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Executive Summary 

 

This report shows that it is possible to design this extra care project at the outset so that a passive solution can work 

without overheating in the future Climate Change Scenarios that we have been made aware of. 

This report details the main results from a range of thermal simulations to determine the most appropriate passive 

adaptation strategies for the Exeter Extra Care Facility.   

The main conclusions have found that: 

• Provided the base design allows for the Passivhaus approach and that cross flow ventilation is part of the 

building design, the Extra Care Facility will be adaptable to climate change and remain naturally ventilated.   

• The Passivhaus design approach is a robust strategy for coping with hotter climates as has been found on the 

Continent.  Thermal analysis found that the Passivhaus approach out-performed a standard building regulations 

envelope during hotter periods. 

• A single sided ventilated design will struggle to cope and adapt to warming climates and would need to be cross 

flow ventilated as a minimum. 

• Mass can still be beneficial even into 2080 climates provided day and night time ventilation can be realised.   

• Intelligent ventilation control where windows shut as external air temperatures rise will be critical in warming 

climates and naturally ventilated buildings 

• A combination of simple adaptation measures such as the addition of shading and temperature warning systems 

will allow the occupants of the building to be comfortable in the 2080 scenario that has been presented to us. 

• MVHR systems with pre-ground cooling can play a key role in keeping buildings cool without the use of air 

conditioning 

It should be noted that all modelling work is based on a simulation of reality with the input data and the weather files 

playing a large part.  Any assumptions, as detailed in this report or agreed during the briefing process will also play a 

part.  If conditions vary from those used, and in the case of weather this is inevitable, then there will be some 

variation from the simulated values in reality.   
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1 Introduction 

1.1 This Report 

This report includes the outputs and information 

obtained from Gale & Snowden’s in-house integrated 

architectural and building thermal modelling analysis 

design exercise.   

The report is intended to provide details of internal 

comfort levels for a range of given constructions, 

insulation levels, passive strategies and different 

future climate change scenarios. 

Detailed herein are the construction details that were 

analysed, assumed internal heat gains, weather files 

utilised, software methodology and analysis, 

ventilation strategies, results and findings, and 

conclusions.    

The results of the various simulations detailed do not 

provide every simulation and analysis carried out as 

these have been too numerous to include and would 

render the report meaningless to most readers.  The 

number of different building and thermal scenarios 

that can be simulated is infinite, as any alteration 

whether it be a construction detail to a lighting control 

strategy or to a window opening strategy will produce 

different results each time.  Thermal simulations and 

results shown, therefore, are those considered 

appropriate in line with industry best practise 

guidelines and the experience of the thermal 

assessor.    

Hence, results detailed are those that have been 

found to impart the most meaningful data for 

comparison and analysis purposes.    

1.2 Thermal Modelling Software Tool 

The thermal modelling software tool used to assess 

the proposed buildings internal comfort levels is as 

follows: 

• Calculation engine: Apache 

• Calculation engine (version): v6.0 

• Interface to calculation engine: IES Virtual 

Environment 

 

The thermal modelling software tools utilised to 

assess the buildings thermal performance include: 

• Calculation engine (version): v6.0 

• Interface to calculation engine: IES Virtual 
Environment 

• Model tool: ModelIT Building Modeller 

• Thermal tool: Apache Thermal Calculation 
and Simulation  

• Solar analysis tool: Suncast Solar Shading 
Analysis 

• Wind and air movement tool: Macroflo: Multi-
zone Air Movement 
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2 Weather 

2.1 Weather Files 

Weather files used were those that have been 

generated for the Exeter region by the Prometheus 

project at Exeter University.  The Prometheus project 

using UKCP09 climate change projections has 

created a methodology for the creation of future 

weather files for a range of future time slices, 

emissions scenarios and probabilities.    

All weather files used were based on the high carbon 

emissions scenarios (A1F1).    

Weather files scenarios are as follows: 

Scenario 1: Exeter 1961-1991 DSY 

Scenario 2: Exeter 2030 DSY, 50% percentile (A1FI).    

Scenario 3: Exeter 2050 DSY, 50% percentile (A1FI).    

Scenario 4: Exeter 2080 DSY, 50% percentile (A1FI).    

The 50
th
 percentile was chosen by the design team as 

it represented the median of the distribution of 

possible climate change. 

 

Figure 1 Dry-bulb temperature Exeter 1961-1991 DSY 

 

Figure 2 Dry-bulb temperatures Exeter 2030 DSY 50% 

 

Figure 3 Dry-bulb temperatures Exeter 2050 DSY 50% 

 

Figure 4 Dry-bulb temperatures Exeter 2080 DSY 50% 
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3 Building Constructions 

3.1 Building Fabric 

The following is a summary of the U values, which 

have been calculated from constructional fabric 

details established by Gale & Snowden Architects, for 

the proposed building elements.   

Table 1: Solid Block Heavy Weight Construction 

Materials 

Construction 
Element 

Summary of Materials U-Value 
W/m

2
K 

 

Roof  

 
Roof tiles 
360  mm insulation 
2 x Plasterboard 
Plaster skim 
 

 

0.11 

 

External Wall 

 
6 mm render  
280  mm insulation 
215 mm concrete block work 
Plaster scratch coat 
Plaster skim 
 

 

0.13 

 

Internal Walls 

 
Solid Block 
Plaster scratch coat 
Plaster skim 
 

 

 

 

Flooring 

 
Floor tiles 
65mm screed 
50mm insulation 
150mm concrete slab 
175mm insulation 

 

 

0.11 

 

Glazing 

 
Triple glazed unit 
g-value 0.5 

 

 

1.0 

 

Table 2:  Medium Weight Construction Materials 

Construction 
Element 

Summary of Materials U-Value 
W/m

2
K 

 

Internal Walls 

 
Stud partition 
Plaster board  
 

 

 

 

Note: Roof, flooring, external walls and glazing as 

table 1: heavy weight 

 

 

 

Table 3:  Light Weight Timber Frame Construction 

Materials 

Construction 
Element 

Summary of Materials U-Value 
W/m

2
K 

 

External Wall 

 
6 mm render  
Wood fibre board 
Sheathing board 
300mm insulation 
Sheathing board 
Cavity 
Plaster board 
Plaster skim 
 

 

0.13 

 

Internal Walls 

 
Stud partition 
Plaster board  
 

 

 

 

Note: Roof, flooring, and glazing as table 1: heavy 

weight 

 

Table 4:  2006 Building Regulations constructions 

Construction 
Element 

Summary of Materials U-Value 
W/m

2
K 

 

Roof  

 
Roof tiles 
Insulation  
Plasterboard 
Plaster skim 
 

 

0.25 

 

External Wall 

 
Brickwork 
Insulation 
Block 
Plaster  
 

 

0.25 

 

Internal Walls 

 
Solid Block 
Plaster scratch coat 
Plaster skim 
 

 

 

 

Flooring 

 
Brickwork 
Concrete 
Insulation 
Chipboard 
Carpet  

 

 

0.25 

 

Glazing 

 
Double glazed unit 
g-value 0.64 

 

 

1.95 
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4 Internal Gains and Ventilation 

4.1 Internal Casual Heat Gains 

Internal casual gains in domestic applications can be 

highly varied from one dwelling to the next and are 

dependent upon many factors such as: 

• The number of heat emitting appliances 

• The type of appliances 

• The energy rating of the appliances 

• Lighting loads and usage 

• The concentration of appliances in a particular 

area of the building 

• The occupancy and usage patterns of the 

occupants 

For reasons of simplicity it was therefore decided to 

apply 5 w/m
2
 throughout each flat for the base case 

analysis.    

In some dwellings this figure could be higher and in 

some it could be lower depending on the equipment 

within the dwelling and usage patterns.  Passivhaus 

also use a figure of 5 w/m
2
 in the Passivhaus 

Planning Package (PHPP) thermal analysis tool.   

4.2 Infiltration 

An infiltration rate of 0.6 ac/h at 50 Pa was applied to 

all areas within the building for the base case study.  

This is in line with Passivhaus design requirements. 

4.3 Space Heating 

All occupied areas were heated to maintain a 

minimum temperature of 20
o
C. 

4.4 Ventilation  

Passivhaus designed buildings utilise mechanical 

ventilation with heat recovery (MVHR) for wintertime 

ventilation requirements and can be naturally 

ventilated during summer periods for overheating 

control. 

As with internal heat gains manual summertime 

ventilation control whether via opening windows or 

other means can be highly varied in domestic 

situations.  In some instances windows for example 

might be wide open during summer periods and in 

others only a little.  CIBSE TM36 details various 

control inputs for incremental opening of windows as 

daily internal temperatures increase.  However for 

reasons of simplicity and to allow for the human factor 

it was decided to assess two base case natural 

ventilation control strategies.    

Base Case 1 

Windows open 5% free area when internal 

temperatures exceed 22
o
C 24 hours a day. 

Base Case 2  

Windows open 10% free area when internal 

temperatures exceed 22
o
C 24 hours a day. 

 

For both strategies when internal temperatures are 

below 22
o
C MVHR system is enabled at 0.4 air 

changes per hour.   

As the thermal simulation exercise developed, 

additional ventilation strategies were assessed such 

as restricted night cooling, single sided ventilation vs 

cross flow ventilation and the role the MVHR system 

had to play at limiting overheating.  Further details 

can be found in subsequent sections in particular in 

the results section.   

At early design concept stages various natural 

ventilation strategies were discussed and sketched 

ranging from stack ventilation, cross flow ventilation 

and single side ventilation.  It soon became apparent 

due to planning constraints, fire engineering issues, 

acoustics, air tightness and thermal integrity that 

incorporating stack ventilation into a 52 apartment 

building was not going to be an option.  Therefore, the 

only two strategies thermally assessed as part of this 

exercise were single sided ventilation and cross flow 

ventilation.  Prior to receiving the TSB funding for 

CCA (climate change adaptation) research and 

thermal modelling, the scheme already had an outline 

building design which had planning permission.  This 

planning design detailed a typical Extra Care Facility 

design which consisted of flats either side of an 

access corridor with only single sided ventilation for 

summertime overheating control. 

The general building design allows for the majority of 

flats to have a south to north orientation with window 

openings on both facades to enable cross flow 

ventilation if required.  For a few flats, due to rear 

access corridors, cross flow would only be achievable 

via a ducted system at the rear of the flat above the 

access corridor.   
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Typical total window areas and further information are 

detailed in section 6.   

4.5 Upper Temperature Limits for the 
Elderly in Care Homes 

The design team investigated thoroughly the most 

appropriate thermal comfort criteria to use to assess 

overheating as part of the design and thermal 

simulation process.   

It soon became clear that there are several comfort 

models that could be used but there was not a 

universally agreed model to adopt when simulating 

domestic designs and in particular extra care facilities.  

The decision of which comfort model to adopt was 

therefore to be a client, design team and developer 

choice based on an understanding of the risks 

involved.   

Discussions with ECC and local care providers also 

revealed that depending on different stages of illness 

occupants could be consigned to their bed for 

considerable periods of time throughout the day and 

night.  It is also often the case in these circumstances 

that the living room quarters can change to be the 

sleeping quarters.  Hence, any set overheating criteria 

selected had to take account of this and the fact that 

individuals might not be adapting their environment so 

easily due varying levels of dementia. 

Overheating comfort models generally fall into two 

approaches: a fixed upper temperature model or an 

adaptive temperature model.  The following provides 

examples of thermal comfort guidelines from various 

literature sources detailing these approaches:  

HTM 03-01: Specialised ventilation for healthcare 

premises 

Comfort Cooling – 2.15 – Calculations and thermal 

modelling should be undertaken to ensure that, during 

the summertime, internal temperatures in patient 

areas do not exceed 28
O
C (dry bulb) for more than 50 

hours per year.
3 

This assumes the space in question is occupied 24 

hours a day, however for this care home project 

spaces will consist of kitchens, living rooms and 

bedrooms each of which will not be occupied 24 

hours a day. 

CIBSE Guide TM36 & CIBSE Guide A  

TM36
4
 details 2 temperature threshold limits.  The 

lower temperature threshold, an indication of the 

‘warm’ limit and the upper temperature threshold, an 

indication of the ‘hot’ limit. 

Table 5: overheating criteria as detailed in TM36 

Spaces ‘Warm’ 
threshold 
temperature 
(
o
C) 

‘Hot’ 
threshold 
temperature 
(
o
C) 

Overheating 
criterion 

Living 
areas 

25 28 1% occupied 
hours over 
28

O
C 

Bedrooms 21 25 1% occupied 
hours over 
25

O
C 

 

Bedrooms have been designated lower temperature 

limits as studies have found that people are less 

tolerant of upper limits at night when sleeping or trying 

to sleep.  

CIBSE Guide A
5 

details bedrooms should not exceed 

26
0
C for more than 1% of occupied hours.    

In the UKIP Briefing Report – Beat The Heat
1
 it also 

suggests an upper temperature limit of 35
o
C at 50% 

RH being the heat stress danger line for healthy 

adults.  Care home patients are likely to have a lower 

limit than this. 

In the paper by Peacock, et al
2
 an upper temperature 

limit of thermal neutrality associated with sleep is 

highlighted and this was found to be between 28 and 

32
o
C.  However, this was based on studies in warmer 

European climates rather than the UK. 

The Passivhaus Institute which has actual experience 

of designing dwellings in warm climates sets fixed 

criteria of dwellings not exceeding 25
0
C for more than 

10% of the year when using the PHPP tool. 

BS EN 15251  

In addition to these are adaptive comfort standards 

like BS EN 15251 and ASHRAE 55 which suggests 

that dependant on external temperatures considerably 

higher internal temperatures are acceptable if a 

building is naturally ventilated as individuals will adapt 

to changing conditions and alter their environment to 

suit.    

The limitations and benefits of all these approaches 

were investigated. 

The fixed temperature approach can lead to over 

engineered passive solutions as upper temperature 

limits are fixed during the simulation and there is no 

allowance for occupant adaptation.  It could however 
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be considered a more robust approach to take than 

the adaptive model at minimising overheating if over 

engineering is not the final outcome.    

The adaptive model is useful in the fact that it makes 

allowances for individuals to adapt with changing 

external conditions.  It also has different levels for 

comfort category with type 1 being aimed at the more 

vulnerable in society.  It is not clear how appropriate 

this category is for the elderly with high levels of 

dementia and illness. This approach was questioned 

by the design team as to how adaptable this user 

group would be to changing temperatures.  Would 

their internal thermal regulation mechanisms cope 

with change and if bed ridden or severely ill would 

they have appropriate understanding and control over 

their own environment?    

The adaptive approach also does not take account 

humidity an important parameter in assessing comfort 

in changing climates, especially with increasing 

temperatures.   

In addition EN 15251 has another limitation in its 

methodology, it classifies building types into 2 

categories; mechanically conditioned and non-

mechanically conditioned.  It essentially is a model for 

free running naturally ventilated buildings only, which 

dies allow for basic mechanical ventilation but 

opening and closing windows is the prime mode for 

overheating control.  It is not clear whether the use of 

ground cooling systems or mixed mode strategies 

where MVHR systems preceed window opening 

control during certain conditions falls within its range.  

If the hybrid approach falls into the mechanical 

conditioned category, EN 15251 recommends using 

the comfort approach as detailed in EN ISO 

7730:2005.  The design team did not think that the 

results would be comparable if one standard was 

used to assess natural ventilation and another to 

assess MVHR and mixed mode.  

It was therefore decided for these reasons to adopt a 

fixed temperature approach to simulation and a robust 

criterion was selected as follows. 

The adaptation thermal design strategy for this 

scheme was to design the building taking account of 

two performance parameters.   The first one was: 

 ‘Internal spaces not to exceed 25
0
C for more than 

1% of the time’
 

The design team set a challenge of designing to a 

more stringent overheating criterion than was detailed 

in the various guidelines to take into consideration the 

high risk scenario associated with the user group.  It 

also allowed for living rooms to be adapted into 

bedrooms in the future if required so the temperature 

limit was set throughout the flat in each room.   Whilst 

setting this criterion the design team were mindful that 

it did not lead to over engineered solutions.   

The second parameter was to design the building to 

limit discomfort on the care home occupants via a 

healthy building design approach.  This was to ensure 

that the building has a positive effect on the health of 

its occupants thus reducing the risk of any heat 

related illness.  It is recognised that this user group 

was the most vulnerable to overheating and the risk 

increases further with illness, stress and living in poor 

environments.     

 ‘A healthy building is one that does not adversely 

affect the health of its occupants or the larger 

environment (WHO 200b)’ 
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5 Simulation Details 

5.1 Flat Details and Orientation  

The initial thermal simulations found that a number of 

flats presented themselves as areas that were subject 

to the highest levels of overheating.  All of the flats for 

the proposed design have a facade facing into a 

courtyard garden either facing south, south east or 

south west as can be seen in the following site plan.   

Figure 5 Site Plan 

 

 

 

 

 

 

 

 

 

 

 

It was decided at early concept stages of design and 

thermal analysis that one of the simplest and most 

effective passive approaches would be to design out 

single sided ventilation and design the building to 

encourage cross flow ventilation in all of the flats.  

See section 6 for comparison between single sided 

and cross flow ventilation.  Thus a cross flow 

ventilated design resulted in each flat with openings 

facing the courtyard on the southerly elevation and 

with openings on the opposite side of the building on 

the northern facade.    Flats were also generally deep 

plan reducing glazing areas on the southern 

elevations but allowing suitable area for sufficient 

daylight levels. 

5.2 Window Details and Ventilation 
Openings 

As the scheme consisted of 50 flats it was decided to 

narrow the initial analysis down to 4 typical flats which 

were at most risk of overheating due to their 

orientation.  Due to planning constraints a study into 

glazing areas facing different compass directions was 

not an option.    

The 4 flats this analysis focused on were 2 on the top 

floor and 2 on the ground floor.   

Flat 1 Ground Floor Flat (full cross flow vent with 

duct) 

A number of flats were restricted in their ability to be 

cross flow ventilated as a rear access corridor 

prevented openings on either side of the facade.  For 

these particular flats a ducted opening was allowed 

for which ran from the rear of flat on north side and 

over the ceiling of the access corridor to outside.   

Ventilation parameters: - single sided windows 

opening on southern facade 10% free area = 0.4 m
2
 

and duct opening 0.287 m
2
 when internal 

temperatures exceed 22
0
C.  

Flat 2 Ground Floor Flat (single sided vent) 

It was decided to assess single sided ventilation as 

this was part of the original planning design.   

Ventilation parameters: - No cross ventilation, single 

sided windows opening on southern facade 10% free 

area = 0.4 m
2
 when internal temperatures exceed 

22
0
C. 

Flat 3  Top Floor Flat (cross flow vent restricted 

night vent)  

Ventilation parameters: - cross flow ventilation, 

windows opening 0.4 m
2
 on south and 0.4 m

2 
on north 

facade during the day (10% free area opening).  

Restricted night time ventilation - 1.5% free area at 

night – 0.06 m
2
 and 0.075 m

2
 

Flat 4 Top Floor Flat (full cross flow ventilation) 

Ventilation parameters: - cross flow ventilation,  

windows opening 0.5 m
2
 on south and 0.4 m

2 
on north 

day and night (10% free area) when internal 

temperatures exceed 22
0
C.  

 

Once this analysis was complete, Flat 4 was then 

subject to further analysis to determine various 

adaptation strategies such as shading, ventilation 

control, the role of mass etc. 
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6 Summertime Overheating

Results – Initial Simulations

6.1 Percentage of hours overheating
Initial Simulations 

This initial assessment investigated the levels of 

overheating for simple ventilation strategies prior to 

investigating any further adaptation measures.

The following figures show the percentage of hours 

Flats 1 – 4 exceed 25
0
C for a range of different 

constructions and future climates. 

 

Figure 6 Percentage of hours internal temperatures 
exceed 25

0
C in 2030.    

Figure 7 Peak internal temperatures in 2030.  
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Figure 8 Percentage of hours internal temperatures 
exceed 25

0
C in 2050.   

Figure 9 Peak internal temperatures in 2050.  

Figure 10 Percentage of hours internal temperatures 
exceed 25

0
C in 2080.    
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Figure 11 Peak internal temperatures in 2080.  

6.2 Initial Assessment Analysis 

The results for Flat 2 clearly show the limitations that 

single sided ventilation has at controlling overheating.  

In 2030 the figure is around the 5% mark and in 2080 

it exceeds 20% and this is for all construction 

techniques.  It is interesting to note with restricted 

ventilation (single sided) that in 2030 and 2080 the 

heavy weight building has higher levels of overheating 

than the other construction techniques. 

heat to be removed from the mass that it has 

accumulated during the day, ventilation is required.   

is clear from this analysis that designing for effective 

natural ventilation in buildings is critical to the design, 

and has more impact than any other strategy

limiting overheating.   

It can be seen (figure 8) that between Flat 2 and 

4 there is almost a 19% difference in levels of 

overheating with the heavy weight construction.   This 

highlights again the difference and impact single 

sided ventilation can have compared to cross flow 

ventilation.   Cross flow ventilation has greater natural 

driving forces than single sided ventilation taking 

advantage of pressure differences on either side of 

the building.   On the other hand, Figure 12 which 

shows peak internal temperatures in 2080 highlights 

that although Flat 2 has the highest percentage levels 

of overheating it also achieves the lowest peak 

internal temperatures of the 3 flats.  Peak internal 

temperatures are obviously important to consider as 

well as the overheating criterion.  It is likely that 

restricted single sided ventilation in a 2080 scenario 

restricts the gains attributable to high external air 

temperatures when external temperature conditions 

are higher than inside.  The effect of limiting hot 

external air entering the space will be investigated 

further in the next section.   
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Peak internal temperatures in 2080.   

 

the limitations that 

single sided ventilation has at controlling overheating.  

In 2030 the figure is around the 5% mark and in 2080 

all construction 

techniques.  It is interesting to note with restricted 

that in 2030 and 2080 the 

heavy weight building has higher levels of overheating 

In order for 

heat to be removed from the mass that it has 

ventilation is required.   It 

designing for effective 

critical to the design, 

any other strategy in 

lat 2 and Flat 

% difference in levels of 

overheating with the heavy weight construction.   This 

impact single 

sided ventilation can have compared to cross flow 

ventilation.   Cross flow ventilation has greater natural 

an single sided ventilation taking 

advantage of pressure differences on either side of 

igure 12 which 

shows peak internal temperatures in 2080 highlights 

lat 2 has the highest percentage levels 

ing it also achieves the lowest peak 

internal temperatures of the 3 flats.  Peak internal 

temperatures are obviously important to consider as 

It is likely that 

restricted single sided ventilation in a 2080 scenario 

icts the gains attributable to high external air 

temperatures when external temperature conditions 

.  The effect of limiting hot 

external air entering the space will be investigated 

The effects of restricting night time ventilation can be 

seen (figures 7 and 8 when comparing flats 3 and 4).  

This is evident for all construction techniques even 

into 2080 suggesting that there is sufficient 

temperature difference at night to allow for some night 

cooling even with lightweight buildings.   Night cooling 

in domestic applications will have security and noise 

issues to take into consideration.  

The difference can be seen between the super 

insulated Passivhaus heavy weight approach and the 

heavy weight 2002 buildings regulations approach 

(Figure 8 Flat 4).  In 2080 the results suggest that the 

poorly insulated building will overheat 4% more than 

the Passivhaus building.   This is 

commonly thought in the UK

insulated buildings will lead to overheating.   In fact 

increasing insulation coupled with 

ventilation control not only reduces so

the fabric it also helps to stabilise

internally.     

It can also be seen with the exception of 

Flat 4 (both cross flow ventilated) in 2030, that all flats 

and construction techniques for all future climate 

change scenarios fail to meet the 

of not exceeding 25
0
C for more than 1% of the time.   

Therefore further assessment and analysis with 

additional strategies would be required.  

It is important throughout this analysis to 

context percentage levels of overheating.  For 

example 1% or 2% might appear to be 

translated into absolute figures,

hours and 2% equates 175 hours

addition periods of overheating are likely to be 

concentrated to certain times of the year rather than 

being spread evenly throughout.   
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cting night time ventilation can be 

seen (figures 7 and 8 when comparing flats 3 and 4).  

This is evident for all construction techniques even 

into 2080 suggesting that there is sufficient 

temperature difference at night to allow for some night 

n with lightweight buildings.   Night cooling 

in domestic applications will have security and noise 

issues to take into consideration.   

The difference can be seen between the super 

insulated Passivhaus heavy weight approach and the 

ings regulations approach 

lat 4).  In 2080 the results suggest that the 

poorly insulated building will overheat 4% more than 

the Passivhaus building.   This is contrary to what is 

in the UK, namely that highly 

lead to overheating.   In fact 

increasing insulation coupled with intelligent 

reduces solar gain through 

the fabric it also helps to stabilise temperature swings 

It can also be seen with the exception of Flat 1 and 

lat 4 (both cross flow ventilated) in 2030, that all flats 

and construction techniques for all future climate 

meet the overheating criteria 

C for more than 1% of the time.   

ent and analysis with 

additional strategies would be required.   

throughout this analysis to put into 

context percentage levels of overheating.  For 

example 1% or 2% might appear to be low but when 

absolute figures, 1% equates to 87 

hours and 2% equates 175 hours in the year.  In 

addition periods of overheating are likely to be 

to certain times of the year rather than 

being spread evenly throughout.    
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7 Summertime Overheating 

Results – Detailed Simulations 

7.1 Percentage of hours overheating – 
Detailed Assessment 

Flat 4 was chosen as a focus for more detailed study.  

With its southerly elevation it was found to have the 

highest levels of overheating during the preliminary 

simulations for a cross flow ventilated design.  

Following the results of the initial thermal 

assessments a design team decision was made to 

modify the building design and adopt a climate 

change adaptation strategy which encouraged cross 

flow ventilation, thus lower levels of summertime 

overheating.   Internal corridors were removed and 

each flat was designed to have openings on both the 

northern and southern facades. 

Therefore this further analysis concentrates on 

thermal adaption strategies for a cross flow ventilated 

building design only.  

The current design summer year and climates in 

2030, 2050 and 2080 were simulated against a range 

of building control strategies and scenarios.  For 

reasons of simplicity it was decided to only detail 

herein the results for 2050 and 2080 as it was found 

for the 2030 weather file that the cross flow ventilated 

design was within overheating limits without the need 

for further adaptation.   

Various adaptation strategies and scenarios were 

simulated for 2050 and 2080 50
th
 percentiles climate 

files.   These consisted of the 2 base case simple 

cross flow ventilated strategies when internal 

temperatures (Ti) exceed 22
0
C windows open either 

5% or 10% free area.  In addition to this, the effect of 

ventilation control was also simulated for both base 

cases whereby windows shut when the external 

temperature (Te) > internal temperatures (Ti) to 

reduce the hotter external air contributing to 

overheating inside.    Further analysis looked at the 

role that shading would play with and without 

ventilation control.  For reasons of simplicity it was 

decided to represent shading in IES by manipulating 

the thermal properties of the glazing in order to 

reduce the solar transmittance into the space.  The 

derived g-value represents this shading factor with 

default g-value being 0.5 for the triple glazed unit.    

 

 

 Table 6: Simulated scenarios for flat 4 

Scenario Area of 
window 
open when  

Ti > 22
0
C 

Ventilation 
control when 
Te > Ti = 
windows shut 
MVHR on 

Solar 
shading g-
value  

S1 5% No 0.5 

S2 10% No 0.5 

S3 5% Yes 0.5 

S4 10% Yes 0.5 

S5 5% No 0.2 

S6 10% No 0.2 

S7 5% Yes  0.2 

S8 10% Yes 0.2 
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Figure 12 Percentage of hours internal temperatures 
exceed 25

0
C in 2050.    

Figure 13 Percentage of hours internal temperatures 
exceed 25

0
C in 2080.    
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Figure 14 External air volumes – 

 

The above Figure shows the external air volumes in 

Flat 4 with a 5% (yellow) and 10% 

opening scenario and 5% opening scenario (

with restricted night ventilation.

represents external air temperature (

bulb temperature method).  This is in a 2080 climate 

scenario.   

 

Figure 15 Solar gains against internal gains 

 

The above figure details solar gains for 

a triple glazed window g-value 

shading g-value 0.1 (red).  The blue line represents 

internal heats gains at 5 W/m

external air temperature (dry bulb temperature

is in a 2080 climate scenario.   

7.2 Detailed Assessment Analysis

Construction Adaptation 

Comparing the 3 construction strategies heavy, 

medium and light weight constructions 

that in both 200 and 2080 heavyweight 

the other two constructions.  Compar

in 2050 it is approximately 1% less and in 2080 it is 

2% less.  These figures, whilst not significant

represent between 87 – 175 hours in the year.  
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 Flat 4  

 

the external air volumes in 

and 10% (pink) window 

opening scenario and 5% opening scenario (green) 

with restricted night ventilation.  The blue line 

external air temperature (using the dry-

This is in a 2080 climate 

Solar gains against internal gains  

 

The above figure details solar gains for Flat 4 through 

 0.5 (yellow) and with 

value 0.1 (red).  The blue line represents 

internal heats gains at 5 W/m
2
.  The green line is 

dry bulb temperature).  This 

 

7.2 Detailed Assessment Analysis 

Comparing the 3 construction strategies heavy, 

medium and light weight constructions it can be seen 

0 and 2080 heavyweight out performs 

constructions.  Compared to lightweight 

1% less and in 2080 it is 

whilst not significant, still 

hours in the year.  The 
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results also show, however, that other strategies such 

as the area of window opening and ventilation control 

can have a greater impact on reducing levels of 

overheating.    

It is interesting to note from these results that the 

percentage overheating gap between heavyweight 

and lightweight increases in the hotter 2080 climate.    

In order for a heavyweight construction to reduce 

levels of overheating in a hotter climate there are a 

number of factors required: 

• Good levels of ventilation and ventilation control 

• Night cooling and windows opening at night to 

cool the mass down from the heat absorbed 

during the day 

• In hotter climates – cooler night temperatures 

than day temperatures 

With regard to good ventilation levels and control the 

importance of this is highlighted with the results for 

Flat 2 (see Figure 6, section 6).  Flat 2 represents the 

single sided ventilated flat with limited ventilation and 

it can be seen in both 2050 and 2080 that the 

heavyweight construction performs worse than the 

other construction strategies.   Hence heavy weight 

used as an adaptation strategy will only be realised if 

windows are opened sufficiently during the day and 

night cooling is implemented.    

Figure 16 External day and night temperatures in 2080 

 

 

 

One expectation of the design team prior to thermally 

modelling the design was that heavyweight 

construction would not perform in a future climate 

change scenario and would result in overheating.  It 

was assumed that in the 2080 scenario that day and 

night temperatures would be the same and that there 

would be no opportunity for night cooling.  The 

percentages levels of overheating in figures12 and 13 

suggest otherwise.  Upon looking in more detail at 

day and night temperatures in the IES weather files it 

was found that during hotter periods there was still a 

sufficient temperature difference between night and 

day temperatures.  Figure 15 shows an extreme hot 

day in 2080 with a significant temperature drop at 

night.  No periods were found in the 2080 50
th
 

percentile weather file where day and night 

temperatures remain the same.   No extreme heat 

waves were evident in this weather file.    

Ventilation opening and control as an adaptation 

strategy 

A comparison of figures 12 and 13 shows that the 

hotter it becomes the more significant the opening 

area is on reducing levels of overheating.  In 2080 

opening windows to 10% free area results in a 2-3% 

(175 – 261 hours) reduction in levels of overheating 

for all construction techniques when compared to 5% 

opening area.   The difference in opening area in the 

2050 scenario has less impact.  

Second to designing a building with cross flow 

ventilation the next most significant adaptation 

strategy modelled was window control.  CIBSE Guide 

TM36 refers to it as ‘intelligent’ ventilation control and 

this is simply when external air temperatures are 

hotter than inside the windows close to the bare 

minimum (sufficient for fresh air only).  This is to 

ensure that the hotter external air temperatures are 

not introduced to the flats contributing to overheating.  

This is a typical strategy in some continental countries 

whereby windows are opened wide in early mornings 

and then closed during the mid morning with the 

shutters drawn.   

It can be seen comparing figures 12 and 13 that the 

hotter it becomes in 2080 the greater the impact 

intelligent ventilation control will have.    In 2080 it 

results in a 3-4% ((261-348 hours) reduction in levels 

of overheating for all construction techniques.  In 

2050 it was found that the heavyweight construction 

with both opening areas coupled with ventilation 

control results in the 1% overheating criteria being 

realised.   In 2080 it can be seen that the heavyweight 

building with 10% opening area and intelligent 

ventilation control overheats 2.5% of the time and is 

at 4.2% for the light weight building.    

Intelligent ventilation control as an adaptation strategy 

can be added to the building at a future point in time.  

It could be as simple as a display in each flat which 

indicates internal and external temperatures and 

warns occupants when to shut windows.   It could 
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also be more sophisticated and be part of a building 

management system or Telecare system, which 

would then inform staff of flats that are overheating 

and are not being managed so well by the occupants.    

The advantage of including mechanical ventilation 

with heat recovery MVHR is that windows can be 

totally sealed when it becomes too hot outside and 

the MVHR system can be enabled guaranteeing 

minimal fresh air requirements.    

Shading as an adaptation strategy  

The most surprising results on overheating in the flats 

were the introduction of shading.  It was found that 

introducing shading resulted in on average a 0.75 – 

1.0 % (66 – 87 hours) reduction in levels of 

overheating.  This was for all construction techniques 

and for both future weather files 2050 and 2080.  

Initially it was assumed that these figures were wrong 

and that various IES inputs were incorrect.   Various 

shading techniques were introduced using the IES 

software and shading methodologies such as the use 

external shading devices closing at different level of 

incident radiation and changing the properties of the 

glazing.   It was found that whatever change was 

introduced the impact of shading was not as 

significant as other adaptation strategies.     

Upon further investigation it was found that internal 

gains from people and equipment and hot external air 

appear to have more impact than solar gain.    

Figure 15 shows solar gains for 2 different window 

types each with different shading properties.   The 

base window is the triple glazed unit with a 0.5 g-

value and the alternative window is a triple glazed unit 

with enhanced shading.   It is seen that internal gains 

will be having a greater impact on this building design 

when compared to solar gain through the glazing or 

fabric. Not only are the internal gains higher they also 

contribute 24 hours a day.  In this instance 370 Watts 

is the internal gain contribution which is for a typical 

75 m
2
 flat.  Adult people vary between 95-130 W 

(sensible + latent) when at home.  5 W/m
2
 in a 75m

2
 

flat represents 2 people and a modest amount of 

gains from equipment use such as hot water cylinders 

and hot water pipework, refrigerators, TVs, PCs, 

cooking etc.  Some of these gains from equipment will 

be intermittent in nature and some will be constant 

throughout the day.    

Likely reasons the IES results show the impact of 

introducing solar shading on the fabric is lower 

compared to other measures is due to: 

• The building fabric is very well insulated 

• The base case triple glazed unit with a g-value of 

0.5 already has a higher level of shading 

compared to a standard double glazed unit with a 

typical  g-value of 0.7 

• Deep plan cross flow ventilated design with  

glazing only on southerly elevations and northerly 

elevations, and no glazing to the east or west.  

Solar gain is only on one façade of each flat. 

• Other gains such as from equipment and external 

air temperatures have a greater impact.  

• IES simulates perfect ventilation control 

conditions, when solar gain enters the window the 

simulation responds in window opening and 

ventilation control accordingly in response to the 

gain.   In essence the ventilation modelling is too 

perfect at removing the effect of solar gain in 

order for the impact of solar shading to be 

assessed realistically.   If windows remain closed 

than shading is likely to have more impact.    

 

Analysing the results shown in figure 13 in more 

detail, they do appear to indicate that the lower the 

ventilation levels and reduced control the greater 

impact solar shading is likely to have.   There is a 

slight percentage increase introducing shading at 5% 

opening in 2080 than the 10% scenario. In addition 

shading has a small percentage increase at 5% for 

the lightweight building than the heavy weight 

construction.    

To conclude, whilst the results do not appear to show 

that the introduction of solar shading has a significant 

impact on comfort levels, in reality it is likely to 

contribute more than is suggested.   If ventilation 

levels are low for whatever reason or poorly 

controlled, shading will have a greater impact and 

would be a useful adaptation strategy.    

Solar shading can be introduced to adapt the building 

during changing climates but it is unlikely to be 

required until at least 2050 and beyond.   It could be 

added in the form of external retractable louvre 

systems fixed to the external balconies or as part of 

the window frame.  One strategy would be to fit 

glazing units with internal mid pane blinds as and 

when windows are due for replacement in future 

years.    
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8 Summertime Overheating 

Results – Further Simulations

On the back of the previous simulations and results it 

was decided to investigate further the following:

• The role the MVHR system had to play at 

reducing summertime overheating 

cooling from the ground 

• The role of internal gains and their impact

8.1 Percentage of hours overheating 
The role of MVHR 

Figure 17 details how the MVHR system will perform 

when compared to a naturally ventilated flat with 

shading and ventilation control for a lightweight 

building in 2080.   Pre-cooling from the ground for the 

MVHR system can be either by an underground air 

duct or a ground to brine piped heat exchanger.  

Manufacturer’s technical data sheets for the piped 

system stated that external air temperatures could be 

reduced by up to 15
0
C during summer per

the purpose of this analysis it was decided to simulate 

with a more conservative 5
0
C reduction and 10

reduction.   

Hence the simulation scenarios represented in figure 

17 are as follows: 

 

Table 7: Simulated scenarios for MVHR & ground 

cooling 

Scenario Controlled 
natural 
vent & 
shading  

Pre-cooling 
Temperature 
condition 

MVHR 
cooling on 
Temperature 
condition

1 100% - 

2 Ti<25
0
C Te - 5

0
C Ti>25

3 Ti<25
0
C Te - 10

0
C Ti>25

4 Ti<22
0
C Te - 5

0
C Ti>22

5 Ti<22
0
C Te - 10

0
C Ti>22

 

Note: 

1. When MVHR is not on in cooling mode natural 

ventilation is enabled.    

2. MVHR air change rate was set at 0.5 air changes 

per hour 
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8 Summertime Overheating 

imulations 

On the back of the previous simulations and results it 

was decided to investigate further the following: 

The role the MVHR system had to play at 

 with pre-

r impact 

8.1 Percentage of hours overheating – 

details how the MVHR system will perform 

when compared to a naturally ventilated flat with 

shading and ventilation control for a lightweight 

ground for the 

MVHR system can be either by an underground air 

duct or a ground to brine piped heat exchanger.  

for the piped 

system stated that external air temperatures could be 

C during summer periods.     For 

the purpose of this analysis it was decided to simulate 

C reduction and 10
0
C 

Hence the simulation scenarios represented in figure 

Simulated scenarios for MVHR & ground 

MVHR 
cooling on 
Temperature 
condition 

- 

Ti>25
0
C 

Ti>25
0
C 

Ti>22
0
C 

Ti>22
0
C 

When MVHR is not on in cooling mode natural 

MVHR air change rate was set at 0.5 air changes 

Figure 17 - % of hours Ti > 25
0
C in 2080. 

8.2 Detailed Assessment Analysis 

It can be seen that when there is only

in external air temperature and the MVHR system 

enabled at 25
0
C there is just over a 1% reduction in 

overheating.  Switching the MV

earlier upswing in internal temperature for example at 

25
0
C increases overheating and 

than natural ventilation.      This is likely due to the low 

air change rate of the MVHR at 0.5 air changes and 

that natural ventilation within the 22

effective.   It can be clearly seen that with a 10

reduction in external air temperature the MVHR 

system is very effective at reducing levels of 

overheating within acceptable limits. These 

simulations were only carried out at 

rate.  Provided ductwork is sized sufficiently it is 

possible in a domestic situation du

summer conditions to increase the air change ra

1.0 air change per hour thus increasing the MVHR’s 

cooling potential.   
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C in 2080.  

8.2 Detailed Assessment Analysis - MVHR 

It can be seen that when there is only a 5
0
C reduction 

and the MVHR system is 

C there is just over a 1% reduction in 

overheating.  Switching the MVHR system on at an 

upswing in internal temperature for example at 

C increases overheating and provides little benefit 

than natural ventilation.      This is likely due to the low 

air change rate of the MVHR at 0.5 air changes and 

that natural ventilation within the 22-25
0
C is more 

effective.   It can be clearly seen that with a 10
0
C 

ternal air temperature the MVHR 

system is very effective at reducing levels of 

overheating within acceptable limits. These 

simulations were only carried out at a 0.5 air change 

rovided ductwork is sized sufficiently it is 

uation during certain 

o increase the air change rate to 

1.0 air change per hour thus increasing the MVHR’s 

1. controlled nat vent & 

shade

2. MVHR -5 °C > 25°C

3. MVHR -10 °C > 25°C

4. MVHR -5 °C  > 22°C

5. MVHR -10°C > 22°C
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8.3 Percentage of hours overheating 
The role of MVHR 

So far simulations had concentrated on internal

equipment gains in the region of 5 W/m
2
.  

Institute recommends using a fixed figure of 3.5 W/m

for equipment gains to assess summertime 

overheating in care facilities if A+ rated

equipment is guaranteed to be used in the dwelling.  If 

not, higher figures would have to be included for.   For 

reasons of modelling simplicity and to allow for 

range of equipment across the flats it was decided to 

adopt a slightly higher figure of 5 W/m
2
.  In some flats 

this figure could be even higher depending on 

building services and other equipment utilised

therefore decided to increase internal gains to assess 

this impact to 10 W/m
2
 and compare to the 5W/m

analysis.  The 10 W/m
2
 could also represent heat 

gains from services plant in summer such as 

water cylinders and pipework that is poorly distributed 

and insulated.   One strategy investigated within the 

building was to utilise a centralised plantroom with hot 

water heat exchangers to be located outside each flat 

to minimise internal heat gains within the space

hot water equipment.   

Without detailed schedules of equipment to be used 

in each flat it is sometimes difficult to arrive at detailed 

equipment profiles for domestic situations.   

Commercial buildings such as offices with fixed 

occupancy patterns and equipment schedules are 

easier to determine from this perspective 
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Percentage of hours overheating – 

concentrated on internal 

 Passivhaus 

Institute recommends using a fixed figure of 3.5 W/m
2
 

for equipment gains to assess summertime 

A+ rated efficient 

equipment is guaranteed to be used in the dwelling.  If 

er figures would have to be included for.   For 

reasons of modelling simplicity and to allow for a 

t was decided to 

In some flats 

higher depending on the 

utilised.  It was 

therefore decided to increase internal gains to assess 

and compare to the 5W/m
2 

could also represent heat 

gains from services plant in summer such as hot 

water cylinders and pipework that is poorly distributed 

and insulated.   One strategy investigated within the 

centralised plantroom with hot 

water heat exchangers to be located outside each flat 

within the space from 

Without detailed schedules of equipment to be used 

in each flat it is sometimes difficult to arrive at detailed 

equipment profiles for domestic situations.   

Commercial buildings such as offices with fixed 

pancy patterns and equipment schedules are 

Figure 18 - % of hours Ti > 25
0

internal gains  

Figure 18 details heavy weight vs lightweight 

different internal gains 5 W/m
2
 and 10 W/m

The simulation also compared 5% window opening 

and 10% and the inclusion of shading or without.
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0
C in 2080 for different 

details heavy weight vs lightweight against 

and 10 W/m
2
 for Flat 4.  

The simulation also compared 5% window opening 

and 10% and the inclusion of shading or without. 

 

Lightweight

5% open nat vent 10 

W/m²

5% open nat vent 5 W/m²

5% open nat vent shading 

5 W/m²

10% open nat vent 

shading 5 W/m²

10% open nat vent 10 

W/m²

10% open nat vent 5 

W/m²
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8.4 Detailed Assessment Analysis 

It is apparent from Figure 18 that internal gains and 

intelligent control of them in changing future climates 

will be an important adaptation strategy in any 

building.   Doubling the internal gains results in a 10% 

addition to overheating for a naturally ventilated 

scenario with a 5% window opening. This is for both 

the heavyweight and light weight building.   Figure 18 

details various comparisons: 5% opening, 10% 

opening and with or without shading.   In all scenarios 

there is significant uplift when the internal gains are 

increased which is to be as expected.    

Internal gains can be reduced by the implementing 

the following adaptation strategies: 

• Switching equipment off during heat waves 

• Limiting hot cooking and in the care facility 

encourage the use of the cafe 

• Purchasing and encouraging the use of energy 

efficient A++ rated equipment 

• Use of smart meters to make tenants aware of 

their energy use and internal heat gains 

 

The following adaptation measures can also reduce 

internal gains.   

• The use of the MVHR system to extract heat at 

source 

• A centralised hot water system linked into plate 

heat exchanger technology system.  The heat 

exchanger would be located at the entrance of the 

flat.   This would reduce standing losses from hot 

water pipework in the flats and standing losses 

associated with hot water cylinders.   

 

 

 

 

 

 

 

 

 

 

 

9 Conclusions and 

Recommendations 

9.1 Conclusions 

This report and thermal modelling exercise has 

assessed various adaptation strategies for future 

climate change scenarios.   There is one clear 

adaptation strategy that will help ensure the success 

of the design in future climates and this is cross flow 

ventilation.  Without this it would be difficult to ensure 

the building can cope using passive adaptation 

strategies into the future.   Not only does cross flow 

ventilation provide comfortable conditions now, it also 

provides a fairly stable building moving into future 

climate change.  Once this has been incorporated as 

part of the design a combination of simple measures 

working together such as the use of mass, high levels 

of insulation, intelligent ventilation control, shading, 

the use of MVHR systems, and relocation of internal 

gains will ensure the success of the building design in 

changing climates.  (would it be worth also discussing 

the risks here ie where a residential design relies 

heavily on the correct user behaviour to open 

windows to ensure there is sufficient cross flow 

ventilation) 

Overheating in buildings is a result of heat flow from 3 

sources 

• Solar gain 

• Hotter external air temperatures 

• Internal equipment gains 

By designing these out, for example insulating the 

fabric sufficiently, providing solar shading, relocating 

heat emitting equipment, and providing strategies to 

limit hotter external air temperatures the Extra Care 

Facility will be robust and stable for many years to 

come.   

It is not until 2050 that any adaptation measures need 

to be implemented provided a heavy weight approach 

is adopted and the flats are sufficiently ventilated.   

The most significant future adaptation measure is one 

that would be simple to implement and this is the 

temperature warning system for intelligent ventilation 

control that tells occupants when to shut windows.  It 

is also likely by this time occupants habits will adapt 

to do this naturally as is found in warmer countries.   

The use of insect meshes and security meshes might 
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also be part of this adaptation strategy in 2050 to 

ensure night cooling and limit the ingress of insects.    

In 2080 overheating is above the set criterion 2% for 

the heavy weight and 4% for the lightweight provided 

intelligent ventilation control and shading is 

implemented.     It is likely by this point in time that 

people will have adapted to changing climates in the 

UK and will be more tolerant of upper limits.   

Reducing internal gains from 5 W/m
2
 to 3 W/m

2
 will 

reduce this level of overheating within acceptable 

limits.     3 W/m
2
 during heat waves is certainly 

achievable in an Extra Care Facility as this would 

equate to 225 W for a 75 m
2
 flat which is 

approximately heat emitted from 2 people and a 

refrigerator.   The Extra Care Facility could implement 

management procedures and education to discourage 

the use of high heat gain equipment during hot 

periods and the use of the cafe for meals.     

The results show in future climates that introducing 

mass into building designs can still perform better 

than lightweight constructions techniques in future 

climates.  The percentage impact it has on 

overheating has to be weighed up against other 

considerations such as capital cost and ease of 

construction as some of the other adaptation 

strategies can have a greater impact at reducing 

levels of overheating.   The introduction of mass in 

other building types such as schools and offices 

which have different occupancy patterns and with 

internal gains restricted to the day only, tend to 

provide overheating results which show a higher 

impact when mass is incorporated than is indicated 

for this building type.   It would be interesting for 

comparison purposes to see how mass in other 

building types with different loads patterns does 

perform in future climate scenarios when compared to 

a domestic building design.   

The MVHR system with ground pre-cooling also has 

enormous potential at reducing overheating levels 

providing it can be implemented in a practical and 

cost effective manner.   It would need to be designed 

and installed at the outset as this type of system 

would be difficult to retrofit as a future adaptation 

strategy.    

 

 

 

 

 

9.2 Recommendations 

The following overheating adaptation strategies are 

recommended which would need to be implemented 

at design stage:   

• Design the flats with cross flow ventilation 

• Ensure adequate insulation levels such as those 

required for Passivhaus envelope design  

• Incorporate a heavyweight building design 

• Reduce internal gains during the design process 

by relocating hot water plant and pipework 

outside each flat in a centralised plantroom 

• Include MVHR system for extract of heat at 

source 

• Investigate the feasibility in the design for ground 

pre-cooling via the MVHR system 

 

The following future adaptation strategies are 

recommended: 

• In 2030-2050 include a temperature warning 

system to indicate when external air temperatures 

are hotter than inside 

• In 2060-2080 introduce external solar shading  

 

6.1 Bibliography 

1. Beating the Heat: Keeping UK buildings cool in a 

warming climate – UKIP Briefing Report 2005 

2. Investigating the potential of overheating in UK 

dwellings as a consequence of extant climate 

change.  Peacock, Jenkins, Kane 2010 

3. Health Technical Memorandum HTM 03-01: 

4. CIBSE TM36: Climate Change and the Indoor 

Environment: Impacts and Adaptation 2005 

5. CIBSE Guide A: Environmental Design 

6. BS EN 15251: Indoor environmental input 

parameters for design and assessment of energy 

performance of buildings addressing indoor air 

quality, thermal environment, lighting and 

acoustics 

7. Summer ventilation in passive houses. (Feist 

2003) 

8. (Feist 1998) Passivhaus Summer Climate 

 


