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Executive Summary 

The thermal modelling exercise detailed in this report shows that the base case office design which follows 

Passivhaus principles is robust enough to be adaptable to future climate change without the need to resort to air 

conditioning.    

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

adaptation strategies for the office building moving into change climates.   

The main conclusions have found that: 

 Provided the base design allows for sufficient ventilation openings (windows and roof lights at high level), 

includes low energy lighting and suitable control, good daylight design to ensure lights are switched off during 

daylight hours, means for occupant control of windows and night cooling; the design will be robust enough to 

limit overheating into a 2030 scenario even into a 2050 scenario provided equipment internal gains are limited 

and managed well. 

 The office building will struggle to cope without an effective night cooling strategy throughout all scenarios 

assessed regardless of mass; this is a requirement for the current weather files as well as future ones. 

 Reductions in internal gains with future efficiency improvements in equipment and lighting or relocating servers 

etc to dedicated buildings (cloud computing), will play a key role in changing climates at limiting overheating in 

office buildings.  Creating external spaces where office staff can go and work during warm periods will also be 

an effective strategy at limiting overheating in future scenarios. 

 Solar shading will provide an effective means for protecting the internal spaces in future scenarios. 

 Mass was found still to be effective into a 2080 scenario provided that an effective night cooling ventilation 

strategy was realized.  Without the night cooling mass would have little effect at reducing overheating or might 

lead to more overheating.   

 Provided the building is clearly understood and controlled by the end users a combination of simple adaptation 

measures such as the addition of shading, temperature warning systems, effective night cooling strategies, 

reduced internal gains, and good lighting control will ensure that the building can cope and remain naturally 

ventilated into a 2080 scenario.    

 It was found that there was not one fixed adaptation solution but several which would be dependent on the type 

of occupant, how they use and control the building and the equipment and associated loads they bring to the 

space moving into the future.  For example a manual approach might not be suitable for some occupants and a 

more automated approach would be required which controls windows when temperature conditions dictate.   

Another approach would be to make use of the MVHR system with pre-ground cooling by earth pipes and 

operating in mixed mode approach.  When assessing this approach it was found to be effective at ensuring the 

occupants of the building are comfortable into a 2080 scenario. 

 

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 for the D4FC PassivOffice project.    

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.    

In conjunction with this IES simulation exercise the 

office design was also modelled using the Passivhaus 

Planning Package PHPP.  It was decided to assess 

the design in this manner with 2 thermal analysis tools 

as the different methods may provide more 

meaningful results and would also provide the 

opportunity for comparison between the two.   

The results of this exercise can be found in the Gale 

& Snowden report ‘Swallowcourt Passivoffice@J27 

PHPP Pre-Assessment’1.    

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): v6.4.08 

 Interface to calculation engine: IES Virtual 

Environment 

 

The thermal modelling software tools utilised to 

assess the buildings thermal performance include: 

 Calculation engine (version): v6.4.08 

 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 50th 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% 

 

May Jun Jul Aug Sep Oct

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

T
e

m
p

e
ra

tu
re

 (
°C

)

Date: Sat 01/May to Sat 30/Oct

Dry-bulb temperature: (Exeter1961_1991_DSY.epw)

May Jun Jul Aug Sep Oct

28

26

24

22

20

18

16

14

12

10

8

6

4

2

T
e

m
p

e
ra

tu
re

 (
°C

)

Date: Sat 01/May to Sat 30/Oct

Dry-bulb temperature: (WG_2030_2950095_a1fi_50_percentile_DSY.epw)

May Jun Jul Aug Sep Oct

35

30

25

20

15

10

5

0

T
e

m
p

e
ra

tu
re

 (
°C

)

Date: Sat 01/May to Sat 30/Oct

Dry-bulb temperature: (WG_2050_2950095_a1fi_50_percentile_DSY.epw)

May Jun Jul Aug Sep Oct

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

T
e

m
p

e
ra

tu
re

 (
°C

)

Date: Sat 01/May to Sat 30/Oct

Dry-bulb temperature: (WG_2080_2950095_a1fi_50_percentile_DSY.epw)



Gale & Snowden Architects Ltd               PassivOffice - Thermal Modelling                     Page 8 of 25 

 

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.   

The base case design prior to any thermal simulations 

into future climates consisted of a timber frame 

Passivhaus construction which had design measures 

to ensure a medium weight building to allow for 

effective night cooling.  This included two layers of 

plasterboard fixed to ceilings and fixed also to the 

inner surface of the external walls.  Internal partition 

walls also contributed mass being made of block with 

hard plaster skim.    

 

Table 1: PassivOffice Medium Weight Timber 

Frame Construction Materials (base case) 

Construction 
Element 

Summary of Materials U-Value 
W/m

2
K 

 

Roof  

 

 Green roof 

 12mm external grade 
boarding 

 300mm insulation 

 12mm plyboard 

 2 x 12.5mm plasterboard 

 Plaster skim 

 

 

0.15 

 

External Wall 

 

 Oak Cladding 

 12mm sheathing board 

 300 mm insulation 

 12mm sheathing board 

 50mm cavity 

 2 x 12.5mm Plasterboard 

 Plaster skim  

 

 

0.14 

 

Flooring 

 

 Floor tiles 

 screed 

 Insulation 

 Concrete slab 

 Insulation 

 

 

0.16 

 

Internal Walls 

 

 Block 

 Plaster skim 

 

 

- 

 

Glazing 

 
Triple glazed unit 
g-value 0.55 

 

 

0.82 

3.2 Shading 

The base case design has incorporated the following 

shading strategies: 

 At 1st floor level a roof overhang 

 All windows recessed into the external walls, thus 

creating an overhang for each window 

3.3 Fabric Adaptation Strategies 

Analysed 

The following details the passive adaptation strategies 

assessed as part of the thermal modelling exercise. 

Heavy Weight Construction 

 Changing the construction materials to that of a 

heavy weight build which essentially resulted in 

the external walls being replaced with block and 

hard plaster skim direct to the block.    

Shading 

Replacing the glazing in the future to: 

 Glazing with improved shading coefficient – G 

factor 0.4 

This could represent a number of different shading 

strategies, either an external louvre system partly 

closed or a mid pane automated blind system.  The 

BRE guideline2 on the summertime performance of 

windows with shading devices details various G 

factors for a range of different shading strategies.  A 

G factor of 0.4 represents a modest amount of 

external shading which does not represent total black 

out of the window.  A cautious shading factor was 

applied so as to assess how effective partial and 

incomplete shading would be rather than full which 

might not be practical to achieve.  A G factor of 0.4 

could represent partial closure with slats open of an 

external blind system or full closure of an internal 

blind system with slats partly open.  For example 

table 1a in the BRE guideline details the following g-

value improvement for a double glazed unit on a 

SE/SW orientation with a standalone g value of 0.68: 

 External blind down and open = 0.28 (g-factor) 

 External blind down and closed = 0.1 (g-factor) 

 Internal blind down and open = 0.54 (g-factor) 

 Internal blind down and closed = 0.4 (g-factor) 
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4 Internal Gains & Ventilation  

4.1 Internal Gains People (sensible & 

latent) 

Internal casual gains in office buildings can be highly 

varied from one office space to the next and are 

dependent upon many factors such as: 

 Location of office equipment 

 Type of office equipment  

 Lighting loads and type 

 Number of occupants  

 Occupant usage patterns 

 Controls in particular lighting 

 Users commitment to switch off when not in use 

There are many research papers on internal 

equipment loads and lighting loads in offices, looking 

at current trends and trying to predict future trends as 

it is seen as a key area to save energy and reduce 

overheating in offices.    

The most useful ones were found to be the EnREI 

report 31 Avoiding or minimising the use of air-

conditioning3 and the paper ‘Trends in Office Internal 

Gains and the Impact on Space Heating and Cooling’4 

The equipment loads chosen for the base case were 

based on the equipment schedules provided by the 

client, CIBSE recommendations and the findings from 

these two papers.  As it is difficult to predict what type 

of end user will occupy the office and how it will be 

used, it was thought best to err on the side of caution 

and use the maximum likely equipment load as the 

base case.  This load could then be reduced to 

determine its likely future impact as an adaptation 

strategy.  The following details the internal gains for 

the spaces input into the thermal model as the base 

case building design.  

Table 2: Open Plan Office Casual Gains 

Casual Gains Heat 

Emission 

Operating Profile 

Lighting  11 W/m² Continuously on 08:00 – 
18:00  

Occupancy1 140 W / 
person 

100% from 08:00 – 12:00,  
50% from 12:00 – 13:00 
100% from 14:00 – 18:00,  
0%  from 18:00 -09:00  

Equipment 15 W/m² 100% from 08:00 – 18:00,  
0%  from 18:00 -09:00 

 

Notes: 

1. 90 W sensible & 60 W latent per adult 
 
 

A lighting load of 11 W/m2 was applied throughout the 

offices as part of the base case design as the intent 

was to provide a low energy lighting scheme in line 

with best practise.  It is recognised that best practise 

office buildings can have lighting designs with loads 

as low as 10-11 W/m² provided very careful attention 

is applied to lighting design.   This could be even 

lower in the future with further advancements in LED 

lighting systems.   

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 Natural 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. 

Manual opening of windows and natural ventilation 

rates can be highly varied in office buildings and a 

number of factors can affect actual ventilation rates in 

reality: 

 How well occupants understand the building  

 Ease of use and opening 

 Whether the building is in a noisy or polluted 

location 

 Internal air velocities from window opening 

 Office layout and furniture & shelving blocking 

natural ventilation paths 

In some instances windows might remain wide open 

during summer periods and in others only a little.  

CIBSE TM365 details various control inputs for 

incremental opening of windows as daily internal 

temperatures increase.  However, for reasons of 

simulation simplicity and to allow for a degree of risk 

and low ventilation opening control the following 

natural ventilation control strategy was simulated:    

Opening windows and skylights were opened a 

maximum of 15% free area when internal conditions 

started to rise above a preset temperature during 

summer periods.  This was based on occupants 
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manually opening windows when temperature 

conditions dictate.  The day time temperature profile 

was as follows: 

 when internal temperatures > 22OC open vents 

open 15% free area (08:00 – 18:00) 

The number of windows that were opened in this 

manner represented 40% of the number of window 

openings in the building.  The remaining 60% were 

fixed closed.  This is the base case window opening 

control.  This was thought to be a cautious opening 

level which allowed for periods of poor window control 

and lack of understanding by occupants of how to 

operate a naturally ventilated building.    

As the thermal simulation exercise developed, 

additional ventilation strategies were assessed such 

as night cooling (see section 4.4), the role the MVHR 

(see section 8.4 and 8.5) could play at supporting 

natural ventilation in summertime overheating control, 

and the role of ground cooling (see section 8.4 and 

8.5).    

4.4 Night Cooling 

A night cooling strategy was incorporated into the 

thermal model to assess the effect of night cooled air 

entering the building during night time periods.  This 

enables cooler night air to enter the spaces to reduce 

elevated daytime temperatures.  The approach was to 

have a limited number of openings per room that 

could actuate open or be manually opened when 

temperature conditions dictated.  The temperature 

profile for night-time cooling during summer periods 

was set to:     

 when internal temperatures > 22OC opening vents 

open 15% free area (18:00 – 08:00) 

As with day window openings, this was a cautious 

opening level.   

4.5 Daylighting 

The proposed office development has been assessed 

for adequate daylight design in line with the British 

Standard BS 8206-2 1992: Code of Practise for 

Daylighting6 which stipulates an average daylight 

factor of 2% at desktop level is acceptable with some 

supplementary lighting within an office space during 

the prevailing UK overcast conditions.  The daylight 

factor is the amount of daylight at a point expressed 

as a percentage of the daylight falling on an 

unobstructed horizontal surface.     

In overcast climates, the average daylight factor 

indicates the likely daylit appearance of a room. 

Less than 2% 

 room looks gloomy under daylight alone 

 full electric lighting often needed during daytime 

 electric lighting dominates daytime appearance 

2 – 5% 

 windows give a predominantly daylit appearance 

but supplementary electric lighting needed 

 usually the optimum range of daylighting for 

overall energy use 

Above 5% 

 the room is strongly daylit 

 daytime electric lighting rarely needed 

 major thermal problems due to highly glazed 

areas – overheating 
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5 Simulation Parameters 

5.1 Overheating Criteria 

Currently there are many scientific papers and 

guidelines available both in the UK and from the rest 

of world which define overheating and acceptable 

comfort criteria in buildings.  There is not however, a 

universally agreed model to adopt when designing 

offices in the UK and there is currently no set upper 

temperature limit in the UK work environment. 

Thermal comfort models are mainly split into 2 

approaches: 

1. the deterministic model derived from laboratory 

based research 

2. the adaptive model derived from field based 

research 

Several industry guidelines provide details on suitable 

temperature levels and definitions of overheating for 

office buildings which are based on these adaptive 

and deterministic thermal comfort models.  It is clear 

that the overheating definitions differ and it is up to 

the judgement of the design team, clients and 

developers to design to a reasonable acceptable limit.   

The simplest assessment is to fix an upper 

temperature limit and to design to this upper 

temperature or within an agreed acceptable margin.   

The following provides examples of thermal comfort 

guidelines from various literature sources: 

CIBSE Guide A: Environmental Design (2006)7 

Details that a naturally ventilated office building is said 

to overheat if indoor temperatures exceed 280C for 

more than 1% of occupied hours in the year.   

CIBSE TM36 Climate Change and the indoor 

environment: Impacts and adaptation, 20058 

CIBSE TM36 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 3: Overheating criteria as detailed in TM36 

Spaces ‘Warm’ 

threshold 

temperature 

(oC) 

‘Hot’ 

threshold 

temperature 

(oC) 

Overheating 

criterion 

Offices  25 28 1% occupied 
hours over 
28OC 

CIBSE Applications Manual AM10: 1997 – Natural 

Ventilation in Non-Domestic Buildings9 

CIBSE AM10 amongst other criteria discusses the 

criteria set in Holland: 

‘dry resultant temperature should not exceed 250C for 

more than 5% of working hours and should not 

exceed 280C for more than 1% of working hours’. 

The Passivhaus Institute (PHI) 

The Passivhaus Institute sets an upper temperature 

limit averaged throughout the office building - not 

exceeding 25OC for more than 10% of the time when 

using the PHPP thermal tool. 

In the absence of an agreed approach it was decided 

to assess to the following temperature limits: 

Upper temperature limits throughout the office 

space to not exceed 250C for more than 5% of the 

occupied period and/or not to exceed 280C for 

more than 1% of the occupied period.   

It is important to recognise that designing to upper 

temperature limits especially in naturally ventilated 

buildings still does not guarantee a building that is 

perceived to be thermally comfortable during warm 

periods.  This is discussed in detail in the BRE 

documents: 

1. Avoiding or minimising the use of air conditioning 

(report 31)6 

2. Environmental design manual for naturally 

ventilated offices (BR86)7 

In these documents factors other than temperature 

are discussed that influence an individual’s perception 

of thermal comfort such as: 

 Occupation type and status of individual 

 Perceived level of control over local environment 

 View out of windows and location within the 

environment 

 The quality of the building  

 How healthy the building is in air quality 

(pollutants, VOCs etc) and light levels 

 The responsiveness of the building – how quickly 

or slowly it changes in temperature – i.e. its 

thermal stability.  People can adapt better to 

slower changes in temperature that rapid ones. 
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‘If occupants can (or believe that they can) take 

prompt action to cure discomfort, they are more 

tolerant to changes in the internal environment’ 

In field studies the following was found: 

‘Some buildings investigated in this project were 

reported as feeling too warm at temperatures as low 

as 24.50C, whereas others felt fine at 260C or 270C.  

In one case occupants were willing to forego a proven 

reduction in peak temperatures from 300C to 280C in 

order not to sacrifice some of the view from their 

windows’.   

5.2 Office Spaces & Orientation  

The initial thermal simulations found that a number of 

office areas presented themselves as areas that were 

subject to the highest levels of overheating.   

 Office 4: 1st floor office with South facing corner 

and South East and South West facades 

 Office 1: Ground floor office with South facing 

corner and South East and South West facades 

 Office 5: 1st Floor cellular office / meeting room 

and South West facade 

Both office 4 and office 5 have stack flow ventilation in 

the way of roof lights to the rear of each office.  Office 

1 is predominantly single sided ventilated but can be 

opened to the atrium openings via louvred openings 

in central partition walls.  This creates both a stack 

and cross ventilated effect.   

The following plans and elevations provide an 

indication of the office orientation. 

Figure 5: Swallowcourt in Plan & Orientation 

 

 

 

Figure 6: Swallowcourt in Elevation showing the 

south facing corner offices. 

 

 

 

 

 

5.3 Base Case Building  

 

The base case building therefore consists of the 

following: 

 Passivhaus, medium weight building 

 MVHR for winter fresh air 

 Manually opening windows natural ventilation and 

summer time overheating control (cross and stack 

effect) 

 Day and night cooling windows opening 15% free 

area 

 Normal internal gains office loads (11 W/m2 

lighting, 15 W/m2 equipment) 
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6 Adaptation Measures 

Simulated 

The following strategies were investigated as possible 

adaptation measures: 

 Heavy weight construction (see section 3.3) 

 Daylight Dimming (see section 6.1) 

 Reducing internal gains (see section 6.2) 

 Shading (see section 3.2) 

 The use of MVHR system (see section 6.3) 

 Ground Cooling (see section 6.3) 

6.1 Daylight Dimming 

Office buildings overheat for a number of reasons, the 

main ones being: 

 Elevated external air temperatures 

 Solar gain 

 Internal gains from equipment, lights and people 

An obvious solution to reducing the risk of 

overheating is therefore to investigate ways of 

reducing the internal gains.  Lighting designs for 

example in office buildings can range from 12 W/m2 

up to 20 W/m2 (8). 

With poor internal daylight design, or poor control or 

poor office layout, lighting systems can often remain 

switched on throughout the occupied period.  A good 

daylight design coupled with a well thought out 

lighting layout and zoned switching control in 

conjunction with daylight dimming control can help to 

ensure that lights remain switched off during the day. 

This is particularly when levels of solar gain, and 

therefore daylight, are high.  The windows shape, 

size, type, how they fit into the facade and how they 

affect the daylight factor in the space has been 

modelled to determine the optimum (see results 

section).    

A daily dimming profile that can be input as a lighting 

dimming control (this reacts to solar flux defined in the 

simulation weather file) was input into the simulations:   

1 - 0.00002*(144 - 29*IFH/(IGH+0.1))*IFH 

The following graph shows the lighting energy load on 

the 18th June for the proposed office building.  The 

blue line is without daylight dimming, the red line is 

with daylight dimming switched on.  The results show 

over a 1 day period that a significant reduction in 

lighting gain during occupied hours with daylight 

dimming control can be realised 

Figure 7: Lighting energy loads with daylight 

dimming and without 

 

6.2 Reduced Internal Gains 

As well as reducing lighting loads and associated 

gains during occupied periods internal gains can be 

reduced in other ways.  One possible future scenario 

is that equipment and lighting systems will become 

even more efficient.  For example: 

 The use of advances in low energy LED lighting 

systems 

 ‘Cloud’ based server systems, where servers are 

remote from the office building in other dedicated 

server buildings. 

 PC equipment becomes more efficient and using 

less power.  In recent years there has been an 

increase in the use of smart phones/ipad, lap top 

technology that uses significantly less energy 

than standard PCs.    

 Providing shaded external spaces where people 

and equipment can move outside during hot 

periods.    

 Arranging for flexible working patterns to stagger 

office staff during the day or allowing staff to work 

from home during hot periods.    

There is however, the scenario that as equipment 

becomes more efficient more of it is introduced into 

the office or additional technologies become available 

as is currently happening in the domestic and 

commercial environment.  In this scenario there would 

be no increases or reductions in internal energy load.  

The following graph shows in red the base case 

internal gains from equipment and the reduced load in 
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green as a future adaptation strategy.   This is for a 

typical sunny day in office 3. 

Figure 8: Internal gains loads  

 

 

The base case design currently allows for 15 W/m2 for 

internal equipment gains and 11 W/m2 for lighting 

gains with daylight dimming in the main open plan 

offices.  Areas outside these office spaces do not 

include equipment gains such as circulation, 

reception, kitchen, toilets etc.   

The adaptation strategy investigated as part of this 

thermal modelling exercise was to switch lights off 

altogether and allow for a simple equipment load of 

10 W/m2.  Again this load was applied direct to the 

office space only and not any of the circulation areas.     

10 W/m2 could also represent a 5 W/m2 equipment 

load and a 5 W/m2 lighting load.  Future trends could 

lead to no lights on and equipment loads even lower 

than 5 W/m2 direct into the space.    

6.3 The use of MVHR system & Ground 

Cooling 

The role the MVHR system could play in future 

climates as an adaptation strategy was simulated and 

assessed.  As the MVHR system would already be 

installed as part of the Passivhaus base case design 

an opportunity is present to use the MVHR system to 

assist natural ventilation at limiting overheating.  The 

simulated scenarios, with the exception of MVHR 1, 

consisted of using the MVHR system 24 hours a day 

and no natural ventilation.  Initial simulations 

assessed the use of the MVHR system in summer by-

pass mode.  Additional simulations then assessed the 

use of ground cooling coupled into the supply air of 

the MVHR system. 

As ground temperatures are typically at 10-120C at 1-

2 metres below the ground surface there is 

opportunity to harness this energy for pre-heating and 

pre-cooling incoming air supplies of MVHR systems.   

There are 2 main types:     

 Direct systems – Earth tubes / ground ducts that 

pull air through the ground prior to the MVHR 

system 365 days a year. 

 Indirect systems – such as pipes filled with brine 

buried in the ground transferring heat or ‘coolth’ 

into the supply air via a heat exchanger.  A pump 

is enabled when temperature conditions dictate to 

move the energy from the ground into the MVHR 

system.    

Manufacturer’s technical data sheets for the piped 

system state that external air temperatures could be 

reduced by up to 150C during summer periods.  For 

the purpose of this analysis it was decided to simulate 

with a more cautious 80C reduction.  Further details 

can be found in the results section.   

Table 4: Simulated scenarios for MVHR and 

ground cooling 

Scenario Nat Vent 

Yes / No 

MVHR 

Yes / 

No 

MVHR 

air 

change 

per hour 

Ground 

cooling 

Yes / No  

Base Case 

MVHR 1 Day only Night 
only 

0.5 No 

MVHR 2 No Yes 1.0 No 

MVHR 3 No  Yes 0.5 Yes 

MVHR 4 No  Yes 1.0 Yes 

MVHR 5 No  Yes 1.5 Yes 

With reduced internal gains 

MVHR 6 No  Yes 0.5 Yes 

MVHR 7 No  Yes 1.0 Yes 

With reduced internal gains & shading 

MVHR 8 No  Yes 0.5 Yes 

MVHR 9 No  Yes 1.0 Yes 
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7 Daylighting Results 

The starting point prior to proceeding with the thermal 

analysis was to determine an optimum level of glazing 

area, type, shape and location in the facade that 

would provide sufficient daylight levels within the 

building.  This had to be balanced against solar gains 

in summer and winter time heat loss.  The following 

figures provide the route and simulations carried out 

to determine the glazing strategy required for the 

building. 

Figure 9: Swallowcourt Daylight Analysis 

 

 

 

 

 

 

 

The above figure shows the office design in its early 

stages of daylight analysis where different window 

configurations (different heights, horizontal windows, 

vertical windows and different surface areas) were 

input to determine the optimum, in line with the 

architectural design.  The colour range across each 

space represents the daylight factor in percentage 

terms.  Black represents 0% daylight factor at a given 

point.  It is important to also consider the spread and 

uniformity of daylight as well as the average daylight 

within a room 

Figure 10: Daylight analysis 1 - First floor offices 3 

and 4 (vertical glazing) 

 

 

 

 

 

 

The previous figures show the initial analysis of 

daylight factors when horizontal glazing is applied to 

the façade.  As can be seen the average daylight 

factor is below 2% across the space for this glazing 

approach.  The colour rendering also details the lack 

of uniformity of daylight, as can be seen there are 

poor daylight factors of 0 – 1% to the rear of each 

space. 

Figure 11: Daylight analysis 2 - First floor offices 3 

and 4 (horizontal glazing) 

 

 

 

 

 

 

 

There is a marked improvement in daylight factor and 

the average recorded across each space was above 

the 2% criterion when glazing is applied horizontally in 

the façade.  The colour rendering still shows a lack of 

uniformity to the rear of each space.    

Figure 12: Daylight analysis 3 - First floor offices 3 

and 4 (horizontal glazing & rear skylight) 

 

 

 

 

 

 

 

 

 

Applying skylights to the rear of each office space has 

significantly improved the uniformity of the day light.  

The overall average is now well within the 2 – 5% 

guideline.  The skylights will also be a useful strategy 

for natural ventilation encouraging a cross flow of air 

through the space assisting wind driven natural 

ventilation.    

Each space was analysed in this manner until an 

optimum glazing system was realised with average 

day light factors above the 2% criterion.  The 

uniformity of daylight within the space was also taken 

into consideration. This then became the starting 

point for the thermal and ventilation simulations. 
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8 Simulation Results  

8.1 Base Case Simulation Results 

This initial assessment investigated the base case 

fabric design against a range of future climate files for 

3 office types which were found to be prone to the 

highest levels of overheating (see section 5.2 for 

further details): 

 Office 4: 1st floor office with South facing corner 

and South East and South West facades 

 Office 1: Ground floor office with South facing 

corner and South East and South West facades 

 Office 5: 1st Floor cellular office / meeting room 

and South West facade 

Initial simulations switched night cooling off so that its 

impact could be assessed.    

 

Figure 13:  Base Case Design without night 

cooling % of hours > 25 & 280C. 

 

 

 

 

 

 

Figure 14:  Base Case Design with night cooling 

% of hours > 25 & 280C. 

 

It became obvious from these initial simulations that 

offices 4 and 1 were prone to the higher levels of 

overheating.   Although within acceptable limits in the 

current DSY, in both 2050 and 2080 temperatures 

limits are exceeded by quite a margin.  Office 4 for 

example exceeding 250C by 9% in 2050 and by 16% 

in 2080.    

8.2 Natural Ventilation Simulation Results 

For reason of analysis simplicity office 4 was chosen 

for further simulations.  

The next set of thermal simulations therefore began to 

investigate in greater detail the range of adaptation 

strategies as detailed in section 6.  Firstly, 

concentrating on the passive natural ventilation 

adaptation measures and secondly the mechanical 

measures:    

 Base case day natural ventilation only 

 Base case with night cooling 

 Heavy weight and day natural ventilation only 

 Heavy weight with night cooling 

 Daylight dimming 

 Low internal gains 

 Combinations of adaptation measures 
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Figure 15:  Natural Ventilation Simulations - % of 

> 250C (bar chart & line chart below) 

 

 

 

 

Figure 16:  Natural Ventilation Simulations - % of 

> 280C (car chart & line chart below) 
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8.3 Natural Ventilation Simulation 

Analysis 

The following conclusions have been drawn from the 

analysis and results detailed in figures 15 and 16.    

Night Cooling 

Night cooling is the most effective adaptation strategy 

simulated, even for the base case medium weight 

building.  It reduces overheating above 250C in 2080 

from 29% to 16% when enabled.  Throughout the 

other future weather scenarios there is a reduction in 

overheating of at least 10% with this approach.   

Heavy Weight  

Comparing the heavy weight scenario with the base 

case medium weight scenario, the heavy weight 

overheats slightly more when day ventilation only is 

enabled but is more effective when night cooling 

enabled.  The heavy weight scenario with night 

cooling compared to the base case has a 2% 

overheating reduction in the current design summer 

year and is at a 3% reduction in 2080.  Further 

simulations not detailed here found that for the heavy 

weight building to be significantly more effective 

higher air change rates at night are required.  The 

heavy weight day scenario also highlights that a 

poorly controlled heavyweight building could lead to 

greater overheating than the base case, as it is reliant 

upon a good understanding by building users of 

window openings and controls both day and night to 

make effective use of the higher mass.  An automated 

window ventilation system would help with the heavy 

weight approach but would also introduce significant 

cost.   

Reducing Internal Gains & Shading 

Simulations 5 and 6 show the effect of reducing the 

internal gains either via daylight dimming or more 

efficient equipment in the future or occupants working 

in dedicated areas outside.  On average a 4% 

overheating drop is observed when reducing the 

internal gains from equipment and lighting to 10 

W/m2.  Comparing this with shading strategy and 

reducing solar gains where an average 5% 

overheating drop was observed.  It was initially 

thought that reducing internal gains would have been 

more effective than solar shading as the shading 

parameter was only marginally set (G Factor 0.4).  

Figure 15 compares internal gains and solar gain into 

a 2080 weather scenario.  The light blue curve 

represents no solar shading; the pink curve with solar 

shading, the green line - peak internal gains, the red 

line - reduced internal gains.  It can be seen that on a 

sunny day the internal gains are comparable to the 

solar gains in the space.  On cloudy days the solar 

gains will be less than the internal gains hence it 

would appear from this observation that reducing 

internal gains would be more effective than reducing 

solar gain.    

Figure 17 Internal gains and solar gains in office 3 

– 2080 50th percentile  

 

Shading 

The modest change to the G factor from 0.55 to 0.4 

does show that solar shading will play an important 

role at reducing overheating in future climates.  An 

average 5% drop in overheating was observed (see 

figures 15 and 16).  The optimal shading device is 

one that is placed externally to block solar gain prior 

to entering the building and is also moveable either 

automatically or via occupant control.  A fixed external 

shading device will reduce daylight levels all year 

round in particular on overcast days resulting in 

increased lighting use.  The next level would be to 

consider a mid pane controllable blind system which 

would not be as effective as the external device but 

would more effective than an internal blind system.   

The internal blind system would be considered the 

least effective at reducing internal solar gain as the 

heat would have entered the space prior to reaching 

the blind (see section 3.3).  Some heat would be 

reflected back out through the window (a light 

coloured reflective blind would assist with this) and as 

the blind warms up from solar radiation would convect 

this heat into the space.  One option as detailed in 

CIBSE Journal May 2012 article ‘Angelic Design’11 

regarding the Angel Office Building refurbishment is to 

use the MVHR extract system to extract the heat from 

the blinds at the source.  This refurbishment project 

utilised an innovative approach, a linear return air slot 
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is detailed into the box housing of the blind.  As the 

heat rises from the blind it is removed via the extract 

slot.    

In the future external shading could be added to the 

building when the windows are replaced in for 

example 25 or 50 years time.  A decision could be 

made based on how the building has been performing 

against the actual changes in climate change.  In 25 

years time it might be found that the use of internal 

blinds and other passive strategies has been robust 

enough or the opposite might be the case.  It might 

also be found that the climate is changing more than 

predicted.  External blinds or mid pane blinds could 

be added when windows are replaced.  The latter 

being the simpler to introduce as no external frame or 

housing would be required.     

Detailed reduced internal gain analysis 

It was initially thought that the effect of reducing the 

internal gains was not so noticeable because of the 

nature of dynamic simulation, which enables natural 

ventilation control in accordance with the load, i.e. the 

higher the internal gain the higher the ventilation rate 

is enabled to compensate.  In order to test this and to 

see what the effect would be with lower ventilation 

rates against changes in internal loads further 

simulations were ran.  With these simulations the 

dynamic window opening strategy and air change rate 

was switched off and fixed air change rates were 

applied against the base case load and a reduced 

internal gain load. 

 

Table 5: Simulated scenarios for fixed ventilation 

rates against internal loads 

Scenario Natural 

ventilation 

rate (air 

change per 

hr) 

Base 

case 

internal 

loads 

(Y/N) 

Reduced 

internal 

loads (Y/N) 

Base Case Internal Loads 

Natvent 1 1.0 Y N 

Natvent 2 2.0 Y N 

Reduced Internal Loads 

Natvent 3 1.0 N Y 

Natvent 4 2.0 N Y 

 

Figure 18:  Fixed Natural Ventilation Simulations - 

% of > 250C (bar chart & line chart) 
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Figure 18 shows in a 2080 a scenario that reducing 

internal gains (comparing natvent 2 and natvent 4) 

both at 2.0 air changes per hour reduces overheating 

from 33% to 25%, an 8% reduction in overheating.  

This suggests that at lower natural ventilation rates 

reducing internal gains or other heat gains such as 

solar gains will be more effective than is suggested in 

the dynamic simulations.  The perfect control 

simulated in dynamic modelling software of windows 

opening and closing when temperature conditions 

dictate is difficult to realise in practise unless 

automated or occupants have a very good 

understanding of how to use and operate the building 

to avoid overheating.  Occupants might not open 

windows enough, or too early or too late.  In addition 

night cooling might not be enabled due to lack of 

understanding of when to open and close windows or 

other issues such as noise and security.  For natural 

ventilation to work manually occupants need to have 

a good understanding of how a naturally ventilated 

building works.  A visual temperature display warning 

system could be used to assist with manual control.   

Therefore a 15% opening area was allowed for in the 

simulation rather than fully open.  This is not to say 

natural ventilation does not work in buildings as a 

form of effective overheating control as there are 

many cases around the world where it does.  

However human factor limitations in manual opening 

control are difficult to include for in thermal 

simulations and it is therefore important that this is 

recognised.    

It can be seen from figure 15 (simulation 9 combined 

adaptation strategies) that in 2050 and 2080 that 

overheating was beyond the set parameter of no 

higher than 5% above 250C.  In 2050 overheating was 

at 7% and in 2080 at 12%.  These figures do not 

however represent the full potential of the building to 

passively adapt to in changing climates.  There 

should be no reasons why in the future internal gains 

cannot be reduced to lower than 5 W / m2  and that 

shading is better controlled to a Gfactor that is much 

lower than 0.4.  In addition thermal modelling results 

also show that if windows are opened more than 15% 

free area during the day and a larger free area is 

achieved at night overheating will be reduced further.  

It therefore is possible to design a passive naturally 

ventilated office building that is comfortable even into 

a 2080 scenario.     

 

 

8.4 MVHR & Ground Cooling Simulation 

Results 

The adaptation strategy of using the MVHR system 

with or without ground cooling was also simulated as 

it could be seen from figure 15 (simulation 9 

combined adaptation strategies) that in 2050 and 

2080 overheating was beyond the set parameter of no 

higher than 5% above 250C.  In 2050 overheating was 

at 7% and in 2080 at 12%.   

Measures such as reducing internal gains further or 

increasing the solar shading factor could have been 

implemented which would reduce this and provide a 

total natural ventilation solution well into a 2080 

scenario.    

It was however, decided not to carry out any further 

natural ventilation simulations and leave the results as 

is and to concentrate further on analysing the effect of 

the MVHR system and ground cooling on limiting 

overheating.   

The following table details the MVHR simulations 

investigated as either a mixed mode approach with 

natural ventilation and with or without ground cooling.  

All at various air change rates throughout the day and 

night.    

Table 6: Simulated scenarios for MVHR and 

ground cooling 

Scenario Nat Vent 

Yes / No 

MVHR 

Yes / 

No 

MVHR 

air 

change 

per hour 

Ground 

cooling 

Yes / No  

Base Case 

MVHR 1 Day only Night 
only 

0.5 No 

MVHR 2 Day only Night 
only 

1.0 No 

MVHR 3 No  Yes 0.5 Yes 

MVHR 4 No  Yes 1.0 Yes 

MVHR 5 No  Yes 1.5 Yes 

With reduced internal gains 

MVHR 6 No  Yes 0.5 Yes 

MVHR 7 No  Yes 1.0 Yes 

With reduced internal gains & shading 

MVHR 8 No  Yes 0.5 Yes 

MVHR 9 No  Yes 1.0 Yes 
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Figure 19:  MVHR Simulations - % of > 250C (bar 

chart & line chart below) 

 

 

Figure 20:  MVHR Simulations - % of > 280C (bar 

chart & line chart below) 
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8.5 MVHR & Ground Cooling Simulation 

Analysis 

Both figures 19 and 20 show that for ground cooling 

to be more effective than natural ventilation even with 

a minus 80C temperature offset, the MVHR needs to 

achieve 1.5 air changes per hour (MVHR 5 

simulation).  The MVHR3 simulation at 0.5 air change 

per hour shows a dramatic increase in overheating 

even with ground cooling when compared to natural 

ventilation.  Overheating is between 30-45% 

throughout the weather scenarios.  It is obvious the 

air change rate is far too low even with an offset 

temperature to be sufficiently effective at removing 

the heat gains from the office space whether they be 

solar or equipment.   

Simulations MVHR 6-9 show that for the MVHR 

system with ground cooling to be effective at lower air 

change rates (0.5 to 1.0 air changes per hour)  than 

additional passive measures such as shading and 

reduced internal gains will be required.  Careful 

consideration to internal gains can keep thermal 

comfort levels within acceptable limits even into a 

2080 scenario.    

The use of the MVHR system can also be used in a 

mixed mode approach with the natural ventilation 

strategy.  The following details some possible 

scenarios.   

 Natural ventilation during the day, MVHR at night 

(simulations MVHR1 & 2).    

 Natural ventilation to an upper temperature limit 

during the day then MVHR enabled 

 During peak external temperatures MVHR in 

boost mode 

MVHR operating in night cooling mode can also help 

provide a secure means for night cooling areas with 

security concerns such as the ground floor.    
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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 the current climate and future 

climates and this is the implementation of night 

cooling.  Without this it would be difficult to ensure the 

building can cope using passive adaptation strategies 

into the future.  Not only does night cooling ventilation 

provide comfortable conditions now, it also provides a 

fairly stable building moving into future climates.  This 

is regardless of the mass of the building.  Once this 

has been incorporated as part of the design a 

combination of simple measures working together 

such as the use of passivhaus insulation levels (to 

reduce fabric solar gain), shading, the use of MVHR 

systems, ground cooling, display temperature warning 

systems, and reducing internal gains will ensure the 

success of the building design in changing climates.   

Provided the base design allows for sufficient 

ventilation openings (windows and roof lights at high 

level), includes low energy lighting and suitable 

control, good daylight design to ensure lights are 

switched off during daylight hours, means for 

occupant control of windows and night cooling; the 

design will be robust enough to limit overheating into 

a 2030 scenario even into a 2050 scenario provided 

equipment internal gains are limited and managed 

well. 

If the building is clearly understood and controlled by 

the end users a combination of simple adaptation 

measures such as the addition of shading, 

temperature warning systems, effective night cooling 

strategies, reduced internal gains, and good lighting 

control will ensure that the building can cope and 

remain naturally ventilated into a 2080 scenario.    

It is likely that internal gains can be reduced further 

with future advances in equipment and lighting and if 

people use outside spaces.  In addition the shading G 

factor of 0.4 could be improved upon to provide even 

further shading control during extremes.    

It was found that there was not one fixed adaptation 

solution but several which would be dependent on the 

type of occupant, how they use and control the 

building and the equipment and associated loads they 

bring to the space moving into the future.  For 

example a manual approach might not be suitable for 

some occupants and a more automated approach 

would be required which controls windows when 

temperature conditions dictate.  Another approach 

would be to make use of the MVHR system with pre-

ground cooling by earth pipes and operating in mixed 

mode approach.  When assessing this approach it 

was found to be equally effective at ensuring the 

occupants of the building are comfortable into a 2080 

scenario. 

9.2 Adaptation measures not simulated 

There are 2 measures that have not been simulated 

as part of this exercise that have been previously 

recognised at lowering internal temperatures (as part 

of another TSB D4FC project): 

 A green roof – this is part of the base case 

design. 

 Relocating external car parks and roads away 

from being immediately adjacent to the building 

and softening these adjacent spaces with green 

planting and landscape. 

It was found via CFD (computational fluid dynamics) 

modelling via Exeter University as part of the D4FC St 

Loyes Extra Care Facility project that the inclusions of 

green roofs can lower adjacent internal space 

temperatures by between 3-40C.   See Exeter 

University paper:   

‘A study of the Impacts of External Planting of the St 

Loyes Care Home’   

It was also found as part of the same project in 

another paper by Exeter University that green and 

soft landscaping the external spaces adjacent could 

lower temperatures by 2-30C when compared to hard 

landscaping such as courtyards, roads and car parks 

etc.   See Exeter University paper:   

’A first look at affect of outdoor planting on the indoor 

environment of St Loyes Residence’ 

Discussions with the software manufacturer IES found 

that it was not possible to model effectively the 

thermal loads applied to buildings from the local urban 

landscape and the effect of changing this to softer 

landscapes with green spaces.  It is an area that 

requires further research and development.    
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9.3 Recommendations 

The following overheating adaptation strategies are 

recommended which would need to be implemented 

at design stage:   

 Investigate the possibility of providing external 

areas for future adaptation into spaces where 

staff can work outside  

 Ensure server equipment, printers etc are located 

in a northerly aspect of the building if used and 

heat is removed at source via MVHR extract for 

example.  Or encourage ‘cloud’ based computing. 

 Make use of the MVHR system for extracting heat 

at source from printer spaces, internal blinds etc 

 Investigate the feasibility in the design for ground 

pre-cooling via the MVHR system, and allow 

space externally for future retrofit of ground 

cooling pipework if not installed at outset 

 Consider now how external shading systems can 

be retrofitted in the future 

 Include simple display temperature warning 

systems of when to open/close windows manually 

to improve understanding and effectiveness 

 Provide means for individuals to control their own 

environment  

 If possible cost and include ground cooling 

system now to provide night cooling means to the 

ground floor 

 Use the entrance / atrium for a stack system for 

the ground floor areas.  This will require openings 

in the northerly entrance glazed façade and 

above office doorways.    

 Investigate moving external car parks & roads 

away from the building and create soft planting 

areas 

 Provide low energy lighting design, minimum 11 

W/m2 with good controls strategy to ensure they 

are switched off during the day (daylight 

dimming). 
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