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Heating Is t!e major issluemn —

OPTIONS?
REDUCE THE HEAT LOSS RATE (INSULATE)

SUPPLY THE HEAT MORE EFFICIENTLY (NEW BOILER)

BEHAVIOUR CHANGE




Performance Gap | ~

‘Actual performance is almost
always WORSE than predicted
performance’

Why?
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Windows In offices and residential blocks

Naturally Personalised
Level of ventilated environments
personal (free running) (not here yet!)
control

Mixed mode
(mechanical peak
cooling) Fully
mechanical
(HVAC)

Building services complexity
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Windows

Naturally ventilated Mixed mode
(free running) (mechanical peak cooling)
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Windows in an office?

\ & ez BIee;
& degganono
gno oo o

University
office building



( 2 ac/hr

| £
f '
V4
)3aclhr
6ac/h:{3 |
2ac/hr/ ’ ' “ 2ac/hr
4 y 0
>
- ac/hr / , TIZARD BUILDING
y 76 windows
6 ac/hr '.:#" 6 ac/hr 7@ 6 ac/hr

1@ 3 ac/hr
5@ 2 ac/hr




UNIVERSITY OF

_ _ _ Southampton
Window opening overnight:

Impact on building energy performance

e University Campus space

average heating demand
=200 kWh/m? annum.

e Impact of window opening

TIZARD BUILDING
76 windows

— 23 kWh/m2 annum. ‘;,(. L 2 ﬂ:._ ;r 7 @ 6 ac/hr

1@ 3 ac/hr
5@ 2 ac/hr
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This raises some questions...
‘Awareness’ of office users of windows as an issue?
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UoS office users ‘perceptions of wasteful behaviour’
APERIO 2015
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This raises some questions...
‘Awareness’ of office users of windows as an issue?
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This raises some questions...

‘Awareness’ of office users of windows as an issue?
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UoS office users ‘factors leading to closing of window’
APERIO 2015
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This raises some questions...

‘Awareness’ of office users of windows as an issue?
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APERIO (EPSRC grant, 2015..2017)




Quantifying heat loss ...

CO, concentration in room (ppm)

UNIVERSITY OF

Southampton

iv | | \ |
o0 h@———+———+-————4—————————
[ ] .M‘“W vy, |
V. .xm. b 419 ‘iWVVv
v t ¢ AAAAL
900 + B0 Yy L ———— LRI L4 004000000 YTV YVYYyyY
vye V| | \ %0e
.7 |
800 41— _‘_ o T_V'_ PR B ® sealed facade level 4 - 1
: . v @® 10% open facade 4 - 1
‘. "v | ® 24% open facade 4 - 1
700 +— — —Og— |- .'o: — ‘V“v‘“ ———— w sealedfacade4-4
L Y Y" v 10% open facade 4 - 4
600 4— — — — _’*; . :0‘.+ —Vyy_ - ¥ 24%openfacade4 -4
L) * .0...'Vvv 'y I
500 1 — — — | _l'__|__:._.Yv'___ -
T ey T ®00s0e |
R
400 +— — — — — — Yersvyo — — 11— ————
| Y vy
300 | | | |
0 10 20 30 40 50

time (minutes)



Quantifying heat loss ...

Calculated air changes per hour
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APERIO (EPSRC grant, 2015..2017)




Skewness of a frame
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Focussed Histogram
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Skewness of a frame
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Focussed Histogram

e 1 A e N
120 130 140 150 160 170 180 190 200 210 220 230 240
Angle
Focussed Histogram

ot o B Bt ]

120 130 140 150 160 170 180 190 200 210 220 230 240
Angle



Frequency

Frequency

Frequency

3
=

Skewness of a frame
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Focussed Histogram

100 ——

80

20

PTG ST . A N hndnad N el

120 130 140 150 160 170 180 190 200 210 220 230 240

Angle

100 ——
80

60|

20

Focussed Histogram

h Fa

Pl g o

120 130 140 150 160 170 180 190 200 210 220 230 240

Angle

Focussed Histogram

100
80
60

20

ol
120 130 140 150 160 170 180 190 200 210 220 230 240

Angle



UNIVERSITY OF

Southampton

Validation of camera system

‘open’ ‘closed’ ‘unknown’ ‘too dark’

Groundtruth 300,000 window states by human eye
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Validation of camera system

3 axis accelerometer by human eye



Validation of camera system
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Validation of camera system
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Validation of camera system
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Validation of camera system
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Validation of camera system

M > 94% accuracy in both summer and winter operation
Sensitive to light levels, raindrops, WiFi stability



Energy implication of

window opening behaviour?

Out of hours:
10% windows open,
average angle 20 degrees

19% of annual heating
load in an F rated
building

Fraction of windows open
(from accelerometer data)
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Next steps
Engaging building users
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Engaging building users
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Next steps ...
Engaging building users

e | shot




Next steps
Engaging building users
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Next steps ...
Engaging building users




Thank you ...
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