Building Performance Evaluation: Who Benefits?

Adrian Leaman

Usable Buildings Trust | Building Use Studies

Cardiff Metropolitan University, 2 September 2013

Links enabled in pdf with live web connection

... supporting www.usablebuiIdings.co.uk



http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk

A series of case examples
llustrating who benefits from
Building Performance
Evaluation
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Building Performance
Evaluation Is primarily about
obtaining believable feedback
to help improve design and
management.
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Three perspectives

Human needs: Are needs being met?
Environmental performance: How benign?
Affordable and manageable?

One objective

Better feedback aimed at the most effective
people in the process.
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Hardly any modern buildings
work well in all three, so all-round
Improvement Is the main
justification for BPE.
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Beware of vanity studies:
those concerned mainly with
benchmarking and self-
promotion.
Example to follow!
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Examples

The classic Probe study: Elizabeth Fry Building.
Design feedback: Irish generic schools programme.
Before and After studies: CH1 and CHZ2, Melbourne.
Diagnostics and remedial: St Philips’ Place.

PhD research: Domestic building user behaviour.
Meta-analysis: e.qg. Killer variables

There are many more, including, e.g., developers assessing performance of office
space provided for rent, school design and performance, support for energy
monitoring studies, student project work, as part of Soft Landings, as background
for strategic and technical development, as part of user and control studies.
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1. The classic Probe study: Elizabeth Fry Building
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Elizabeth Fry Building,
University of East Anglia,
Norwich, UK

Test of Time download

TEST/ TIME

Too many new public and comemercial buildings fail to bive up to their expectations for
eneTEy savings and user comdors, but can the good ones maintain their pefformancoe?
With support from CIBSE, a team of experts returns to a university building that was
found to perform exceptionally well in the Lite 1ggos, Bill Bordass and Adran Leaman

report on ther E:rh:h:nF. A separate article on the 'Flrrﬁnnmru;r: of schoal hun]ﬂi:rbgs
generally starts on page 39
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Elizabeth Fry building

Findings in public domain

Yes

Commissioned by ...

Initially Probe project funding (50% government,
50% private matched)

Followed up

Yes, ten years later.

Test of Time download
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Elizabeth Fry 1997 study

Summary (Overall variables)

Air in summer: overall Unsatisfactory :1 :.'.,,r-,._—_\,._-_:r : : :* : : 7: Satisfactory
Air in winter overall Unsatisfactory :1 :»"m'.u | * 7: Satisfactory
Comfort: overall Unsatisfactory :1 ‘L:_.mf ‘ l m— + ' I 7: Satisfactory
Design Unsatisfactory :1 ':‘,,_-.5 an ‘ ' — 2 * ' ‘ 7: Satisfactory
Health (perceived) Less healthy :1 .H.;;__,._h ' — ¢ ' ' ' 7: More healthy

Image to visitors

Not included in 1998 study.

LA A

L4

|

L ] 1

Lighting: overall Unsatisfactory :1 Ltover * 7: Satisfactory
Needs Very poorly :1 Neeads * 7: Very well
Noise: overall Unsatisfactory :1 Nseover + 7: Satisfactory

L '] Il Il Il' '_ L J
Productivity (perceived) Decreased: -20% Prod + Increased: +20%
Temperature in summer: overall Uncomfortable :1 + 7: Comfortable
Temperature in winter: overall Uncomfortable :1  Tiover * 7: Comfortable
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Elizabeth Fry 2010 study

Summary (Overall variables)

Air in summer: overall Unsatisfactory :1 :-’xirsme:r * 7: Satisfactory
Air in winter overall Unsatisfactory :1 'L.f.,”».-, _L: .:. | *:_ : 7: Satisfactory
Comfort: overall Unsatisfactory :1 'C-:-n'.r-:--:t‘:r o * ‘ 7: Satisfactory
Design Unsatisfactory :1 'DES an l l = * ' 7: Satisfactory
Health (perceived) Less healthy :1 :.q_.,_.r-,,-_hjl * r . 7: More healthy
Image to visitors Poor :1 ' mage ‘ ' + ' ' 7: Good
Lighting: overall Unsatisfactory :1 ] Ltov ' l“ ll* I 7: Satisfactory
Needs Very poorly :1 :‘deecs . : l .+ . 7: Very well
Noise: overall Unsatisfactory :1 "\ls»::‘.-e: I * , ' 1 7: Satisfactary
Productivity (perceived) Decreased: -20% :Prc:j : : : - i* : : : : Increased: +20%
r 1 L — r' T 2 g |
Temperature in summer: overall Uncomfortable :1 TJ | . + , . . 7: Comfortable
Temperature in winter: overall Uncomfortable :1 'T.,,.;\\, H‘ ' = * ' ' 7: Comfortable
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Annual CO2 emissions from university buildings
kg/m? Treated Floor Area at UK CO, factors of 0.184 for gas and 0.525 for electricity

-10 0
ECON 19 Type 2 Good Practice Cffice NV >>

APU Queens Building 1886 ANV

-
-

UEA E Fry Building with kitchen MM 2005

Visby Library, Sweden 2002-04 MM
Portland Building Portsmouth 1998 ANV+
de Montfort Queens Building 1886 ANV
de Montfort Queens Building 2004 ANV

ECON 19 Type 3 Good Practice Office AC >>

Orchard LRC, Birmingham 2001 ANV

Gloucester LRC 2004 MM

ECON 18 Type 3 Typical Office AC >>

AC= Air Conditioned, ANV = Advanced Natural Ventilation, MM = Mixed Mode.

10 20 30 40 S50 60 70 80 S0 100 110 120 130 140 150 160

UEA Elizabeth Fry Building MM 1887

UEA Elizabeth Fry Building MM 2010

e e
oD o
e |
| -

B Heating+hot water gas (normalised)
@ Heating and hot water - electricity
BRefrigeration and heat rejection

@ Fans, pumps and controls
OLighting

8 Office equipment

S Catering and vending

8 Other electricity

OPV contribution (deduct)

& Gas for catering

[ e
... supporting WWW.usablebuildings.co.uk

14


http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk

2. Design feedback: Irish generic schools programme.

[ e
... supporting WWW.usablebuildings.co.uk

15


http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk

Irish Generic Schools
programme

Findings in public domain

Partial.

Commissioned by ...

Student project (Noel Guilfoyle, CAT)

Followed up

Ongoing construction but assessment unclear.
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Summary (Overall variables)

Alr in summer: overall Unsatisfactory :1 :.'w-_;,.- v E : : : + : : 7: Satisfactory
Air in winter overall Unsatisfactory :1 «.. ll - + 7: Satisfactory
Comfort: overall Unsatisfactory :1 ':'_'-_:n‘;,-‘-:--.'er ' _— * I 7: Satisfactory
Design Unsatisfactory :1 '::l._'.-.', an : : ' - * 1 7: Satisfactory
Health (perceived) Less healthy :1 :H;.; alth : : . I: + : : : 7: More healthy
mage to vsitors oot roew
Lighting: overall Unsatisfactory :1 ' l ' - * ‘ 7: Satisfactory
Needs Very poorly :1 '\;.;. ads t : ' - '* 1 7: Very well
Noise: overall Unsatisfactory :1 4 I — * ' 7: Satisfactory
Productivity (perceived) Decreased: -40% 'r\,,_ 4 : : r * + : ' I Increased: +40%
- .' .1 .' '1:1"4 .' " .‘ A
Temperature in summer: overall Uncomfortable :1 + 7: Comfortable
Temperature in winter: overall Uncomfortable :1 , : ,1 I o + ' 1 7: Comfortable
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St John the Apostle

Total 31 kWh/m2

2011-2012 19 kWh/m2 gas 12 kWh/m2 electricity

Occupied 8:50 to 2:30 Mondays to Fridays for 183 days in the year.
Some after hour classes

Community group on Sundays

Heating switched off from April to October,weather permitting

During heating season heating switched on for 2.5 hours a day on a school day and 2 hours on a
Sunday.

e ]

... supporting www.usablebuiIdings.co.uk

18


http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk

ISSN 20072-7925
Ireland's gemeric repeal design schools programeme
CELE Exchange 2011/5

COECD 20

Ireland’s generic repeat
design schools programme

By Tony Sheppard, Department of Lducation and Science, Ireland

The Irish Department of Fducation and Skills (Dof) is strongly commitied to energy efficiency and
to reducing CO, by deweloping and implementing energy level ceilings in relation to school design
that aim to remain below half of the accepted good practice in the field. This approach works
within normal departmental budgetary imits to create school buildings that are breaking ground
for building designers.

INTRODUCTION

Practical simplicity

The DoE's Planning and Bulding Unit s now developing low-energy educatonal buildings with the '
help of genenc repeat design (GRD). This s a programme delivenng many primary schools, not just

a single demonstration peototype building. To minimase risk an so many progects, it brings together
proven-in-use technologies. It s significant because of the practical simplicity of its low energy design

and repeatability on sites with vaned onentations

South-facing two-ttorey
classroom block and entrance
of fust-completed GRD school

O et Barbossr W

Precedent

There are clear precedents in Ireland for the use of highly refined standard school plans as pant of the
government’s response to the demands of providing accommaodation for Large numbers of pupils. The
GRD has evolved this procurement method with complete superstructure tender packages available

Previous research

Gaven the requirement to mimimise nisk on multiple projects, the GRD brings together all cusrently

available proven and tested-in-use technologies

N
Irish Generic Schools Programme download ... supporting WWW.usabIebuildingS.CO.uk
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Typical questions

to designers from

building evaluation
studies’ debrief
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ENTRANCE 1

Boiler
room
- o__ - | Ceneral puposes room == emmmml Nl e e e - 1
I
¥ ; |
= I
g |
|
: £ -
T P W ADDITIONAL 4 §
Photoc ' CLASS ROOM |
' ;
| |
r |
Princi 1 |
Classroom 1 Classroom 2 Classroom 3 Classroom 4 * | :
| I
| |
| I
ENTRANCE 2 : :
TR p— -

... supporting WWW.usablebuildings.co.uk



http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk/Pages/Unprotected/GRDSchoolsIreland.pdf
http://www.usablebuildings.co.uk/Pages/Unprotected/GRDSchoolsIreland.pdf
http://www.usablebuildings.co.uk/Pages/Unprotected/GRDSchoolsIreland.pdf
http://www.usablebuildings.co.uk/Pages/Unprotected/GRDSchoolsIreland.pdf

Blinds are down on nearly all the high level
windows on the south side, designed to
provide deep daylight, and quite a lot of

the lower ones too. Why?
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“... the Metadata on this photo indicated a time of 14.52

in May, so | suspect pupils have left all of the classes for
the day. The caretaker or teachers close down blinds to

enhance security (and reduce night time radiation loss).

The first on left with blinds and windows open is used as
a staff room so it may be still in use.”

[ e e
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Why two entrances?
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“One of the drivers of the dual entrances
was the need to locate these schools on
multiple sites with various approach
orientations.”
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“Note lights on in atrium. At least there aren't very many
of them. This is something that [we have seen] on
several school visits. Down to failure to calibrate daylight
sensors that are covering this area. Like the roof light.
But can the atrium be blacked out?

[ e e
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“This roof light worked out well. It has opal glass to
disperse any direct sunlight. We have refined this
feature further on another school ... under construction.
As these hall-type spaces are usually located north-
facing .. we normally have not provided glare or
blackout blinds.”
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3. Before and After studies: CH1 and CH2, Melbourne.
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CH2

Findings in public domain

Some, but energy and water not available

Commissioned by ...

City of Melbourne

Followed up

Not known
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Download report

Indoor Environment Quality

and Occupant Productivity
in the CH2 Bullding:

Post-Occupancy Summary

Report No. USP2007/23

Philip Paevere & Stephen Brown
March 2008

@ -

CSIRO

... supporting WWW.usablebuildings.co.uk
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f=7.50949X-34.5154 r = 0.811908

200

150+

10,0+

-5.0 -

Perceived productivity score
o
|

-10.0 +

-15.0

CH2 = /0

© Building Use Studies 2007

| | |
4 5 & 7
Comfort Overall score

e e e
... supporting WWW.usablebuildings.co.uk

36


http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk

200

1530+

g
§ 100+
g cH2
£ 50 i |
z e
§ 0
g‘ 50+ ‘\::;.'-wﬂ
g 1004 CHl

150+ |

200 T I : ] }K‘ HL.-l:I:ng Linl Stud eli 2007

D 10 a0 a0 50 &0 o 8 80 100
Pescantile
Figure 13: Comparison of perceived

productivity loss or gain, for CH1 and CH2
against BUS Australian building dataset
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Figure 14: Perceived productivity loss or
gain versus Overall Comfort: CH1 and
CH2 compared to entire BUS Australian

building dataset
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‘There i1s nothing more
dangerous than a
heckler with statistics.’

Rich Hall
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4. Diagnostics and remedial: St Philips’ Place.
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St Philips’ Place

Findings in public domain

Limited

Commissioned by ...

Office of Government Commerce

Followed up

No
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Download report
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Boiler operational improvements including boiler switch off in summer.
Improved control of occupiers’ equipment.

Improved lighting control in common parts and office areas.

Supply voltage stabilisation.

Resolution of supply metering and sub-metering.

Improved operation of Building Management System to avoid of system
hunting and unwanted circulation in heating and cooling circuits.
Installation of a lead condensing boiler.

Lack of commissioning of sub-meter check meter led to overspend on
electricity of £385,000 over 5 years.
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5 ST PHILIP'S PLACE OFFICES:
Annual CO, emissions, DEC Grades and benchmarks from

Energy Consumption Guide 19 for a "Type 3" air-conditioned office
kg/m? Treated Floor Area at Defra 2008 CO, factors of 0. 185 for gas and 0.537 for electricity

-20

20 40 60 80

100 120 140 160 180 200 220 240 260 280 300

ECG 19 Type 3 Good Practice
AC Office Benchmark >>

5. St Philp's Place plus heating ‘
and lighting nvestment GRADE D

4. St Philip's Place with current
and low cost measwres GRADE E

3 St Philip's Place Current
Analysss 2008-09 GRADE F

2 St Philip's Place average
energy use 200508 GRADE G

ECG 18 Type 3 Typcal AC
Office Benchmark >>

1. St Philig's Place 2008 dats |
current DEC GRADE G

DEC GRADE BANDS

FOR OFFICES »>»

| W Heating and hot water - gas

B Heating and hot water - electricity
B Refrigeration and heat rejection

B Fans, pumps and controis

B Humidification

[ 1 Lighting

1 Office equipment

&= Catering and vending

8 Other electricity, or Total electricity
= Gas for catering

Computer and server rooms

B Special (Halfax)

i
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December 2012

Display Energy Certificate ernment

How efficiently is this building being used"?

Covsmmart: Hilies ” Certificate Reference Number:
Department for Communities and Local Government

5 St, Philips Place 9790-5933-0152-3090-9030
BIRMINGHAM

B3 2PW

This certificate indicates how much energy is being used to operate this building. The operational rating is based on meter readings of all the
energy actually used in the building. It is compared to a benchmark that represents performance indicative of all buildings of this type. There is
maore advice on how to interpret this information on the Government’s website www.communities.gov.uk/epbd.

Energy Performance Operational Rating Total CO, Emissions

This tells you how efficiently energy has been used in the building. The numbers do This tells you how much carbon dioxide
not represent actual units of energy consumed; they represent comparative energy the building emits. It shows tonnes per
efficiency. 100 would be typical for this kind of building. year of CO,.

More energy efficient

A (057245)

B 2650 —

5 - " : q ".J'rf-\] ..- ¥ Renewables
s 51-75 b NS

12-2011  01-2012 12-2012
@ 641100
ssscssssssssesssssssssssnassasssssss 100 would be typ]cal Previous operational Hatings

This tells you how efficiently energy has

A i Efois s secoming oty

Display Energy Certificate

Gha =
B5L i
BiF
P 01-2012 | 78
Energy Perdormance Dperaticral Roting Total 00, Erisslons
: i G (@ 1V/=Y o 510) 122011 | @

Thes bl i s oty oot o i it I T il A, T e 0 Wi By, 00 el PPy s ok
v ety f s e ol gy e Vel Dhey e eaesl Gae s e sliee oen rhl-iu.hun-h A deras banes ey T T T T 1
P gy, 108 et B3 i T8 T8 KD 04 Bl o £, Less energy efficient a - S 84 B
Mdars snergy efficinnt
m 1 Technical informa Ad trative information

295.50 This tells you technical information about how energy This is a Display Energy Cerificate as defined in S 2007/991 as amended.

= - o I:c?usgjn;r;ttgsr:;ﬂ:ﬁ;}sg- Consumption data based on Assessment Software: SystemsLink, ORToolkit, v3.6
f ; e Property Reference: 535330930000
B4 _ 7 ! - ”
o 000D Main heating fuel: Natural Gas Assessor Name: Anthony Daley
Building Environment: Air Conditioning Assessor Number: STROO00398

el Total useful floor area (m?): 7651 Accreditation Scheme: Stroma Certification Ltd

O A 11 ., et cial Rt Assat Rating:: Not avajable Employer/Trading Name:  Interserve
Employer/Trading Address: 395 George Road Erdinglon Birmingham B23 7TRZ
| a1 12s e i i v g o vt Heating Electricity Issue Date: 30-11-2012
e e Nominated Date: 29-12-2012

Annual Energy Use (kWh/m?®/year) 51 a4 Valid Until: 28-12-2013

[‘j = 'E{W 510 ! | 1. _ Typical Energy Use (kWh/m?/year) 132 108 Related Party Disclosure: Not related to the occupier

Energy from renewables 0.0% 0.0% Hecoa.nmer:dahans for impm.ving the energy efficiency of the building are
Ower 150 contained in the accompanying Advisory Report.

Loss enangy efficknt P m e @
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5. PhD research: Domestic building user behaviour.
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Zack Gill thesis

Findings in public domain

Thesis plus research papers

Commissioned by ...

University of Bristol

Followed up

Ongoing area of research
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The University of Bristol

BUILDING PERFORMANCE EVALUATION
OF ASPIRING LOW CARBON AND LOW
ENERGY DOMESTIC BUILDINGS AND THE
IMPACT OF OCCUPANT BEHAVIOURS

Zachary M. Gill

Industrial Doctorate Centre in Systems

January 2012

DOMESTIC SUNDVNG PERFORMANCE ANC OCCUPANT BEHAVIOURS
ZMGIRL 2012 oY
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Bunpiszg RestancH & [sroraarion (2000) 38(5), 491 -508 1{ ““"* -

RESEARCH PAPER

Low-energy dwellings:
the contribution of behaviours to
actual performance

Zachary M.Gil'?, Michael J. Tiemey’, lan M. Pegg' and Neil Allar?

“Buro Happold, 17 Newrman S smet, Londan WIT PD UK
E-mal: Zack Gilla BumHappad.com

iyl Dociorate Cartm in Systeme. University of Brissol, Queans Building, Brizsol BS81TR UK
E-mail zgMé4@Brizacuk
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" Behaviour Survey (Domestic)

Tis sunvey consists of @ aumber of statements refoting 1o your we of efecaric-
ity heoring dand hat woter) and warer mithin you home, Maase mark fonlyl
0N Box P STatemant thad comepands with your SSpcnse 0 e slalemant.
Please mavk o response for off guestions inchuding the Gemera! section,

N

/Gmml Hoze [ Name

House Number ond Nome (for any
folow o issewn anly)

| consider rmy house to be energy efckent. ..
Doirg somathing positive for the envieanmnt

| corsider myself t0 be erwironmensalty friendly.....
| consider my behawiour to be encegy eficent. . _

makes me feel good

Living in an Whcient’ house maars that | dont
need 10 think about saving energy and water 1o be

' TTFT])
" FFTFE]
" FTTFT

Leaving equipment/ighting on when it is not

|

being used wastes ekctiicing.

Redicing elecinoty usage (and ity carbon
ENESI0NL) 31 HOMe & 3N IMDOMant K 10 Me. .

I erink | use less electricity than the other houses at
] —

| think there are people In the UK who use far more
LDt VR T T ——

My slectrical consumption at home has an impact
ON The BIWHONMEN e s v s s s s

1 coudd save dlectricity by changing my appilances
far more energy efficient applisnces oo

| can influerce how the ather ocoupants in the
house use dectricry.

:

| know what to docus my attertion on when it
COmes 1o saving dectriciy,

Sawing money on mry ekcncity bils is impotant 1o
me.

It is Incomenisnt 1o Tumn things off when Fm not
wsng them

Pwould foel good # | kmew Uwe used less elecinory
than other houses at (The Sted.

i

Any dectrical reduction effort | make is offset by
those who use excessive amounts of electrichty. ..

Reducing electricry consumption in the home is

oy for sco-warmen / hippies /er (T8

I wouid hagpdy buy more &M ent squiperent fora
slight premiaam [say ~10%)

Evirypane i the house reeds 1o wark togethe to
save elecinicity,

If 1 kwiaw whame | coulid reduce my lectricey

\WIMnﬂehtﬂwtmdom

HHE

s

\

I cn make mysell camdortable in the home

\_ Thank you for gorticipating 1\ B b TERT— I 4
’ £ N x
rElocuicityUngc g; 'i EE /Hntingmd Hot Water Usage E; } E; KMngo g} § E?
a e A8 x 28 2
| of how much | spend on eectricey Beducin hesting and/or hot water : 3 | of how h d water
Sl copoen Al B4 701 Y | B e b mpmaismenme ol s ot

through other means than heating -

Reducing best ancd hot water use {and 23 carbon
emissdions) at hame is an IMponant issue 10 me. .

I think | use less enengy for heathot water than the
other houses at (The SBEL. .o

| feel pressure to reduce heating consumption
theough the medis and govenment et oo oo

Heating and hot water consumption in the home
has an impact on he environment........ccommsss

Making charges to the way | use heating and hot
water postiely sflects my energy performance. ..

| know how to change the thermostat and rackator

CECET]

kil

valve settings throughout the house.

Rechucing ar ywitching off the hesting for periads
whaen the house is unocoupiod saves enevgy.

Saving money on iy heating Bills is snportant to
me

Reducing my heating and/oe hat water cordumg
tion from its current wsage will reduce my comfort

1 would feel 9ood if | knew Jwe used leis heating
and hot water than other houses at [The Site)

Agvice available 1o me about seducing heating and

Rechucing heating and hot water use in the home s

Mygiere and cleanliness n the home affects my
walie cordumption

Conserving neturel resources of weter by saving
wales at home ks an IMmportant issue 10 me.

Ithink | use less water than the other houses at (The
S o et s e e —

| feel pressure %0 recuce waler CoNsuMpLion
through the rmedie snd govermment @ic.., ...

‘Water consumption in the home has an impact on
LT T T T ————

| oy to heep my personal cleaning time o a
sensible level (e, taking showers, ot baths.. ...

The twaser] fctures, fittings and spplances in this
Fowsse ane eMcient

Having house plants andlor & garden requires »
higher water CONGUIMERIoN.

Sy MONey ON My waler CONSUMPLON s
IMporTant 1o me. —

Hygene and ckaniness am of the wimost
Impartance o me.

1 would feel good If liwe wied less waner than other
LT b - T —

Advice wvalable % me about reducing water
corsurmption in the home i useful ..

Reducing water use in the hame & only for

onky for ecosaarnon [ Rippies | e ..

I the Tutre | could easily make changes 1o reduce
my heating Mot water consumption

1 rew opts el rey th tat and rad valw
sectings for the way that | use the h

When the house & unoccupied | ensure that the

heating is swiched off,

/

o v / hippies | ereron mendalists.. ..o

Shor showers are bettar ke the enviioement than
taking baehs

| coukd use less water froem taps, showens and

| lite 1o énsue my plarts/garden e sogdarily

applances (dishwasher esc) if | thought about it .

k watered

)

Figure A1 Appendix: Behaviour Survey (Domestic) Quantification of occupant behaviour survey (as supplied to residents) Note: Implementation or adaptation of this survey without prior
agreement from the author is not parmitted.
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Behaviour survey results

Survey results were returned from 18 occupants in 15
of the dwellings, a sample size of 60%. Where multiple
surveys were completed from a single dwelling, the
average behaviour score was used for analysis.

Results show that TPB accounts for 51% of the var- TPB: Theory of Planned Behaviour
iance in heat demand (R* = 0.51), 37% of the variance
in electricity demand (R* = 0.37), and 11% of the var-
iance in water consumption (R* = 0.11) (Figure 10).
Therefore, variation in energy-efficient behaviours is
concluded to affect both heating and electrical con-
sumption significantly, whereas water consumpton is
only partially affected. This result is intuitive. For
instance, when asked what measures were taken to
reduce water consumption, the two most common
responses were taking showers rather than baths and
turning the tap off when brushing your teeth. Also
mentioned was sharing baths, doing full washing
loads, and not using tap water for the garden and
using RWH instead (although this is mains water
when there is insufficient rainwater). Some of these
measures do not necessarily lead to lower-than-
average water consumption, for instance, a long
shower may use more water than a bath and it is un-
likely that the length of a shower would be well under-
stood (on a personal and comparative level). Beyond
simple indicators of water efficiency, water consump-
tion is more habitual and out of necessity, hence the
poor correlation. Heating and electrical consumption
can be positvely affected by wusers reducing
consumption during occupied and unoccupied periods
and by thinking about where waste is occurring, i.e.
heating on with the windows open and lights/appli-
ances on in unoccupied rooms.
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Figure 10 Correlations between behavioural survey results and measured consumption for all resources (heat, electricity and water)
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6. Meta-analysis
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Meta-analysis

e.g Usable Buildings Trust

Findings in public domain

Free access to material on strategy, lessons
learned, methods, etc.

Commissioned by ...

Charitable activity in public interest.

Followed up

Ongoing but threatened by lack of strings-free
funding
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Usable || .t .
BUILDINGS || seeqy

.. Irom the Usabie Buildings Trust

Usable Bulldings is a free resource
for practitioners, managers, building
owners, developers, students and
anyone else who wants to make
buildings more suitable for the
people who use them, less

Latest posted: A New Professionalism? Summary of Debate | Usability of Control
Interfaces in Low-carbon Housing | A New Professionalism: remedy or fantasy? |
Evaluating Housing Performance | Responsible Retrofit of Traditional Buildings [The
Building Performance Sketch | Test Of Time | Even Bad News Can Be Beneficial |Built
Environment Professionals in the UK: 40 years back; 40 years on. | Benchmarking for
Display Energy Certificates |

Password damaging to the natural environment
Publications and a better long-term investment. Topical Oldie: Usability in Buildings: the Cinderella subject
Events Usable Buildings is run by the
G- Usable Buildings Trust. Basics: POE and Feedback: Getting Started | Probe 9 | A Guide to Feedback and Post-
3 Qccupancy Evaluation |
Probe The Usable Buildings Trustis a UK
Incubator educational charity, dedicated to One liners: "The things to do are: the things that need doing, that you see need to be
Portfolio improving the performance of done, and that no one else seems to see need to be done.” Buckminster Fuller| "What we
Quick intro buildings in use. We try to want is a quiet life except when there are problems, when we want good information
Doncl understand how buildings actually quickly.” lan Walmsley | “This is a very, very bad guestion.” Renzo Piano | "If atfirstyou
: °t"°t . work in practice, and create a don succeed, lry, try again. Then quit. There's no pointin being a damn fool about it~
ates feedback loop from in-use W.C.Fields | "Every time history repeats itself the price goes up.” John Tainter | "When

Books performance to improved delivery by you read 1984, were you aware thatit was a novel, not an instruction manual?® Tweel to
Leader the organ*sat]ons thatcan make a Tony Blair Q&A session I More
Links difference. We were set up in 2002, .

research was becoming too focused

: gs.

on construction, and doing little on Support : We developed and support Soft Landings

performance in operalio? in the Searching : Most of the material available here is in pdf files, about two-thirds of which are
- hands of their users. UBT spreads password protected. If you wish 1o search within files that are not password protected use

Professionalism

Soft Landings

findings through its website, user
groups, collaborative working and
input to postgraduate courses. UBT
is also a home for approaches which
are not quite ready for widespread
applicaton and an incubator for their
development. Aims Background

Who we are and what we do:
Trusiees' Report summarises
activities and plans. What Do We

Ro?

the Google search syntax“filetype:pdf site:www.usablebuildings.co.uksearch term”.
Example: for articles on health type in the Google search area: "filetype pdf
site:www.usablebuildings.co.uk health” Show example

Donations: We welcome donations. Please use the Donations and Gift Aid form on the
Sponsorship section of our Brochure. Thank you.

Website:Our website is text-based and designed primarily to deliver pdf files. Website sel-
up.

Monday, September 2
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Productivity in buildings: the killer'variables
A Leaman, B Bordass - Building Research & Information, 1999 - Taylor & Francis

Losses or gains of up to 15% of turnover in a typical office organization might be attributable
to the design, management and use of the indoor environment. There is growing evidence to
show that associations between perceived productivity and clusters of factors such as ...
Cited by 210 Related articles All 13 versions Cite

Assessing building performance in use 4: the Probe occupant surveys and their implications

A Leaman, B Bordass - Building Research & Information, 2001 - Taylor & Francis

The main findings from the Probe occupant surveys are assessed. The emphasis is on the
consequences for strategic thinking on how best to design and manage buildings to improve
conditions for occupants and users, taking examples from the Probe studies. Comfort, ...
Cited by 136 Related articles All 4 versions Cite

Green buildings. organizational success and occupant productivity

J Heerwagen - Building Research & Information, 2000 - Taylor & Francis

Can ‘green’buildings positively contribute to business performance and organizational
effectiveness? Can 'green‘buildings affect high-level organizational outcomes, such as
profitability, customer satisfaction and innovation? How do the physical attributes of green ...
Cited by 125 Related articles All 16 versions Cite

Are users more tolerant of ‘green'buildings?

A Leaman, B Bordass - Building Research & Information, 2007 - Taylor & Francis

Are buildings designed for lower environmental impacts better from the occupants’ point of
view? Based on methodology developed in the UK by Building Use Studies and used for the
Probe series of post-occupancy studies, the paper explores sources of occupant ...

Cited by 98 Related articles All 4 versions Cite

Post-occupancy evaluation and field studies of thermal comfort

F Nicol, S Roaf - Building Research & Information, 2005 - Taylor & Francis

The similarities and differences are explored in both the aims and the methods between post-
occupancy evaluations and field studies of thermal comfort in buildings. The interpretations
of the field study results are explored, especially the ways the results differ from laboratory ...
Cited by 64 Related articles All 3 versions Cite

[CITATION] OFF-GASSING
SP From - Environmental Issues in Construction: A Desk Study, 1999 - CIRIA
Related articles Cite

[PDF] Operable windows. personal control and occupant comfort.

G Brager, G Paliaga, R De Dear - 2004 - escholarship.org

Abstract: Past research (ASHRAE RP-884) demonstrated that occupants of naturally
ventilated buildings are comfortable in a wider range of temperatures than occupants of
buildings with centrally controlled HVAC systems. However, the exact influence of ...
Cited by 134 Related articles All 12 versions Cite More~

Google scholar search
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Productivity in Buildings: the Killer Variables
Adrian Leaman " and Bill Bordass *

' Building Use Studies Ltd * William Bordass Associates
' The Usable Buildings Trust

Versams have o sgpeted r Worpieoe Corrfort Foras Landon 1667, Ot 20-30

Budorg Sevoes oaral 41 43 [Lre "B3E; Facttes Maragement Word, 1993 Septem.

ter Cxtober, Ruiciag Ressat® and irformaton. 100 Jan chepier of Cenence Craome

D (=t ) "Crowtrg e Productve Worsplecs’ EAFN Boon. Landon 2008 (Vs edton) 2008
ecend ed9or | Ecaltrta™ (S peh Aorl Sacto—ter 2T03)

latroduction

This deals with the somewhat vexing question of
human productivity in the workplace. Vexing because
we do not think that this subject is as mystenious

as many do. We set out to answer: “What features

of workplaces under the control of designers and

managers significantly influence human productivity?.

The main theme is how individual occupants are
affected. We are seeking butlding features which most
readily improve or hinder human productivity at work
The fndings can then be used in the

desagn and management prooesses, We deliberately
stick to factors which are in the direct control of
building designers and facility managers; not to wider
aspects like stress, lifestyle and organisational culture.

Our observations are mainly based on surveys carried
out since 1985 in the UK by Butlding Use Studies
and William Bordass Associates (hence the biss in the
references). They also incorporate findings from the
Probe series of buldding evaluation studies [Reference
1] with which we were closely involved. There is also
a substantial wider literature, as reviewed by Lorsch
and Abdou [References 2-4| and Oseland |Reference
5] Most of these sources can be relied on, but

there is also guite a lot written about productivity in
buildings which has shaky foundations, so do not take
everything at face value, especially exaggerated claims
made about productivity gains.

Much is already known about how well people respond
1o different conditsons of temperature, humidity,
lighting, ventdation and noise, for example, and
regulations for building design are based on many of
such findings (although sometimes with a considerable
time lag so that when legislation is introduced it can
be out-of date [Reference 6]). Many of these studies
come from military, industrial and commercial
sources. Although there is a reasonable consensus
on key points, their findings can be contradictory and
sometimes they can be hard to fathom. For instance,
Reference 7 found that young people worked best (and
were thus more productive) for short periods when
they were uncoemnfortably cold. Periods of relatively
uncomfortable arousal can thus be important. But it
18 unlikely that people will continue to perform well

in conditsons of prolonged discomfort, which begs
the question of how lng? Reference 8 shows that
lerge numbers of office staff considered thedr working
environments to be thermally unacceptable despite
measured conditions falling within industry-standard
comfort envelopes, 8o perceived and measured
conditions can be different. Reference 8 also
demonstrated that 23 5'C & the temperature which
people in offices prefer, but even with this there is a
sizable minority of about 35 per cent who wanted #t
to be warmer or cooler, 50 minority needs cannot be

ignored, although they often are.

Measuring and reporting on human productivity in
workplaces is fraught with difficulty, For instance
- Studies of individual occupants often miss out

the wider context of physical and locational
differences between buildings, and how they
are managed and operated. For example,
studies may examine the relationshup between
lighting and perceived productivity at work,
but miss out completely other aspects of the
buildings’ performance, such as thermal
conditions or noese, which not only may be
more important {actors but may also affect
perceptions of lighting as well?
Buildings and thewr occupying organisations
are rarely even ssmdar to each other from cane
to case, which complicates comparisons,
Methodological and interpretational anomalies
resulting from the frst two points bead 10
problems with e.g sampling and sample sizes,
assumptions used in studies and spunous
detad in the data collected so it can be defficult
to filter out the most important paints from
case to case.

It is also tempting to use weighting systems
to ry 1o iron out differences. For example,
the length of time that people spend in a
building tends to be inversely associated
with their perceptions of comiort, health and
productivity, so buildings with more part-time
stafl may show better scores. But weighting

systems are hard to manage properly, and
can be difficult to understand, so it usually
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Above all, beware ...
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Unmanageable complexity

Subtext: Is it affordable in the long term?
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So ...
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Keep It simple,

Subtext: More effort required based on
feedback from earlier cases.
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Do i1t well.

Subtext: A Soft Landings approach.
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With attention to detall In
realistic contexts.

Subtext: Is it relevant? Is it risky?

[ e
... supporting WWW.usablebuildings.co.uk



http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk
http://www.usablebuildings.co.uk



