
Healthy and 

productive:

What factors affect 

occupant health 

in buildings? 

Schools 



Throughout ArchitypeôsHistory

Have attempted to design and specify responsibly

Å To minimise operational carbon

ÅTo minimise embodied carbon 

ÅTo minimise environmental impact through resource 

efficiency, use of renewable, recycled or reclaimed materials

Å To promote health and wellbeing through good design and 

selection of materials



London Wildlife Trust  



Centre For Understanding the Environment, Horniman Museum 



Genesis Project, Somerset



St.LukeôsCofE Primary School



The Enterprise Centre, University of East Anglia



The Enterprise Centre, 

University of East Anglia
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Factors that affect occupant health in school buildings

Å Quality of Light / Daylighting

Å Internal Air Quality / Ventilation

Å Internal Air Quality / VOCs, Off Gassing and Dust

Å Internal Air Quality / Humidity

Å Thermal Comfort / Summer

ÅThermal Comfort / Winter

ÅAcoustics



Research and Guidance







Design Standards, Guidance and Tools

Acoustics 

Å BB93 ïAcoustic Design of Schools

Å IoA and ANC ïAcoustics of Schools: a Design Guide

Lighting

Å EFA Daylight Design Guide

Å CIBSE LG5: Lighting for Education (and also BB90)

Å Daysim (Radiance based)

Ventilation

Å BB101: Ventilation of School Buildings

Å ClassVent and ClassCool, SummVent (PHPP), CIBSE AM10 and CFD Tools

Å CIBSE TM52 ïThe Limits of Thermal Comfort

Å KS16 ïHow to Manage Overheating in Buildings

All the above plus Heating, Controls etc.

Å CIBSE TM57 ïIntegrated School Design



Naturally Ventilated Schools

(Pre-Passivhaus)





St.LukeôsCofE Primary School





The Willows Primary and Special School, Wolverhampton



Cwm Ifor School   

2011
A Welsh 21st Century 

School

Cwm Ifor School ïA Welsh 21st Century School



Bessemer Grange Primary School and Childrenôs CentreBessemer Grange School, Camberwell



Holy Trinity Primary School, RichmondHoly Trinity School, Richmond ïAppropriate Shading



ά.ƻǘƘ ǇǳǇƛƭǎ ŀƴŘ ǎǘŀŦŦ ŦŜƭǘ ǘƘŀǘ 
the environment is much calmer, 
and this has really 
affecteddiscipline. The quality of 
light has transformed the space 
and improved alertness.We have 
seen an immediate payback in 
terms of concentration, progress, 
and attainment ςeveryone says 
it feels like a different school" 

Penny CoxHeadteacher, Holy 
Trinity Primary School

Outcomes



Building Performance Evaluation

Knowledge Transfer Partnership (KTP) / 

Oxford Brookes

Technology Strategy Board (TSB)



Building Performance Evaluation

KTP with Oxford Brookes ï7 Buildings (including schools)

TSB Building Performance Evaluation ï2 schools 

Å Building Use Studies (BUS) Methodology 

Å Energy monitoring

Å Temperature monitoring 

Å Humidity monitoring 

Å CO2 monitoring



Findings

Generally good outcomes / levels of satisfaction but examples 

of:

Å Thermal bridging

Å Air-tightness issues

Å Too complex control strategies meaning mis-use or no use

Å Ventilation strategies not working as anticipated

Å Insufficient training or guidance



Knowledge Transfer Partnership - Funded by our Ashden Award Prize, we worked in partnership with 

Oxford Brookes University on this KTP to monitor post-occupancy environmental performance.

Above ïBUS Survey at Bessemer Grange Primary School
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New Building- Key Metrics 
 

 

Date Completed 2010 
Construction Cost ~Ã1.6m 
Floor Area 685m

2
 

Cost per m2 Ã2,335 
Post Occupancy/Soft 

Landings 

6-week residency  

(Soft Landings Stage 4 pilot) TSB BPE Study 

Embodied Energy 491 kgCO2e/m
2 

-  Cradle to Gate [Stages A1-3] 

 
Airtightness 
 
Specified  

@ 50 pa Permeability 

Tested 2010 

@ 50 pa Permeability 

Tested 2013 

@ 50 pa Permeability  

10 m
3
/ (m

2
.h) 5.7 m

3
/ (m

2
.h) 6.47 m

3
/ (m

2
.h) 

 

Monitored Operational Energy & Carbon Performance  (2011-2013)  
 
 
 

Energy 
per annum 

Carbon 
per annum 

Energy 
per annum 

Carbon 
per annum 

Gas 42,470 kWh 62 kWh/m
2
 8,220 kgCO2 12kgC02/m

2
 

Electricity 26,030 kWh 38 kWh/m
2
 15,0070 kgCO2 22kgCO2/m

2
 

Total 65,500 kWh 100 kWh/m
2
 23,290 kgCO2 33kgCO2/m

2
 

 

Break Down of Electrical Energy Usage (From TM22)  
 

Space 
Heating 

Hot 
Water 
Systems 

Fans, 
Pumps & 
Controls 

Lighting 
(internal) 

Lighting 
(external)  

Small 
Power 

ICT 

Vertical 

Transport 
(Lift) 

 

Catering 

 

 

0.4 5 0 15.3 2.5 9.3 0 2 3.3 kWh/m
2
/year 

~1% ~0% ~13% ~40% ~6.5% ~24% ~0% ~5% ~9% Percentage 

 

 
 

Fig.1.5.1- Summary of Building User Survey Results- New Building 

 

Building User Survey: New Building 2013 

ñFacility suitable for excellent learning environmentò



Knowledge Transfer Partnership - Funded by our Ashden Award Prize, we worked in partnership with 

Oxford Brookes University on this KTP to monitor post-occupancy environmental performance.

Above - thermal imaging at St Lukeôs



Simpler

Controls Strategies

& Building 

User Guidance



Conclusion

KTP and TSB Building Performance 

Evaluation = Powerful Evidence Base / 

Feedback Loop 



Passivhaus Schools







Structural slab
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Foundation Detail  

Å Air-tightness ïStructure ïDuvet layer ïWind-tightness
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Thermal modelling

Design out thermal bridging 

Structural slab
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Usability / Controls

Opening façade vents - night time and 

daytime ventilation

Opening Windows for daytime ventilation on FF

Standard small radiators with TRV controls

Window indicator light

Simple Controls



Build Quality



Exceptional Comfort





Building Performance Evaluation

Knowledge Transfer Partnership (KTP)

Coventry University



Monitored factors

Relative humidity (%) in 22 classrooms

Black globe temperature (ÁC) in 24 

classrooms

Air temperature (ÁC) in 22 classrooms

CO2 concentration in 10 classrooms

Window and blind operation in 6 classrooms



Indoor air quality in summer

Why monitor CO2 levels?

A good proxy of indoor air quality

Provides information on the ventilation 

rates

Affects learning and performance

Affects health and exposure to high 

concentration is associated with 

symptoms such as headaches

Outdoor air CO2 concentration 400 ppm 

but higher in cities and rising

External noise could cause windows to 

remain closed and ventilation rates are 

reduced.

Current requirements for 

classrooms

Building Bulletin 101, 2006

- Absolute maximum 5000 ppm

- Average should not exceed 1500 ppm

- Occupants should be able to reduce to 

below 1000 ppm at any point.
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Recorded thermal energy consumption in UK schools



Indoor Environment / Thermal comfort / Winter



Indoor Environment / Indoor Air Quality / Winter



Indoor Environment /  Thermal comfort / Summer



Indoor Environment / Indoor Air Quality / Summer



The children are more alert in the afternoon, and are more attentive because the air is so 

fresh and comfortable. Sara Morris, head teacher

Outcomes



Building User Guide



Maintenance of Filters



Use of Healthy Materials in Passivhaus

Education Buildings 

University of East Anglia

The Enterprise Centre



The Enterprise Centre, University of East Anglia



Summer
The Enterprise Centre



Winter
The Enterprise Centre
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Exemplary Low Carbon Building (Passivhaus , BREEAM Outstanding ), University of East Anglia©Dennis Gilbert/VIEW


