
Ventilation Performance - does MVHR work?

Prof. Tim Sharpe



Sometimes..

Thank You.



• Energy reduction targets 
• Performance Gaps - energy and environmental performance 

• Increasing importance of ventilation - energy and health 
• Emphasis has been on energy benefits 
• 90% efficiency! 

• Indoor Air Quality an increasing issue 
• Potential unintended negative consequences?

Context



• EPSRC Assessment of Environmental and Energy effects of Domestic Laundering (100 + 40 houses) 

• AHRC Study, sunshine and well-being in housing (40 houses)  

• Scottish Building Standards - Guidance for Occupants of Low Energy Homes 

• Knowledge Transfer Partnership with Cartwright Pickard Architects, London (20 houses on 5 sites) 

• Scottish Building Standards - Research Project To Investigate Occupier Influence On Indoor Air 
Quality In Dwellings (200 + 40 houses 

• Technology Strategy Board (Innovate UK) Building Performance Evaluation Programme 
• 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) 
• Dormant Park (4 houses) 

• Meta study of MVHR system in Domestic properties

Relevant recent projects



Ventilation observations

• IUK PBE studies 
• Observed through measurements of CO2 
• Under 1000ppm = 8 l/s/p = 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.



• Focus on bedrooms 
• Clear periods and intensity of occupation 
• Of interest due to the occupied length of time

Bedrooms
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Ventilation effects

• Resulting ventilation rates are generally poor 
• Mitigated mainly by window opening
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MVHR meta study

• Good distribution across the UK 
• 54 Study dwellings across 34 developments 
• Development sizes range from 1 to 700 
• 237 dwellings with MVHR 
• 51 projects with detailed information 
• 22 with consistent monitored data 

• Limitations with the data 
• General comparative analysis 
• Still in analysis 

• What do the CO2 levels look like? 
• What is the energy use?



Mechanical Ventilation

• Comparison of average and peak CO2 levels in living rooms of MVHR and non MVHR*
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Mechanical Ventilation

• Comparison of average and peak CO2 levels in bedrooms of MVHR and non MVHR*



Mechanical Ventilation

• Comparison of average and peak CO2 levels in bedrooms of MVHR and non MVHR*



Mechanical Ventilation

• Comparison of energy consumption of MVHR and non MVHR*



Mechanical Ventilation

• Mechanical Ventilation with Heat Recovery



Mechanical Ventilation

• Mechanical Ventilation with Heat Recovery



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
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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. 
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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 

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

• No perception of Indoor Air Quality 



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
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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



Meta Study Survey - Design Issues

• Passivhaus (PH) projects: n=7 / Non-PH projects: n=8  
• Acceptable IAQ was the most important reason for choosing MVHR. 
• Most considered at design stage: location of MVHR unit 
• Least considered at design stage: Maintenance 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Acoustic design
Usability of the system and controls

Access to filters
Maintenance regime

Location of boost switches
Location of control switches

Integration of ductwork
Location of outlet terminals
Location of the MVHR unit

How well were the following aspects considered at the design stage?

Poor Moderate Good Not enough information to comment No comment



Meta Study Survey - Operational Issues

• Maintenance related to filter cleaning / replacement 
• Unacceptable noise made by the system (5 projects) 
• High temperature/overheating (5 projects)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

High temperature/Overheating

Low temperature

Unacceptable noise made by the system

Continuity of service

Maintenance - filter cleaning/replacement

Fan speeds too high

Fan speed too low

Imbalance between supply and extract airflows

Display too complex

Did the occupants experience any operational issues with the MVHR system?

Yes No Don't know No response



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

cartwright pickard architects

40

Building Performance Evaluation 
Poplar HARCA

CASE STUDY 1

CSH 32 SPRING

MECHANICAL VENTILATION TESTING 

 

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

cartwright pickard architects

Building Performance Evaluation 
First Wessex

CASE STUDY 4

266

CSH 42

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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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 

The Glasgow House - Phase 1 project

• What happens when it fails 
• Scenario testing 
• Occlusion 
• Disabling



Scenario 2

• Base Case 
• Week 1 - occluded 
• Week 2 - disabled
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Scenario 2

• Base Case 
• Week 1 - occluded 
• Week 2 - disabled Project 450038: Wimbish Passivhaus:  

Final Report 

Services and systems 

 page 75 of 122 

 
Figure 37: Daily MVHR Electricity Consumption (house plot 11) 

 

The above figure illustrates that once a filter 
starts to block the fans work harder to maintain 
the air flow, using more electricity, until the 
filters are replaced. It appears that the initial 8 
month interval was too long. 

The cost of replacing the filters, at nearly £50 a 
set with p&p, is an impediment to frequent 
replacement by shared owners. 

If the filters are not changed, the fan will reach 
maximum power and then air flows will 
gradually be unbalanced and compromised, 
along with the ability to deliver heat. Not only 
will the electricity consumption be high, but the 
fans will be noisy (perhaps suffering damage), 
the air quality will reduce, and it may be difficult 
to keep the house warm. 

 
Figure 38:  Frost Protection Unit 
filter at replacement 
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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 

• Energy consumption Plot 1 - 1.1x higher, Plot 3 - 2.8x higher
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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 

• Energy consumption Plot 1 - 1.1x higher, Plot 3 - 2.8x higher



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



Meta Study - balance

• 60% more than 15% out of balance 
• Imbalance will impact on energy recovery - hard to quantify



Meta Study - air permeability

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



Meta Study - passivhaus

• Passivhaus performs at the better end of the spectrum 
• But not immune 

• Energy befits are hard to quantify - balance, filters, maintenance, electricity 

• High quality 
• Someone cares! 

• What happens when we mainstream? 
• Capacity and skills?

0 1 2 3 4 5 6 7

High temperatures

Low temperatures

Unacceptable noise

Draughts or other discomfort

IAQ problems

Number of projects with reported issues

Performance issues between PH and non-PH projects

Passivhaus (n=7) Non-Ph (n=8)



Conclusions

• Does MVHR work? 

• Yes, when it works well. 
• But a lot can go wrong 
• And failure of a ventilation system in a house with no backup may be a problem 

• Are flow rates adequate for IAQ? 
• Long term reliability? 
• Real energy benefits? 
• Value is energy AND ventilation. 

• ‘you can always open the windows..’ 
• What if you can’t? 

• Design, client and occupant knowledge is the most essential component



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


Thank you

• http://www.gov.scot/Topics/Built-Environment/Building/Building-standards/publications/pubresearch/
researchenviro/oiaqd 

• Occupant Interactions and Effectiveness of Natural Ventilation Strategies in Contemporary New Housing 
in Scotland, UK 

• http://www.mdpi.com/1660-4601/12/7/8480 

• Building tight – ventilating right? How are new air tightness standards affecting indoor air quality in 
dwellings?  

• http://bse.sagepub.com/content/early/2013/11/27/0143624413510307 

• An assessment of environmental conditions in bedrooms of contemporary low energy houses in Scotland 
• http://ibe.sagepub.com/content/23/3/393 

http://www.mdpi.com/1660-4601/12/7/8480
http://bse.sagepub.com/content/early/2013/11/27/0143624413510307
http://ibe.sagepub.com/content/23/3/393

