. Average inter-room temperature
differences were in the range of 3 to 5°C. When the bedroom door was open

2.5 cm, the average inter-room flow rate was 30 + 10 m3/h which corresponds



to an inter-room air exchange rate of 1 h-1. Inter-room temperature _

differences for these tests were in the range of 2 to 30C.

When the bedroom door was wide open, the inter-room flow rates were so
high that they could only be calculated while the heater was operating.
Figure 1 shows the time-dependent inter-room flow rates and inter-room.
temperature differences for the convective and radiant heater tests.
Estimates of the relative errors for these flow rate data are on the order
of 30%. These rates are considerably higher than those with the door
closed and the door open 2.5 cm. At the end of the convective heater
test, the bedroom CO, concentration was almost identical to the living room
and kitchen values. We hypothesize that the larger inter-room pollutant
transport rate of the convective heater test may be due to the greater heat
output of the convective heater and/or to the larger vertical temperature
gradient in the bedroom during the convective test. The latter explanation
is plausible since virtually all of the heat from the convective heater is
contained 1in its plume while the radiant heater's output has both convec-

tive and radiant components.

Conclusions

The use of a kerosene heater in a bedroom under a wide variety of
ventilation conditions results in N02 and C02 concentrations that are a
significant fraction of or in excess of state or federal U.S.A. air quality
guidelines. Moderate increases in ventilation rates obtained by slightly

opening a window or door do not necessarily reduce peak pollutant concen-



trations since the heaters must be operated for longer periods of time to
obtain the same increase in room temperature. Inter-room pollutant
transport rates, however, can be sufficiently high to be an important

mechanism for the dilution of po11u§ants generated in a single room.
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Table 1. Peak pollutant concentration (less background) in a bedroom from using an unvented kerosene-fired space heater.

Test condition/ Combustion Bedroon® House air Mean Initial®  Bedroom c
heater type time deciy rate exchange outdoor bedroom temp. Peak pollutant concentration(less background) gggm)
(min) (h%) rate (h™") temp. (°C) temp.(°C) increase(°C) TO CO2 NO NO, 0,
Door/window closed
Convective heater
Test 1A 50 0.43 -- -1.7 12.4 13.5 0.9 7620 4.63 0.19 -10700
Test 18 45 0.45 -- -2.1 12.7 8.7 2.7 5440 2.15 0.57 - 6800
Test 1C 22 0.35 - 8.5 12.8 8.3 1.1 3460 1.96 0.12 . - 5500
Test 1D 24 0.38 -~ 2.7 12.4 9.9 0.0 37580 1.99 0.24 - 5100
Radiant heater
Test 2A 50 0.39 -- -3.7 12.7 8.7 17.6 4400 0.06 0.37 - 6900
Test 28 31 0.50 -- -0.2 11.8 8.4 13.0 3300 0.19 0.52 - 4800
Door open 2.5 cn/window closed
Convective heater
Test 3A 62 -- 0.25 -0.0 14.5 8.6 1.2 4860 2.37 0.43 - 6500
Radiant Heater '
Test 4A 56 Co-- 0.27 -2.3 12.8 8.6 11.8 3870 0.13 0.22 - 5100
Door open 74 cm/window closed
Convective heater
Test 5A 133 -- 0.35 -5.% 11.6 8.4 0.6 2440 1.54 0.13 - 4200
Radiant heater
Test 6A 166 -- 0.29 0.9 12.4 8.1 8.9 2670 0.09 0.12 --4500
Door closed/window open 2.5 cm
Convective heater
Test 7A 46 0.99 -- 3.5 12.7 8.4 1.9 4750 2.16 0.60 - 6400
Test 7B 25 0.89 -- -1.4 10.1 8.6 2.2 2610 1.17 0.31 - 3500
Radiant heater
Test 8A 52 1.17 -- -3.7 12.8 8.4 14.6 4120 0.10 0.28 - 5800

g Represents total exfiltration to outside and to rest of house.
Approximately the same as the initial house temperature.

€ €0, indoor backyround concentrations were significant, ranging from 360 ppm to 990 ppm (mean = 580 + 190 ppm). Pollutant standards are given in
thé text.
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Figure 1. Inter-room temperature differences and air flow rates due to the
use of a kerosene-fired space heater in a 31-m3 bedroom. Flow rates were
calculated using a two-compartment mass-balance model between the master
bedroom and the rest of the house. The bedroom door was fully open during

these tests.
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