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Aim 

To assess the impact that different 
ventilation strategies have on the 
distribution of thermal comfort levels 
and Indoor Air Quality (IAQ) in low 
energy houses. 

Introduction 

The research should lead to recommendations 
for the design of appropriate ventilation systems 
and a better understanding of variations in the 
indoor environment. 

Methodology 

Deliverables 

Case Study: 2-bedroom Passivhaus 
located in Dormont, Scotland 

(MEARU, 2015) 

Policies to reduce 
building energy 

consumption 

More insulation 

More air tightness 

Possible indoor 
environment issues 

Preliminary Results 

Calibration 
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Formaldehyde concentrations using the 
transient power law model 

• Detailed building modelling and simulation can provide an indication of overheating risk 
and poor indoor air quality (IAQ) at different locations in the house at different 
times. Therefore, it should be used in the design of appropriate ventilation systems. 
 

• Important factors are the use of appliances in different rooms within the building at 
different times, occupants’ activities, the ventilation strategy used and the openings 
between rooms.  

 
• Formaldehyde emissions from carpets and kitchen cabinets do not seem to be a risk for 

the health of the inhabitants in any ventilation scenario for the sources assumed in this 
modelling study. 

• A number of scenarios will be defined, varying ventilation regimes, occupancy profiles 
and building materials, and analysed in terms of indoor environment metrics (thermal 
comfort and IAQ). 

 
• More complicated emission models of formaldehyde (dependent on temperature and 

relative humidity) will be implemented and verified using monitored data. 
 

• Additional pollutants will be investigated and included in the IAQ analysis, such as 
particulate matter (PM), Total Volatile Organic Compound (TVOC), etc. 

 
• Low energy houses in different climates will also be studied. 

Scenarios 

Ventilation 
strategy 

Occupants 
Behaviour 

Temperature 

CO2 
Concentration 

Relative 
Humidity 

ESP-r Model 

Results 

Formaldehyde 
Building 
Materials 

LIVING BED1 BED2 

AVERAGE (°C) 
Monitored 22.22 26.21 26.23 

Simulated 21.93 27.12 26.63 

STANDARD 
DEVIATION 

(°C) 

Monitored 1.63 2.02 2.08 

Simulated 2.74 2.70 2.62 

Comparison of temperature results for a winter period 

Comparison of CO2 concentration results for a winter period 

LIVING BED1 BED2 

AVERAGE 
(ppm) 

Monitored 690.08 745.49 742.80 

Simulated 668.95 715.20 660.22 

STANDARD 
DEVIATION 

(ppm) 

Monitored 128.63 147.99 136.64 

Simulated 94.80 172.20 70.06 

Formaldehyde Emission Models 

References 

MEARU, 2015. Building Performance Evaluation Final report: Domestic Buildings Phase 2: In-use 
performance and post occupancy evaluation. 

A calibration methodology and acceptance criteria were 
defined, addressing the current absence of  specific guidelines 
for model calibration based on the indoor environment. 

A review of current literature on indoor pollutants was 
undertaken and a transient power law model was 
implemented in ESP-r to model formaldehyde emissions 
since detailed contaminant emission models have not yet 
been implemented in detailed thermal simulation programs. 

Indoor Environment Quality (IEQ) 

Assessment 

  LIVING BED1 BED2 

Overheating (1) 

MVHR (2) 
0.07% 60.23% 54.78% 

NV (3) 
0.00% 0.00% 0.00% 

CO2 > 1000 ppm 
MVHR (2) 

0.32% 0.00% 0.00% 

NV (3) 
5.53% 69.50% 61.55% 

RH < 40 % 

MVHR (2) 
86.28% 99.36%  99.52% 

NV (3) 
77.63% 58.28%  61.23% 

Formaldehyde > 

0.1 mg/m3 

MVHR (2) 
 0.00%  0.00%  0.00% 

NV (3) 
 0.00%  0.00%  0.00% 

IEQ Assessment for two scenarios 

(1) Criteria to assess overheating defined in (MEARU, 2015). 
(2) MVHR – Mechanical Ventilation with Heat Recovery 
(3) NV – Natural Ventilation with trickle vents and intermittent extract fans 
in the kitchen and bathroom. 


