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Overheating risk is not static and is highly uncertain

Average changes:

• Approx. 0.5˚C 

increase since 1950s

• Approx. 1.0˚C 

increase since 1850s

Ranking the hottest years since 1850 shows that most 

of the hottest years occurred in the last 10 years
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1. Air (dry bulb) temperature – sensor reflects surrounding radiation air

radiation

probe

2. Mean radiant temperature – many direct and indirect sources

3. Operative temperature, previously called dry resultant temperature, combines air and mean 

radiant temperature with velocity (average value when velocity is less than 0.1m/s). 

Air, mean radiant and operative temperatures
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CIBSE Guide A – detail not to be forgotten

Calculation of mean radiant temperature (A5 glossary)

Calculation of operative temperature
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CIBSE Guide A – assessing overheating risk for different ventilation types

Mechanically cooled buildings (1.5.3.3)

Naturally ventilated buildings (1.5.3.4)

References TM 52 (later slide)
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Free running naturally ventilated office space case study
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Overheating risk assessment of sample office space using single point operative 

temperature thresholds and current (Design Summer Year) DSY climate
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Overheating risk assessment of sample office space using single point operative 

temperature thresholds and future (Design Summer Year) DSY climate
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Overheating risk assessment using TM 52 criteria
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TM 52 predictions for sample office (one climate file)
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TM 52 analysis results two climate files compared
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• Central London location

• Serviced by MVHR units with additional summer boost

• Overheating assessment for planning process didn’t state climatic scenario so many tested to 

aid discussions with design team

Residential apartments case study
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Under CIBSE Guide A method difficult to comply due to 

high outside air temperatures within the climate file

Review of climate file and occupancy profiles
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Climate File
DSY05 (1989) -

Heathrow
1989 – London 2003 – London 1976 - London

Baseline DSY 1 + UHI DSY 2 + UHI DSY 3 + UHI

Ventilation mode

CIBSE

Guide A

2015

CIBSE

TM52

CIBSE

Guide A

2015

CIBSE

TM52

CIBSE

Guide A

2015

CIBSE

TM52

CIBSE

Guide A

2015

CIBSE

TM52

Sealed façade +

mechanical ventilation
7/16 - 0/16 - 0/16 - 0/16 -

Openable windows +

mechanical ventilation
16/16 16/16 14/16 16/16 12/16 11/16 11/16 12/16

Natural ventilation - 16/16 - 16/16 - 11/16 - 12/16

TM52 method provided greater flexibility for the development to comply 

although still does not comply to more onerous climate scenarios

16 rooms assessed in 5 apartments comparing 

baseline climate with urban heat island (UHI) variants

UHI and different ventilation modes
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Some other overheating risk assessment methods (sector & compliance-based)

Part L 1 (SAP) assessment CIBSE comfort assessment method

Regulatory requirement in Part L1A Not mandatory for building regulations compliance

Simple calculation to determine the effects of solar 

gains in summer, taken as a proxy for overheating risk 

(Part L criterion 3)

Assessment using dynamic thermal model 

‘High’ risk is deemed to fail Part L criterion 3 Exceeding specific indoor operative temperatures 

for percentage of occupied hours

Low cost assessment. Should be carried out for

normal Part L compliance.

Relatively high cost of assessment due to additional 

briefing, dynamic thermal modelling and analysis.

Building Bulletin 101 (Ventilation of School Buildings) 

Internal air temperature to meet at least 2 out of the following 3 criteria (May to September, 

9:30 to 3:30pm):

1. Not to exceed 28oC for more than 120 hours (i.e. over 15% of occupied hours)

2. Not to exceed external temperature by more than 5oC

3. Never to exceed 32oC

Weather data: Test Reference Year

BCO 2009

Summer internal air temperature: 24oC ±2oC

Look to limit operative temperature to 26-27oC at the perimeter
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Option 1 – No Shading
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Option 2 – Brise Soleil

Simulation for solar gains in a commercial office development

In order to get chilled beam with displacement ventilation system to work there 

was a need to limit solar gains
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Innovation – closed cavity façade (CCF) with automated interstitial blinds

• Significant R&D required to capture heat transfer through CCF system

• Challenge for blind system simulation includes operation of blinds as a function of incident solar gains / 

resulting daylighting levels and then correlating changes in internal heat (artificial lighting) gains which 

also vary with blind operation

• Calculation showed similar performance to brise soleil system,  CCF system allowing floor to ceiling 

glazing which was the architectural preference
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How wide open is a window (effectively)?

Flow rate = Factor x Pressure difference

Velocity (x area)
Pressure loss e.g. due to turbulence

Discharge coefficient (Cd)

Effective area (NOT width x height)
Either directly put into 

model or via Cd
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Window Open 90o

Open area (OA)= 2m2

Discharge coefficient (Cd) = 0.6

Effective area (Cd*OA)= 1.2m2

Window Open 45o Window Open 10o

Open area (OA)= 1m2

Discharge coefficient (Cd) = 0.6

Effective area (Cd*OA)= 0.6m2

Open area (OA)= 0.34m2

Discharge coefficient (Cd) = 0.6

Effective area (Cd*OA)= 0.2m2

Effect of opening a window on ventilation performance 

(excluding top and bottom of window for illustration purposes)

2 m

1.0m

90o 45o

0.5m
10o

0.17m

Definition of area for ventilation openings

In reality different flow patterns and resulting turbulence / 

pressure losses will generate different discharge coefficients
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• External opening (slots) - on two sides with 50% open porous mesh (possible insect mesh) 

• Internal zone – geometry generates turbulence (possible attenuation elements)

• Internal opening (face) - openable panel (possible grille and/or damper system)

external slot

inside 

face

external slot

Calculation of effective area for ventilation openings (vent unit)
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0Pa 0Pa

-1Pa

2Pa-2Pa

-1Pa

Flow rate = 0.147m3/s 

Example without wind

Example with wind

Calculation of effective area for ventilation openings (vent unit)

Different pressure differences 

generate different flow rates 

leading to pressure-flow curve 

and calculation for effective area

Manufacturer’s data on discharge 

coefficients may only be available 

for single components and not 

the full system.



22Simulation for overheating risk in the built environment

angle increases flow rate and 

therefore increases effective area

any grille insert would reduce 

flow rate and therefore reduce 

effective area

open area representation for grille?

attenuation elements generate 

turbulence, reduce flow rate and 

therefore reduce effective area

Reducing overheating risk by increasing effective area
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• Continuous mechanical extract system through bathroom and kitchenette

• Air path via fixed louvre with additional summer ventilation via openable windows

Student residence with extract only ventilation system case study

-8 l/s -13 l/s

Bathroom and kitchenette extract

Fixed louvre and openable window
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• Solution required a combination of a dynamic thermal systems and multi-

zonal airflow models

• Includes models for air movement via openable windows/louvres and extract 

air systems

• All units shown to be compliant in at least two out of three TM52 criteria

HVAC system generated in dynamic thermal model
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• Insufficient consideration of how the space would be operated undermined the validity of the 

overheating test

• Large dedicated ventilation panels which were crudely controlled to be fully open anytime the 

room temperature was above 20°C

• Vents being fully open despite external temperatures being below 16°C all morning leading to 

violation of the EFA requirements to control cold draughts

• Correcting the window operation to control cold draughts led to increased overheating due to 

reduced cooling of the thermal mass during the early part of the day

Ventilation free area (green) vs external dry bulb temp (blue)
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Date: Fri 25/May

Eqv area: All openings (TM52 Windows @20.aps) Dry-bulb temperature:  (LondonDSY05.fwt)

Solution controls in a school building (I)
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• Classrooms have NVHR fans running at maximum non-stop (24/7)

• With window openings and high thermal mass this sailed through the EFA tests with report 

submitted to design team in support of the design

• Once controls were corrected to be representative it failed

• Poor consideration of controls can lead to spaces being over-ventilated or over-cooled in the model 

thereby allowing the overheating test to be more readily passed leading to increased overheating risk 

in operation.

• Where hybrid approaches are used the controls must avoid conflicts and correctly account for the 

handover from one system to another.

No overheating here!

(Occupied operative temperatures 13 to 17°C…in June!)
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Date: Mon 04/Jun to Fri 08/Jun

Operative temperature: 05000002 (Classroom Overheating PSBP TM52.aps)

Solution controls in a school building (II)
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Clients, in particular Housing Associations and residential developers, 

are increasingly concerned about overheating in new apartments 

(both in communal areas / corridors and within the dwellings)

Potential causes of residential overheating complaints:

• Internal gains from equipment

• Heating pipes in corridors (…continual circulation of LPHW)

• Poorly insulated heat interface units

• Poorly installation of thermal insulation

• Radiant heat from underfloor heating

Capture of realistic internal heat gains - overheating from building services
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Heat emissions from building services installations

• Poorly insulated heating pipes can generate warm 

conditions in residences

• Many community heating systems are operating 

24hrs/day

Hot water cylinderSensitivity testing of inputs may reduce risk of 

underestimating overheating risk and provide focus
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How should known variations in measured external surface 

temperatures influence our approach to assessing overheating risk?

The temperature of some materials 

can vary by 10K or more

• More checks on outside conditions 

and surface properties?

• Greater resolution in model?
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23°C

66°C

Implications for internal temperature of building, efficiency of roof mounted 

HVAC systems, energy consumption, carbon emissions, urban heat island effect

Higher risk of overheating on top floor
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Lights 

(convection)

Lights 

(radiation)

Ventilated facade
Thick unvented wall

Operative temperature prediction using high resolution multi-zonal 

dynamic thermal model

Mechanically 

cooled supply air

Fixed target temperature 

in adjacent space

Occupant 

heat gains

During feasibility / concept stage sensitivity testing of envelope and systems may 

provide focus for positioning of the design within known limits of technique
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Retail development: Operative temperature prediction using CFD 

model coupled to a dynamic thermal model (DTM)

Typically DTM resolves radiant field and provides fixed surface temperatures for the 

CFD model.  In this case mean radiant temperature by zone was also exchanged. 
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• Choice of software and approach.  May be impacted by design stage with 

increasing complexity as the design develops.  Appropriate disclaimers, 

limitations, assumptions recommended to be specified.

• Choice of climate data.  How informed is the client about this choice and 

consequential future repercussions (e.g. requirements for adaptation or 

retrofitting)? Clear or partially cloudy sky?

• Choice of targets. How informed is the client about this choice and its 

potential impact on commercial risk or worker productivity? 

• Occupant behaviour.   Profiles known to have a large impact on 

performance gap and will also impact overheating risk.

• Internal heat gains. What’s missing and how sensitive is overheating risk to 

the way the internal heat gains are applied (air and radiant components)?

Final thoughts on overheating risk assessments
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• Treatment of surfaces (inside and out).  Thermal conduction through 

envelope may be significant factor in overheating risk.  Check U-

values are appropriate (e.g. including surface orientation).

• Capture of solar gains. Is glazing and shading / blind systems 

effectively represented in the model? Is systems design for blind open 

or blind shut and does target correlate? Is g-value AND direct solar 

transmission for glazing element appropriately represented?

• Solution controls. How will the space be used? What are people 

experiencing? How will they respond to operate windows, ventilators 

and blinds? How should automatic controls be set up?

• Solution checking and interpretation. Even if target is based on hours 

exceeded over several months, a detailed review on a peak day 

provides additional confidence in design message.  Is velocity ‘guess’ 

appropriate and how sensitive is given metric to it. 

• Recommend use of CIBSE AM11 ‘Building Performance Modelling’ 

(2015) for guidance.

Final thoughts on overheating risk assessments
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Thank you

Any questions?

darrenwoolf@hoarelea.com
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