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SYNDPSIS

A research is being carried out concernin-g the use of windows and doors
in an appartsent building in Schiedas in the Netherlands.

The investigations consist of an inquiry and of continous seasuresents
for a period of about two years on 1280 windows and doors of 80 dwellings.
During the seasuresents there is only a distinction between the closed and
not-closed positions of windows and outside doors, because simple switches
are used. '

The following conclusions can be drawn:

- the sessuresent technique is reliable even if the visibility is bad.

- there is a linnear relation between the weekly mean of the nusber of open
windows and outside doors and the mean outside temperature.

- there is a characteristic day-night pattern for the-use of-doors,
piveting windows and flap windows for the living roos, the bedrooas,
the kitchen, galery side and balcony side.

- the sost important motive for ventilstion is the discharge of polluted
indoor air.,

- 25% of the windows that are open are set ajar, 75} are opened sore wide.

= there is a good correspondence of the results of the inquiry and
those of the seasuresents

- the windows and doors that are open during too sany hours a day result in
a gean estimated heatingloss of 4.5 BJ per heating season per dwelling.

1. INTRODUCTION
1.1 GBeneral

fAn investigation is being carried out By the THD Division of Technology for
Society concerning the use of windows and doors in an appartsent building
in Schiedas. Schiedas is situated at the west side of Rotterdasm in the
Netherlands.

The project that has been initiated by Bwitzerland within the frase of the
International Energy Agency (IEA) progras with the title 1

“Inhabitants Behaviour with Regard to Ventilation® (Annsy VIII)
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The situation on this moment is that Belgium, The Hetherlands, Bersany,Switzerland,
and England participate in this research project. Belgium is the “Dperating

figent”,

Dur measurements started on 26 Noveaber 1984 and will continue

till the end of the heating season of 1985/1984.

1.2 Purpose
The purpose of the project is:

1. Determination of the inhabitants behaviour with respect to ventilation
and its relations to the inner and outer clieate conditions.

2. The estisation of the enerqy loss due to this hehaviour.

3. The study of the motives of the behaviour,

4, The study of changes in the behaviour due to inforeation and
instruction to the inhabitants.

1.3 The building

In the aiddle of the building is a staicase and elevators. There are
14 duellings per floor and 10 floors.

Froa the total of 140 dwellings B0 are taken on basis of willingness
of the inhabitants, looking at the front facade 44 at the right of the
staircase and 36 at the left (Figures | to 7).

fAbove every pivot window is a ventlight or #lap window,

Figure { .Front facade as seen from the West,
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Figure 2 . Floorplan of one dwelling.
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Figure & . The building as it can be viewed from the North-East.
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Figure 3 . Surroundings of the building.
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Figure 3 . Balcony facade of one appartsent as seen from the East.
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Figure 7 . Schematic view of the front facrade as it appears on de CRT
of the measuring cosputer in the building. The black rectangles
represent the windows and doors. Filled black means closed.

In Figure 7 a printer dusp is shosn from de CRT of the measuring computer.
It shows a schesatic front view of the building in which the floors are
nuabered fros 1 to 9 and 0 on the position of the elevator and the
apartments from left to the right t to 14. The large blank rectangles

are the apartaents that are not included in the seasurements. The others
show on the top side small rectangles being the windows and the door on the
galery side (front facade) and on the hottoe the windows on the balcony
side. In this way every window in the measurements is represented as a small
rectangle that is filled when the window is closed (apearing black en the
printer dump) and open or not filled when the window is open. This screen
{ayout was very effective during the initial check on the functioning of
all windows.
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2. The Inguiry

On January 16 and 17, 1985, verbal inquiries have been set up in

70 of the 80 duellings.

Host of the results are expressed in percentages of the total 70 dwellings,
Soae results are:

Table | . The nuaber of persons per dwelling.

nusber of dwellings
1 |
| person 9 4
2 persons 47 33
3 persons 26 18
4 persons 17 12
5 persons i 1

total= 246 persons in 70 dwellings
n is the absolute puaber , 100 1 = 70

Only in & dwellings are children under the age of 10, In 4% of the dwellings
{32) one or aore persons were older than 30.

In 71% of the dwellings one is home most of the tise,

In 11% of the dwellings nobody is hose for sere than 5 hours a day.

In 4% of the dwellings this is the case during the weekends.

At night there is only one dwelling in which one is fregquently absent.

The large bedroom on the balcony side is used in 951 of the dwellings.
In Table 2 is indicated which probless occur most frequently,
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Table 2. Probless in the dwellings

objective, aspect ‘Zduellings with
probless

the heating of rooss on the top floor 89 (of 9 dwellings)

adour fros neighbours 70

condensation on windows ]|

draught 30

noise from neighbours ki

discharge of cooking odours 34

stench fros outside 34

cold tesperature radiance 34

discharge of water vapour 24

discharge of sigaretie ssoke where one slukei yii

oudours fros the own dwelling 17

heating of rooss (without the tep fleor) 14

cooling of rooss 14

noise from outside 14

noise fros the oun duelling 13

goisture on walls

mould growth 7

Probless with the discharge of polluted indoor air and with the
heating on the top floor here occur most frequently.

Table 3. The asount in which one is satisfied with the indoor clisate

1
very auch satisfied 20
satisfied 59
not satisfied b
just not satisfied 7
dissatistied 4
very such dissatisfied 3
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Table 4. The use of windows and the balcony door in the livingroos

vent light pivot window balcony door
hours open| cold |less cold | cold jless cold | cold }less cold
per day t o} 3 a i sy %1 t a} %t n

0-0.3 }7 3 } ? &6 13 21 4 3 | A 17|19 1

0.5-1 - 4 3 |20 14]20 14
1 -2 3214 3|t 4 - 6 4] &6 &
2-4 } } IO I i1ty 8
§-8 - i1 - - | b
> 8 § 31 8 3§ - - 1 1 3
24 8 3| 9 & - - - -

total 19 1373 21 [ & 4)10 7 134 37NN W

cold = below 0 degree Celsius
less cold= above 0 deqree Celsius
n is the ahsplute nusber , 100 7 = 70

There has also been asked how wide windows are opened. For all windows and
the balcony door it is valid that 25% of the windows that are apen are

npeneﬂ ahout 20 ma and 73% was opened more wide.

In Table 5 the use of the windows in the large bedroos on the balcony side
is indicated.

Table 5. The use of windows in the bedroos.

ventlight ventlight pivot window | pivot window

left right left right
hours openl cold|less cold rold{less cold| coldi{less cold coldiless cold
perday |% af ¥ nif{d nl % n %k aj X n % nl % n
{ 0.5 B 55 I D6 4)}2 1 |8 §1 3 219 6] F 3
0.3-1 } } } § 3112 817 1117
1-2 2 132 1 }38 53 2 (9 & 4§19 61 6 &
2-4 } } I } 3 2 1|5 3|1 7
4-8 - - - I 213 2 216 4 8B 5

)8 - 13 213 2011 7 {5 3|12 8 ji5 1032 2

24 B 5114 9 BB 25|55 3b - - - -
total 7 W23 15 pS_ 36174 48 B2 21|38 25 [b2 40] 78 §i

Left and right of the windows has been defined as seen froe inside.
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3. HEASUREMENTS OF WINDOW AND QUTSIDE DOOR POSITIONS

3.1, Hethod and setup for the seasursments

For the being open or closed of the 1280 windows and outside doors

reed relais and eagnets are used. Per dwelling there are 7 openable
windows and doors on the galery side and 9 on the balcony side.

A total of 16 per duelling. On every window or outside door a sagnet

has heen attached. The reeds are sounted on the window frase and every
reed has paraliel to its contacts a binary coded resistance. This aeans
that the resistance values increase with a factor two.

The reedrelais are connected in series per facade of one dwelling.

From every facade of a dwelling a twin cable is connected to the data
accquisition system placed in & room on the basesent floor.

Hith the total series resistance for one facade it can be decoded which
individual windows are open. fn open window corresponds with an apen raed
so the parallel resistor is seasured. A closed window seans a closed contact
and the resistor is short circuited. The hysteresis fros open to close and
vice versa asounts aproxisately 15 as on the window opposite the pivots.

The lowest resistance is 100 Oha. The largest resistance on the galery side
is 4400 Ohe and 25600 Oha on the balcony side, the total series rasistance
on one facade is 25k and J1ki Oha,

The saxisal tolerance in the series resistance is half the value of the
sasllest resistance i.e. 50 Ohe, This seans that the inaccuracy of the largest
resistances has to be less than 0.39 1 on the galery side and 0.0971 on the
balcony side.

The resistances are selected and trissed with a combination of fixed

gatal file resistors with the aid of the saee sultiseter that is used

in the ssasuresents controlled by a progras which tells which resistor

has to be added to tris. The saxisum deviation is 11 Ohe on the galery

and 19 and for sose loops 23 Oha on the balcony side ( max 0,041 ),

High desends are sade on the guality of the sultismeter for the (sore than)

9 bit on site seasuresents. The total wire length is 23 ke, all connected

to the single ended scanner! ‘

Adjusteents are aade for the teaperature coefficient of the setalfila and the
resistance of the copper leads of the twin cable which is 14 to 30 Ohs.
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The coaputer progras that controls the seasuresents stores all window
positions as 1280 bits at the start of each hour. During the hour only
the changes within one dwelling are stored with the house nusber and the
elapsed time since the baginning of the hour.
Every window will be ssasured every 13 to 20 seconds (rougly 240 times an
hour).
Every 10 minutes 12 other channels are scanned. They include:
outside temperature, rainfall, sun shine, windvelocity near the facades,
pressure difference over the building, the temperature of the central heating
gystes supply, retour and the temperature in a ventilation shaft.
Every three hours the data is recorded on the disc, which can contain
up to 13 days of seasureaents (=260 kbytes).

A1l measured resistances are cospared with their last values on the

sage facade and dwelling. This is necessary when a window switches during
the seasuresent time of the sultiseter. This chance is seall but it would
result in a seaningless decimal resistance sosewhere inbetueen the range
of the transient. Therefore when a change occurs the seasuresents loop

a limited nusher of times until two sequential readings give the same
window positions.

3.2, Results of the seasureaents

The positions of all 1280 windows and doors has been seasured fros week 48
in 1984 to week 19 in 1985. Some relatively ssall interruptions occurred
caused by a disturbance in the sain electrical supply, a disc failure

and probably a scanner failure. The data that has been lost by this is

not so isportant.

The available measurssents represent the heating season quite well.
Heasuresents have been made at cold and very cold { -15 degres Celsius)
weather and also weather changes to relatively warser periods are
included.

3.2.1. A typical 24 hour pattern

In Figure 8 a typical pattern of the use of all 1280 windows and outside
doors is represented. On the 10th of Deceaber 1984 the ocutside teaperature
has been 8 to 9 degrees (day and night) with a windspeed of 7 to B a/s from
the South-Hest and West. During the day there was sose sunshine given in

in percentage of the longest possible time of sunshine on that day.
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fit night the nusber of open windows is very constant. Then thers are 154
windows and doors open {12%). In the eorning from 7:00 to 9:00 a sorningpeak
with 218 windows and doors (171). During the aorning a sapoth decrease to the
practically constant afternoon level (131 = 192 windows and doors). Then
fros 17:00 in the beginning a sharp decrease and further on gradual to the
night level.

The nusber of windows and doors that switches shows the following thingss

it night very little switchings. Fros 7:00 an increase of the nusber

of windows that are closed and the nusber of windows that are opened.

Hoost of these changes are however door switchings, of which the greater
part iz always one opening followed by a closing.

On 12:00 a relative low nusber of changes. On 17:00 an increased level,
probably caused by persons coaing hoae. And after that a steady decrease
with 2 sinisua on the time of the 20:00 news on the television .

This is followed by scme more switchings before going to sleep.

ight d
nég 9 aytgnperature
25 7 8 wind a/s
8 H/SW direction
- 50 sun %
28 100 2 = 1280 windows / outside desrs

of the windous

percentage
s
that is open

WiaN

11} III 111 lll lll 111 Ill 1] ‘

18
5
%
18 Dec
— tige
-
open |
the nusber of times ::
2 window would g ]
switch a day _
close l ]
-5
19 Dec

Figure B . A typical 24 hour pattern
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The graphs of opening and closing windows sees to bee very sysetrically.
This is caused bij the relatively large nuaber of door passages which they
include,

Per day there is a aean of 33 switches per dwelling. It has to be noted
that not all door passages can be detected when they occur in less than

15 to 20 seconds, as that is the time of one scan trough all 1280 windows.
A door passage which takes 5 seconds has a 25% chance of being detected.
find if it is detected it wil) seea from the recordings that it was open
for 15 to 20 seconds, which is the tise resolutien in this setup,

23 —
sercentage = 100 % = 1280 windows / outside desrs
of the windous -
that is open | 15—
18 —
5
2 = . .
7 Feb 8 Feb 9 Fet
—% tige
night day night day night
5 L 1 2 0 -1 -4 ‘ teaperature
i 4 9 8 8 uind a/s
open . MMM EME E E/NE ME direction
- 43 - 0 - sunl

the nusber of times
8 window would
suitch a day

? Feb B Feb 9 Feb

Figure 9 . A sheather change and the use of windows and doors.

3:2.2. A weather change

In Figure 9 the use of windows and doors is represented for the days

7,8 and 9 February 1985. This is a part of week &. During these days
there was a sudden weather change. The night levels are decreasing froe
13 % to BY and 6%, while the outside tesperature is decreasing a little
fron 1 degree to 0 and -4 degrees. Hore isportant, howsver, is the change
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in windspeed and direction froa | a/s to 9 a/s on the night of February 8,
while the uind direction changed fros Worth-West to East. This seans that
the wind blows to the balcony facades where sost of te used windows are
situated.

The decreasing use of the windows is probably caused by the stronger wind
which blows on the windows and not by the lowering of the tesperature,
This weather change is the sost pronounced one in the present measuring
period.

25

100 % = 1280 windows / outside doors

of the windows

percentage I 20
that is open

{5

Illllllllllllllllll'!llll

18
2 ____,Jf\“-“\~_r___d,/&ﬂ\~/\“__
@ T
? Jan 8 Jan
——3 tige
5 nigh§ §§Y ght i Y tglger7§ure
— nd 8
open T | N sn 8/3W direction

the nusber of times ] ﬁJQ%
a window would a ]

switch a day i W

tlose i

7 Jan '8 Jan
Figure 10. Cold winter days

3.2.3,Lold winter days

Even on these cold days (see Figure 10 ) with rather auch wind from

the Morth_East there are still 38 of the windows open (3%).

The day_night asplitude is obviously smaller then for instance on
Decesber 10 ,1984, (5 to &% peak-peak). Here approximately 21 peak-peak.
Cospared to December 10, 1984, there the nusber of of open windows is

3 to 4 times smaller.
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Figure 11, Hean winter days

3.2.4. Hean winter days

In Figure 11 the use of windows on Februari 4 and 5, 1983, is represented.
There is a fair amount of sunshine on these days.

The night level 131 (= 1bb) is practically the sase as on Decesber 10, 1984,
The day-night amplitude (peak-peak) is about 71 , with which the day level
reaches 19 to 20 4 (= 243 to 276 windows and outside doors open).

In the afternoon the balcony side is the leeward side and we believe that
this results in a second peak of the nusber of open windows in the afternoon.
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Figure 12, The precentage of open windows during the whole aeasuring
time till week 19, 19683. (100%=1280 windows/outside doors)
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Figure 13. The relation betwean the weekly sean outside tesperature
and the weekly mean use of windows and outside doors.
{1001=1280 windows/outside doors)
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3.2.5 The course of the use of windows and doors during the heating season

In Figure 12 the course of the use of windows and outside dears is plotted
against the week nusbers. The very cold periods in the weeks 2, 3 and &
and 7.

are ohvious. The sost striking weather change happens in week 6 .

In Figure 13 the relation betwesn the outside temperature and the use of
windows and outside doors are represented, both based on weekly mean values.
The following results can be noticed:

- there is a linsar relation between the weekly sean nusber of windows

that are open and the outside tesperature.
= the correlation is very high for husan behaviour (r=0.96).
- the deviations are caused by other weather and tise influences.

It sust be said that most wind influences are ssoothed in the weekly seans.
This is probably the sain reason for the high correlation of 0.96 .
Lyberg has summarised B reseachs on the use of windows and found that:

n & Dt = constant

in which n = the percentage of open windous
D= the tesperature di{ference between inzide and outside
the value of the constant is {.B to 2,6 .

Yhen we take sose point of the seasuresents form Figure 13, say 0 degrees
and 10 1, it yields a constant of 2 with an inside temperature of 20
degrees C.

This value is fairly within the range 1.8 to 2.6 of Lyberg,

However the forsula of Lyberg would result in a hyperbolic function in
Figure 13.
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Figure 14. View on the facades. The nuabers in the windows are the bit
nusbers in the cosputer and they are used in the follawing
Figures and text.
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Figure 15. The use of outside doors. (1001 = B0 doors)

3:2.6 The use of the outside doors

The being open and the nusber of switches for the front door and the
balcony door ditfer a lot. The sean percentage of open iz for the front
door aprox 0.3 % . But we have to take in account that not all door passages
can be detected because the whole scan along the 1280 windows is too slow
(13 to 20 seconds) to catch thes all. From the seasuresents it is 0.5 %
open which aeans every front door is apen far 7 ainutes per day, but this
will be more in reality. The balcony door is open about 3 % of the tige.
During this winter time there are 5% of the balcony doors open at night,
surely set ajar. It appears that this door in the living room is used
similar to the use of windows in the bedrocms. Before leaving the room
windows are opened to air. When one is in the room less windows are open.
But we have to adait that it is a small group that has this behaviour.

The nusber of door passages of the front door is higer than that of the
balcony daor.
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Figure 16. Vantlights on the balcony side and the galery side.

3.2.7. Ventlights on the balcony side and the galery side

A comparison of the use of the ventlights on the balcony side (no 8)
and on the galery side {no 1) can be sade fros Figure 16,

Several aspects are causing this difference. Bose of thea eres

- rooss on the balcony side are more frequently used

- burgulary effect on the galery side

- the galery side is often the windward side

In Figure 20 it can be seen that in the bedrooss 2.3 tises acre ventlights
are open on the balcony side than on the galery side.
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25 Dec



58

48

38

28

100 % = BO

. window 13 50 window &
— 48
— 30
— TZQ
] percentage
| of the windows 18 ]
] that iz open
g I S - W
r ~ 9] y
24 Dec 25 Dec tige 24 Dec 25 Dec
open
] the nusher of tises T 7] .
T a window would 28 T
7] switch a day 7
ig —_
o
...la —]
_ i~29 —
24 Dec 25 Dec close 24 Dec 25 Dec

Figure 17. Pivot windows on the balcony side and the galery side.

3.2.8. Pivot windows on the balcony side and on the galery side

In Figure 17 the use of the pivet window on the balcony side (no 15)

and one on the galery side (no &) are represented for the sase bedrooas
as in the previous paragraph 3.2.7. .

The difference is large in the percentage open as sell as in the nuaber
of switchings a day. Two windows on the palery side are continuously

left open. They have fly grid in frant. ‘

On the balcony side the nuaber of open pivot windows is more than 4 tises
greater than on the galery side (see Figure 20).

20.21



window 8 window 15

7] tw > ]
48 ——J ] —
— 100 1 = B0 windows ]
38 — g —
] percentage R
20 o of the windous 28 ]
- that is open |
19 — 18 —]
1%} . ) 17} .
24 Dec 25 Dec o 24 Dec 25 Dec
tise
open _
&8 — the nusber of times ng —:
19 ] a window would 18
B switch a day
@ ‘ — L n’ 8
-1 | ~18
28 — -28 —
24 Dec ‘25 Dec ' tlose 24 Dec 25 Dec

Figure 18 . The most widely used ventlight and the pivot window.

3:2.9 The most frequently used ventlight and pivel window.

In Figure 1B it can be seen that the day-night changes for the ventlight
are smaller than those for the pivot window. Pivot windows show aore
switchings too. The ventlight has a larger percentage open (about 45 1)
than the pivot window {20 % to about 40 %),
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Figure 19 . The ventlight and the pivot window in the kitchen.

The kitchen is at the galery side. The peaks in the use of the windows
coincide with the soaents of preparing aeals. One large window (no 4) is
left open also at night, here again the one with a fly grid in front,

The ventlight (no 3) is far more frequently used. The fact that December 24
is a special day for kitchen use does not show up in the use of the
windows as we have seen in further analysis.
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Figure 20. Overview of the mean use of windows in week 52 in 1 of the
nuaber of each specific window (= BO).

3.2.11, Overview of the use of windows and doors in week 52.

Figure 20 shows the aean percentage of open windows and doors in week 52,
The livingroos for instance shows & 104 (=8 windows) use of the ventlight.
This also means that for energy considerations every ventlight is open

for 2.4 hours a day.
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Figure 21. Comparison of the results from the inquiry and from the
aeasuresents. The percentage of apen windows is indicated.
First the measuresents/second the inquiry result.

4, Cosparison of the results of the measuresents and the ingquiry

In a first superficial consideration we looked at what people say they do
and what they do in reality. This is done by taking the sean of the results
of the inquiry for cold and less cold weather, and the results of the
geasuresents for week 32. This has been done for the large bedroom and the
living rooa.
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5. Preliminary energy consideration

From the inquiry it has been ssen that 23 % of the windows and doors

that are open are set ajar and the remeining 73 % is open more uide.

Based on previous investigations [4] the contribution of all windows

can be estisated. A shortcosing of this prelisinary estimation is the
neglection of the flow through the cracks of the windows when they are
tlosed or the increase of the flow when they are opened on opposite facades,
Here we take only the flow throuhg single windows and thus sake a too

low estimate,

The flow through the specific windows is calculated at a windspeed of
5 a/s and a temperature difference of 15 degrees and then sultiplied
by the percentage of open windows.

open ventlights 15 dad/s

apen pivot windous 27 ded/s

open balcony doors 2 ded/s
+

total 44  dad/s

When we assuse a reasonable ventilation at about 23 ded/s ( say 100 a3 per
hour) then the mean overshoot amounts at least 19 dal/s.

This seans an unnecessary energy loss of about 5000 M3 (200 a3 dutch
natural gas or about 200 litres of ail) per heating seasen.

For those that make an excessive use of the windows these figures

will be a factor 3 higher.

It has to be noticed that, although not freguently sentioned in the inquiry,
over heating of the rooss due to the one-pipe heating systes and the
large building sass will becoee a probles for some occupants when they
will make less use of the windows.

Isolation of the heating pipes will solve the probles but since the heat
{ros the pipes is not detected by the heat-cost-counters it can partly be
considered as charge free heating, and it has to be doubted if occupants
can be instructed to act more fundasental and thereby save energy for
their fellow building pccupants.
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4. CONCLUSIONS

- The chosen measuresent technique with reed relays, magnets and coded
resistances nperates even at low teaperatures .

- The chesen measuresent technique has the advantage of also seasuring
at night and bad visibility.

- There is a strong linear relation between the percentage open windows
and the outside tesperature when both are the weekly aeans,

- Weather changes can be seen distinctly in the recordings (figure 9),

- There is a clear difference in the use of windows on the balcony and
the galery side.

= In week 52 in Decesber 1984 can be. seen (figure 20 ) ¢
Ventlights are 147 open on the galery and 24 1 on the balcony side
Pivot windows are 31 open on the galery and 111 on the balcony side
The front door is open 0.5% (with sose tolerance) and the balcony
door 41 .
There is a characteristic pattern for the use of windows and doors.
This pattern is different for exasple for the living roos, bedroom
and kitchen,

= Ventlights are openeﬂ or closed (changed) less frequently than large

pivot windows.

- Pivot windows show a large sorning peak to air the rooas. This
takes 10 hours on the average for the windows that are opened.
- In a nuaber of dwellings the balcony door is used to air the living
rooa at night.
- Froa the inquiry the most isportant contribution is how far windows are
opened, besides the motives for ventilatien.
29% of the open windows are set ajar, 79% i3 opened more wide.
- the most ieportant sotive for the use of windows is discharge of polluted
indoor air.
- The agreesent betwsen the inquiry and the seasuresents for the percentage
of open windows is good.
- an estimation for the unnecessary heat loss due to leaving windows
too long apen is 5000 W per dwelling per heating season { this is
about 200 o3 dutch natural gas or 200 litres of pil, 1400 kith)
For the group that sakes excessive use of the windows these figures
can be up to 15000 KJ per dwelling per heatingseason (600 @3 gas ,
500 litres oil or 4000 kih).

Notice: These conclusions are determined for an appartsent building
and they will probably not be valid for other buildings or
other locations.
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