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Mackintosh Environmental Architecture Research Unit 
• Based at the Mackintosh School of Architecture 
• 20 year track record of high quality research into environmental architecture. 
• Operates at a unique interface between architectural design, science based research 

and human factors.  
• User-centred, low energy, eco-sensitive architecture 

• Health has always been an important issue
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MVHR make/model

Model: Vectaire WHHR100/90DC-B Plus

Ducting type: Rigid

System design: Vectaire

Maintenance

Figure 1.11 demonstrates the maintenance procedure that 

was undertaken on the MVHR system. The procedure was 

timed and took 1.5hrs. The procedure is difficult for one 

person to safely again access and it is obvious that no 

consideration has been given to the ongoing maintenance 

of the unit, because gaining access is time consuming 

and requires screwing back into the plasterboard ceiling, 

which isn’t a practical fixing for allowing continuous 

access.  

The filters appeared to be very dirty. The manufacturers 

guidance states;“Filters should be cleaned annually and 
replaced when heavily contaminated.” 

The manufacturer does not supply any documentation 

which helps to indicate when a filter would be deemed to 

be “heavily contaminated”. 

Unscrew the timber panel The screws are fixed to the plasterboard making it difficult to re-attach the timber 
panel 

Unscrew the lid of the MVHR unitPull out the dirty filtersInspect and clean filters or replace

Figure 1.11: Filter changing procedure 

1.5.2 Ventilation

cartwright pickard architects

Building Performance Evaluation 
First Wessex

296

CONCLUSIONS
Ventilation

5.3 Ventilation

19 MVHR sound/noise attenuation: 2 of the 4 case studies reported problems with the noise 

of the MVHR system and in both cases the occupants turn the system off at night (one on 

purpose, case study 2 & the other unintentionally - case study 1).  

 

The issues with the noise are most likely due to the use of flexible ducting and the general poor 

installation of this ducting. This will require the system to work harder to supply the required 

flow rates and mean that more noise is generated. In one instance it also appeared that the 

anti-vibration dampers had not been installed correctly. 

Ensure the system has been properly installed with rigid, rather than flexible, ducting, with 

anti-vibration (AV) mounts, and has been commissioned properly with a boost and trickle 

setting that meet the required flow rates. Both AV mounts fitted above metal bracket 
and so will not prevent vibration
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Ducting

The flexible ducting used the MVHR system appears 

to have been poorly installed. Using flexible ducting 

will have met 2006 Building Regulations, however, 

the manufacturers, Nuaire, commented that rigid 

ducting is preferential over flexible ducting.

The photographs taken in the loft space indicate 

that the duct work has not been pulled taut. 

The top photograph demonstrates a poor detail, 

whereby 2 pipes have been strapped together. The 

manufacturers recommend that this detail should 

use a rigid pipe connector, which will prevent the 

free area of the pipe from being squashed and thus 

reduce the required fan power. The diagram from 

Building Regulations Part F (2006) indicates best 

practice with regard to flexible ducting.

4.8 Ventilation system
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• Energy reduction targets 
• Smaller more intensely occupied buildings 

• Air tightness 

• Increasing importance of ventilation - both energy and health 
• Performance Gaps - energy and environmental performance 
• Potential unintended negative consequences

Ventilation Context

Reduced energyGood IAQ

Ventilation

High energyPoor IAQ

Image - Ian Mawditt, Fourwalls
Source: Building Sciences (RSK); Leeds Beckett University; Innovate UK BPE portfolio, Fourwalls 



Indoor Air Quality (IAQ):

• Pollutants 
• Moisture 
• Temperature 

• Radon occurs naturally an may lead to lung cancer. 
• Suspended particles can cause harmful effects on health, 

particularly on the respiratory system. 
• Microbes, such as moulds and viruses, can contribute to the 

development of asthma and allergies. 
• Pests such as dust mites, cockroaches, and mice, are important 

indoor sources of allergens. 
• Low humidity causes eye irritation, dryness of the skin and the 

nose, and rashes 
• High humidity fosters the growth of moulds and dust mites. 
• High temperatures - heat stress, discomfort 
• Low Temperature - cold, dampness, asthma, rhinitus, heart 

disease 
• Chemicals - Volatile Organic Compounds  9 

4.0 Human Health and Air Quality Issues 

 

There is real and increasing concern that indoor conditions can adversely affect 

human health and well-being, including that they are a factor in breathing related 

disability. Issues concerning health effects of buildings are complex, and a wide 

range of environmental and genetic factors are involved. Consequently, there has 

been no conclusive evidence on causes and slow progress towards determining 

appropriate responses. Meanwhile, in recent decades, the problems of breathing 

related disabilities have got notably worse.  

 

Evidence indicates that 1 in 13 adults and 1 in 8 schoolchildren in the UK currently 

suffer from asthma whilst over 40% of people suffer from some kind of allergy.5 

Principle triggers include damp, relative humidity (both high and low), the 

proliferation of dust mite allergens and the presence of other known allergen such 

as formaldehyde.  

 

Figure 1: -Arundel, V., et al. Indirect Health Effects of Relative Humidity in Indoor 

Environments6 

  
A danger of close controlled ventilation systems is that they can result in the internal 

environment oscillating rapidly between the optimum of 40 -60% humidity. This 

rapid oscillation can create the worst of situations by generating all of the conditions 

in which health problems arise. There is little research identified into the potential for 

improved conditions by enabling the changes to happen more slowly using passive 

means such as hygroscopic materials.   

  

There is also growing evidence to support a cautious approach to the use of 

chemicals in the internal environment. The identification of single toxic materials, 

within a more complex cocktail of products and materials, and proof of their 

                                                
5 2004 Asthma Audit, National Asthma Campaign  
6 Arundel, V., et al. Indirect Health Effects of Relative Humidity in Indoor Environments, Environmental 

Health Perspectives, Vol. 65, pp. 351-361, 1986 

http://www.greenfacts.org/glossary/pqrs/radon.htm
http://www.greenfacts.org/glossary/abc/cancer.htm
http://www.greenfacts.org/glossary/mno/mould.htm
http://www.greenfacts.org/glossary/tuv/virus.htm
http://www.greenfacts.org/glossary/abc/asthma.htm
http://www.greenfacts.org/glossary/abc/allergy.htm
http://www.greenfacts.org/glossary/abc/allergy.htm
http://www.greenfacts.org/glossary/mno/mould.htm


• Assessment of Environmental and Energy effects of Domestic Laundering EPSRC £522k 

• Sunshine and well-being in housing, AHRC £52k 

• Guidance for Occupants of Low Energy Homes, Scottish Building Standards £15k 

• Knowledge Transfer Partnership with Cartwright Pickard Architects, London IUK, £135k 

• Research Project To Investigate Occupier Influence On Indoor Air Quality In Dwellings, Scottish Building Standards, £40k 

• Building Performance Evaluation - BPE Programme, IUK £520k 
• Expert Evaluator 
• The Glasgow House (Phase 1) 
• Inverness expo (8 houses) 
• Bloom Court Livingston (2 + 6 houses) 
• Ti-na-Cladich, Dunoon (3 houses) 
• Queens Cross, Glasgow (6 houses) 
• Murray Place, Barrhead (3 houses) 
• Dormont Park, Dumfries (4 houses) 

• Meta study of MVHR system in domestic properties IUK £60k 

• Knowledge Transfer Project - John Gilbert Architects. Unintended consequences of retrofit, IUK, £179k 

• Network - Health effects of modern airtight construction, AHRC £52k 

• BPE monitoring projects for Glasgow Housing Association - MVHR and naturally ventilated houses. 
• Gannochy Trust, design advice for low energy, high air quality homes 
• Edinburgh City Council, innovative ventilation strategy pilot study

Relevant recent projects



Innovate UK Building Performance Evaluation (BPE)

• £8m Innovate UK funding – 2010 to 2014 - total 
four year programme of project activity 

• Domestic: 53 projects (350 dwellings) 
• 23 Phase 1 projects 

• Post construction & initial occupation  
• 30 Phase 2 projects 

• In-use performance & post occupancy 
evaluation 

• Non–domestic: 48 projects (55 study buildings) 
• 8 Under construction & early occupation 
• 40 In-use



Ventilation in BPE study houses

• MEARU engaged in monitoring 7 domestic projects 
in Scotland 

• Timber Frame



Ventilation observations

• IUK studies 
• Observed through measurements of CO2 
• < 1000ppm = 8 litres/s per person = good ventilation 

“..ventilation rates above 0.4 h-1 or CO2 below 900 ppm in homes seem to be the 
minimum level to protect against health risks based on the studies reported in the 
scientific literature”    Wargocki, P. The Effects of Ventilation in Homes on Health. Int. J. Vent. 2013; 12, 101–118.

Ventilation and air infiltration 4-3

4.2.4 Outdoor air quality

Ventilation supply air must be clean. Although filtration
for particles and gaseous pollutants is possible it is expen-
sive and is not practicable on a population-wide basis.
Within the UK, outdoor air quality is addressed by The
National Air Quality Strategy for England, Scotland and
Northern Ireland(18). Areas of poor air quality are designated
‘air quality management areas’ in which special consider-
ation is needed when planning developments. Information
on outdoor air quality for specific locations is available
from the environmental officer of the relevant local
authority.

Pollution generated from very localised sources such as
from adjacent exhaust stacks, polluting processes and local
traffic must be dealt with by source control and by the
careful placement of air intakes. Intake location is
considered in CIBSE TM21(4).

4.2.5 Ventilation for cooling

In buildings without mechanical cooling, high rates of air
change are used to assist in providing thermal comfort in
summer. More details are given in section 4.6.3.6. There is
a limit to the effectiveness of natural cooling and it is
important that all sources of internal heat gain as well as
solar gain are minimised. Very often, peak temperatures in
standard buildings will exceed the outdoor peak tempera-
ture by three or more degrees. At best, peak indoor
temperature can be maintained at a degree or so below the
peak outdoor temperature but this is only possible by
means of night cooling combined with thermal mass.
Nevertheless, good passive design can minimise the
periods during which mechanical cooling may be needed
and can also substantially reduce the size of cooling plant,
perhaps restricting its need to only essential locations. 

Note that the heat island effect can reduce the oppor-
tunities for night cooling in urban areas, see chapter 2,
section 2.10.2.

4.2.6 Ventilation to transport 
thermally conditioned air

The ventilation system in large commercial buildings is
widely used to transport heated and cooled air. Since the
volume of air required to fulfil this task is frequently
several times larger than the fresh air requirement, a
significant part of the ventilation air is recirculated.
Where recirculation is undesirable, thermal and latent
heat recovery systems are used to recapture losses and
used to pre-condition the supply air stream.

4.3 Ventilation techniques
Ventilation may be provided by natural, mechanical or
mixed mode methods. The fundamentals of these tech-
niques are summarised below. More detail is presented in
chapter 2 of CIBSE Guide B(1).

4.3.1 Natural ventilation

Natural ventilation is driven by the climatic forces of wind
(wind effect) and temperature (stack effect). For this
reason, natural ventilation is highly variable since, at any
instant, both the pattern of air flow and the rate of
ventilation will depend on the prevailing weather condi-
tions. If an annual temperature span of between –10 ºC to
+30 ºC is considered, combined with wind speeds of
0–10 m·s–1 and 8 cardinal wind directions, a system could
be subjected to over 3000 different sets of driving
conditions during the course of a year. Despite the possi-
bility that this range may be reduced by prevailing wind,
shelter and micro-climate as well as by the ventilation
design, allowance must be made for the fact that many
conditions will occur. Therefore, a natural ventilation
design must be flexible so that it can respond to the
variability in climate. Ideally, for detailed design, hourly
temperatures, windspeeds and wind directions for key
design years should be verified. Some basic calculation
guidelines are given in section 4.7.4. A full review of
natural ventilation configurations and examples is given
in CIBSE AM10(2).

4.3.2 Mechanical ventilation

Mechanical ventilation is applied by means of driving fans
and a network of ducts. In large office buildings, mechan-
ically supplied air is usually filtered and thermally
conditioned by heating and cooling. Key variations are:

(a) Supply-only ventilation: supply-only systems incor-
porate mechanical supply fans to provide fresh air
combined with a network of passive outlets (vents)
for the exhaust of air. Because the air is mechan-
ically supplied (or ‘pushed’ into the space), the
building will be at a positive pressure with respect
to the ambient outdoor atmospheric pressure. The
central location of supply means that the supply
air can be pre-cleaned by filtration and that the
risk of air entering the space from fabric leakage
cracks is reduced.

(b) Extract-only ventilation: extract systems incorporate
mechanical fans to extract or suck air out of a
space. Make-up fresh air is provided by a network
of passive supply openings. Because air is being

Table 4.2 Approximate maximum sedentary CO2 concentrations associated with CEN indoor air
quality standards (BS EN 13779)(19)

Classification Rise in indoor CO2 Default value Range in outdoor Total indoor 
concentration / ppm / ppm concentration / ppm value* / ppm

IDA1 <400 350 350–400 700–750
IDA2 400–600 500 350–400 850–900
IDA3 600–1000 800 350–400 1150–1200
IDA4 >1000 1200 350–400 1550–1600

* i.e. concentration rise plus outdoor value
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4-2 Environmental design

pi Inside pressure of building (Pa)
po j External pressure due to wind and temperature

acting on path j (Pa)
pw Surface pressure due to wind (Pa)
qv Volumetric flow rate through opening (m3·s–1)
qvb Volumetric flow rate due to stack effect only (m3·s–1)
qvc Volumetric flow rate through crack (L·s–1)
qvm Volumetric flow rate for mechanical ventilation

system (m3·s–1)
qvt Total volume flow rate (m3·s–1)
qvw Volume flow rate due to wind only (m3·s–1)
v Mean wind speed (m·s–1)
vm Mean wind speed measured in open country at

datum height of 10 m (m·s–1)
vr Mean wind speed at building roof height (m·s–1)
vz Mean wind speed at height z (m·s–1)
z Height above ground level (m)
z1, z2 Heights above ground of centres of openings 1 and 2

(m)
α Wind angle (º)
∆Cp Difference in wind pressure coefficient
∆p Pressure difference (Pa)
∆z Difference between heights z1 and z2 (m)
∆θ Difference between mean inside and outside 

temperatures (K)
ε Ratio of areas of openings 1 and 2
θ
–

Mean of inside and outside temperatures (K)
θf Surface temperature of internal surfaces of

building fabric (ºC)
θi Inside temperature (ºC)
θo Outside temperature (ºC)
λ Total number of flow paths
ρ Density of air (kg·m–3)
Φv Heat transfer by ventilation (W)
φ Angle of window opening (º)

Note: in compound units, the abbreviation ‘L’ has been
used to denote ‘litre’.

4.2 Role of ventilation

4.2.1 Background

Ventilation is the process by which fresh air is provided to
occupants and by which concentrations of potentially
harmful pollutants are diluted and removed from a space.
Ventilation is also used to passively cool a space and as a
mechanism to distribute thermally conditioned air to a
space from heating and cooling plant. 

From an energy perspective, losses resulting from venti-
lation and general air exchange can account for more than
half of the primary energy used in a building. These losses
comprise space heating and refrigerative cooling losses as
well as the electrical load associated with driving
mechanical services.

4.2.2 Minimum ventilation rates for 
air quality 

See chapter 1, section 1.7 and chapter 8, section 8.4.

Ventilation is critical for minimising the concentration of
harmful pollutants. It is for this reason that higher

ventilation rates are usually associated with improved
health. 

The amount of ventilation required for air quality depends
on:

— occupant density

— occupant activities

— pollutant emissions within a space.

European Standard BS EN 13779: Ventilation for buildings.
Performance requirements for ventilation and air-conditioning
systems(19) provides basic definitions of air quality
standards in occupied spaces and relates these to fresh air
ventilation rates required for each occupant (in terms of
L·s–1 per person). These are summarised in Table 4.1.

It is important to note that these definitions relate to
comfort air quality and need not necessarily reflect the
purity of air with respect to health related contaminants.
It is assumed that the space is relatively free from sources
of pollution and that the ventilation air is itself pure. 

From April 2006, Building Regulations Part F(9) will
require a minimum ventilation rate of 10 L·s–1 per person
for most non-domestic applications. This fits between
classes IDA2 and IDA3 in Table 4.1.

For guidance on ventilation techniques, see CIBSE Guide
B(1)

.

Table 4.1 Ventilation and indoor air quality classification (BS EN
13779)(19)

Classification Indoor air Ventilation range Default value
quality / (L·s–1/person) / (L·s–1/person)
standard

IDA1 High >15 20
IDA2 Medium 10–15 12.5
IDA3 Moderate 6–10 8
IDA4 Low < 6 5

4.2.3 Ventilation rate and metabolic 
carbon dioxide

Because carbon dioxide is emitted as part of the metabolic
process, the resultant increase in CO2 concentration above
the ambient outdoor value can be used as an estimate of
the adequacy of ventilation. In this respect, CO2 is
considered as a tracer gas and, even at concentrations
associated with unacceptably low ventilation, is rarely
regarded as harmful. The rate of emission of CO2 is
dependent on the degrees of physical activity. Guidelines
related to CO2 concentrations almost always refer to
sedentary environments and do not apply to areas of
substantial physical activity (e.g. manual labour and sports
activities). Also, it takes a finite period for CO2 to reach a
steady state level thus monitoring a space shortly after
occupancy commences may give an erroneously low result.
Subject to the above caveats the increase in CO2 con-
centration above the ambient outdoor concentration that
reflect the air quality classifications of Table 4.1 are
summarised in Table 4.2.

Janice Ann Foster, jm
ay67@

btinternet.com
, 10:02am

 13/02/2013, 1, 24512

Howieson, S.G., Sharpe, T. and Farren, P. (2013) Building tight – ventilating right? How are new air tightness standards affecting indoor air quality 
in dwellings? Building Services Engineering Research and Technology, 35 (5). pp. 475-487. ISSN 0143-6244
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Bedrooms

Sharpe, Tim, Porteous, Colin, Shearer, Donald and Foster, Janice (2014) An assessment of environmental conditions in bedrooms of contemporary low energy houses in 
Scotland. Indoor and Built Environment.

http://radar.gsa.ac.uk/view/creators/261.html
http://radar.gsa.ac.uk/view/creators/275.html
http://radar.gsa.ac.uk/view/creators/520.html
http://radar.gsa.ac.uk/view/creators/698.html
http://radar.gsa.ac.uk/3363/
http://radar.gsa.ac.uk/3363/


Research Project To Investigate Occupier Influence On 
Indoor Air Quality In Dwellings 

Building Standards Directorate

Prof Tim Sharpe MEARU 
Jonathan McQuillan Anderson Bell Christie

Dr. Stirling Howieson, University of Strathclyde

Paul Farren ASSIST DESIGN ARCHITECTS

Dr. Paul Tuohy ESRU, Strathclyde University



Methodology	

Literature review 
• Health effects and ventilation 
• Similar studies 
• What is an accepted measure of ventilation? 

Large scale survey 
• 200 households of recent (post 2010) houses 
• Door step survey asking about ventilation habits 

Subsurvey 
• Selection of >50 of these properties for monitoring 
• Temp, CO2 and RH for a 48 hour period, along with survey and observations 

Core survey 
• Extract data from long term monitoring of 26 houses in IUL BPE programme 
• Week long observation of data with occupant diaries 
• VOC and particulate testing in some properties



Key Findings

• Survey of ventilation habits 

• Most trickle vents closed - 63% closed 
• Hardly every changed 

• Window opening more frequent - daily 
• Drivers - temperature 
• Barriers - heat loss 
• 20% leave bedroom windows open at night 
• 40% have bedroom doors closed at night 

• Lack of knowledge - 82% had received no 
advice on ventilation 

• IAQ was considered to be good



Trickle vent performance

• % time over 1000ppm at night 
• Significant periods of time with low ventilation 
• Mitigated by window opening 
• Better with open vents - but not effective

0"

10"

20"

30"

40"

50"

60"

70"

80"

90"

100"

E1
1"

E1
7"

V
G
1"

V
G
5" E4
"

E6
"

V
G
2"

V
G
4" E2
"

E7
"

EK
1" T5
"

FG
1"

W
G
3"

W
G
5"

E1
0" S1
"

W
G
8" S2
"

FG
4"

W
G
2"

W
G
4"

W
G
9"

W
G
11
"

E5
"

E8
"

E1
2"

E1
3"

V
G
3" T1
"

T2
"

T3
"

FG
2"

FG
5"

W
G
1" E9
"

E1
6"

EK
2" E1
"

E3
"

Vents"Open" Vents"Closed" Vents"Open" Vents"Closed"

Windows"Open" Windows"Closed"

ALL"BEDROOMS"(TOTAL"40)"
Percentage"of"Time"Bedrooms">"1000PPM"CO2"P"Time"Weighted"Average"11pm"P"7am"

1"Person"Occupancy"%>1000ppm" 2"Person"Occupancy"%>1000ppm" 3+"Person"Occupancy"%>1000ppm""

Sharpe, Tim (2014) Investigation of 
Occupier Influence on Indoor Air Quality 
in Dwellings. Technical Report. Scottish 
Government.


Sharpe, Tim, Farren, Paul, Howieson, 
Stirling, Tuohy, Paul and McQuillan, 
Jonathan (2015) Occupant Interactions 
and Effectiveness of Natural Ventilation 
Strategies in Contemporary New 
Housing in Scotland, UK. International 
Journal of Environmental Research and 
Public Health, 12 (7). pp. 8480-8497. 
ISSN 1660-4601


%
 ti

m
e

http://radar.gsa.ac.uk/view/creators/261.html
http://radar.gsa.ac.uk/3554/
http://radar.gsa.ac.uk/3554/
http://radar.gsa.ac.uk/3554/
http://radar.gsa.ac.uk/view/creators/261.html
http://radar.gsa.ac.uk/3810/
http://radar.gsa.ac.uk/3810/
http://radar.gsa.ac.uk/3810/
http://radar.gsa.ac.uk/3810/


Resultant air change rates

• House with closed windows but open trickle vents 
• No houses met requirement for IAQ = 8 l/s/p  
• 42% below requirements for moisture control in regulation (0.5ach) 
• All (100%) below 8 l/s/p



Sub-Survey

   Observations 

• Trickle vents are frequently out of immediate reach due to height, furniture and 
positioning of blinds and curtains. 



Sub-Survey

   Observations 

• The majority of bedroom windows surveyed have some form of blinds or curtains that 
would occlude the vents, especially at night when curtains and blinds are most used.  

• No instances where vents had been interfered with or blocked 
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season for between 15% and 40% of the time, depending on season, despite the windows being closed for much of the 
year. 

The living room thermal comfort conditions (Figure 7:46) indicate that this room was not subject to overheating at any 
time through the year. However it was noted during springtime the temperature range was between 16.4 - 29°C. 
Although the cool periods were limited to times during the early hours of morning, this indicates the heating could be 
off at this time and the living room slowly cooled through the night. Spring temperatures are normally maintained 
between 21 - 25°C and exceeded 28°C for 0.3% of the season. Interestingly the temperature peaks all occurred 
between 17:00-18:30hrs on separate days; however this could indicate the effect of solar gains from the setting sun 
through the west facing glazed doors. The CO2 concentrations appear to be below 1000ppm for around 70% of the 
year despite infrequent window opening. 

The bedrooms on the first floor are heated by a separate radiator circuit where overall the space temperature is slightly 
warmer than the ground floor of the dwelling. The east facing bedroom is slightly cooler than the west facing bedroom 
with a yearly average temperature of 22.5°C (east) and 23.4°C (west). However, the maximum temperatures through 
the year are 30.4°C in the west bedroom and 28.4°C in the east bedroom. Both bedroom reach temperatures greater 
than 24°C in all seasons. The indoor air quality is generally good however the monitoring has indicated this household 
are not frequent window openers during the colder months. In the west facing bedroom the lack of window opening 
was found to be due to obstruction from a child’s cot placed beneath the window, refer to Figure 7:45.  

 

 

Figure 7:45: Dwelling A2 West Bedroom detailing 
obstacles to window opening. The operable 
section of the window is located on the right 
hand side, behind the cot. 

   



Sub-Survey

   Observations 

• Floor coverings frequently obstructed door undercuts - residents comments including 
that they had to physically shorten doors to allow opening after fitting carpets



Sub-Survey

   Observations 

• Specification of extract units, grilles and ducts, short circuiting
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floor radiator circuit. The heating programmer for the underfloor heating is located in the hall. Underfloor heating 
system has separate zone (room) thermostats fixed to the walls in individual rooms. Thermostatic radiator valves 
(TRVs) are fitted to individual radiators on first floor, to provide individual control in each room. 
 
Domestic Hot Water 
The domestic hot water is heated by the boiler on demand.  
 
Ventilation  
The dwelling is naturally ventilated via opening windows located in each room and trickle vents at the head of the 
windows. Mechanical extract ventilation is provided in the ground floor shower room, kitchen, utility room and first 
floor bathroom, air is extracted to exhaust to outside. The fans are operated intermittently with manual control for the 
kitchen and utility rooms and light switch controlled in the bathroom and shower room. 
 
The decorative surfaces on the walls and ceilings of the ground floor shower rooms in both dwellings were damaged, 
presumably as a result of high humidity. Occupant numbers in both households are high (six) and all occupants prefer 
to take showers, the project participants commented on the perceived poor performance of the extract fans. In 
Scotland the Building Regulations do not mandate flow measurement or a specific commissioning procedure for these 
type of mechanical fans. The shower room fans were flush mounted in the ceiling around two metres from the external 
wall where the exhaust point is situated. It was not possible to inspect the duct type and route as it was enclosed 
behind plasterboard. The fan was light switch controlled, and was found to have no run-on after use, the occupants 
informed us that as there is a window in the room they do not always use the light in the room due to sufficient 
daylight levels, therefore the fan is sometimes not operated when showering. The air flow rate was measured and 
found the fans to be extracting at 4.9 litres per second (l/s) and 3.7 l/s for dwelling A1 and A2 respectively. The Building 
Regulations recommend a minimum flow rate of 15 l/s. The underperformance of these instigated flow measurement 
for the remainder of extract fans in each dwelling. The findings are reported in a separate report located in Appendix 
M, however in summary of the four extract fans in each dwelling, only the utility room extract fans were extracting the 
recommended air flow rate.  
 

  
Figure 6:1:  Volume flow measuring equipment (without extension 
hood attachment) in ground floor bathroom in A2. Note extent of 
peeling decorative paint. 

Figure 6:2: Replacement extract fan in ground floor shower room in 
dwelling A1. 

 
The findings were reported to the Housing Association, with recommendations for investigation. The Housing 
Association was reactive to this and replaced the fan unit in one of the dwellings (access was being arranged for the 
second dwelling). The replacement unit was surface mounted, light switch controlled with a fan run-on of 20 minutes. 
The flow measurements made confirmed an extract air flow rate of 22 l/s. The occupant reported that the unit “sounds 
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Figure 20: Heating: a thermostat in the hallway controls the radiators as well as the 
TRVs 
 

 
Figure 21: Ventilation: mechanical intermittent extract fan in the Kitchen. 



Ventilation observations

• Scottish Regulations: below 5m3/m2/hr@50Pa a ‘planned ventilation’ strategy is 
required 

• Two-thirds have ‘overshot’ the regulation - not checked.
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Ventilation observations

Mechanical extract systems 

• 83% underperforming 
• 71% failing design performance criteria

Dwelling Fan	 Avg	 Design	 Pass/Fail	
IA1 Kitchen 25.60 60 Fail

U1lity 29.40 30 Pass
Shower 7.50 15 Fail
Bathroom 7.50 15 Fail

IA2 Kitchen 34.50 60 Fail
U1lity 31.90 30 Pass
Shower 3.70 15 Fail
Bathroom 4.60 15 Fail

IB1 WC 3.20 7 Fail
Bathroom 4.90 15 Fail

IB2 WC 5.20 7 Fail
Bathroom 4.00 15 Fail
Kitchen 62.60 30 Fail

IC1 Kitchen 5.80 60 Fail
Bathroom 7.30 15 Fail

IC2 Kitchen 8.50 60 Fail
Bathroom 5.90 15 Fail

ID2 Kitchen 26.10 60 Fail
Bathroom 6.90 15 Fail

BC1 Bathroom 11.83 15 Fail
Kitchen 64.27 60 Pass

BB1 Bathroom 17.30 15 Pass
Kitchen 71.87 60 Pass

BA1 WC 12.40 15 Fail
Bathroom 2.80 15 Fail
Kitchen 0.00 60 Fail

GB3 Bathroom 9.20 15 Fail
Kitchen 32.57 60 Fail

GB1 Bathroom 11.13 15 Fail
Kitchen 41.43 60 Fail

GB2 Kitchen 30.10 60 Fail
Bathroom 16.30 15 Pass

LA5 Kitchen 67.80 60 Pass
Bathroom 4.60 15 Fail

LA6 Kitchen 73.80 60 Pass
Bathroom 7.40 15 Fail

 FINAL September 2014 
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Fig 9.1: Powered flow hood in operation showing volume flow rate of kitchen fan 

 

The equipment was operated as per the manufacturer’s instructions. Fans were switched 

to operate and three volume flow measurements were taken at each fan inlet (in litres 

per second), once the air flow had stabilised. The exception from this was one kitchen 

extract fan, due to arrangement of appliances it was not possible to take measurements 

one the fan inlet, therefore for this fan air flow measurements were taken on the air 

outlet. The final result of the testing for each fan was an average of the three 

measurements taken. 

 

9.1.3 Fan Test 

 

In each of the two test dwellings the ventilation strategy is for natural ventilation to all 

rooms via openable windows and background ventilators (trickle vents at window heads) 

with intermittent mechanical extraction for ‘wet’ spaces. 

In each kitchen an ‘Airflow Icon’ fan is installed in locations away from the hob. These are 

operated manually by a separate isolation switch adjacent to the fan unit. The WCs are 

fitted with ‘Airflow Icon’ extract fans operated on the light switch with run-on timer, 

isolation switches are wall mounted in the adjacent landing. 

In one house, the bathroom is fitted with an Addvent wall mounted extract fan; this is 

fitted with a ‘wall kit’ and discharges through a louvre mounted on the gable wall. The 

bathroom in the second property is fitted with a ceiling mounted ‘Airflow Icon’, extract 

air is ducted approximately 4 meters to discharge louvre. The duct is concealed within a 

ceiling. The isolation switches for both of these fans are immediately adjacent to the fan 

units within the bathrooms. 

 



Meta-Study Of Dwellings With MVHR Systems 

Innovate UK

Tim Sharpe, MEARU

Ian Mawditt, Fourwalls

Rajat Gupta, OBU



MVHR

• Mechanical Heat Recovery Ventilation 
• Widely used in Passivhaus and Low Energy housing 
• Recovers heat from wet spaces 
• Should allow good ventilation rates, but recover heat 

• How well does this work in practice?



MVHR

• Broad assessment of domestic projects that utilised MVHR systems in the BPE programme 
• Not entirely representative 

• Aims 
• identify the nature of MVHR systems 
• analyse the available performance data 
• gather insights from projects about the issues affecting the use and performance of these systems 

• 54 Dwellings with MVHR 
• Assessment of available data 
• Additional survey and interviews with design team 
• Review of BUS data 

• Performance data 
• Review of characteristics 
• Feedback from projects

Dwelling 
types

Performance 
characteristics

Design team 
interviews

Temp / RH 
data BUS survey CO2 data Energy

MVHR 54 homes 15 projects (163 
homes) 33-34 homes 27 projects 

(211 homes) 21 homes 39 homes

Non-
MVHR n/a n/a 15 homes 15 homes 15 homes 20 homes

Sharpe, Tim, Mawditt, Ian, Gupta, Rajat, McGill, Grainne and Gregg, Mat (2016) Characteristics and 
performance of MVHR systems A meta study of MVHR systems used in the Innovate UK Building 
Performance Evaluation Programme. Technical Report. Innovate UK.

http://radar.gsa.ac.uk/view/creators/261.html
http://radar.gsa.ac.uk/view/creators/896.html
http://radar.gsa.ac.uk/4073/


• Comparison of average and peak CO2 levels in bedrooms of MVHR and non MVHR 
• Not time weighted 
• NB - predominance of Passivhaus MVHR systems 
• Limited datasets

In-use performance



MVHR meta study

• Range of CO2 levels in bedrooms of MVHR and non MVHR 
• MVHR more stable
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Figure 8.2i. Range of bedroom CO2 levels during February in MVHR and Non-MVHR homes 
* Passivhaus dwellings 

 

 
Figure 8.2j. Range of bedroom CO2 levels during August in MVHR and Non-MVHR homes 
* Passivhaus dwellings 
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MVHR meta study

• Range RH and temperature levels in bedrooms of MVHR and non MVHR 
• Great stability



Mechanical Ventilation

• In general lower average and peak CO2 
• Lower ranges of CO2, temperature, RH and VP 
• Lower overall energy use 

• But..



Meta Study - air permeability

• 44% > 3 (m3/h)/m2@50Pa 
• 27% > 5m3/h)/m2@50Pa 
• All passivhaus < 3 (m3/h)/m2@50Pa



Meta Study - flow rates

• Building to 2006 and 2010 standards 

• For 2006 buildings 32% below 
• For 2010 buildings 67% below 

• Extract rates below standards: 
• 56% kitchens 
• 39% bathrooms  
• 70% ensuites and 62% utilities 

• Passivhaus is generally better, 85% met 
regs



Flow rates

• Flow rates to individual rooms

Compare with 8 l/s person



Meta Study - balance

• 60% more than 15% out of balance 
• Imbalance will impact on energy recovery - hard to quantify 
• Other consequences - interstitial leaks of moisture
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Glasgow House - MVHR testing

• SC6: Comparison of MVHR (week 1) vs window opening (week 2) 
• Week 2 - better perception, but measured values worse 
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The Glasgow House

Better homes, better lives 

Approximate 
annual cost  
to heat: 

£100 

• social housing model to mitigate fuel poverty

• incorporation of active and passive systems

• testing efficacy via building performance evaluation 

Sharpe, Tim and Shearer, Donald (2014) Scenario Testing of the Energy and Environmental Performance of “The Glasgow House”. Buildings, 4 
(3). ISSN 2075-5309

http://radar.gsa.ac.uk/view/creators/261.html
http://radar.gsa.ac.uk/view/creators/520.html
http://radar.gsa.ac.uk/3508/


KTP Cartwright Pickard Architects

• Evaluation of 20 dwellings across London, 9 with MVHR 
• Included testing and evaluation of MVHR system 
• CO2 measurement in living and bedrooms 
• 24,000 similar homes in 2012



CO2 levels overnight

• % time over 1000ppm 
• Bedrooms 
• Worse overnight
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MVHR issues

• Design intentions 
• Design integration 
• Ducts type and size 

• Missing vents in bedrooms 
• Unbalanced systems 
• Unit location for filter cleaning 
• Construction debris 

• Noise 
• Occupant understanding 
• Lack of maintenance strategy



• Airborne Bacteria and Fungi Concentrations in Airtight Contemporary Dwellings

Air Quality in airtight homes

House	
No.

Occupancy	
A=Adult, C=Child

Reported	presence	
of	mould

Monitored	bedroom	
conditions

Main	heating
fuel

No.1 2A,	1C Yes Spare	room Natural	gas	(fire)
No.2 2A,	1C No Playroom Natural	gas	(fire)
No.3 2A,	2C Yes Childs	bedroom Natural	gas	(fire)
No.4 2A,	1C No Childs	bedroom Electric	(fire)
No.5 2A No Spare	room Electric	(fire)
No.6 4A,	1C Yes Teenagers	bedroom Natural	gas	(fire)

McGill, Grainne, Sharpe, Tim, Oyedele, Lukumon, Keeffe, Greg and McAllister, Keith (2015) An Investigation of indoor air quality 
in UK Passivhaus dwellings. In: Smart Energy Systems and Buildings for a Sustainable Future. Springer.

McGill, Grainne, Oyedele, Lukumon, Keeffe, Greg, McAllister, Keith and Sharpe, Tim (2015) Bedroom environmental conditions in 
airtight mechanically ventilated dwellings. In: Healthy Buildings Conference, Europe, 18-20th May, Eindhoven.

McGill, Grainne, Moore, John, Sharpe, Tim, Downey, Damian and Oyedele, Lukumon (2015) Airborne bacteria and fungi 
concentrations in airtight contemporary dwellings. In: Healthy Buildings America.

Sharpe, Tim and Morgan, Chris (2014) TOWARDS LOW CARBON HOMES – MEASURED PERFORMANCE OF FOUR 
PASSIVHAUS PROJECTS IN SCOTLAND. In: Eurosun 2014, 16 - 19 September 2014, Aix-les-bains, France.

http://radar.gsa.ac.uk/view/creators/896.html
http://radar.gsa.ac.uk/view/creators/261.html
http://radar.gsa.ac.uk/3680/
http://radar.gsa.ac.uk/3680/
http://radar.gsa.ac.uk/view/creators/896.html
http://radar.gsa.ac.uk/view/creators/261.html
http://radar.gsa.ac.uk/3679/
http://radar.gsa.ac.uk/3679/
http://radar.gsa.ac.uk/view/creators/896.html
http://radar.gsa.ac.uk/view/creators/261.html
http://radar.gsa.ac.uk/3681/
http://radar.gsa.ac.uk/3681/
http://radar.gsa.ac.uk/view/creators/261.html
http://radar.gsa.ac.uk/view/creators/699.html
http://radar.gsa.ac.uk/3556/
http://radar.gsa.ac.uk/3556/
http://radar.gsa.ac.uk/3556/


Conclusions

• Energy only strategies 
• Ventilation is not being designed 
• Compliance is prescriptive and achieved at design stages - no verification 
• The process and the product is fragmented 
• No-one has an overview of the whole process 

• Design should include performance 
• Evaluation of performance not intention 
• Building Performance Evaluation must be mainstream 

• What is good ventilation? 
• What are the health consequences?



Health effects of modern airtight construction

• AHRC Network Funding 
• With medical researchers University of Aberdeen 
• Investigating health effects 

• 3 networking events in the next 12 months 
• Multidisciplinary  

• http://hemacnetwork.com 

• Symposium Sept  
• platform for participants to present their research findings 

• Workshop Nov/Dec 
• develop research and output ideas 

• Sandpit Mar/Apr 
• Further refine and peer review 
• Develop network outputs

http://hemacnetwork.com


Progress

• Simple guidance for occupants of low energy homes for Scottish Building Standards 

• http://www.gov.scot/resource/doc/217736/0116377.pdf 

• CO2 awareness raising

http://www.gov.scot/resource/doc/217736/0116377.pdf


Conclusions



Thank you

• http://tinyurl.com/qzrbumo 

• Tim Sharpe t.sharpe@gsa.ac.uk 0141 353 4658

mailto:t.sharpe@gsa.ac.uk


New skills needed

• http://www.gsa.ac.uk/study/graduate-degrees/environmental-architecture/
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