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SAP is the UK Government’s methodology for assessing energy performance of dwellings. It is used to 

underpin key energy and environmental policies, including assessing building performance in Building 

Regulations, providing energy ratings for Energy Performance Certificates and the Home Quality Mark, 

and calculating energy savings in Green Deal, Energy Company Obligation and Warm Front. Within the 

SAP methodology is a volume airflow rate attributed to chimneys, which is based on limited information. 

The results from this project provide a more reliable value based on measurements in real dwellings.  

EHS (English Housing Survey) data indicates that the number of open fireplaces not permanently blocked 

and not used as the main heating system is around 9 million in 6.75 million dwellings; this is just under 

30% of dwellings in England. 

The present volume airflow rate of 40m
3
/hr is based on work by BRE and Dickson. BRE airtightness test 

results were interpreted using a ‘rule of thumb’ commonly used for building airtightness but which may not 

be appropriate for chimney airflows. Dickson tracer gas decay tests were carried out during relatively 

cool, calm conditions in a low energy airtight house, and this may have resulted in an underestimate. In 

addition an Excel based model of air flow through chimneys was developed in 2006 which gave results 

for chimneys between 66 and 111m
3
/hr. 

Direct monitoring of volume airflow is difficult, so the following two step method was developed and used. 

(a) The pressure difference between the top and bottom of the chimney was monitored over a period of 

seven days. No fires were lit and the dwelling was occupied as normal. 

(b) Airtightness tests were carried out with, then without, the chimney fireplace opening sealed. This 

gave an equation relating pressure differences to the airflow up the chimney. 

The monitored pressure difference, and therefore airflow, was very variable. There are indications that 

doors and windows being opened and closed were a factor, which implies that the interaction of wind 

direction with nearby structures would also have an effect. In two dwellings the pressure difference 

reversed for some periods of time. There was some obvious correlation of pressure difference with 

windspeed and internal/external temperature difference, though there were clearly other factors at play. It 

is therefore thought that the variability of the results is due to the significant variety of factors affecting the 

airflow, but reflects the reality of dwellings in use. 

20 dwellings were monitored with conditions typical of an average UK heating season. Data was 

successfully analysed for 17 dwellings, 2 of these possibly less reliable. The average chimney airflow rate 

was 75 to 80m
3
/hr, with a variability indicating a 95% probability of the results being within +20m

3
/hr. This 

result is consistent with the Excel based model results referred to above. 

It was also noted that of 20 open fireplaces in this project, 15 were not temporarily blocked when not in 

use, moreover, of these, 8 were never used for a fire. A sample of 20 is clearly small, but if it is even 

loosely representative of the stock it would indicate a significant loss of heat that could be easily 

prevented at little cost. 

 

 

  

Executive Summary 
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Introduction 

The Government’s Standard Assessment Procedure, SAP (1), is a methodology for assessing the energy 
performance of dwellings. SAP is used to underpin the delivery of a number of key energy and 
environmental policy initiatives including assessing building performance in Building Regulations, 
providing energy ratings for Energy Performance Certificates and the Home Quality Mark, and 
calculating energy savings in Green Deal, Energy Company Obligation and Warm Front. 
 
The volume airflow rate attributed to chimneys in SAP is 40m3/hr, which is based on limited information. 
This project was undertaken to improve the accuracy of this value and hence the heat loss calculated by 
computer models such as SAP, by analysing monitoring and tests in real dwellings.  
 
The accuracy of this value in SAP is important for: 

- obtaining the correct SAP rating for dwellings with chimneys 
- evaluating energy savings from blocking an unused chimney in a heated dwelling  
- products designed to be inserted into the chimney when unused; this would result in more 

reliable calculated savings in energy, cost and carbon emission reduction schemes. 
 
The results may also have implications for other ventilation values in the SAP model such as open flues, 
extract fans, and passive stack ventilation. There are also implications for other ventilation routes such 
as air bricks in the wall or underfloor ventilation with wooden floors. The values presently in SAP are 
given in Table 1. 
 
 

Chimney 
Vertical duct for combustion gases diameter 200mm or more 
(or equivalent area) 

40 m3/hr 

Flue 
Vertical duct with diameter less than 200mm 
Chimney for solid fuel appliance with controlled air supply 
Chimney fitted with a damper 
Open flue gas fire with flue products outlet sealed to the chimney 
Blocked fireplace with ventilator whose area is less than 30,000 mm2 

20 m3/hr 

Intermittent extract fan 
Typically kitchen or bathroom, also cooker hoods and other independent 
extract fans 

10 m3/hr 

Passive stack vent 
Extract grilles connected to ridge terminals by ducts 

10 m3/hr 

Flueless gas fire 40 m3/hr 

Balanced flue zero 

Table 1. Ventilation rates attributed in SAP and BREDEM 
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EHS (English Housing Survey) data indicates that the number of open fireplaces which are not 
permanently blocked and not in regular use as the main heating system is around 9 million in 
6.75 million dwellings; this is just under 30% of dwellings in England. (2). 
 
The volume airflow rate presently in SAP for chimneys was based on work by BRE and Dickson. BRE 
Report BR359 (3) describes airtightness tests where open fireplaces of normal domestic size with 
chimneys approximately 8 metres high were found to have an airflow rate of 400m3/hr at 50 Pa 
pressure difference. Other reports are referenced describing measurements that support these figures; 
Bassett (4) quotes a flow rate of 432m3/hr at 50Pa for an open fireplace,  and Shaw (5) quotes 144m3/hr 
for a Canadian gas furnace connected to a 100mm flue pipe and 127mm chimney. There is a rule of 
thumb of dividing by 20 to convert airflow at 50Pa to an airflow at normal pressure differences created 
by natural forces such as the wind blowing on a dwelling. It is uncertain whether this rule of thumb is 
robust for chimney airflows, but it would suggest a flow rate for a chimney of around 20m3/hr. 
 
Dickson (6) used tracer gas decay methods to measure the increase in infiltration arising from an open 
fireplace. The house tested was a low energy design semi-detached comprising a well-insulated, 
draught-tight shell with heat recovery mechanical ventilation. It had a vent in the floor at the opposite 
side of the room to the fireplace, to provide an adequate supply of air for combustion, which could be 
closed when the fire was not in use. The tests were carried out in mild breezy weather. When the vent 
was open, the whole house infiltration rate increased by about 0.1ac/h. The open fireplace increased 
the infiltration rate by about 0.2ac/h. When both the vent and the fireplace were open the infiltration 
rate increased by about 0.3ac/h. The floor area was 50m2 on each of two levels, and this translates to a 
volume of about 250m3 in which case 0.2 and 0.3ac/h are equivalent to 50 and 75m3/hr respectively.  
Wind speeds were between 1 and 6 m/s compared to an average of 5m/s for most of the country. The 
house was heated to around 21oC and external temperatures were between 11 and 21oC, which is warm 
e.g. compared with the widely accepted average of 6oC for the heating season. These two factors and 
the good airtightness of the house (0.15 to 0.20 ac/h) may result in the measured effect of the fireplace 
being an underestimate for existing dwellings in more typical weather conditions. 
 
The combination of the results from these reports by BRE and Dickson provided the basis for the value 
in SAP of 40m3/hr for an open chimney flue. A SAP calculation for gas central heating of 80% efficiency in 
a typical semi indicates that this requires around 600kWh/yr of fuel. 
 
In addition, as part of work undertaken by George Henderson in 2006, an Excel based model of air flow 
through chimneys under both non-firing and firing conditions was developed by Gastec at CRE Ltd.  The 
model gives results for chimneys between 66 and 111m3/hr, which is higher than those presently in SAP 
but reasonably consistent with the values of 75 to 80m3/hr from the BRE measurements. 
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Description of the project 

The aim of this project is to determine the airflow rate through chimneys in their normal, fire unlit 
unheated state, in occupied dwellings, heated by other means, which are typical of the UK existing 
housing stock. 
 
A direct method of monitoring the airflow is difficult as the movement of air in a chimney is both: 

- very slow, making accurate measurement very hard with conventional instrumentation, 
- highly variable, which makes the velocity profile within the chimney very difficult to predict, 

resulting in significant uncertainty when converting a measurement of air speed into a 
volumetric air flow rate. 

In order to overcome these limitations, measurement of the driving pressure, the pressure difference 
between the top and bottom of the chimney, was developed. The measurement of small pressure 
differences is simpler and more robust than air speed. A series of trial tests were undertaken to 
determine the likely range of driving pressures across a typical chimney stack. Following this trial the 
following two step methodology was followed. 
 
For dwellings with a chimney and open fireplace: 
(c) The pressure difference between the top and bottom of the chimney is monitored over a period of 

seven days. No fires are lit in the house and the dwelling is otherwise occupied as normal. 
(d) Two airtightness tests are carried out, firstly with, and then without the chimney fireplace opening 

sealed, over a range of pressure differences. The measured airflow rates at the pressure differences 
applied are then used to derive an equation between these two variables. 
For each dwelling, the pressure differences between the top and bottom of the chimney from (a) is 
then input into the equation from (b) to determine the air flow up the chimney during normal 
occupation of the dwelling. 

 
The airtightness tests follow a standard procedure with all designed ventilation sealed. Only positive 
pressurisation was used, to avoid sucking soot into the room. This also represents the expected normal 
direction of air flow up the chimney. 
 
After undertaking a review of the instrumentation required to measure the very low pressure 
differences across the length of a chimney it was concluded that to ensure robustness of the results 
some trials should be run with a number of different pressure differential measurement approaches. 
 
To ensure that the influence of the chimney-top (cowl, pot, etc.) is captured, pressure measurement at 
the top of the chimney must be undertaken within the chimney, but be deployable from the fireplace. 
There are a few options for this, and trials ensured a reliable method of effective deployment. 
 
Tests were undertaken using a range of pressure tube configurations in lengths of duct in the lab 
representing the flue of a chimney. Based on the pressures achieved in the ducts a suitable sensor and 
transmitter was identified and purchased. The pressure sensor was attached to the top of a chimney 
rod, with plastic straps to push the sensor away from the walls and in the airstream of the chimney 
(Figure 1).  The second pressure sensor and other equipment to be placed in front of the fireplace were 
built into a box, along with a logger to record the data over 7 days (Figure 2). 
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Figure 1. Pressure sensor on chimney rod  Figure 2. Pressure sensor, meter and logger unit 
 
 

 
Figure 3. 
 
Figure 3 shows the pressure difference between the top and bottom of the chimney, dP, and the 
pressure measured by a standard airtightness test, P. During airtightness testing, with the fireplace 
sealed (the dP tube penetrating this sealing), it was confirmed that measurements of P and dP with fan 
induced pressures gave reasonable agreement .  
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Sample selection 

The dwellings were selected from responses to an emailed invitation to BRE employees for them or their 
family/friends to participate. Clearly account needs to be taken of any bias in using BRE contacts, for 
example they may be more aware of the benefits of temporarily blocking up the chimney. However, in 
terms of the measurements, that is, monitoring pressure difference up the chimney and the airtightness 
tests, these are physical measurements on existing houses with typical occupancies and it is not thought 
that there would be any significant bias in this respect. The invitation was to anyone who had one or 
more unused chimneys which are not blocked up, or are easily unblocked.  
 
After some consideration it was decided that the chimneys would be swept before monitoring. It would 
have been preferable to monitor them ‘as found’ since sweeping significant debris could increase the 
airflow. However, the risk of the tests disturbing debris and causing damage to furniture and carpets 
due to soot was assessed as unacceptable. To take account of the sweeping, the amount of debris swept 
from the chimney was assessed and recorded in each dwelling. In addition, having a chimney swept was 
a useful incentive to offer participants in addition to a £20 shopping voucher.  
 
The following factors may significantly affect the airflow and have been recorded.  
 
Dwelling specific factors, constant over the period of monitoring: 

 ‘airtightness’ of the dwelling as measured by a standard air pressurisation test 

 length of flue and number of storeys 

 chimney throat, presence of damper, open area of flue, any protection on the chimney pot 
 
Common factors which are not constant over the period of monitoring in each dwelling: 

 temperature internally by the open fireplace and externally (and the temperature difference) 

 wind speed (from local weather data) 
 
Other factors, e.g. opening of windows, doors and vents in different parts of the dwelling, which it is not 
practical to monitor, will also cause some variation. Since the results are over a number of days and 
dwellings, this will become a contribution to the experimental variation, and since these factors are 
representative of dwellings in normal use, it is not thought that this will bias the average result. 
 
It was suggested that a sample of 20 dwellings would be sufficient to make an initial assessment of the 
variability of the dwelling specific factors listed above, and that monitoring for a week or more in each 
of these dwellings would allow assessment of variability of other factors. This sample size was felt to be 
sufficient to provide experience of the method and any difficulties from which lessons may be learnt for 
future work, and initial results, both average and variability, from which potential further work may be 
defined. 
 
The results from these 20 dwellings gave a sample from which  

a) an analysis of the effect of the main factors listed above was undertaken 
b) an average pressure difference and the variability in the results was derived. 
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Installations 

20 dwellings were monitored from late February to early April 2015, a period with external 
temperatures below 10 to 15oC much of the time. Four sets of equipment were assembled, enabling 
four dwellings to be monitored simultaneously, each for seven days. Our normal daily schedule was to 
visit two dwellings to download data and uninstall equipment, taking about half an hour each, followed 
by visits to two further dwellings to install equipment and carry out airtightness tests, taking about two 
hours each. This was repeated on two days each week while fitting in with householders’ availability. 
 
On arrival the chimney was swept by the Chimney Sweep, counting the number of rods required. The 
Chimney Sweep then inserted the rods with the pressure sensor attached to the top. By using one rod 
less than was used to sweep the chimney, the sensor was positioned less than 1 metre from the top. 
The unit containing the second pressure sensor and logger to record the pressure differences was 
placed in front of the fireplace, and a zero reading checked before connecting the tube from the sensor 
in the chimney. Other sensors were left for seven days to record the temperature in the room with the 
fireplace, in another room, and outside the house sheltered from direct sunlight.  
 
Airtightness tests were carried out, installing a fan in place of the front door and sealing designed 
ventilation. A standard test was carried out with the fireplace to be monitored sealed, then a second 
test with the fireplace unsealed. Measurements were made in the standard range of building differential 
test pressures (25 to 60Pa), and then at lower pressures. Photographs were taken, including the sealing 
applied around the dwelling for the airtightness tests and the position of the temperature sensors. 
 
On arrival or at short notice four of the properties were found to be unsuitable for a variety of reasons. 
Replacements were found so that a total of 20 properties were tested and monitored. During later 
analysis, problems were encountered with some of the data from three properties, so that it has been 
possible to successfully calculate full results for 17 properties.  
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Findings 

Chimney pressure differences 

It was important to assess the zero setting of the equipment to confirm that the low pressures being 
measured were genuine. Zero checks were therefore carried out in the lab by running the four monitors 
for ten minutes a number of times. The maximum deviation from zero was 0.087Pa and most readings 
were less than 0.05Pa. Readings above about 0.1Pa can therefore be considered as measuring actual 
pressure differences. Zero meter readings were also checked visually during installation in each 
dwelling. 
 
Figures 1 and 2 each show about 3 hours of monitoring with the pressure difference recorded every 5 
seconds. In all the dwellings the data over seven days varies between a fairly level line as in Figure 1 and 
large oscillations as in Figure 2. Plotting the wind speed onto the graph (horizontal lines) shows a very 
clear connection. In Figure 1 at the right of the graph the oscillations can be seen to start as the wind 
picks up. It was expected that wind across the top of the chimney would have the effect of reducing the 
pressure at the top, thus increasing the pressure difference up the chimney, and it can be seen that the 
average pressure difference increases from around 1.5Pa in Figure 1 to around 6Pa in Figure 2. The 
oscillations are the results of turbulence caused by the wind blowing over the top of the chimney. 
 
 

 

Figure 1. Pressure difference between top and bottom of chimney & wind speed (dwelling CH01). 
     Black lines are 10 min. wind speed averages, measured every hour at a local weather station. 
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A cut off in the data just above 10Pa can be seen in Figure 2. The pressure monitor was preset when 
purchased, and values were not expected to go over 10Pa. However, analysis of the pressure differences 
in each property showed that less than 4% of the data, and in most cases less than 1%, was greater than 
10Pa. The small error caused by this has been reduced by estimating the top of the oscillations to be 
around 14Pa, and an estimated average of 12Pa has been substituted for values above 10Pa. This is 
found to make only a small difference to the average value over seven days of monitoring, of less than 
2% and in most cases less than 0.5%. 
 
 

 

Figure 2. Pressure difference between top and bottom of chimney & wind speed (dwelling CH01). 
Lower black lines are 10 min. wind speed averages, measured every hour at a local weather station. 
Upper red lines are gusts over the same 10 min. periods each hour. 
 
 
Considering that the pressure values are recorded every 5 seconds, and that many of the spikes greater 
than 10Pa are single values, these higher pressures are very transient. Using the results from later in this 
note, 12Pa might produce a transient flow of around 200m3/hr which would take about 10 secs to travel 
an 8 metre high 305x229mm (12x9 inch) chimney, so that no air from the room will be able to travel the 
length of the chimney and be ejected in such a 5 second spike. In terms of airflow causing heat loss from 
the room, these spikes are therefore probably of little consequence and it is the longer term average 
magnitude of the pressure difference which should be taken into account. 
 
In most properties the average pressure difference is positive as in Figures 1 and 2, pushing warm air 
from the room up the chimney as expected. However in some dwellings the data shows periods where 
the pressure difference reverses as in CH20, shown in Figure 3. During the seven days that CH20 was 
monitored this occurred on three occasions, lasting for about 12hrs, 5hrs and 4hrs respectively. In all 
other respects the graph is similar to those for other dwellings.  
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Figure 3. Period of negative pressure difference (dwelling CH20) 
 
At the end of the CH20 data a period of zero readings could be identified during the uninstallation when 
the pipe to the chimney sensor was disconnected for a few minutes, and this confirmed that the zero 
reading was correct. This was in addition to the regular visual check of the meter during installation, and 
the zero checks in the lab described earlier. The periods of negative pressure in CH20 reached around 
0.7Pa and therefore appear to be genuine, presumably being caused by wind pressure effects on 
different areas of the house envelope, roof configuration and chimney. Discussion with the contact for 
the dwelling revealed that the radiator in the hall area gets hot sometimes when the hot water is on but 
the heating is off; it is plausible that this could be causing a significant stack effect up the stairs, drawing 
air down the chimney. 
 
It may be noted that a colleague looking at the pressure difference graph for his house was able to 
identify, when the oscillations were small, a small increase in pressure difference for a short time which 
coincided with the time his wife left the house each morning. It is clear from this that the pressure 
difference is sensitive to factors such as opening of windows and doors. Wind direction/speed and 
shape of the buildings and roof will also all affect the airflow around and through the house, and the 
measured pressure difference. 
 
Such a reversal of the pressure difference as seen in CH20 will be causing cold air from outside to travel 
down the chimney into the room and should also be considered as a heat loss for the dwelling. Since 
both positive and negative pressure differences should be considered a heat loss, the absolute value 
(modulus) was calculated for combination with the air pressurisation tests in analysis described later.  
 
However, during periods when the average pressure difference is close to zero, calculating the absolute 
value will give an emphasis to the spikes in the data as both positive and negative spikes will increase 
the absolute average. (This contrasts with calculating a normal average where positive and negative 
spikes tend to cancel each other). Bearing in mind the discussion above that the transient spikes are of 
little consequence regarding heat loss, longer term 15, 30, and 60 second averages were calculated from 
the logged 5 second values. Using such averages smooths and reduces the spikes before calculating an 
absolute average for each dwelling.  
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Figure 4 shows the results of these different averages. Using an average of absolute values instead of 
the logged or corrected data, makes a significant difference for dwellings CH20 and CH18.  However it 
has little effect for most dwellings, since they do not show any periods of negative pressure difference. 
It is difficult to make a clear justification for which of 15, 30, or 60 second averages to use, however, 
fortunately the choice has little effect on the average over for all dwellings. The 15 second average was 
chosen for use in the final analysis. 
 
The data for CH03 was found to be identical to CH01 during analysis. Efforts to retrieve the data resulted 
in identifying this as a download problem resulting in loss of the CH03 data. 
 
 

 
Figure 4. Results of analysis for each dwelling 
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Airtightness tests 

Airtightness tests were carried out as described in ATTMA TSL1, with all design ventilation sealed, firstly 
with the fireplace of the chimney to be monitored sealed, then a second test with it unsealed. Following 
the standard analysis, the corrected fan flow Q (m3/h) was plotted against building pressure differential 
P (Pa) with a curve fitting the data of the form Q = C Pn 

where C and n are constants that relate to the building under test.  
 
For the test to be valid, 

- the correlation coefficient R2 of the curve fitted to the data points must be greater than 0.980,  
- the exponent n must be between 0.5 and 1.0. 

 
(A poor correlation coefficient may be due to adverse weather conditions or deficient test methods. 
n values which approach 0.5 will have fully developed turbulent flow through the dwelling elements and 
represents air flow through rather large apertures, which tend to be indicative of rather leaky 
structures. Values of n which approach 1.0 will indicate a more laminar like flow through the dwelling 
elements and generally represent very tight structures, or those with a myriad of very tiny holes.) 
 
Figure 5 shows experimental data for ‘fireplace unsealed’ and ‘fireplace sealed’ (after the building 
pressure differences are corrected for zero fan flow). Power curves fitted to the data give values of R2 
and n that meet the requirements in ATTMA TSL1 for a valid test. 
 

 
Figure 5. Power curves fitted to airtightness test results (dwelling CH06) 
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This gives two equations; for the ‘fireplace unsealed’ and ‘fireplace sealed’: 
Q1 = C1 P

n1       and      Q2 = C2 P
n2 

 
From these two equations the flow up the chimney  Q1 – Q2  at any pressure difference may be 
calculated as the difference: 

C1 P
n1  –  C2 P

n2 
 
These curves resulting from this equation are shown for each of 17 chimneys in Figure 6. Many of these 
are close to a power curve of the same form. (It can be seen that when the exponents  n1 = n2, the 
equation becomes  (C1 – C2) P

n  (where n = n1 = n2)  which itself gives a power curve). 
 
Some of the curves in Figure 6 differ significantly from a power curve, and give a poor correlation 
coefficient when one is fitted. In particular CH08, CH10 gave correlation coefficients less than 0.9 
whereas all the others were better than 0.97. The CH08 airtightness testing was carried out on a windy 
day which tends to be challenging conditions for recording data as the meters do not give steady 
readings. These two cases may therefore be less reliable than the others, and this is considered further 
in the next section. Table A1 gives the parameters n, C, and the correlation coefficients. 
 
 

 
Figure 6. Chimney airflow from C1 P

n1  –  C2 P
n2 for the 17 dwellings for which results could be derived. 

Dashed lines – CH08, CH10 with correlation coefficients less than 0.9 with a power curve fit. 
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It was not possible to fit a power curve to (C1 P
n1  –  C2 P

n2) for CH07 and CH13. This was even though the 
individual airtightness test curves fitted to the data, for both sealed fireplace (C1 P

n1) and unsealed 
fireplace (C2 P

n2), gave correlation coefficients greater than 0.980, as required for standard airtightness 
tests. In particular CH13 was an excessively leaky dwelling. It was therefore not possible to derive results 
for the two dwellings CH07 and CH13. 
 
The data from CH24 for the ‘fireplace sealed’ initially gave results with a very poor correlation 
coefficient, however it was evident from the graph of the data that a seal had failed after 6 readings, so 
it was possible to use just these 6 data points to retrieve a result. 
 
It can be seen from Figure 6 that at 50Pa the chimney airflows range from 50 to 590m3/hr (or from 180 
to 590m3/hr when CH08 and CH10 are excluded). Assuming the method is robust, this range is caused by 
the different shapes of the chimneys through their height and the configuration of the openings at the 
top and bottom.  
 
These results are consistent with others referred to in the introduction of this report, i.e. BRE Report 
BR359 (3) which gives an airflow rate of 400m3/hr and Bassett (4) which gives a flow rate of 432m3/hr at 
50Pa. The average for the 17 dwellings in Figure 6 is 346m3/hr (388m3/hr without CH08 and CH10). 
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Calculated chimney airflows 

To obtain the chimney airflows, the seven day average pressure difference is input into the equation 
C1 P

n1  –  C2 P
n2   from the airtightness tests. Figure 7 presents the calculated seven day average airflows 

up the chimney for the 17 properties for which results could be derived. Table A1 gives the parameters 
from which the chimney airflows are derived. 
 
 

 
Figure 7. Calculated seven day average chimney airflows for 17 dwellings. 
 
 
The results indicate seven day average chimney airflows of between 5 and 150 m3/hr.  

- The average of the values in Figure 7 is 75.5m3/hr.  
- The standard error of the mean is 10m3/hr, so based on the variability of these results this indicates a 
95% probability of the true mean being between 75.5 + 20 m3/hr. 
 
Table A2 and A3 include information on individual dwellings . 

- CH17, CH18, CH22 have cowls or bird guards on top of the chimneys 
- CH15 had a damper 
- CH09, CH14 protrude from the outside wall 
- CH08, CH14, CH17, CH18 have solid floors 

None of these or other items in Tables A2 and A3 indicate factors with an overriding effect, except 
perhaps for dwellings with solid floors which have generally lower airflows; this may restrict the air 
available for the chimney. However the sample is small and further dwellings would need to be 
monitored to draw conclusions on a robust basis. 
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As discussed above, analysis of the difference between fireplace ‘sealed’ and ‘unsealed’ airtightness 
tests for CH08, CH10 suggests that these may be less reliable results. Figure 8 presents the calculated 
seven day average airflows up the chimney with these two cases removed. 
 
 

 
Figure 8. Calculated 7 day average chimney airflows for 15 dwellings. 
 
 
This still gives chimney airflows of between 5 and 150 m3/hr.  

- The average of the values in Figure 8 is 80.8m3/hr. 
The standard error of the mean is 10.5m3/hr, so based on the variability of these results this indicates a 
95% probability of the true mean being between 80.8 + 21 m3/hr. 
 
As discussed earlier there are a number of factors which will affect the results that need to be assessed 
in terms of whether they are representative of typical conditions, in particular temperature and 
windspeed. 
 
The temperature and windspeed data from local weather stations during the eight week period of 
monitoring from 20th February to 17th April 2015 are shown in Figures 9, 10 and Table 2. 
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Figure 9. Hourly external temperatures 20th Feb to 17th April 
 

 
Figure 10. Hourly windspeeds 20th Feb to 17th April 
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 Temperature oC Wind m/s Wind gusts m/s 

 Luton Northolt Luton Northolt Luton Northolt 

Min -1.2 -3.5 0.0 0.0 - 13.0 
Max 20.6 23.9 15.0 15.0 - 27.0 

Average 6.8 8.0 5.0 4.3 - 5.6 

Table 2. External temperatures and windspeed during monitoring 
 
 

 Temperature oC Wind m/s 

Average 7.6 5 

Table 3. External temperatures and windspeed; 20 year UK averages 
 
 
Data compiled for BREDEM gives a 20 year average mean external temperature for the UK during the 
heating season (October to April) of 7.6oC. The average temperatures during monitoring of 6.8 and 
8.0 oC (Table 2) may therefore be considered representative of the UK average. A general rise in 
temperature during the monitoring period may be seen in Figure 9, though still with fairly low 
minimums, particularly in Luton. Internal temperatures may also be considered representative since 
these were occupied dwellings being used normally.  
 
Similarly BREDEM data indicates an average windspeed varying from 4 to 8 m/s depending on the 
region; areas with averages of 7 and 8 m/s are the Orkneys, Shetlands and Western Isles of Scotland, 
and it is clear that 5 m/s is a typical average for most of the UK. Again the average windspeed during 
monitoring of 5.0 and 4.3 m/s (Table 2) is therefore representative of a typical UK average. It may be 
noted that there were a few periods with very gusty winds which may be seen on Figure 10. 
 
The distribution of air permeability of 384 dwellings reported in (7), is shown in Figure 11. Figure 12 
shows the air permeability of the 17 dwellings for which chimney airflow results were derived. 
Allowance has to be made for much higher statistical variation in representing this small number of 
cases as a distribution, but overall the dwellings are mostly in the lower half of the distribution. The 
average for the 17 dwellings is 7.5m3/hr/m2 @50pa which compares with 11.5m3/hr/m2 @50pa for the 
Figure 11 data. Obtaining a representative range is of course not possible when selecting the sample of 
dwellings since the airtightness is not known at the selection stage. However, as described later, no 
correlation was found between the airtightness of a dwelling and the chimney airflow results derived in 
this project, so this indicates that this is not a major factor, and will not be affecting the final results 
significantly. 
 
As described earlier, the chimneys were swept before undertaking airtightness testing and pressure 
monitoring. The amount of debris swept from the chimney was assessed and recorded as blocking the 
flue airflow ‘minimally’, ‘significantly’ or ‘substantially’. All except two chimneys were assessed as 
‘minimally’ blocking the airflow. One was assessed as ‘significantly’ and the other (which had a bird’s 
nest swept out) as ‘substantially’ blocking the airflow.  
 
Overall these results therefore support the indications from other work that the average airflow up an 
unrestricted chimney is in general higher than the value of 40m3/hr presently in SAP. The results from 
this sample of 17 dwellings indicate a value of around 75 to 80m3/hr. 
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Figure 11. Distribution of air permeability in 384 UK dwellings. (Reference 7)1 
 

 
Figure 12. Distribution of air permeability in 17 dwellings in this project 
 
  

                                                      

 

1
 The envelope area includes the ground floor, so this is ‘air permeability’ as is Figure 12. 
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Correlation with other factors 

Some investigations have been carried out of relationships between the varying pressure difference up 
the chimney and other variables. A reasonable correlation would allow results to be adjusted according 
to the value of the variable. However it is recognised that this is not a laboratory project with well 
controlled factors, so while this project has the significant benefit of measuring ‘real world’ cases, the 
factors which affect the results are in general all varying at the same time. 
 
By analysing the data for a single dwelling, factors which vary between dwellings, such as the shape of 
the chimney flue and roof, can be removed. CH01 was investigated in some detail for relationships 
between varying pressure difference up the chimney with wind and temperature. 
 
Wind data for the period of the monitoring was obtained from Northolt, the nearest weather station to 
CH01. This provided mean wind speeds measured at a height of 10-12 metres during 10mins before the 
end of each hour. For comparison, the pressure difference data logged every 5 seconds was similarly 
analysed to give the mean of the 10mins before the end of each hour. The resulting graph in Figure 13 
shows a relationship of increasing pressure difference with increasing windspeed as expected. However 
there are clearly other factors influencing the pressure difference and the correlation coefficient R2 of 
0.47 indicates a low to moderate correlation. 
 

 
Figure 13. Chimney pressure difference and wind speed (dwelling CH01) 
 
Another factor which should be affecting the chimney airflow is the stack effect, driven by the air 
temperature difference between the top and bottom of the chimney. Temperatures were logged in the 
room with the monitored fireplace and also outside the house, so that this temperature difference could 
be calculated. Temperatures were logged every 5mins, so the 5min averages of the pressure difference 
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data were calculated for comparison. Figure 14 shows the resulting graph which shows little or no 
correlation and the correlation coefficient R2 value is close to zero. 

 
 
Figure 14. Chimney pressure difference and internal/external temperature difference (dwelling CH01) 
 
 

 
Figure 15. Chimney pressure and temperature. Windspeed standard deviation >0.1 (dwelling CH01) 
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However it was thought that the influence of the wind might be reduced by only plotting points relating 
to low windspeed (as in Figure 1) and removing those relating to higher windspeed and greater 
oscillations (as in Figure 2). Two methods were investigated, excluding points whose 5 min average 
windspeed 

- had a standard deviation greater than a set value, 
- were greater than a set value. 

 
Some interesting results start to emerge by doing this, Figure 15 shows data (5 min averages) with a 
standard deviation greater than 0.1. Although the correlation for all the points is very poor (R2 0.09), the 
points can be seen to form some individual lines. These points have been isolated in Figure 16 and are 
highly correlated, with one line having an R2 of 0.91. 
 

 
Figure 16. Chimney pressure and temperature. Windspeed standard deviation >0.1. (dwelling CH01) 
Selected points from Figure 11. 

- Blue circles in cluster at left are from start of monitoring at 1015 for 30mins. 
- Following this turbulence gives standard deviations of greater than 0.1 so points are excluded. 
- Brown squares forming line at centre are from 1825 for 2 hours, at the end of which the 

pressure difference dropped. 
- Black triangles forming short line at right follow this period and are from 2040 for 45mins. 

 
It is likely that the well correlated line represents a period when the dwelling was in a stable state from 
1825 to 2040. The drop in pressure difference may be due to a door or window being opened and 
adding to the pressure in the room with the fireplace, followed by another stable state from 2040 for 
45mins. 
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Further work could be undertaken to see if this is consistent with the effect expected from stack effect 
using known physics. If so it would allow calculations, for individual dwellings and in energy modelling, 
to be adjusted according to the temperature difference, if desired. 
 
It might be thought that the airtightness of the dwelling would affect the chimney airflow, with a tighter 
dwelling preventing air entering the dwelling and going up the chimney. To investigate this, each of 

- air leakage of the dwelling (m3/hr at 50Pa) 
- air permeability of dwelling (m3/hr at 50Pa divided by the envelope area including ground floor) 
were plotted against each of  
- seven day average chimney pressure difference (Pa) 
- seven day average chimney airflow (m3/hr) 

 
No correlation was found, the highest correlation coefficient of the four being 0.07 which is shown in 
Figure 17. 
 

 
Figure 17. Seven day average pressure difference vs dwelling airflow rate 
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Conclusion and recommendations 

Chimneys which are not blocked up and not being used for an open fire are an overlooked route of heat 
loss, effectively a large hole in the roof of a dwelling. The primary purpose of this project was to provide 
evidence that could be used to give an improved value in SAP for the airflow up chimneys, and hence 
the calculated heat loss. The aim was therefore to determine the real world airflow through a chimney 
in its normal fire-unlit state in an occupied dwelling which is heated by other means.  
 
Due to the difficulties of monitoring the airflow directly, an indirect method was devised which has 
successfully fulfilled the project aim. Standard airtightness tests were carried out with the fireplace 
sealed, then with the fireplace unsealed, with the difference being the airflow up the chimney .  
 
- In two dwellings this method generated a negative difference at very low pressures which is clearly 

invalid although the ‘fireplace sealed’ and ‘fireplace unsealed’ data showed no apparent problems. 
The cause of this is unknown but it is likely to be due to experimental issues such as the errors 
inherent in taking the difference of the airtightness tests. No results could be derived for these two 
dwellings.  
 

- In another two dwellings the method generated chimney airflows related to pressure which were 
significantly dissimilar to a power curve, with poor correlation coefficients, and the results from 
these were considered possibly unreliable.  

 
The remaining 16 out of the 20 dwellings monitored all gave good correlation coefficients, greater than 
0.97, when a power curve was fitted and are considered acceptably robust results. 
 
The second part of the method devised involved monitoring the small pressure difference between the 
top and bottom of each chimney over a period of seven days. Data was obtained for 19 of the 20 
dwellings, in the other dwelling it was found during analysis that the data was missing due to a 
download problem. 
 
The graphs of the chimney pressure difference clearly showed an increase, and in addition large 
transient oscillations, during windy conditions. This will be due to the reduction and variation in 
pressure at the top of the chimney as the wind blows across it, and the induced turbulence. During calm 
conditions it was possible to see the effect of a door opening and closing in the dwelling on the pressure 
difference. It is clear that wind direction, and the shape of, and openings in, the building all affect the 
pressure difference up the chimney.  
 
In most of the dwellings the general trend was a pressure difference causing room air to travel up the 
chimney. However some dwellings showed periods of time with a pressure difference causing outside 
air to travel down the chimney into the room. Since pressure differences in both directions will result in 
heat loss from the room, absolute (modulus) values were used in calculating the chimney pressure 
difference averages over seven days. 
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It is important to assess whether factors which would affect the chimney airflow during the monitoring 
are representative of typical conditions over a heating season. External temperature and windspeed 
data from local weather stations were therefore averaged over the eight week period of the monitoring 
for this purpose. 

External temperature: 6.8oC (Luton) and 8.0oC (Northolt) compares with a 20 yr UK average 7.6oC. 
(Internal temperature: may be assumed to be those for normally occupied dwellings). 
Windspeed: 5.0 m/s (Luton) and 4.3 m/s (Northolt) compares with a typical UK value of 5 m/s. 

This indicates that the results may be considered representative of UK dwellings with respect to these 
key factors. 
 
Seven day average chimney airflows were calculated for the 17 dwellings, shown in Figure 7, and gave 
the following results. Excluding the two possibly unreliable results gave the results in brackets below. 
 
Seven day average chimney airflows: 

- average over all 17 (15) dwellings: 75.5 (80.8) m3/hr 
- varying between 5 and 150 m3/hr 
- standard error of the mean 10 (10.5) m3/hr, so based on the variability of these results this 

indicates a 95% probability of the true mean being between 75.5 + 20 (80.8 + 21) m3/hr. 
 
Further testing could be undertaken to improve the mean and reduce the standard error. Any further 
chimney pressure difference monitoring would need to be undertaken during the heating season. 
However, airtightness testing may be carried out at any time of year (apart from extreme windy 
conditions), and a number of dwellings may be tested in one day. Additional airtightness tests have 
been proposed and the potential effect on the standard error will be assessed. 
 
Overall the results from this project support indications from other work described in the Introduction, 
that the airflow up an unrestricted chimney during the heating season is higher than that presently 
attributed in SAP. The other work described in the introduction, particularly that carried out by George 
Henderson, which includes an Excel based model, should be reviewed alongside the results of this 
project, to reach a proposed revised value for chimneys in SAP. The work by George Henderson will also 
help in considering revised values in SAP for open flues, extract fans, passive stack ventilation and 
possibly other ventilation routes. 
 
In addition the possibility of using airtightness testing in a similar way with other openings such as open 
flues to determine airflow rates could be explored. 
 
It was also noted that of 20 open fireplaces in this project, 15 were not temporarily blocked when not in 
use, moreover, of these, 8 were never used for a fire. (Those that were reported lighting a fire of wood 
or coal between 1 and 4 times a week in the winter, and two just at Christmas).  A sample of 20 is clearly 
small, but if it is even loosely representative of the stock it would indicate a significant loss of heat that 
could be easily prevented at little cost. 
 
 
 
Grateful acknowledgement is given to DECC for funding this project, Ben Cheeseman for devising the 
method and undertaking the airtightness test analysis, Michael Swainson for development and the 
Building Technology Group team for testing/monitoring.  
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Appendix A Detailed data tables 

 

 

Dwelling airtightness test airtightness test corrn. of  abs 15s calculated 

ID unsealed fireplace sealed fireplace difference ave. dP chimney flow  

  n1 C1 n2 C2 R2   (a) Pa   (b) m3/hr 

CH01 0.6343 0.0498 0.6824 0.0325 0.9993 2.682 105.4 

CH03 0.6216 0.0239 0.6295 0.0087 1.0000 no data - 

CH05 0.5206 0.0699 0.5612 0.0522 0.9948 2.558 92.4 

CH06 0.6171 0.0430 0.7179 0.0222 0.9942 2.009 106.3 

CH07 invalid test results 1.518 - 

CH08 0.5347 0.0166 0.6229 0.0105 0.8819 0.997 22.0 

CH09 0.5872 0.0766 0.5976 0.0630 1.0000 1.754 66.0 

CH10 0.6149 0.0457 0.6584 0.0374 0.4095 3.775 49.1 

CH11 0.5848 0.0575 0.5961 0.0438 1.0000 2.464 80.7 

CH12 0.6049 0.0485 0.6313 0.0395 0.9980 1.029 32.8 

CH13 invalid test results – leaky building 3.207 - 

CH14 0.6055 0.0860 0.6104 0.0729 1.0000 0.978 46.4 

CH15 0.5829 0.0440 0.6377 0.0277 0.9988 3.021 100.0 

CH16 0.6654 0.0570 0.7205 0.0399 0.9940 1.035 62.5 

CH17 0.6047 0.0888 0.6445 0.0701 0.9821 2.241 96.4 

CH18 0.6496 0.0792 0.6354 0.0745 0.9996 0.297 5.7 

CH20 0.5336 0.0953 0.6558 0.0466 0.9748 0.713 152.1 

CH21 0.5809 0.0771 0.6406 0.0500 0.9966 1.777 127.4 

CH22 0.6187 0.0519 0.6686 0.0353 0.9981 0.320 33.0 

CH24 0.5780 0.0649 0.6195 0.0419 0.9997 1.600 104.8 

average           1.788 75.5 

(a) correlation of power curve fit to the difference Q1 - Q2 (see 'Airtightness tests') 
      bold/italicised indicate values less than 0.9 
(b) seven day average chimney pressure differences 

Table A1. Data for calculation of seven day average chimney airflows 
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no. open 
fireplaces 

height  
(ft) 

adjacent 
chimney 

size  
(in) 

damper cowl 
material 

swept 
age of 
house 

test fp 
room 

%floor 
timber 

CH01 2 30 Y 12x9 n n 
 

1939 living 90% 

CH03 1 27 Y 12x9 y y sub 1930 living 100% 

CH05 2 30 Y 12x9 n n 
 

1939 living 100% 

CH06 1 21 Y 12x9 n n sig 1930 living 80% 

CH07 1 27 Y 12x9 n n  1930 living 100% 

CH08 1 33 Y 12x9 n n  1960 living 0% 

CH09 1 18 N 12x9 n n  1960 living 100% 

CH10 1 27 Y 12x9 n n  1937 living 100% 

CH11 1 27 Y 12x9 n n  1930 living 100% 

CH12 1 27 Y 12x9 n n  1930 living 100% 

CH13 4 21 Y 12x9 n n  1903 bedrm. 60% 

CH14 1 27 N 10x10 n n  2000 living 0% 

CH15 1 24 Y 12x9 y n  1950 living 70% 

CH16 2 30 Y 12x9 n n  1867 living 70% 

CH17 1 24 N 9x9 n y  1991 living 0% 

CH18 1 21 Y 12x9 n y  1850 living 0% 

CH20 2 21 N 9x9 n n  1958 living 100% 

CH21 2 30 Y 12x9 n n  1930 living 100% 

CH22 1 21 Y 12x9 n y  1950 living 100% 

CH24 1 30 Y 12x9 n n  1950 living 100% 

height – from number of poles to sweep chimney, each 3ft long 
adjacent chimney – present in adjoining dwelling 
cowl – rain/bird guard or other device on top of the chimney 
material swept – assessed ‘minimally’ (blank cells) ‘significantly’ or ‘substantially’ blocking airflow 
test fp storey – test fireplace on ground or 1st floor 

Table A2. Information recorded for each dwelling 
 
 
 

CH03 birds nest swept out 

CH05 a third fireplace blocked 

CH06 extension solid floor, rest timber floor 

CH08 ground floor flat with a flat above 

CH09 protruding from an outside wall 

CH10 no chimney pot 

CH14 protruding from an outside wall 

Table A3. Other comments 

 

 

 


