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s John Gilbert Architects is a Scottish design studio, passionate about designing places 
for people and the planet. We deliver beautiful, ecological, low carbon development 
designed with users, residents and the community, we undertake design work from a 
strategic level to detailed architecture with creativity, enthusiasm and knowledge.

John Gilbert 
Architects Sustainable Architecture

Design and project management 
of beautiful, high performance, 

people-centric buildings

Conservation & Retrofit
New ideas for old buildings, 

extending life, increasing use and 
improving performance

Strategy & Masterplans
Development of large scale 

proposals, masterplanning and 
regeneration

Hab-Lab
Building practice based research 
and knowledge on user needs, 
building performance and urban 

issues

Our Values:
▪ Work hard, have fun and change the world
▪ Creativity is based on knowledge
▪ Listen, share and collaborate
▪ Touch the earth lightly
▪ Be open and curious

HAB-LAB

1. Context



Why is Ventilation/ Retrofit important?

1. Context

Source: Housing Innovation Week Conference

28,000 - 36,000 early 
deaths / year in UK due to 

Indoor Air Pollution



• Reductions in uncontrolled ventilation heat loss 
have resulted in reduced energy bills and 
heating demand.  

• However, once uncontrolled ventilation is reduced, 
sufficient ventilation/ fresh air must be provided 
through controlled means.  

• There is an increasing importance of ventilation - 
both for energy efficiency and health 

• Leaky buildings don’t necessary ensure good 
indoor air quality 

• Retrofit works might affect the original nature/ 
ventilation strategy of the buildings and this 
should be considered to void unintended 
negative consequences

1. Context
Energy reduction targets

• Infiltration=uncontrolled means 
• Does not ensure good indoor air 

quality
• Not energy efficient

• Ventilation= controlled means 
• Can ensure good indoor air 

quality
• Is energy efficient



• Building Regulations outline the minimum required 
standards/ performance for ventilation: 

• “Every building must be designed and constructed in 
such a way that ventilation is provided so that the air 
quality inside the building is not a threat to the 
building or the health of the occupants”. 

• A dwelling should have provision for ventilation by either: 
a. natural means, or 
b. mechanical means, or 
c. a combination of natural and mechanical means 
(mixed-mode).  

• Not very stringent standards lead to poorly design, installed 
and performing ventilation systems 

• No in-situ measurements required! How do we know how 
healthy and well ventilated our homes are? 

Technical Handbook for Domestic (Scotland):

1. Context

	 1.	 Meeting specified ventilation rates  

	 2.	 Following the specified system 
guidance  

	 3.	 Using a system that is demonstrated 
to achieve the specified indoor air  

quality criteria 

• …Is this enough?  



The Retrofit Standards 

• Shallow retrofit does not require ventilation 
strategies 

• Existing measuring and modelling tools are 
inadequate and also lead to performance 
gap issues. Ventilation and airtightness are 
generally underestimated in existing 
compliance tools such as SAP/ RdSAP 

• Whole house/ deep retrofit standards focus on 
holistic strategies and this includes 
ventilation systems.  

• PAS 2035, LETI Climate Emergency Retrofit 
Guide | EnerPHit, Energie Sprong, AECB, 
etc.  

• PHPP provides a more accurate prediction, 
which allows to model improved 
airtightness and ventilation strategies

Climate Emergency Retrofit Guide | LETI

1. Context



Energy monitoring PeopleBuilding fabric measurements Indoor air quality

Real world information & making POE accessible 

HAB-LAB BPE/ on-site monitoring and measurement 

2. Hab-Lab & Findings



• Warmer, more airtight buildings can exacerbate 
health risks associated with indoor air pollution 
and moisture, if not designed correctly 

• Ventilation is very rarely a priority for designers & 
installers 

• Buildings are generally more airtight, but not 
designed and built correctly. Gaps concentrate 
building fabric risks associated with moisture 
and heat losses. 

• This leads to increased risks of condensation, 
mould, House Dust Mites, VOCs and other 
known air quality hazards 

• Increased likelihood of asthma, COPD and other 
health problems 

Health Risks

2. Hab-Lab & Findings



• Drivers - temperature 

• Barriers - heat loss 

• Lack of knowledge - majority of residents/ home owners had received 
no advice on ventilation 

• Also occurs in recently retrofitted homes

Indoor Air Quality Findings

2. Hab-Lab & Findings



• Ventilation is the controlled supply and removal of air from a 
building. 

• Ventilation is required:  

• To provide outside air for breathing  

• To dilute and remove pollutants in the air, including odours  

• To control excess humidity (not only in bathrooms and kitchens!) 

• To ensure energy efficient and healthy homes 

• Good IAQ requires:

• “air with no known contaminants at harmful 
concentrations” (CIBSE)  

• Low pollutant emission rates from internal sources, including 
materials (natural materials ensure source control!)  

•  Ventilation to dilute and remove pollutants. Again, not only from 
wet rooms!! 

3. Ventilation Strategies
What is Ventilation and IAQ?

JGA/ BPE findings



• If there are pollutants in our homes which can harm our 
health, the first thing we should do is try and reduce 
them appearing in the first place - source control. 

• Minimise sources of moisture and specify low pollutant 
emission rates from internal sources, including 
materials. This includes:  

• Overheating + Moisture 

• Biological + Natural 

• Combustion Products 

• VOCs + other chemicals 

3. Ventilation Strategies
Source Control

Hemac/ IAQ Guide



3. Ventilation Strategies
Source Control

• Combustion products & particles in a home can 
include:  

• Carbon dioxide 

• Carbon Monoxide 

• Nitrous oxides 

• Sulphur Dioxide 

• Environmental Tobacco Smoke 

• Particulates 

• The Hemac Guide for IAQ includes a list of 
recommended materials and source control 
strategies for homes 

Hemac/ IAQ Guide



• Many installed systems are inadequate, mainly because the 
current standards are not stringent enough:

• Problems arising with types of ventilation:

• A greater risk of natural ventilation providing insufficient 
ventilation in airtight homes  

• Mechanical ventilation being complex, leading to incorrectly 
sized fan units, poor installation and lack of user 
understanding of the system.  

• Clear and detailed specification is needed to: 

• Ensure the ventilation strategy is in line with the design air 
permeability  

• Ensure design is followed, check products, layout, operational 
controls.  

• Ensure that commissioning is undertaken correctly by a 
competent professional, using suitable calibrated air flow 
instruments. 

• Ensure that clear instructions are prepared for the residents  

Which system should I specify/ install?

3. Ventilation Strategies

JGA/ BPE findings



3. Ventilation Strategies

• If you want to consider a natural ventilation, you 
should definitely seek professional advice, as 
the air movement in, through and out of your 
home is greatly affected by its layout and 
volume

• If you are targeting an efficient and airtight house, 
you should consider a continuous mechanical 
system to maintain good air quality. 

• A well-designed, well-installed continuous 
mechanical system will reduce the risk of lower air 
quality. 

• Centralised systems: ducting requires careful 
thought, particularly in older homes: a poorly-
installed system may not deliver the required air 
flow and could be noisy.  

•

Best Practice Ventilation Design



3. Ventilation Strategies

Passive stack ventilation capitalises on the natural 
buoyancy of warm air and creates unobstructed paths 
for warm (and moist) air to escape vertically upwards 
from kitchens, bathrooms and other wet room areas 
as required. These paths consist of tubes which pass 
through upper floors or lofts to terminate usually on 
the roof of the building. They are most cost effectively 
used on single or 2-storey properties. Replacement air 
is provided by windows or trickle vents in other rooms.

Because passive stack ventilation essentially relies on 
natural processes it is subject to the same variabilities 
as other natural ventilation techniques and although 
the systems are designed to optimise performance, 
it cannot be guaranteed and there are a number of 
examples of relatively poorly performing systems. 
In addition the open ducts mean that it is impossible 
to achieve a high level of airtightness and so passive 
stack systems cannot be used as part of a highly energy 
efficient design such as passivhaus.

This system is suitable for properties with an airtightness 
higher than 5m3/hr/m2 and as such is not suitable for 
highly energy efficient projects.

System components: 
Air input: trickle ventilators
Air transfer: door undercut gaps, air transfer grilles
Air extract: passive stack ventilation grilles located in 
wet rooms

Best Practice Guidance: 
It is important to follow the guidance of the 
manufacturers very carefully to ensure that the optimum 
conditions are created for the system to work well. As 
above, all three components of the system should be 
explicitly designed to achieve the requirements of the 
technical standards with a drawing and  specification 
which covers all components and demonstrates how the 
regulations are met. All parts of the systems should be 
carefully inspected on site and formal commissioning 
sheets should be completed and signed off for all 
properties.

36

Pros    
  
• silent operation 
• continuous operation
• low cost (unless 

installation is tricky)

Cons

• variable performance
• no filtration of outside 

air
• not used on buildings 

above 3 storeys

House Diagram - stack ventilation (natural)

Stack Ventilation (natural)

Ventilation Systems

Hemac/ IAQ Guide/ FourWalls presentation



3. Ventilation Strategies

Air transfer: door undercut gaps, air transfer grilles
Air extract: extract fans located in wet rooms

Best Practice Guidance: 
The main problem with most systems is that they are 
installed without the necessary care and attention. 
Thus it is important to follow the guidance of the 
manufacturers very carefully to ensure that the optimum 
conditions are created for the system to work well. As 
above, all three components of the system should be 
explicitly designed to achieve the requirements of the 
technical standards with a drawing and  specification 
which covers all components and demonstrates how 
the regulations are met. All parts of the systems should 
be carefully inspected by a competent / certified 
professional on site and formal commissioning sheets 
should be completed and signed off for all properties. 
Continuous extract systems (dMEV) are a requirement 
for properties with an airtightness level lower than 3m3/
hr/m2 as outlined in the Technical Handbook.

Might be good to do a short version of the BSD project 
here as a large boxout?

De-centralised mechanical extract ventilation is 
often shortened to dMEV. De-centralised intermittent 
ventilation is the system with which most people in 
Scotland are familiar. Extract fans in the Kitchen and 
bathroom extract air when switched on, usually by 
turning the light on and run for around 5 minutes 
afterwards. Replacement air comes from trickle vents in 
the windows in other rooms.

The theory with intermittent extraction is that moisture 
is only produced when people are in the room, and so 
rooms like kitchens and bathrooms only have the fan 
on when people are in (the light is on) ensuring that 
moisture and other pollutants are effectively removed 
at source, while avoiding running the fan all the time 
and thus saving energy.

This remains the default system for most house 
builders because it is cheap and simple to install on 
most projects, and if the system is designed, installed 
and operated correctly then it is usually effective at 
removing moisture as required.

However, many BPE projects have uncovered inadequate 
performance of this sort of system for one or more 
reasons and in very broad terms, this system is unlikely 
to achieve good air quality, given typical patterns of 
occupation.

This strategy is suitable for properties with an 
airtightness level higher than 5m3/hr/m2 and as such 
is not suitable for highly energy efficient projects.

De-centralised continuous ventilation looks exactly the 
same except that the fans run continuously. In order to 
avoid excessive energy consumption, the fans tend to 
run at lower rates and rather than switching them ‘on’ 
when you visit the kitchen or bathroom, you get the 
option of pressing a ‘boost’ to ensure that, as before, 
they extract air and moisture at a sensible rate once the 
rooms is occupied. In general terms these systems tend 
to provide better quality air within a home and with 
marginal increases in energy consumption.

Some companies provide fans which can be set to run 
either intermittently or continuously when installed. A 
variation on the intermittent type is where the fans are 
controlled by a humidistat which - regardless of whether 
the room is occupied or not, will start the fans running 
if the humidity in the room exceeds a certain threshold.

System components: 
Air input: trickle ventilators located in every room
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Pros    
  
• low capital cost
• simple to install
• low cost (unless 

installation is tricky)

Cons

• fan noise
• relies on users to 

use correctly (less 
so continuous or 
humidistat controlled)

• performance 
dependent on good 
design

• no filtration of outside 
air

House Diagram - dMEV

Decentralised Mechanical Extract Ventilation

Centralised mechanical extract ventilation is often 
shortened to cMEV where it is assumed that the unit is 
centralised. 

As its name suggests, a centralised system does away 
with separate fans and uses just one central unit - 
located in any accessible location - while air from the 
bathrooms and kitchen etc is ducted to it. These systems 
always work continuously and have a continuous 
‘trickle’ rate and at least one ‘boost’ rate which is either 
locally controlled (eg by buttons by the bathroom door) 
or via humidistat or other automated control.

Although it means replacing 2 or 3 fans with 1, these 
central fans have to be bigger and tend to be higher 
quality and more expensive. The significant disadvantage 
of all centralised systems is that they need ducting to 
work, and ducting not only costs more (especially if it 
has to be boxed in) but can be genuinely problematic 
in retrofitted properties. Another disadvantage is that 
if the fan fails, then there is no designed ventilation for 
the whole house.

The main advantage is that, if designed and installed 
correctly, you tend to get better results from centralised 
systems in terms of air quality, the fan unit can be 
positioned to be acoustically separate meaning less 
noise, and 1 fan means only 1 power supply etc.

Extract-only systems continue to get the supply air from 
windows and trickle vents and of course this means you 
only have to include for the extract ducts.

Having a single central unit can also enable heat 
recovery. In this case, the extract ducts bring air from 
the bathrooms and kitchen etc as before, but in this 
version, intake air is also ducted to the unit directly 
from outside, and then - after picking up heat in a 
heat exchanger - is ducted into the living rooms and 
bedroom. This increases the ducting requirements, cost 
and inconvenience, but does provide the opportunity to 
dispense with trickle vents, filter all incoming air and 
most importantly, recover heat from the outgoing air. 

The interesting thing about heat recovery ventilation 
is that modern, high performance units are extremely 
effective, reaching efficiencies of well over 90% heat 
recovery and it is the efficiency of these units which is 
a big part of how Passivhaus design is able to get the 
space heating costs of a home down to such low figures.

Another option is to use demand control. In a more 
sophisticated version of the dMEV system noted above, 
demand control continues the logic of saying that there 

is no need to ventilate a space if there is no-one in it. 
After all, it is not houses that need fresh air, but people. 
Demand control ventilation can involve a variety of 
intake sources and works on the principle of sensing 
the air being extracted, usually centrally, and then 
deciding how much ventilation to provide, and from 
where. These systems rely on sensor technology which 
is not failsafe, but the savings in energy consumption 
can be impressive.

Continuous systems can be suitable for properties 
with an airtightness level lower than 5m3/hr/m2 when 
they are balanced and dispense with trickle vents as 
an intake strategy, and as such can then be suitable 
for highly energy efficient projects. Continuous extract 
systems are a requirement for properties with an 
airtightness level lower than 3m3/hr/m2 as outlined in 
the Technical Handbook.

System components: 
Air input: trickle ventilators located in living rooms and 
bedrooms for extract-only, intake grilles and ducting for 
balanced systems
Air transfer: door undercut gaps, air transfer grilles
Air extract: cMEV unit

38
House Diagram - CEV

Centralised Mechanical Extract Ventilation

Hemac/ IAQ Guide/ FourWalls presentation



Decentralised systems 

3. Ventilation Strategies

Zero Carbon Hub Publications



Controls

3. Ventilation Strategies

Zero Carbon Hub Publications
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Better documentation for 
Contractors 

Improved Handover

Hire a competent professional (new 
build & retrofit!)

More accurate 
modelling

Greater Understanding

Guidance on  Briefing

Better 
Supervision / 

Inspection

Contractor Training / 
Toolbox talks

Design and specify ‘user-
friendly’ systems 

Engaging with People (it’s not only about the system!)

3. Ventilation Strategies



• Basic studies can include 
temperature, RH and CO2 
(affordable sensors 
available!) 

• Detailed studies can include 
formaldehyde, VOCs, PM2.5 
and PM10, fungi, bacteria, etc. 
to evaluate the concentration 
of specific pollutants 


• Occupants surveys to 
understand how residents use 
their homes, how this impacts 
on the building performance 
and to understand comfort 
levels


HAB-LAB IAQ monitoring techniques

How do we know if IAQ is OK?

4. Measuring/ Monitoring IAQ



• Visual inspection (by a competent 
professional!) 

• Some filters can be checked/ 
cleaned by home owners  

• Airflow measurements at each 
grille MEV unit. 


• Noise level measurements 


• Energy consumption 
measurements

HAB-LAB BPE/ ventilation techniques

How do we know if the vent system is OK?

4. Measuring/ Monitoring IAQ



• Better airtightness leads to fewer draughts, but can 
also stuffier air / increased health risks (if not 
designed correctly!)


• Adopt whole house retrofit strategies to ensure good 
IAQ


• Ventilation strategies should be based on real 
performance and must be designed specifically for 
each home, in line with the airtightness strategy 


• Specification of user-friendly systems and guidance 
minimise performance risks  


• Home owners can try basic IAQ monitoring at home!


• Hemac IAQ Guide: free guide, provides guidance on: 


• Source Control + Ventilation


• IAQ Home User Guide & Occupancy Support 
Checklist (for residents and designers)

5. Conclusions
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