Healthy and
productive:

What factors affect
occupant health

INn buildings?

Schools
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ThroughoutAr ¢ h i1 Higtorye 0 s
Have attempted to design and specify responsibly
A To minimise operational carbon

A To minimise embodied carbon

A To minimise environmental impact through resource
efficiency, use of renewable, recycled or reclaimed materials
A To promote health and wellbeing through good design and

selection of materials
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Factors that affect occupant health in school buildings
A Quality of Light / Daylighting

A Internal Air Quality / Ventilation

A Internal Air Quality / VOCs, Off Gassing and Dust

A Internal Air Quality / Humidity
A Thermal Comfort / Summer
A Thermal Comfort / Winter

A Acoustics
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T Main findings

Section

04

The single most important finding reported here, is that
there is clear evidence that the physical characteristics
of primary schools do impact on pupils' learning progress
inreading, writing and mathematics. This impact is quite
large, scaling at explaining 16% of the variation in the
overall progress over a year of the 3766 pupils included
in the study. By fixing all factors to their mean scores,
except the physical environment factors, the impact of
moving an “average” child from the least effective to the
most effective classroom has been modelled at around
1.3 sub-levels, a big impact when pupils typically make 2
sub-levels progress a year. As far as we are aware, this is
the first time that clear evidence of the effect on users of
the overall design of the physical learning space has been
isolated in real life situations.

This conclusion was reached after the impacts on learning of the Stimulation, Individualisation and Naturalness
(SIN) characteristics had been assessed using a multi-level modelling process (MLM). Within these three principles,
ten design parameters were first each individually tested (using bivariate analysis) for their impact on learning.
These each had some impact, as predicted by the literature, but when they were combined in the MLM their
significance and relative importance changed owing to interactive effects and the factoring out of the effects of
pupil characteristics (see Appendix C).
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It can be seen that the overall impact of 16% is driven
by a wide range of factors, with no single one being
dominant. This supports the notion that the impact
of the physical space occupied is indeed an holistic
experience in which a full range of factors are in

play, together. Looking at seven significant design
parameters it is interesting that those that are normally
studied fall within the Naturalness category and

are indeed important, but only account for around
half the effect found. The other two categories,
“Individualisation” and Stimulation”, taken together,

1%
Complexity
12%
Colour
17%
Ownership
1% 16%
Flexibility Air Quality

The factors found to be significantly influential
via the MLM were, in order of influence:

O Naturalness: light, temperature and air quality —

accounting for half the learning impact
Individualisation: ownership and flexibility —
accounting for about a quarter

Stimulation (appropriate level of): complexity
and colour - again about a quarter.

are as important to users’ experience of the spaces
they occupy. This expansion to include these novel
design principles represents a shift from a relatively
passive focus on “comfort” to a fuller consideration
of the active response of people to their built
surroundings. Interestingly, the appropriate level of
stimulation for learning turns out to be curvilinear —
neither chaotic, nor boring, but somewhere in the
middle. That is, it is easy to over-stimulate pupils with
vibrant colours and overly busy displays, but a white
box is not the answer either.

Three design parameters were competed out in the

MLM process by the above, more influential,

factors. The aspects that dropped away were
Sound, Links to Nature and Connection. In

some sub-analyses these do appear to be

relatively more important for some sub-

categories of pupils and some specific

subjects. So, in the next section they
are included, but clearly labelled as
“secondary factors”.

12%
Temperature

A surprising finding is that physical
design factors at the school level
of analysis did not come through
as being of sufficient importance
to appear amongst the main factors
at all. These covered the size of the
school, the provision of shared specialist
rooms, routes through the school, the scale
and quality of external spaces, etc. It is well
known that pupil factors are important, but the
HEAD study unusually assessed individual classrooms
as well as whole-school factors. Once the pupil
effects have been addressed, it would seem that in
primary schools, when addressing formal learning, the
overwhelming focus should be at the classroom level,
as there is very little variation in learning associated
with the school level of analysis. The partitioning of the
variation within the MLM shows 54% of the variability
is at the pupil level, 43% is at the classroom level and
only 3% is at the school level. This seems to reflect the
reality that primary school pupils relate strongly to their
classroom, with their teacher, where they spend the
great majority of their time.
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This Digest describes
sources of VOCs in indoor
environments, methods to
control the amount of
emissions from building
products, and the available
VOC guideline values for
assessing indoor air quality
in buildings.

Part 1 of this Digest

summarises the VOCs and
the range of TVOC
emission rates from some
typical wall and flooring

materials used in buildings.

Environmental chamber
test methods for
measuring VOC emissions
from building materials
were briefly described.

Digest464
Part2

Part 2 describes the air
quality guidelines and the
emission databases used
for assessing the impact of
VOC emissions in the
indoor environment; also
labelling schemes for
controlling VOC emissions
from building materials.

Introduction

The concentration of VOCs is normally
higher indoors than outdoors. This has been
demonstrated by studies in many countries
including surveys of indoor air quality (IAQ) in
England!*?.. The indoor concentration of total
VOCs (TVOC) was typically ten times higher
than outdoors. Table 1 shows the mean
concentrations of benzene, formaldehyde,
toluene, undecane and TVOC in the homes
monitored in one of these studies.

The possible impact of a building product
on IAQ is included in the European
Commission’s Construction Products Directive
(CPD) Essential Requirement (No 3), Hygiene,
health and the environment: safety in use. The
harmonised standards being developed by the
European Standard Committees - CEN TC
134 for floor coverings, CEN TC 193 for
flooring installation materials (adhesives,
primers and levelling compounds) and CEN
TC 139 for paints and varnishes — will provide
sellers and consumers with a legal basis for
certifying products in relation to health and

safety, and environment issues, as well as to
provide a harmonised basis for comparing
product properties for building applications.
The harmonised standards for particleboard
(BS EN 312-1), medium density fibreboard (BS
EN 622-1) and oriented strand board (BSEN
300) have already been introduced by CEN TC
112. Tests for formaldehyde emissions from
wood based products have been reviewed®. A
European pre-standard (ENV 13419) for
measuring VOC emissions from new building
products was published in 1999.

Table 1 Percentile values of the mean

concentrations (ug m™) of formaldehyde, VOCs
and TVOC measured in 174 homes in Avon'!
Compounds 10% 50% 75% 95%

Benzene 4 7 9 14
Formaldehyde 11 20 32 50
Toluene 14 25 39 73
Undecane 3 9 16 43
TvoC 126 308 491 1064

constructing the future

du

Department of Trade and Industry



Design Standards, Guidance and Tools

Acoustics

A BB931 Acoustic Design of Schools

A loAand ANC i Acoustics of Schools: a Design Guide
Lighting

A EFA Daylight Design Guide

A CIBSE LGS5: Lighting for Education (and also BB90)
A Daysim (Radiance based)

Ventilation

A BB101: Ventilation of School Buildings

A ClassVent and ClassCool, SummVent (PHPP), CIBSE AM10 and CFD Tools
A CIBSE TM52 i The Limits of Thermal Comfort

A KS161 How to Manage Overheating in Buildings

All the above plus Heating, Controls etc.

A CIBSE TM57 i Integrated School Design

ARLHITYPE



Naturally Ventilated Schools

(Pre-Passivhaus)
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The Willows Primary and Special School, Wolverhampton
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Bessemer Grange School, Camberwell



Holy Trinity School, Richmond i Appropriate Shading
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the environment is much calmer,
and this has really
affecteddiscipline. The quality of
light has transformed the space
and improved alertnes$Ve have
seen an immediate payback in
terms of concentration, progress,
and aftainmentc everyone says l |
it feels like a different school" |

Penny CokleadteacherHoly
Trinity Primary School



Building Performance Evaluation
Knowledge Transfer Partnership (KTP) /

Oxford Brookes

Technology Strategy Board (TSB)
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Building Performance Evaluation
KTP with Oxford Brookes T 7 Buildings (including schools)

TSB Building Performance Evaluation i 2 schools
A Building Use Studies (BUS) Methodology

A Energy monitoring

A Temperature monitoring

A Humidity monitoring

A CO2 monitoring

ARLHITYPE



Findings

Generally good outcomes / levels of satisfaction but examples
of:

A Thermal bridging

A Air-tightness issues

A Too complex control strategies meaning mis-use or no use
A Ventilation strategies not working as anticipated

A Insufficient training or guidance

ARLHITYPE



Building User Survey: New Building 2013

Temperature in summer:overall  Uncomfortmble | ” A 7 Comfortable
Temperature in winter:overall  Uncomfortable | [I A 7 Comferable
Air summer:overall  Unsatsfactory | . ﬂ A 7 Satisfactory
Air in winter:overall  Unsatsfactory | ﬂ A 7 Satisfaczory
Lightingtoverall  Unsatsfactory | ﬂ A 7 Satisfactory
Noise: overall  Unsatsfactory | [] A 7 Satisfactory
Comfort: overall  Unsatsfactory | u A 7 Satisfactory
Design  Unsatsfactory | B A 7 Sausfactory
Needs  Unsatisfactory | ﬂ A 7 Satisfactory
Health (perceived)  Less healthy | ﬂ A 7 More heaithy
Image to visitors  Poor | ' U A 7 Good
Productivity (perceived) Decreased -20% “ A +20%  Increased
0% ©BUS Mechodology 2011
triangles represent mean values significantly better or higher than both the benchmark and scale midpoint.

Amber circles are mean values no different from benchmark, Red diamonds are mean values worse or lower
than benchmark and scale midpoint. The UK benchmarks are represented by the white line through each variable.

Be careful to read the directions of the scales and the scale labels.

Health (perceived)

Score: 4.4
L Mean U

Benchmark 3.46 3.62 3.78
Scale midpoint  3.84 4 4.16

Study mean Scale midpoint

Percentile 90 68
A | Health

Study mean: 4.4 | Study building percentile: 90 | Quintile: 5
Building code: 9062 | Benchmarks: BUS 2011 UK benchmark
Web content © BUSMethodology 2013
Per
Count cent

Less healthy :1 0
7

13
33
27
20
0

No R W
o w b N = O

More healthy :

Less healthy :1 Health * 7: More healthy
L

More healthy: 7 _ -

24

Less healthy: 1 L

0 10 20 30 40 50 60 70 80 920 100

Percentile

Bessemer Grange - New Extension

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 i BUS Survey at Bessemer Grange Primary School
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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 -t her mall I maging at St Lukeos AREHITYPE



Simpler
Controls Strategies
& Building

User Guidance
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Conclusion
KTP and TSB Building Performance

Evaluation = Powerful Evidence Base /

Feedback Loop
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Passivhaus Schools
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Thermal modelling

Design out thermal bridging



Simple Controls

Usability / Controls

Opening facade vents - night time and
daytime ventilation

Opening Windows for daytime ventilation on FF

Standard small radiators with TRV controls

Window indicator light




Build Quality
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Building Performance Evaluation
Knowledge Transfer Partnership (KTP)

Coventry University
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Monitored factors

black globe

uoc

Black globe temperature (AC) in 24
classrooms
air [

°C

Air temperature (AC) in 22 classrooms

rh

é.

Relative humidity (%) in 22 classrooms

co,

CO, concentration in 10 classrooms

10°
Window and blind operation in 6 classrooms



Indoor air quality in summer

Why monitor CO, 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 CO, 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.

co,




Recorded thermal energy consumption in UK schools

kWh/sqm / year

160

140

120

80

60

20

Typical

Good
practice

Median

2013 ‘ 2014

2013 2014 2013 2014 2013 2014 2013 2014
BREEAM Very Good BREEAM Excellent Passivhaus Passivhaus Passivhaus
Willows S Lukes Oakmeadow Bushbury Wilkinson




Indoor Environment / Thermal comfort / Winter

Air
~ Temperature
(°C)

Wilkinson
2nd generation
PH /2013

Bushbury Hill
1st generation
PH /2011

St Luke's
pre-PH / 2009

Conventional
1970s

Occupied hours
9:00 - 16:00

Lower limit

25 —

24 —

23

22

21 —1-

20

19 —

18 —

17 —

16

16 —

Monday

Tuesday Wednesday Thursday

1st - 5th December 2014

ARLHITYPE
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Indoor Environment / Indoor Air Quality / Winter A‘ HH : I I ‘Y‘ u :

y COs2 5500
L concentration
-~ (ppm) 5000 ! 7
4500 —
e WVilKiNsON
2nd generation 4000 |
PH /2013
_______ Oak Meadow 3500 —
18t generation
PH /2011 3000
— Willows
pre-PH / 2011 2500
— Conventional 2000 ‘
1970s il
Occupied hours 1500+ RnY H , \7
9:00 - 16:00 A } ] l . ‘ '
1000 - | | \
— Maxlimit (88101) 5 \ B M ‘\
500 '..—» —‘ “ 7= = ha \ .
. Average limit
(BB101) 0

Monday Tuesday Wednesday Thursday Friday
1st - 5th December 2014



Indoor Environment / Thermal comfort / Summer A‘ HH:"“”:

Air 30 —
Temperature 29
(°C)

Wilkinson
2nd generation
PH /2013

e Bushbury Hill
18t generation
PH /2011

— Willows
pre-PH / 2011

— Conventional
1970s

Outdoor mean

(exp. weighted) 19

12
Occupied hours 11 —
9:00 - 16:00 o

Monday Tuesday Wednesday Thursday Friday
23rd - 27th June 2014



Indoor Environment / Indoor Air Quality / Summer ﬁ‘ HH:II‘V‘HI

concentration

(ppm) 5000 V
4500 —
4000 —

s WilKINSON
2nd generation 3500

PH /2013
3000
Oak Meadow
1st generation 5500 -
PH /2011
——— Conventional 2000 —
1970s
Occupied hours Ll
9:00 - 16:00
1000
—  Max limit (BB101)
500
Upper limit of
average (BB101) 0

'!l-llll'lvtlllllIIlvl!l-'vlllr"lliﬂl”l llll-lll:rlllll‘llvvlln|r‘n[]1.l||-|y”|||nr||.1r1 AR ENANERINARANARARARRAN]

Monday Tuesday Wednesday Thursday Friday
23rd - 27th June 2014
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Building User Guide

@ Classrcom guide for winter ; i L during daytime. o

Classroom Guide

~

=

=z
=

=
-

Windows and ventilation panels can generally

remain closed in the winter, as enough fresh air is
mechanically supplied. By keeping the windows

closed we save energy for heating!

Even in winter, you may wish to open the

windows to allow more fresh air in. However, if
this happens tco often, tell the facilities manager.

@ Daylight and blinds

A daylit learning environment is good

for health and performance. Keep the
blinds up when there is no glare from

the sun,

Pre-heated fresh air is
supplied mechanically
into the classroom
through the grilles.

Warmer air transfers from
~ 22 °C the classroom to the hub.

Radiators are automatically switched
on and off during the day to maintain
21 -23 °C space temperature.

classroom in winter, first, tum
down the thermostat,
attached to the radiator.
Then, if needed open the
windows to cool down
further.

If this happens tco often,
contact the facilities manager.

4 If it gets too hot in the

‘"‘

W

Remember to turn off the lights;
when there is enough daylight,
and when you leave the classroom.

ARLHITYPE

@ Classroom guide for summer; ,'. during day-time.ﬁ

Warm air escapes
through the open
ventilation panels.

\

/7

Warm air escapes
through the grilles to
the hub space.

Open windows and
ventilation panels in
summer help ceol down
the classroom. In the

2 unlikely event that
outdcor air is warmer

= than indoor air, it may be
better to close windows.

Cooler fresh air enters
through the open
windows

& ventilation panels.

Fresh air is supplied
mechanically

into the classroom
through the grilles.

@ Classroom guide for summer; ? @  during night-time.

Warm air escapes
through the open
ventilation panels.

/V

J

Warm air escapes to the hub, through the vents and the
classroom door to the hub space. If overnight cooling with
natural ventilation is activated, then air movement is enhanced
by the open windows in the hub space.

Fresh air is supplied
mechanicalty

into the classroom at a
reduced rate, unless
overnight cooling with
mechanical ventilation is
activated.

Cooler fresh air enters
\ through the open
ventilation panels.

‘ . Why is air in the classroom is heated by the heat emitted by laptops, screens, electric lights, the
= occupants and sunlight. In order to cool down the classroom, ventilation is required.
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Use of Healthy Materials in Passivhaus
Education Buildings
University of East Anglia

The Enterprise Centre
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The Enterprise Centre

Summer




The Enterprise Centre

Winter
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e tailbert\VBEMAg (Passivhaus , BREEAM Outstanding ), University of East Anglia



