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A series of experiments was performed to investigate the concentration of combustion products
(carbon dioxide, carbon monoxide and nitrogen dioxide) and particulate levels produced by three
models of flueless gas heater.

In all tests, the controls and thermostat were set so that the appliance operated continuously at full
heat output.

Items which could be altered between tests were

¢ Fuel (natural gas or propane)
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FOREWORD BY HSE/DTI

The use of fixed flueless gas fires, to supplement primary heating provided by central
heating systems, has increased substantially over recent years. Such fires are not
presently covered by specific product or installation standards, but are subject to
certification by an independent Notified Body against compliance with the essential
safety requirements of the Gas Appliances Directive (enacted by the Gas Appliances
(Safety) Regulations 1995 (GASR)). The Certification process includes an assessment of
the manufacturer’s installation instructions, and the fires are currently being installed to
these instructions. Three manufacturers are currently offering a range of flueless fires,
and their installation instructions are inconsistent with one another. They specify
different requirements for fixed ventilation area and minimum room size, which are also
below the minimum required by BS 5440: Part 2*'. In order to encourage the
manufacturers to develop common product and installation standards, HSE (with support
from the Department of Trade and Industry (DTI)) agreed to sponsor the work of
Advantica, reported here.

The DTI have responsibility for ensuring only safe products may be placed on the market,
in this instance under the GASR, while HSE has responsibility for appliance installation
requirements under the Gas Safety (Installation and Use) Regulations 1998. Therefore
the question of the suitability of the use of these fires is a matter of joint responsibility.
To this end, DTI/HSE have also been assessing information provided by the fire
manufacturers, which they claim supports their view that the fires can be used without
subjecting the users to harmful concentrations of combustion products. The assessment
has been against a background of proposed changes to HSE occupational exposure
standards for certain combustion products and an increasing awareness of indoor air
quality issues. Currently, there are no UK published standards for indoor air quality, but
guidelines are being considered by the Department of Health (DoH) and its advisory
committees.

In the absence of published information, advice was requested from the DoH Advisory
Committee on Medical Effects of Air Pollutants (COMEAP), as to “acceptable” indoor
air levels for pollutants emitted from these fires. The Advisory Committee have
recommended comparing the level of pollutants with guidelines and standards published
by the World Health Organisation (WHO)*2 and the Expert Panel on Air Quality
Standards (EPAQS)*3’ *. DTIVHSE will also need to consider any implications for other
types of flueless gas appliances, and to this end have commissioned further trials by the
Building Research Establishment (BRE)*S.

It should be noted that the manufacturers of these gas fires dispute any suggestion that the
correct use of their fires will lead to a possible health risk. They contend that the
Advantica tests represent a “worst case scenario, which would seldom, if ever, be
encountered in practice, and point to a limited survey (reproduced as Annex 1 of this
report) carried out by Advantica in 10 homes where their fires are installed. However, the
test regime (which included reduced ventilation and appliance “fault” mode conditions)
was specifically designed to provide sufficient information to subsequently enable the
likely concentrations of combustion products to be predicted for a wide range of
ventilation provision, room size and potential use of the gas fires. Such predictions can
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only be based on work where all the parameters can be controlled, e.g. in a test house of
the type used in the primary work of this report.

While acknowledging the test limitations, DTI/HSE are publishing this report in the
public interest, as a contribution to the wider debate on product and installation standards
for flueless gas appliances. As part of this debate DTI/HSE are working closely with
relevant bodies, e.g. the British Standards Institution (BSI), to ensure that the implications
of this work are explored in developing future standards and guidelines for flueless gas
appliances.

"I BS 5440-2: 2000, Installation and maintenance of flues and ventilation for gas
appliances of rated input not exceeding 70kW net (1%, 2™ and 3™ family gases) — Part 2:
Specification for installation and maintenance of ventilation for gas appliances, BSI, 2000

"2 World Health Organisation. Air Quality Guidelines for Europe. Second Edition.
WHO Regional Publication, European Series, No 91. Copenhagen: WHO Regional
Office for Europe, 2000.

"3 Department of the Environment. Expert Panel on Air Quality Standards. Carbon
Monoxide. London: HMSO, 1994.

4 Department of the Environment. Expert Panel on Air Quality Standards. Nitrogen
Dioxide. London: HMSO, 1996.

"> Upton S, Ross D and Pierce B, Measurement and modeling of combustion products
from flueless gas appliances, HSE RR 127/2004
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Appendix 1 Indoor air quality in ten homes with flueless heaters in the Leicestershire area
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SUMMARY

The last few years has seen the launch of a new generation of flueless gas fires and stoves
incorporating new technology safety devices, such as oxygen depletion-sensing pilots, and
catalysts to reduce the harmful flue products.

The main objective of this of work was to carry out an investigation into the safe operation of
fixed gas-fired flueless space heaters with respect to the levels of combustion product emissions
within the home. It provides information on the long-term safety issues relating to the exposure
to emissions from this type of flueless heater and amongst other criteria, it examines the effects
of installation practices where the sizes of rooms and ventilation openings are below those given
as minimum requirements by the manufacturer, as well as looking at the implications of the
failure of the appliance catalyst that converts the carbon monoxide produced during the
combustion process into carbon dioxide.

The experimental programme consisted of 28 tests. In the main test programme, the operating
conditions of three appliances manufactured in the United Kingdom were varied. The items
which could be varied were

Fuel (natural gas or propane)

Ventilator position (low — 100cm?, high — 100cm?, or no ventilator)
Room size (20m’ or 40m’)

Presence or absence of the catalyst

In all tests, the controls and thermostat were set so that the appliance operated continuously at
full heat output.

In addition, the results from one test during which the appliance was allowed to cycle on and
off, with the thermostat operating normally, are included. Four tests were also performed in the
20m’ room, with no ventilator, to measure the concentrations of carbon monoxide, carbon
dioxide and oxygen in the firebox before the catalyst, and in the flue after the catalyst.

The recommendations are:

e The carbon dioxide concentrations, after two hours continuous operation, were in all cases,
greater than the 8 hour limits in EH40'. It should be noted that these appliances are not
intended to be the sole heat source in a room and in normal operation the appliance will be
cycled on and off by the thermostat to maintain a constant room temperature. The
concentration of carbon dioxide in real-life environments in an occupied house under
normal conditions, containing these appliances, should be monitored to see if the
concentration of carbon dioxide does present a potential problem.

e A badly performing burner (defined in terms of carbon monoxide output) may be hidden
behind a functioning catalyst. Measurements of combustion performance should be made
before the catalyst, and after the catalyst to check that the catalyst is functioning efficiently.
An indication of acceptable values should be given in the manufacturers Installation and
Servicing Instructions for both locations.

' Guidance note EH40/00 ‘Occupational Exposure Limits’ ISBN 0 7176 1730 0, HSE Books, 2000
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1 INTRODUCTION AND BACKGROUND

1.1 GENERAL

The last few years has seen the launch of a new generation of flueless gas fires and stoves
incorporating new technology safety devices, such as oxygen depletion-sensing pilots, and
catalysts to reduce the harmful flue products.

All of the fixed flueless gas fires and stoves on sale in this country are independently tested and
certificated for safety in accordance with the Gas Appliance Directive and as such comply with
legal requirements including CE Marking.

The gas industry has, however, been involved in an ongoing debate about the suitability of these
appliances particularly from the standpoint of their installation and long-term safety reliability.
Discussion has centred on the differences between the existing installation standards such as BS
5440, compared with the manufacturer’s instructional literature that are assessed during the type
assessment of the appliance carried out as part of the legal obligations for placing these types of
products on the community market.

The main objective of this work was to carry out an investigation into the margins of safety
when operating fixed gas-fired flueless space heaters with respect to the levels of combustion
product emissions within the home. It provides information on the long-term safety issues
relating to personal exposure to emissions from this type of flueless heater and amongst other
criteria, it examines the effects of incorrect installation practices where the sizes of rooms and
ventilation openings are below those recommended in standards and the manufacturers
instructions, as well as looking at the implications of the failure of the appliance catalyst that
converts the carbon monoxide produced during the combustion process into carbon dioxide.

A further objective of the work is to make recommendations back to the relevant committees
dealing with changes to codes and standards that are being considered to accommodate this new
generation of domestic gas appliance.

It should be recognized that as this type of heater, which is intended to act as secondary heating
within the home only, does not require a flue of any sort and all of the heat produced is
distributed within the room. As a consequence, this type of appliance has a particularly high
efficiency, resulting in significantly lower running costs and carbon dioxide emissions
compared to a flued heater.

1.2 PARTICULATE MATTER

Exposure to particles has been associated with both acute and chronic health effects. Concerns
about these effects have derived primarily from epidemiological studies showing an association
between increases in airborne particle concentration and an increase in daily morbidity and
mortality.

Particulate air pollution refers to an air-suspended mixture of solid and liquid particles that vary
in size, composition, origin and effects. The different formation processes lead to characteristic
differences in size and composition of particles. Particulate matter is found both in the outdoor
and indoor environment and is giving rise to growing concern.

PM|, (all particles having diameters below 10 um or 10,000 nm) is generally considered to be a
contributory factor towards death among those with pre-existing lung and heart discase.
However, evidence has emerged during the last few years indicating that it may not be the total



PM,, particle assay that is responsible for harmful effects on health but that toxicity lies in a

finer fraction of particles, PM, 5 (all particles having diameters below 2.5 um or 2,500 nm) and
smaller.

The most commonly measured property for health and environmental effects of particles is the
mass concentration, the mass of particulate matter in a unit volume of air sample.



2 EXPERIMENTAL EQUIPMENT AND PROCEDURE

21 TEST ENCLOSURE

The programme of experiments was carried out in the Ventilation Test House facility at the
Advantica Loughborough Site. This test facility is a purpose-built two-storey detached house of
timber frame construction, with a brick cladding for the outside walls and a pitched tiled roof
(see Figure 1) built to current building regulations. The layout of the ground floor of the house
is shown in Figure 2 and the room dimensions (as stated by the builders) are given in Table 1.

Table 1 Room dimensions
Ground Floor First Floor
Kitchen 2425mm x 2490mm Bedroom 1 (max) 4573mm x 2313mm
(erl:;‘;ge / Dining 4573mm x 4027mm Bedroom 2 2313mm x 3872mm
WC 911mm x 1500mm Bedroom 2 (max) 4573mm x 2363mm
Bathroom 2620mm x I800mm
Height of each room 2300mm

The test enclosure was in the lounge. All external doors and windows were closed during the
tests, with ventilation being provided (if required) by a 100cm” free area opening through the
external wall. The test chamber (or room) has a volume of 38.9m’. The layout and position of
the flueless heaters and other equipment in the room is shown in Figure 3 and the dimensions of
the room are given in Figure 4. The heights of the sample stands, ventilators, etc. are given in
Table 2. For some tests a smaller (20m’) room was used. This was made by using plasterboard
sheets fastened to wooden battens at the positions shown in Figure 3 and Figure 4. The gaps
around the sheets were sealed with aluminium tape, except for an area which was left un-taped
to represent the openings typically found around a closed door.



Figure 1 Elevation of house
Table 2 Heights
Height above floor
High level ventilator 1.83 metres
Low level ventilator 0.47 metres
Carbon monoxide, carbon dioxide and oxygen 2.24 metres
sample probes 1.48 metres
0.06 metres
Nitrogen dioxide sample probe 1.49 metres
Temperature probes 2.17 metres
1.48 metres
0.96 metres
0.13 metres
Relative humidity probe 1.48 metres




Lounge

Figure 2 Ground floor, showing the approximate location of the room partitions,
doors, and windows

2.2 HEATING APPLIANCES

Appliances were supplied for the programme by three U.K. manufacturers — Focal Point Fires,
Burley Appliances, and Yeoman Stoves. The details of the appliances are given below.

2.2.1 Appliance A

This is a free standing stove, intended for fitting into a fireplace opening or on a hearth. The
dimensions and the manufacturers specification are given in Table 3. A free vent area of at least
50cm” and a minimum room size of 40m’ are stated as required for this appliance in the
manufacturers instructions.
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2.2.2 Appliance B

This is a free standing stove, intended for fitting into a fireplace opening or on a hearth. The
dimensions and the manufacturers specification are given in Table 3. A free vent area of at least
100cm® and a minimum room size of 33m’ are stated as required for this appliance in the
manufacturers instructions.
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Figure 4 Dimensions of room used for testing
2.2.3 Appliance C

This is an inset fire, designed to fit into a purpose made opening. The dimensions and the
manufacturers specification are given in Table 3. A free vent area of at least 100cm” and a
minimum room size of 40m’ are stated as required for this appliance in the manufacturers
instructions.



a)

Note

b)

o

Table 3

Manufacturers specification

Appliance A
Natural Gas G20 LPG (Propane) G31
Category 12H 13P
Supply Pressure 20mBar 37mBar
Burner Pressure (High) 9.4mBar 35.5mBar
(Low) 2.2mBar 8mBar
Heat Input (High) 3.5kW 3.5kW (250 g/h)
(Low) 1.7kW 1.7kW (120g/h)
Inlet Connection 8mm Compression 8mm Compression
Size 0.50 m (w) x 0.62 m (h) x 0.29 m (d)
Heat input is net
Appliance B
Gas Natural Propane
12H/G20 13P/G31
Heat input (net) kW 2.99 2.99
Supply Pressure (mbar) 20 37
Burner Pressure (mbar) 16.3 36.1
Gas rate (m’/hr) 0.348 0.115
Injector marking 54 30
Size 0.44 m (w) x 0.51 m (h) x 0.31 m (d)
Appliance C
Gas Group G20 Natural Gas CAT I12H

Inlet Pressure
Max Energy Input

Max Gas Rate
Min Energy Input

Pilot Energy Input

Burner Pressure High

Low
Main Injector Burner
Gas Inlet Connection
Ignition
Spark Gap
Weight
Size

20 mbar

Gross 3.0 kW
Net 2.7 kW
0.29 m3/h
Gross 2.1 kW
Net 1.89kW
Gross 166W
Net 150W
10.0 mbar. Hot
9.0 mbar. Cold
4.8 mbar. Hot
Stereo. Size 60

8 mm compression

Piezo spark

4.0 mm (+ 1.0mm)

23 Kg

0.48m (w) x 0.59 m (h)



2.3 EXPERIMENTAL MEASUREMENT AND MONITORING

The experiments were designed to assess the levels of airborne contamination produced by fixed
flueless space heaters currently available on the UK market. In particular the work was intended
to estimate the sensitivity of such levels to installation parameters including room volume and
ventilation provision. During each experiment, measurements were made to monitor the
following parameters: [

a) Concentration of carbon monoxide, carbon dioxide and oxygen present within the
room at three heights;

b) Additional measurements of the concentration of carbon monoxide, carbon dioxide
and oxygen were made in some tests just before and just after the catalyst block;

¢) Concentration of nitrogen dioxide present within the room at one height;
d) Temperature within the room at four heights;

e) Relative humidity within the room at one height.
Details of these measurements are outlined below.

2.3.1 Infra-red Analysers

The concentration of carbon monoxide, carbon dioxide, and oxygen within the rooms of the test
enclosure was monitored by means of sample probes attached to a sample stand positioned as
shown in Figure 3. The heights of the sample probes above the ground floor are given in Table
2. In addition, sample probes were located before and after the catalyst block in some tests.

The probes were sampled in sequence using a stream selection unit controlled by the data
logging/analysis system connected to the analysers. Details of the sample probe sequence are
shown in Table 4. The build-up of carbon monoxide within each room was monitored by means
of graphical displays of the concentration-height profiles measured at the sample stand location
via a video display unit which formed part of the data logging/analysis system.

All samples withdrawn during the course of an experiment for analysis were analysed by
instruments located in the “kitchen” of the Test House and dried prior to analysis using
dedicated Perma Pure drying columns. These columns exchanged water vapour through
capillary tubes with walls made from semi-permeable material with a dry stream of air
circulating around them. Such a technique ensured there was no adsorption of combustion
products onto the surface of any solid drying agents which would have rendered the resulting
gas concentration measurements inaccurate.

Each of the probes used to measure the concentration of carbon monoxide, carbon dioxide and
oxygen was sampled for a 60 second period to ensure the line had been purged completely and
the analyser, a Siemens Ultramat 23 + O2, provided an accurate measurement of concentration
at the moment a data point was logged.

2.3.2 Chemi-luminescent Analyser

Measurements of the concentration of nitrogen dioxide were made at the position shown in
Figure 3 and Table 2. The samples were withdrawn along PTFE tube to drying columns (see
Section 2.3.1), and analysed by a Rotork Analysis Series 440 chemi-luminescent analyser.



Table 4 Sample probe sequence

Test 23
Sequence: After catalyst block ——> High — Middle —> Low

Time taken - 4 minutes

Tests F1 - F4
Sequence: After catalyst block ——=> Low

Time taken - 2 minutes

All other Tests
Sequence: High — Middle —> Low

Time taken - 3 minutes

2.3.3 Temperatures and humidity

Temperature was measured at four heights as listed in Table 2. The temperatures at three of the
positions were measured using thermistors and at the fourth position, the temperature and
humidity sensors were combined in one unit, RS part number 312-2951. The temperature sensor
in this unit was a thermistor, and the humidity sensor was a bulk polymer type.

To produce a more representative indication of the effect of the fire, the temperature rise at each
position was calculated and is shown in subsequent Tables and Figures unless stated otherwise.
The temperature rise is calculated as

measured temperature — temperature at that position just before the appliance is lit

2.3.4 Particles

The real time and mass dust monitor, a Grimm dust monitor, was employed for the tests in this
study. The monitor measures particles from 0.75 to 15 pm in size (750-15000nm), as 8 separate
channels and is capable of displaying the concentrations in either mass mode (with results in
micrograms/m’), or count mode, every six seconds. The Grimm monitor was operated in the
mass mode during these tests.

The tests were carried out in the lounge of the test house at Loughborough. The monitor was
placed on a table 0.85m above the ground level and 1.78m from the back wall, again as shown
in Figure 3.

2.3.5 Recording of data

The Grimm dust analyser which used its own, self contained, data logger. The other
instrumentation used InstruNet modules (manufactured by GW Instruments inc.) to record the
data. This logging system was controlled by a computer in the kitchen, and the data was
transferred straight into an Excel spreadsheet so that real time displays could be obtained of, for
example, gas concentration profiles, temperatures, etc. during a test. In addition, the spreadsheet
itself could be examined while the test was in progress. The InstruNet modules were also used
to control the stream selection boxes for the gas sample probes with data points recorded every
60 seconds.
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3 EXPERIMENTAL PROGRAMME

The experimental programme consisted of 28 tests, (for all three appliances) details of which are
shown in Table 5. In the main test programme the appliance operating conditions were varied.
The following could be varied:

Fuel (natural gas or propane)

Ventilator position (low” — 100cm?, high — 100cm’, or no ventilator)
Room size® (20m’ or 40m?)

Presence or absence of the catalyst

In all tests the controls and thermostat were set so that the appliance operated continuously at
full heat output.

In addition, the one test was included during which the appliance was allowed to cycle on and
off, with the thermostat operating normally. Four tests were also performed in the 20m’ room,
with no ventilator, to measure the concentrations of carbon monoxide, carbon dioxide and
oxygen in the firebox before the catalyst, and in the flue after the catalyst. (Measurements of
nitrogen dioxide concentration and particulates were not made during these tests.)

? The tests using the low vent position were often repeated in the Test Programme. Where this occurs the
first test is referred to as “Low vent (1)” and the second test as “Low vent (2)”.

? The size of the Lounge in the Advantica Test House was similar in size to the minimum specified by
two of the manufacturers. For comparison purposes it was decided to test all the appliances in this 40m’
room. The 20m’ room (made by dividing the larger room) was used to represent the situation where an
appliance is installed in a room which is considerably smaller than the minimum recommended volume.

11



Table 5 Test Programme

Report Fuel Appliance Ventilator Catalyst Room size
Test
1 Natural gas C L Y 40
2 Natural gas C L Y 40
3 Natural gas C H Y 40
4 Natural gas C 0 Y 40
5 Natural gas A L Y 40
6 Natural gas A L Y 40
7 Natural gas A H Y 40
8 Natural gas A 0 Y 40
9 Natural gas B L Y 40
10 Natural gas B L Y 40
11 Natural gas B H Y 40
12 Natural gas B 0 Y 40
13 Propane A L Y 40
14 Propane A H Y 40
15 Propane A 0 Y 40
16 Propane A L Y 20
17 Natural gas B L Y 20
18 Natural gas B 0 Y 20
19 Natural gas A L Y 20
20 Natural gas A 0 Y 20
21 Natural gas A 0 N 20
22 Natural gas C L Y 20
23 Natural gas C 0 Y 20
24 Natural gas C L N 20
25 Natural gas C 0 N 20
26 Natural gas C L N 40
27 Natural gas C 0 N 40
28 Propane A 0 Y 20
Extra tests, appliance allowed to cycle
Cl Natural gas C 0 N 20
Extra tests, CO, CO, and O, measured before and after catalyst
F1 NG C 0 Y 20
F2 NG A 0 Y 20
F3 NG B 0 Y 20
F4 LPG A 0 Y 20

1. An uncoated catalyst was not supplied for Appliance B.

2. An uncoated catalyst was not supplied for Appliance A until the end of the test programme, and there was

insufficient time to carry out tests in the small room, or using propane
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4 RESULTS

A summary of some of the measurements obtained in Tests 1 — 28 and C1 is given in Table 6.

Table 6 Summary of results, conditions in middle of room after two hours
Report  Gas Temperature Carbon Carbon Nitrogen
Test consumption rise monoxide dioxide dioxide

m’/hr Celsius ppm % ppm
1 0.27 11.5 0 0.85 0.2
2 0.24 10.0 0 0.76 0.4
3 0.28 10.1 0 0.57 0.4
4 0.27 11.8 0 0.99 0.5
5 0.39 17.1 1 1.15 0.6
6 0.39 17.6 0 1.11 0.6
7 0.39 17.2 0 0.98 0.5
8 0.39 18.3 0 1.41 0.5
9 0.27 10.8 0 0.79 0.2
10 0.27 10.5 0 0.85 0.1
11 0.28 12.1 0 0.63 0.2
12 0.27 13.8 0 0.92 0.2
13 N/A 18.4 0 0.94 0.4
14 N/A 15.6 0 0.93 0.4
15 N/A 14.6 0 1.21 0.4
16 N/A 21.4 0 0.94 0.5
17 Not calculated 19.1 0 0.79 0.1
18 Not calculated 19.2 0 1.13 0.1
19 Not calculated 24.6 0 1.19 0.7
20 Not calculated 27.0 1 1.54 0.8
21 Not calculated 23.2 37 1.54 0.7
22 Not calculated 16.6 0 0.88 0.5
23 Not calculated 16.6 0 0.99 0.5
24 Not calculated 19.0 3 0.80 0.9
25 Not calculated 19.0 8 1.18 1.0
26 Not calculated 8.7 6 0.80 0.7
27 Not calculated 11.1 5 0.9 0.7
28 N/A 21.8 0 1.29 0.5
Cl Not calculated 11.7 9 0.69 0.7

N/A — Propane flow was not measured
Not calculated — the natural gas flow in these tests was not available

The gas consumption of Appliances B and C was in reasonable agreement with their specified
ratings (see Table 3). The natural gas Appliance A had a greater specified rating, but the gas
consumption indicated an even higher rating of about 4kW. The propane consumption was not
measured, but the temperature rise in the room suggested that the appliance rating corresponded
with a specification of 3.6kW. To enable a comparison to be made between the different tests
and appliances involved, the values shown in Table 6 were adjusted to the gas consumption and
power rating (3kW) of Appliances B and C, and are shown in Table 7.

13



The formula used was

Adjusted Original Rating of 3.0kw or gas consumption of 0.27m’/hr
. = . X
reading reading Actual rating of 3.0kw or gas consumption J

Table 7 Conditions in middle of room after two hours, adjusted for the power
output of the appliance

Report  Temperature Carbon Carbon Nitrogen
Test rise monoxide dioxide dioxide
Celsius ppm % ppm

1 11.5 0 0.85 0.2
2 10.0 0 0.76 0.4
3 10.1 0 0.57 0.4
4 11.8 0 0.99 0.5
5 11.8 1 0.80 0.4
6 12.2 0 0.77 0.4
7 11.9 0 0.68 0.3
8 12.7 0 0.98 0.3
9 10.8 0 0.79 0.2
10 10.5 0 0.85 0.1
11 12.1 0 0.63 0.2
12 13.8 0 0.92 0.2
13 15.3 0 0.78 0.4
14 13.0 0 0.77 0.3
15 12.1 0 1.00 0.3
16 17.8 0 0.79 0.4
17 19.1 0 0.79 0.1
18 19.2 0 1.13 0.1
19 17.0 0 0.82 0.5
20 18.7 1 1.06 0.6
21 16.0 26 1.07 0.5
22 16.6 0 0.88 0.5
23 16.6 0 0.99 0.5
24 19.0 3 0.80 0.9
25 19.0 8 1.18 1.0
26 8.7 6 0.80 0.7
27 11.1 5 0.92 0.7
28 18.1 0 1.07 0.4
C1 11.7 9 0.69 0.7

41 EFFECT OF VENT POSITION

The test chamber was arranged so that ventilation could be provided at low level or high level
(as detailed in Figure 3 and Table 2), or without purpose provided ventilation. (The normal
background ventilation was not restricted.). Figure 5 shows the results from similar tests in the
large (40m®) room during which the ventilator position was varied.
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The concentration of pollutants (carbon dioxide and nitrogen dioxide) was higher when no vent
was present. The high level vent appeared to be slightly more effective than the low level vent at
reducing the concentration of the pollutants, but because of the limited number of tests,
differences in external weather conditions, and the reactive nature of nitrogen dioxide, this is not
certain.

The temperature rise appeared to be little affected by the position of the vent, indicating that
most of the heat goes into the structure and contents of the room, and that little was removed via
the ventilator.

4.2 EFFECT OF ROOM SIZE

Figure 6 shows the results from similar tests carried out in the large and small rooms.

The concentration of carbon dioxide was similar in both sizes of room when the vent was
present. With no vent, the small room had a higher concentration than the large room, which in
turn was higher than with a vent present.

The concentration of nitrogen dioxide appeared to be affected by both the size of the room and
the presence or absence of the vent. The reactive nature of nitrogen dioxide and the small
number of tests meant that no clear trend was observed.

The temperature rise appeared to be little affected by the presence or absence of the vent, but
was affected by the size of the room. Again this suggest that most of the heat generated by the
appliance passed into the structure and contents of the room, and little was removed via the
ventilator.

The initial rate of temperature rise and the rate of increase in carbon dioxide concentration were,
as expected, greater in the smaller room than the larger. This is shown in Figure 7.

4.3 EFFECT OF CATALYST

All the fires were fitted with a catalyst to oxidise any carbon monoxide produced to carbon
dioxide. The combustion products passed through a ceramic block which was coated with the
catalyst. Appliances A and C were provided with uncoated catalyst blocks, in addition to the
coated ones normally fitted, so that the differences could be investigated.

Only a limited series of tests was conducted. Comparison of the concentrations of carbon
monoxide after two hours operation is shown in Figure 8. The concentration of carbon
monoxide in the room was close to zero in all the tests using a coated catalyst with the
Appliance C, and therefore cannot be seen in Figure 8. The concentration was higher in the test
using a coated catalyst block with Appliance A. The concentration was higher with both
appliances when used with an uncoated catalyst block, as can be seen in Figure 8.

The variation of concentration with time in the tests using the appliance A is presented in Figure
9. With the normal, or coated catalyst block the carbon monoxide concentration reached a peak
early in the test, and slowly decayed away to zero. When an uncoated catalyst block was used
the carbon monoxide concentration continued to rise. (No adjustment has been made for the
higher heat output of this appliance.)

The concentration of nitrogen dioxide appeared to be reduced in tests where a coated catalyst
bock was used with Appliance C, compared with test in which an uncoated block was used. The
same effect was not seen with Appliance A. Discussion with the manufacturers indicated that
this may be due to the different catalyst materials used, and Appliance A should be fitted with
the type of catalyst to reduce the concentration of nitrogen dioxide in the future,
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4.3.1 Measurements close to the catalyst

The catalyst converts the poisonous carbon monoxide to carbon dioxide.

Measurements of carbon monoxide, carbon dioxide and oxygen concentration just before and
just after the catalyst position were carried out in tests F1 - F4, and also in Test 21. The results
are shown in Table 8. The coated catalyst blocks reduced the level of carbon monoxide almost
to nothing, although some effect was also seen with the uncoated catalyst block on appliance A.
The concentrations of carbon dioxide and oxygen were not significantly changed by their
passage through the catalyst. (No adjustment has been made for the differing heat output of the
appliances.)

Measurements of nitrogen dioxide were made only in the centre of the room. The equipment
used was not suitable for taking measurements close to the catalyst block.
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Table 8 Concentrations after 1 hour before and after catalyst block

Carbon  Carbon  Oxygen CO/CO;,

monoxide dioxide ratio

ppm % %
Test F1, before catalyst block 46 7.3 9.0 0.00063
Test F1, after catalyst block 0 7.3 9.1 0.00000
Test F2, before catalyst block 95 5.9 11.2 0.00161
Test F2, after catalyst block 0 6.6 10.6 0.00000
Test F3, before catalyst block 166 43 13.7 0.00386
Test F3, after catalyst block 0 4.9 13.2 0.00000
Test F4, before catalyst block 108 5.5 13.3 0.00196
Test F4, after catalyst block 9 3.5 15.9 0.00026
Test 21, before catalyst block 152 54 12.2 0.00281
Test 21, after catalyst block 80 5.0 13.2 0.00160

4.4 STRATIFICATION

The concentrations of carbon monoxide, carbon dioxide, and oxygen were measured at three
heights in the centre of the room, as listed in Table 2. The concentration of carbon monoxide
was very low in most tests, and no obvious trend could be observed. However, the concentration
profiles of carbon dioxide and oxygen were similar in most tests, and a typical example (from
Test 9, Appliance B in the large room with a low level vent) is shown in Figure 10. The
concentrations in the middle of the room and close to the ceiling can be seen to be very similar.
The concentration measurements close to the floor showed lower levels of carbon dioxide and
higher levels of oxygen, compared with the measurements made higher in the room.

The temperature profiles (not temperature rise), measured at four heights are shown in Figure
11. A temperature gradient extending for the full height of the room can be seen

4.5 CYCLING

Under normal conditions, an almost constant temperature in the room is maintained by the
thermostat on the appliance controlling the burner, and turning the burner down or off when the
temperature reaches the set point. For most of these experiments, the thermostat control was set
to the maximum temperature and the sensor positioned in a cool location so that the appliances
operated continuously throughout the test. In one test (C1) the thermostat was set to maintain a
lower temperature, and the appliance did cycle on and off. Test C1 can be compared with Test
25 which used the same configuration of appliance, room size and absence of coated catalyst.
The weather conditions were also similar for both tests. Comparisons of temperature rise and
the concentrations of nitrogen dioxide, carbon monoxide, and carbon dioxide are shown in
Figure 12 and Figure 13.
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4.6 RELATIVE HUMIDITY MEASUREMENTS

Measurements were made near the centre of the room, as shown in Figure 3 and Table 2. The
profiles in most of the tests were similar, with an initial rise for about 10 to 15 minutes,
followed by a more gradual fall. The rate of change after two hours was quite small. Some
typical examples are shown in Figure 14.

At the end of a test the room was ventilated so that the subsequent test would start under “clean”
conditions, and not be affected by contamination from previous tests. Consequently the relative
humidity measurements cannot be used to determine what happened after the heater was turned
off, and also there was no build up of moisture in the room during the test series. Where the
thermostat is used to control the temperature of the room, as in test C1, the rise in relative
humidity when the heater in turned off, and the room cools, can be seen. This is shown in Figure
15, where the temperature at the sensor is also plotted.

As the tests were conducted in the Advantica Test House the ambient weather conditions
affected the results. The difference in the initial relative humidity inside the room can be seen in
Figure 14 and Figure 15, and during the test series initial values ranged between 30% and 65%.
Any potential differences due to different heaters, room sizes, ventilator configurations, etc.
were not noticed above the variation due to ambient conditions.
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4.7 PARTICULATE DATA

The Grimm dust monitor was checked for performance before each test and zeroed. The data
were recorded and later imported into ‘Excel’ spreadsheets. The files were initially examined
for any abnormality and then checked for reproducibility with the corresponding duplicate test.
All the processed data are shown in the appendices to this report.

In all instances the highest levels recorded by the Grimm monitor were for the smallest
particles, 750 nanometres (with the levels decreasing markedly in going from 750 to 15000
nanometres). In the majority of cases, only a few particles were observed of the largest size, >15
micrometres. A similar trend was observed at all the different size fractions.

For simplicity purposes the data for each appliance are analysed individually and the
concentration levels for PM, (for which there is an outdoor air quality guideline limit") are
discussed. It is important to note that the initial high concentrations recorded during the majority
of the tests were due to the disturbance caused in the test room when lighting or extinguishing
the fires. Only the data for the latter part of the tests has been considered in the discussion of
data from each appliance (see below), when equilibrium had been is reached (or almost
reached). The guideline limit refers to 24-hour average levels and since the tests were around 2
hours duration, the maximum levels reached towards the end of each test are quoted in the
analysis.

The base test conditions were as per the manufacturer recommendations, i.e. minimum room
volume and with permanent vent area.

4.7.1 Appliance A

All the particulate levels recorded using this appliance were below the air quality strategy
guideline limit of 50 pg/m’ for 24-hour mean average for the test conditions detailed in this
report.

For all the tests, the particulate levels recorded when equilibrium is reached (or nearly reached)
are discussed. It should also be noted that the effects discussed are only marginal changes
compared to background levels in the room.

The height of the ventilator had a very slight reducing effect on the particulate levels, with a
high level ventilator being slightly more effective. The absence of the ventilator had no
significant effect on the particulate levels.

The effect of running the appliance with an uncoated catalyst block was studied only in the
20m’ volume and was found to have little effect on the particulate levels.

Reducing the size of the room did not have a significant effect on the particulate levels, only a
slight reduction with a low ventilator position. The absence of the ventilator caused a very slight
decrease the levels.

This was the only appliance for which a change in fuel could be studied. For 40 m® size room,
the particulate levels were very slightly higher for the propane version than for the natural gas
version (with the ventilator at high level). In case of the low level ventilator and also without a
ventilator, no significant effect was observed. For the 20 m’® size room, the particulate levels
were very slightly lower for the propane version than for the natural gas version both when the
ventilator was at low level and without a ventilator.

* The Air Quality Strategy for England, Scotland, Wales and Northern Ireland. Working Together for
Clean Air. January 2000.
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4.7.2 Appliance B

All the particulate levels recorded for this appliance were below the air quality strategy
guideline limit of 50 pg/m’ for 24-hour mean average for the test conditions detailed in this
report.

For all the tests, the particulate levels recorded when equilibrium is reached (or nearly reached)
are discussed. It should also be noted that the effects discussed are only marginal changes
compared to background levels in the room.

The reproducibility of the base test was good.

The height and absence of the ventilator had little effect on the particulate levels for the 40 m’
size room.

The operation of the appliance with an uncoated catalyst block could not be studied for this
heater as one was not provided.

Reducing the size of the room led to a fall in particulate levels when using a low level
ventilator. The absence of a ventilator decreased these levels slightly.

4.7.3 Appliance C

Except for one test (discussed later on), all the particulate levels recorded using this appliance
were below the air quality strategy guideline limit of 50 pg/m’ for a 24-hour mean average for
the test conditions detailed in this report.

For all the tests, the particulate levels recorded when equilibrium is reached (or nearly reached)
are discussed. It should also be noted that the effects discussed are only marginal changes
compared to background levels in the room.

The reproducibility of the base test was good. Slightly lower levels of particulates were seen
with a high level ventilator.

Reducing the size of the room and operating with a low ventilator, had a slight reducing effect
on the particulate levels. The one test where the guideline limit was exceeded for the duration of
the test was for the 20 m’ size room with no ventilator. The particulate levels showed a sharp
continuous increase to over 80 pg/m’. This may have been due to different flame pattern and
caused by a movement of the coals bed. The resultant trend is thought to be suspicious and
without duplicate tests it cannot be substantiated. Hence it should not be taken out of context.
Such data was not reproduced for any of the other tests.

Using an uncoated catalyst block, in the 20 m® size room, with the ventilator in the low position,
had a slight reducing effect on the particulate levels. The same trend was observed for the 40 m’
size room. Data obtained using an uncoated catalyst block showed that the absence of the
ventilator made little difference to the particulate levels for 20 m® size room. The same trend
was observed for the 40 m’ size room.
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5 DISCUSSION

In normal operation the appliance would only operate at maximum rate until the thermostat and
sensor sensed that the room was warm enough. The test enclosure used was much better
insulated than many properties, and the observed rate of temperature rise and final temperature
will be greater than a less well insulated house. In a cold room with poor heat insulation the
appliance may operate at maximum rate for some time. Again, if the thermostat failed, the
appliance would operate continuously at full rate. Thus, although the results obtained in Tests
1 — 28 represent “worst case” scenarios, these are not implausible.

The appliances are easier to install than a conventional gas fire because they do not require a
flue. Conversely, all the combustion products pass into the room. The manufacturers
instructions (see Table 3) and ventilation standards’ make recommendations regarding
minimum room size and ventilation requirements. These tests were performed in two room sizes
(20m’ and 38.9m’) and with three different ventilation configurations (high — 100cm’, low —
100cm’, and no additional ventilation).

The existing 2000 Air Quality Strategy® sets an upper limit for PM;, (all particles having
diameters below 10 pm or 10,000 nm), in the outdoor environment of 50 pg/m’ for a 24-hour
mean average. The 24-hour average level must not be exceeded more than 35 times a year.

In a new consultation proposal® published in September 2001, the government proposes to
strengthen substantially the Air Quality Strategy objectives for particles by introducing new
objectives stating that for all parts, except London and Scotland, the 24 hour mean of 50 pg/m’
must not be exceeded more than 7 times per year and an annual mean of 20 pg/m’, both to be
achieved by the end of 2010. For London, the limits must not be exceeded more than 10-14
times per year and in Scotland, the annual mean is reduced further to 18 pg/m’.

The smaller room showed a higher concentration of carbon dioxide than the larger room. The
presence of a ventilator reduced this concentration. The concentrations reached after two hours
continuous operation were not high enough to cause vitiation at the burner, or cause the antil’]
vitiation device in the pilot to extinguish the fire. Because of the stratification observed in the
room, the combustion air used by the appliance would contain more oxygen and less carbon
dioxide than air higher in the room. The concentrations of carbon dioxide observed in the centre
and upper part of the room, after two hours operation, were in the range of 0.6 — 1.5%
(0.6 — 1.2% after adjusting to a 3kW output). These concentrations are greater than those
specified in the Health and Safety Executive Guidance Note EH40' (0.5%) for an 8 hour
exposure.

The concentration of nitrogen dioxide did not appear to follow a clear trend, based on room size
or ventilation. Unlike carbon dioxide, nitrogen dioxide is chemically reactive, and the
concentration observed reflects the balance between creation and loss. In these tests it would
appear that loss through reaction, rather than through ventilation, was the predominant effect.
The design of the burner, not just the throughput, affects the production of nitrogen dioxide.
Thus the concentrations observed of nitrogen dioxide depended on the fire. Although the

> BS5440-2:2000, Installation and maintenance of flues and ventilation for gas appliances of rated input
not exceeding 70kW net (1%, 2™ and 3™ family gases) — Part 2: Specification for installation and
maintenance of ventilation for gas appliances, BSI, 2000

% The Air Quality Strategy for England, Scotland, Wales and Northern Ireland. A consultation document
on proposals for air quality objectives for particles, benzene, carbon monoxide, and polycyclic aromatic
hydrocarbons. Department for Environment, Food and Rural Affairs. September 2001.
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catalyst is designed primarily to oxidise carbon monoxide, a small increase in the concentration
of nitrogen dioxide can be seen in several tests with Appliance C where the normal catalyst was
replaced by an uncoated version, although this effect was not seen with Appliance A.
Discussion with the manufacturers indicated that this may be due to the different catalyst
materials used, and Appliance A should be fitted with the type of catalyst to reduce the
concentration of nitrogen dioxide in the future,

All the concentrations measured were well below the 8 hour exposure limit (3 ppm) given in
EHA40.

The catalyst was effective in removing most of the carbon monoxide. This is clearly shown by
the almost complete absence of carbon monoxide in the measurements made in the room during
tests in which a catalyst block was used. An uncoated catalyst block was used in several tests
with the Appliance A. Carbon monoxide was measured in the room during these tests. The 8
hour exposure limit (30 ppm) given in EH40 was not exceeded in any tests, even when the
uncoated catalyst was used. However, it should be noted that

e Such a catalyst was not supplied for Appliance B,
e The comments in the next paragraph

In five tests the concentration of carbon monoxide, carbon dioxide and oxygen were measured
just upstream and downstream of the catalyst block. As expected the new catalysts removed
almost all the carbon monoxide. However conditions before the catalyst varied considerably
between the appliances, and complete failure of the catalyst could have caused a significant
quantity of carbon monoxide to enter the room. The differences may have been due to the
design of the fire, or to the layout of ceramic coals or logs in the fire. In their Installation and
Servicing Instructions all three manufacturers recommended checking the concentration of
carbon monoxide at the outlet of the fire (i.e. after the catalyst has converted carbon monoxide
to carbon dioxide). Thus the poor combustion of the appliance (perhaps due to misalignment of
the ceramic coals and logs, or a burner fault) could be missed, but any subsequent degradation
or failure of the catalyst would allow this carbon monoxide into the room surrounding the fire.

In test under thermostatic control, the temperature rise and the peak concentrations of carbon
dioxide were reduced. However the peak concentrations of carbon monoxide and nitrogen
dioxide were not significantly changed, although the time averaged concentration of nitrogen
dioxide was reduced.

The size of the room (20 m’ or 40m®) with 100cm® ventilator made little difference to the final
concentration of combustion products for a particular appliance, but the rate of build up in the
smaller room was quicker. Thus the occupants would be exposed to higher concentrations for
longer periods. The position of the ventilator did make a difference, with a high level vent being
slightly more effective at removing the combustion products than a low level vent. The absence
of purpose provided ventilation proved least effective in removing combustion products.
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6 RECOMMENDATIONS

The carbon dioxide concentrations, after two hours continuous operation, were in all
cases, greater than the 8 hour limits in EH40. It should be noted that these appliances
are not intended to be the sole heat source in a room and in normal operation the
appliance will be cycled on and off by the thermostat to maintain a constant room
temperature. The concentration of carbon dioxide in real-life environments in an
occupied house under normal conditions, containing these appliances, should be
monitored to see if the concentration of carbon dioxide does present a potential
problem.

A badly performing burner (defined in terms of carbon monoxide output) may be
hidden behind a functioning catalyst. Measurements of combustion performance
should be made before the catalyst, and after the catalyst to check that the catalyst is
functioning efficiently. An indication of acceptable values should be given in the
manufacturers Installation and Servicing Instructions for both locations.
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Appendix 1

INDOOR AIR QUALITY IN TEN
HOMES WITH FLUELESS HEATERS
IN THE LEICESTERSHIRE AREA
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Executive Summary

Personal exposure to a variety of airborne contaminants in the home is acknowledged to
present a potential risk to an occupant's health. This risk is determined both by the amount of
pollutant present and the time for which an individual is exposed.

The main objective of this work was to carry out an air quality survey of ten homes with
flueless space heating appliances and provide continuous monitoring for at least 24 hours for
pollutants such as carbon monoxide, carbon dioxide and nitrogen dioxide as well as other
parameters including relative humidity and temperature levels attained within the test room.

The homes selected were identified in association with three heater manufacturers. The
houses selected were located in the Leicestershire area within approximately 25 miles of the
Advantica site.

Overall, the levels of contaminants recorded in the ten houses did not exceed the guideline
limits both for outdoor exposure and that specified for occupational exposure.

= The standalone silent monitor employed for this survey was effective in being a suitable
tool in obtaining reliable air quality measurements while normal activities took place
thereby providing data representative of typical everyday activities

» The ten houses surveyed varied in their characteristics such as number of householders,
appliance model, appliance being used as a primary/secondary heat source and the
volume of the room, each considered to have an effect on the levels contaminants
generated.

= In 50% of the houses the WHO outdoor 1-hour guideline limits were exceeded for
nitrogen dioxide but none exceeded the corresponding limits for carbon monoxide. The
greatest peak concentration measured for carbon monoxide was 22 ppm and for nitrogen
dioxide was 0.18 ppm.

= For carbon dioxide, in all but one case the levels in the majority of the homes were less
than 0.25%.

= The level of occupancy varied depending on the number of householders and their
working routine i.e. working fulltime/part time or retired.

e The levels of relative humidity and temperature varied considerably between houses,
depending on the size of the room surveyed and the operation of the appliance i.e.
whether it was used continuously or on an occasional basis. The lowest temperature
recorded was around 9°C and the highest 32°C. Correspondingly the relative humidity
ranged from 26% to 68%.
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1 INTRODUCTION

Personal exposure to a variety of airborne contaminants in the home is acknowledged to
present a potential risk to an occupant's health. This risk is determined both by the amount of
pollutant present and the time for which an individual is exposed.

The main objective of this work was to carry out an air quality survey of ten homes with
flueless space heating appliances and provide continuous monitoring for at least 24 hours for
pollutants such as carbon monoxide, carbon dioxide and nitrogen dioxide as well as other
parameters including relative humidity and temperature levels attained within the test room.

The homes selected were identified in association with three heater manufacturers. The
houses selected were located in the Leicestershire area within approximately 25 miles of the
Advantica site.

2 SURVEY PROCEDURES

Data was collected in the heating season 2001/2002. The houses were selected from
information made available by the heater manufacturers.

For the survey a simple questionnaire was designed detailing the personnel present in the
premises, the type of appliances present, ventilation, size of room and a sketch showing
where the monitor was placed. A copy of the questionnaire is included in Figure 1. The
surveyed houses and the household varied considerably in their characteristics. The details
are shown in Table 1.

The survey date was firstly agreed with the householders and the air quality monitor deployed
for at least 24 hours in each property.

On arrival at each site the questionnaire was completed including the level of usage of the
heater. The plan of the room was then studied and a suitable position for the monitor
identified. The position of the monitor was chosen to be close to the flueless gas appliance
whilst still providing data representative of personal exposure. The selected location for
placing the monitor had to be agreed with the householder in order to ensure the safety of the
monitor and to avoid disturbing the normal routine of the householders.

3 INSTRUMENTATION

In this study, an air quality monitor was used to record nitrogen dioxide concentration, carbon
monoxide concentration, oxygen concentration, humidity and temperature within the room.
The indoor air quality (IAQ) monitor has been designed in-house at Advantica and has been
used successfully in carrying out indoor air quality measurements in a pilot survey in
Loughborough' and two major surveys, in the Solihull* and Bristol’ areas. The monitor is
silent, battery powered, small and capable of measuring nitrogen dioxide (NO,) levels,
carbon monoxide (CO) levels and oxygen levels as well as humidity/temperature on a
continuous basis for a 5-day period.

The instrument recorded data every second and logged average values every minute
throughout the survey period. The monitor was calibrated and all cells checked before each
survey and then recalibrated and checked afterwards to account for any drift in the calibration
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and abnormality in the operation of the monitor. The monitor was then recharged,
recalibrated and set up for the next survey.

4 RESULTS

Each survey was carried out for a duration of at least 24 hours. The raw data recorded for
carbon monoxide, carbon dioxide (calculated from oxygen data recorded by the monitor),
nitrogen dioxide, relative humidity, temperature and occupancy are shown in Figures 2 to 16.
Any changes in the calibration were accounted for by incorporating the ‘before and after’
calibration data into the raw data.

Table 2 shows the maximum peak concentrations (1 minute data) for carbon monoxide,
carbon dioxide and nitrogen dioxide together with the humidity and temperature
measurements recorded for the duration of the survey period. The data quoted in the rest of
the report refers to peak 1-minute average recordings.

In all but two houses, the IAQ monitor was placed in lounge/dining room. In the other
properties the measurements were taken in the conservatory where the flueless heater was
used as a primary heat source.

In all but one case (house number 1), the only other gas appliance, a gas cooker, was operated
in an adjacent room separated by a door. In house number 1, the room was rectangular in
shape with the flueless appliance operating at one end and an archway leading to a kitchen
where the external window and an extractor system was used during cooking.

4.1 Nitrogen Dioxide and Carbon Monoxide

For carbon monoxide, the highest one-minute peak level measured was 22 ppm (house
number 1) and the lowest was 1.5 ppm (house number 10). In all but three houses the onel
minute average carbon monoxide levels were below 5 ppm. In two of these houses (house
numbers 1 and 9), the appliance was used, continuously, as a primary source of heat. In two
of the homes (house numbers 1 and 6) the peak concentrations lasted for 1 minute and in the
third house (house number 9) the peak concentration was sustained for three minutes. In
house number 9 there were similar elevated levels recorded at regular intervals throughout
the survey.

Of the one-minute peak levels recorded, the lowest nitrogen dioxide concentration measured
was 0.12 ppm and the highest was 0.46 ppm. The highest level recorded was for house
number 1, where the monitor was placed on the fire surround above the appliance and the
appliance operated continuously as a primary source.

4.2 Carbon Dioxide

The carbon dioxide concentrations were calculated from the oxygen concentrations measured
in the room. The changes were typically small, and over the survey period they were affected,
to some extent by sensor drift. Short duration (a few hours) changes could be distinguished,
however, with more confidence.

The time-based data (see Figures 2-16) show the estimated concentration of carbon dioxide
for the duration of each survey. For some surveys the data showed short-term variations
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typical of those due to a fire operating, and these are shown where possible after baseline
correction (i.e. the start has been shifted to 0%).

The calculated CO, data, shown in Figure 12 to 16 is considered to be accurate within + 2 %
of the absolute value. In all but one property the average concentration for the whole
surveyed period was less than 0.25%. In only two houses, the levels recorded were stable
throughout the survey and so the carbon dioxide concentrations calculated in this study
should be used as an indication of the carbon dioxide levels generated and not as accurate
absolute values.

4.3 Comparison of Survey Data with Guidelines

World Health Organisation guideline limits*(outdoors) for maximum one-hour personal
exposure to NO; and CO are 0.105 ppm and 25 ppm respectively. For carbon dioxide there is
no WHO guideline limit but there is an occupational exposure limit, specified in EH40, of
5000 ppm (0.5%) for 8-hour exposure.

Five out of ten houses recorded levels exceeding the WHO one-hour guideline limit for
nitrogen dioxide, ranging from 0.11 to 0.18 ppm. Two of the houses that exceeded the
nitrogen dioxide guideline limits, had higher carbon monoxide levels than the rest. In all the
five cases, the appliance was operating in the lounge within a fire surround, and in three cases
as a primary source of heat.

For carbon monoxide none of the houses exceeded the corresponding WHO one-hour
guideline limit for carbon monoxide.

In all but one case, the average carbon dioxide concentration (calculated from oxygen data)
for the whole surveyed period was less than 0.25%. In the house where carbon dioxide levels
reached around 0.4%, the appliance was used in the conservatory as a primary heat source.

S CONCLUSIONS AND RECOMMENDATIONS

Overall, the levels of contaminants recorded in the ten houses did not exceed the guideline
limits both for outdoor exposure and that specified for occupational exposure.

= The standalone silent monitor employed for this survey was effective in being a suitable
tool in obtaining reliable air quality measurements while normal activities took place
thereby providing data representative of typical everyday activities

* The ten houses surveyed varied in their characteristics such as number of householders,
appliance model, appliance being used as a primary/secondary heat source and the
volume of the room, each considered to have an effect on the levels contaminants
generated.

= In 50% of the houses the WHO outdoor 1-hour guideline limits were exceeded for
nitrogen dioxide but none exceeded the corresponding limits for carbon monoxide. The
greatest peak concentration measured for carbon monoxide was 22 ppm and for nitrogen
dioxide was 0.18 ppm.




= For carbon dioxide, in all but one case the levels in the majority of the homes were less
than 0.25%.

= The level of occupancy varied depending on the number of householders and their
working routine i.e. working fulltime/part time or retired.

e The levels of relative humidity and temperature varied considerably between houses,
depending on the size of the room surveyed and the operation of the appliance i.e.
whether it was used continuously or on an occasional basis. The lowest temperature
recorded was around 9°C and the highest 32°C. Correspondingly the relative humidity
ranged from 26% to 68%.

The findings of this work show that the pollutant concentrations in homes with flueless
heaters vary depending on the size of the room, appliance usage and level of ventilation in the
room. However, the sample size of ten houses was too small to be a representative sample
population of such premises and therefore the findings of this study can only be used as an
indication of the possible pollutant concentrations.

A larger sample population would provide a more accurate assessment of the contaminant
levels in homes.
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TABLE 2 TIAQ data for the Flueless Appliances
Site No. Max.CO Max.NO, Max.CO, Relative Temperature
(1 min data) | (1 min data) | (1 min data) | Humidity °O)
(Y0)

1 22 0.46 0.53 29 - 56 26.1-32.3
2 0.5 0.16 0.32 37-55 14.7-21.3
3 2.5 0.16 0.38 45 - 64 149-19.5
4 3.5 0.17 0.58 31-68 17-27.9

5 3 0.24 0.42 23-50 19.6 - 28.9
6 15.5 0.12 0.28 31-54 14.9-22.4
7 3 0.30 0.35 40 - 53 16.6 —22.3
8 3.5 0.22 0.24 26 - 54 9.2-23.1
9 16.5 0.36 0.48 36 -58 14.4-19.3
10 1.50 0.23 0.35 38-53 152-23.1




Figure 1.

Air Quality Survey Questionnaire

Name:
Home Address:
Details of Occupants: Number of Occupancy: Day: Night:
Name Age | Cook Smoker Asthmatic Receiving medical treatment
(how many a for asthma Length of time
day) suffered
Details of Dwelling:
Type of Dwelling: House Bungalow Flat
Det Semi | Terrace/Town | Det | Semi | Terrace/Town | Floor | No of
Floors
The Type of Fuel | Gas | Electric Other Is the Property Near a Yes No
Present in the maior/busy road:
Property: J y )
Size of room Width Length Height
(meters)
Ventilation in test room (wall vent, window, size)
Natural ventilation in test room (doors, windows)
Gas Appliance Details:
Type Age if Location Comments
known

Space Heater

Other Gas Appliances:

Date of Trial End




(Green data - occupancy: data > 50 means the test room is occupied)

Figure 2

Survey 1 — Air Quality Data
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Figure 3

Survey 2 — Air Quality Data

(Green data - occupancy: data > 50 means the test room is occupied)
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Figure4  Survey 3 — Air Quality Data

(Green data - occupancy: data > 50 means the test room is occupied)
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Figure 5

Survey 4 — Air Quality Data

(Green data - occupancy: data > 50 means the test room is occupied)
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Figure 6

Survey 5 — Air Quality Data

(Green data - occupancy: data > 50 means the test room is occupied)
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Figure 7

(Green data - occupancy: data > 50 means the test room is occupied)

Survey 6 — Air Quality Data
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Figure 8

(Green data - occupancy:

Survey 7— Air Quality Data

data > 50 means the test room is occupied)
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Figure 9  Survey 8 — Air Quality Data

(Green data - occupancy : data > 50 means the test room is occupied)
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Figure 10 Survey 9 — Air Quality Data

(Green data - occupancy : data > 50 means the test room is occupied)
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(Green data - occupancy : data > 50 means the test room is occupied)

Figure 11 Survey 10 — Air Quality Data

10 1
9 0.9
8 0.8
g g
S 0.7 =
£ 6 0.6 £
= =
£ 5 05 =
§ g
2 =
= 4 04 =
o o
S 3 03
2 : 0.2
1 : e 0.1
!£ || - :
0 - ' -0
9:00 15:00 21:00 3:00 9:00 15:00 21:00 3:00 9:00
Time
100 50
90 45
80 - T 40
S 70 T35
> g
g 607 "N 130 ¢
E L (AR |, £
== 5
o =3
Z 40 -20 §
= =
D
g 30 15
20 10
10 - s
0 T T T T T T T T 0
9:00 15:00 21:00 3:00 9:00 15:00 21:00 3:00 9:00

Time

17



Figure 12 Carbon Dioxide data
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Figure 13 Carbon Dioxide data
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Figure 14 Carbon Dioxide data
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Figure 15 Carbon Dioxide data
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Figure 16 Carbon Dioxide data
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