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SYNOPSIS 

The paper examines the extent to wh ich user'.$ 
intervention may compromise the th$rmal 
performance of small sunspaces in the context of 
a Solar Energy Demonstration Project at Easthall 
In Glasgow (55°52'N), which was monitored from 
September 1992 to May 1994. Results indicate a 
tendency to close down windows etc. late in 
autumn and open them up early in spring relative 
to heat demand. In other words a user- driven 
energy load due to ventilation is higher In autumn 
and spring than in the central winter period. 
However, effective rate of ventilation, taking 
account of the preheat effect of the glaz.ed 
spaces. Is found to be more steady over an entire 
heating season. Thus, inclusion of glazed buffers 
has been shown to lessen the thermal bur.den of 
window opening in autumn and spring; while 
saving in winter due to preheated air for ventilation 
tends to be slightly higher than predicted. Results 
also indicate that amount and frequency of 
opening/ventilation relates to specific social and 
occupancy characteristics; and that some users 
were able to trim their energy load by better use of 
the controls at their disposal in the second 
season. As a by-product, the monitoring has 
shown that energy models which take a steady 

,rate of ventilation over a heating season are 
unrealistic. 

INTRODUCTION 

The retrofit of 36 therm ally sub-standard dwe!Hngs 
in Glasgow, monitored by the Mackintosh 
Environmental Architecture Research Unit at 
Glasgow SchOol of Art under the auspices of the 
CEC Energy Demonstration Programme and 
Glasgow C ity Council, incorporates solar features 
as follows: 

Unheated glazed spaces buffering part of 
both front and rear elevations, of varying 
orientation, to reduce losses due to thermal 
trahsr™ssion and ventilation, and to .provide 
additional space 'for utility/amenity purposes -

· · s-ee Figu res 1 a and 1 b overleaf; 
2 Roof.,:integrated air collectors an'd air-tt>

water heat exchangers to r&'duce w,ater 
heating. loads and raise air quality/ 
temperature within comrti·�t-1 stairw$1ls � this 
se·c::ond aspect not being ttle subject of this 
paper. 

The unheated glazed ···tiuffer" spate has been 
adopted as a passive solar technique to displace 
fUel f-Or .space heating ln locations varying from 
north 0f the Arctic Circle to the Medit�rranean. 
Appli�atiOl'l -Over this wide rang& o'f climatic 
conditions is rn itse.lf of some concem - t0 quote 
Page ( 197 7) "We must seek an appt.C,Priate 'SG>lar 
tecl'ltrology for each geogt�:pnit loc'aJlon. '' �lso 
where such spaces are lar�e ettough to fl.ititticr>'ti 
a'S a room, there is ,a_ rislt 'hat 1:.1�ers will h'eat them 
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Do sunspaces work in Scotland? Lessons learnt from a CEC solar energy demonstration 
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Figure 1a "Before" and "after" floor plan. 

Glazed Veranda to 
the /rant of the 
house lo enhance 
an exlstlng amenity as a 'wlnrar gnrdttn'. 
As well as 
ellmlnst/ng 'cold 
bridges', this 
enables 
lntroducllon of 
pre warmed 
ventilation air via 
lhe llving room and 
bedroom. Patio 
door!l to the 
bedroom permits 
exte11slon ol the 
room ares Into this 
space during the 
summer months. 
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Figure 1 b Cross section through the glazed veranda and conservatory. 
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Glazed utility I 
conservatory 
extension. 
buffering kitchen 
and bathroom, 
providing 
desporalely 
needed clothes 
drying space 
and thus 
removing a key 
'wet' function 
from the heated 
portion ol the 
house. 
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in winter; and in the c ase of smal l  sunspaces , i f  
they are opened up to adjacent heated spaces 
during winter ,  the system changes to one of direct 
solar gain with an extended heated volume. 

For exam ple, Bourdeau (1988) found that users 
in a newbui l d s u nspace p roject at 48. 7°N near 
Nancy  in N-E France seemed to open 
i nterconnecting windows too frequently in winter. 
l:i rel at ion to the Eastha l l  project , Ho and Porteous 
(1993, 1994) have reported the same tendency at 
interim stages of the project's evaluation . The aim 
of this paper is therefore to explore the users' 
interaction with the system in more depth, and i n  
particu lar t o  assess the impact o n  performance of 
l iberal autu m n  and spr ing opening of outer/inner 
windows/doors . 

METHODOLOGY 

The mon i tor i ng  st rategy was constrai ned by a 
re lat ively large sample and smal l  budget. 
However, measurements of tem perature in each 
space in every house, together with weekly fuel 
consum ption for s pace heating (more accurately 
disaggregated in electric-heated houses than gas
heated) , p lus  measured climatic data ,  enabled a 
fairly .distinct picture to emerge with respect to the 
performance of the g lazed spaces, and i n  
particular the part played b y  t h e  users i n  their 
operation of windows, doors, vents etc. 

Using steady-state methodology (normal for 
housing), eqn. 1 yie lds an ' 'equivalent" rate of air 
c hange, ne, which acknowledges the thermal 
contr ibution of the sunspaces in the same way as 
wou l d  be the case for a mechanica l  vent i l ation 
system with a heat exchanger: 

qh + qs + qi= (I.U .A + 0 . 33n° . V)(t; - t0) [W] (1) 
I 

where qh is the net space heating load; qs + qi i s  
useful solar plus inc idental ga in  to heated volume; 
r.U . A  is the sum of fabr ic losses to outside, both 
d i rectly and ind i rectly via buffer spaces; V is the 
heated vol ume; and ti and t0 are respective inside 
and outs ide a i r  temperatures; al l  averaged over 24 
hours for a part i c u lar  period , and a l l  directly 
mea s u red, ca lcu l ated from d i rect measurement 
(e.g. qs) or ca lcu lated from rel iable data (e . g .  U ) .  

Venti lat ion rates between sun space and 
outs ide, and s u n space and heated interior ,  are 
addressed in equation 2: 

qss + qis + qhs = 

(L:U5.A + 0 . 33n5 . V5) (ts - t0) (W] (2) 

where qss is the useful solar gain; qis is the useful 
i nc i dental  g ain; qhs is the gain from the heated 
zones (all to the s unspace); r.us .A is the sum of 
fabr ic losses from sun space to outside; ns is  the 
rate of a ir  change between sunspace and outside; 
vs is the sunspace volume; and ts is the sunspace 
air tem perature; all averaged over 24 hours for a 
part icu lar period . Term qhs is then expanded: 

qhs = (L:LJb. A  + 0 . 33nb.V) (t; - ts) (W] (2') 
where r.LJb . A  i s  t he sum of fabr ic  losses from 
heated zones to sunspace; and nb is the rate of air 
change between sunspace and heated zones . 

Abbreviating com pos i te com ponent (r.Ub . A  + 
0 . 33nb . V) to Hb; and (r.us . A  + 0.33ns . vs) i n  
equation 2 t o  H 5 ,  gives: 

qss + qis + Hb(t; - ts) = H8(ts - t0) (W] (211) 

Note that eqn . 2" is only solvab le for nb and 
ns i f  i t  can be assumed that all a i r  which enters the 
sunspace from outside then passes to the i nterior.  
Since there are other poss ib i l it ies , a th i rd equation 
examines heat loss at eac h  perimeter condition
i. e .  fabr ic and venti lation losses are d i saggregated 
for each bou n d i ng or am bient temperatu re w i th  
respect to heated zones: 

qh + qs +qi= 

L:((:ELJP .A + 0 . 33nP .V)(t iP - tp)] (W] (3) 

where r.LJP . A  is  t he sum of fabric losses for each 
per imeter condit ion, heated zone to s u n s pace, 
heated zone to outs ide etc.; nP is  the rate of air  
change between heated zone and each perimeter 
cond i tion , i n clud ing  nb , and r.nP = n', the real rate 
of air change to the heated vol ume; and t;P - tP i s  
the tem perature d i fference between res pective 
parts of heated zones and am bient  perimeter 
condit ions . 

S ince nP varies with each perimeter condit ion , 
the adoption of a "probable scenario" approach 
is necessary .  From a p ro-"ventil ation-preheat" 
viewpoi n t ,  it would be i deal i f  a l l  a i r  c hange 
occu rred v ia the buffers , and none d i rectly, and 
v ice versa. In real ity neither extreme is  poss ible . 
Rather than adopt a parametric a p p roach with 
smal l  incremental ch anges in the p roport iona l  
d istr ibut ion of nP, a more b road-brush approach 
has been adopted , taking ini t ia l ly  an up per and 
lower limit of probability , designated s cenarios A 
and B .  

Then, su bstitu t ing relevant A and B values of 
nP as nb in  equation.  2", correspond i n g  values for 
ns are fou n d . S cenario A's nP may p roduce a n  
u n l i kely , or i nexp l i cable ns value (e . g .  negative) , 
whereas B ' s  may appear sens ib le. So by means of 
this fai r ly  r u d i mentary cros s - check ing,  a most 
likely scena rio C for n' may be found . Throughout 
this process ,  there is a tacit assum ption that the 
house is  not so opened up to the buffer spaces 
that the heated zone is  s imply extended to the 
outer g lazing .  The consequent c h ange in the 
variables in the heat balance wou ld then tend to 
g ive lower va lues for n' relative to the larger 
volume.  However since al l  var iab les in the heat 
balance other t h an ventilat ion a re know n ,  the 
method desc ri bed is  a va l id  express ion of the 
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purch ased volume flow rate of fresh air relative to 
the i ntended heated volume .  

Ventilation rates in dwellings are regulated by 
four Influences: firstly what a closed building 
admits - too much if too air-leaky: second ly what 
an energy lobby wants in terms of fuel-efficiency; 
thirdly what occupants need in terms of health and 
environmental comfort; and fourthly what 
occupants like to do, or tend to do, in the way of 
operating controls. Having dealt with the first 
influence in terms of the energy-efficient retrofit in 
this project, the fourth may confllct with the 
second and third. 

Fuel savings may be found by comparing the 
solar houses to a baseline reference model (REF-), 
heated and ventilated to the same level, and to a 
theoretical energy efficient reference (REF+), 
identical apart from omission of glazed spaces, 
and again heated and vent ila ted to the same 
standard. However, this rests on the assumption 
that the n' profile is deemed reasonable, 
part icular ly with respect to the fourth influence. 
Therefore it is necessary to flesh out control by  
the  occupants and place t his in the context of 
previous surveys and analysis . 

Use of controls, such as opening windows. is 
partly evident from examination of temperature 
profiles and comparing with n' profiles. This is 
then supported by data from questionnaires, 
interviews, weekly diaries in a small number of 
cases, and observation by the monitoring team -
abbreviated in th is paper to qido data. The qido 
data not on l y  builds up a s trong picture with 
respect  to use of windows ,  g l azed doors  and 
sm aller fine- tuning devices such as hit-and-miss 
s lot ven tilators and louvres , but also enables this 
to be correlated to physical and social aspects of 
the households - e . g .  location/fuel type, and 
family structure/habits respectively. 

RESULTS 

Users' influence compared with other variables 
Table 1 summ arises autumn, winter and spring 

ne values for the SE/NW facing block (Wardie R d . )  
and the E/W facin g b lock ( G len burnie P l . )  over 
both heating years . 

It m ay be noted that the sample size reduces 
in t he second year due to less co-operation with 

Table 1 seasonal  sum m ary of n• values [ac/h] 

Wardie 

Sep-Nov 1 992 1 .05 
Dec-Feb 1 992-93 0 . 91 
Mar-May 1 993 1 . 1 5  
Sep-Nov 1 993 0 . 66 
Dec-Feb 1 993-94 0 . 59 
Mar-May 1 994 0 . 93 
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Glenburnie 

1 .32 
1.14 
1 .25 
1.11 
1.29 
1 .26 

sam ple 

17+17 
1 7+ 1 7 
17+17 
1 2+ 1 2 
11+11 
1 1 +1 1 

weekly meter reading, that Glenburnie is 
consistently more ventilated compared with 
Wardie and that only Dec-Feb 1993-94 bucks the 
trend of lower values in the coldest quarter. There 
is not adequate detail here to begi'n to appraise 
the diversity of user-intervention with respect to 
ventilation, but elevat ional tables do enable a 
comparat ive oversig h t  of resul t s ,  with a key to 
location given in Figure 2. 

Fl•t 

2\1 

Flot 

111 

Fl•t 

011 

,..._ Fl•t Fl•• ,..._ 
2\2 Z\1 

Flot Fl•• 

1\2 111 

Fl•t Fial 

012 011 

Mo.<t1 Waraie Ro41a No . .C.l 
No.5 Glenoumte Pt. No. 7 

flat 

2\2 

fl•t 

1\2 

Fl<ilt 

0\2 

Figure 2 Key to elevat ional tables 

Fl•t 

2\1 

Fl•t 

111 

Fl.at 

011 

-

No,H 
No. s 

flit 

Z\2 

Fl•I 

1\2 

Flat 

0\2 

Table 2 summarises n° for 1 7  of 18 Wardie Rd . 
f lats  in 199 2-93 (one household did not co
operate ful ly)  together with temperatures , fuel 
type , household data ,  res i dents' comfort 
perception and moni toring agen t's (MA's) 
perception with respect to air quality . The hig h 
ventilators (i.e. users) may thus be seen i n  
context . For example , 45-0\2 is a gas heated 
house with young infants and adult smokers, 
perceived to be "very comfortable" by residents 
and "fresh" by t he MA; whereas low ventilator 
45-1\ 1 is a non-smoking pensioner, who also 
found her flat "very comfortable", but at a much 
lower temperature, and where air quality fell in 
perception to "tolerable"; and another non
smoking pensioner-household in 4 5-2\ 1 ,  with 
simil ar temperatures but somewhat higher n° than 
45-1 \1 , was perceived to be "fresh " .  

Table 3 now sum marises the mean n °  and n' 
values for a l l  solar houses in the first year together 
with heat inputs .  In the case of n', there is a much 
bigger contrast between the fringes of winter and 
the coldest months compared with n°. This gives 
respectively higher and lower loads compared with 
predictions which used a uniform n' buffer/non
buffer split (Ho & Porteous , 1993 ) .  

Figure 3 effectively identifies low a n d  high 
ventilators by expressing temperature as a 
function of space heating load. Individuals within 
this scatter m ay useful ly  be correlated to Tables 2 
(Wardie, see above) , 4 ,  which l ists the buffering 
effect for each house in Glenburnie, and 5 which 
ranks energy consumption, expressed in four 
ways, for both Wardie and GlenBurnie . A cluster of 
high and low consumers are located respectively 
to the rig h t  and left of Figure 3; while within each 
cluster ,  t here is a significant  range in terms of 
"warmth -value" relative to energy expenditure . 
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Table 2 Air temperatures (0C), and effective rates of air change (ac/h). 

g gas 

e electricity 
p pet 

Q home with smokers 

Z 1 living room 

Z2 rest of house 

I home with infants. 
0 home with old age pensioners only 

A home with adults - no infants. 0 home with non-smokers 

all all of house 

n' effective rate of air change 

(i)-{v) comfort on a scale where (I) is "very comfortable", (iii) is "comfortable" and (v) is "very uncomfortable". 

a"<: air quality scale (percepioo by MA) where a=fresh, b=toterable, c=stuffy. (From 1992-93 questionnaire). 

Wardle Road : Se 
Z1 23.75 g 
Z2. 20.84 I 
all 21.64 Q 
n• f1 .041 b 
Z1 22.2 g 
Z2. 19.63 I 
all 20.33 O 
n' ro.891 liiil b 
Z1 1 23.33 
Z2 18.78 0 all 20.02 
n' iiil b 

No. 41 

tember - November 1992 
22.45 g 22.82 g 
20.77 0 p 18.4 0 p 
21.2� Q 19.61 Q 

il b f1.631 a 
21.29 e 
17.08 0 
18.23 Q 
1.331 !iii) a 
22.51 e 
18.38 0 p 
19.51 Q 
0.891 liiil c 

No. 43 

Wardie Road : December - February 1992-93 
Z1 1 23.78 g 
Z2 20.54 I 
all 21.42 Q 
n' lr1 .21 b 

g 
I 

0 
Z1 24.91 
Z2 19.01 
all 20.62 
n' f0.73 iiil b 

Z1 1 25.26 
Z2 21.69 
all 22.67 
n' 

0 
iiil b 

No. 41 

Wardle Road: March - May 1993 

22.76 g 
8.06 0 p 
9.35 Q 

1.381 a 
22.8 e 

18.16 0 
19.43 Q 
1.011 (iiil a 
23.58 e 
18.48 Op 
19.87 Q 
0.751 (iii 

Z1 23.64 g � 22.43 g 22.89 g 
Z2 20.96 I 21.13 0 p 18.82 0 p 
all 21.69 Q 21.48 Q 19.93 Q 
n• r1 .461 b ro.791 (ii b f1 .781 a 
Z1 1 24.47 g • 24.4� .e_ 1 22.87 e 
Z2 19.84 I 20.78 .. 0 19.39 0 
all 21.1 n 21.ia () 20.34 Q 
n"lf1.11 
Z1 1 24.66 
Z2 21.92 
all 22.67 

1.451 (iiil a 
23.32 e 
19.51 0 p 
20.55 Q 

n• I mil b I u_lfl:h'WlilI.11� f0.881 liiil c 

No. 45 

Table 2a 
21.39 g 
19.42 I 
19.96 0 
0.781 b 

e 

Table 2b 
20.94 g 
18.48 I 0 

b 

g 
I 

0 
b 

No. 43 No. 45 
0 8 best in terms of energy consumption li!l!il 8 worst in terms of energy consumption 
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Table 3 Effective and real air change rates, free gains and space heating loads: Mean solar demonstration house 
1992-1993. 

509 211.1 
Oct 194 308.7 

552 439.3 
Nov 164 379.3 

542 525.9 
Dec 148 459 

413 8 1 3. 1 
Jan 139 444.6 

399 755.3 
Feb 151 395.8 

415 657.2 
Mar 188 379.3 

478 628.2 
Apr 189 304.2 

2.17 519 453.7 

-· ... ·. 

-:; 

-�' 
. -

557;,,,-
-.. -

652 '.::. -

946 -

893 -

708 -

750 -

546 

... 

Legend: 
n• effective air changes per hour, taking into account 

preheat affect of glazed spaces. 

n' real air changes per hour (approximate value within 
max - min range). 

qs useful solar gains. 
q' useful incidental gains. 
qn and on Tot space heating load. 

Note: 
The mean monthly n• values taken in conjunction with 
the mean transmission loss for all houses and the 
mean internal temperatures, will not necessarily 
correspond to the mean measured on, since 

distribution of n• relative to varying transmission loss is 

relevant. 
Therefore, the n• and n' values have been weighted 

within each seasonal band, i.e. in Sept-Nov, Dec-Feb 

and Mar-May n• corresponds to claculated means, but 
values for individual months vary. Similarly monthly on 
totals are at slight variance with mean measured 
values, but the seasonal total corresponds to the mean 
for all 34 demonstration houses. 

May Z1 1 1.�2/ t---
Z2 /225 

216 199.1 
578 185.7 286 

Mean j 1.1.1 V 
,,/1.62 

24.00 

23.00 
z 
I 22.00 

& 
2 21.00 

20.00 
' 

19.00 
c 7-l/2-b-7. 

18:00 
7 2/1 

17.00 

Total: 5629 
Measured : 5629 

41-212-
1-\� 9-1 

:;::;>"'. 41-112-c • 
. •• '''-�-2/2-b ·� 

• 
• 

• 

b �li-l�h'-1 -" 
• 

. 

+1-9-2/2 a 
- . • • 

....... -U/ .t. a 

a..;,i • • 
� 1' 

H-S-0/ l- b 
:S-01'2-=i: 

' 45-1/ . _\ 
16.00 

15.00 
0 2000 4000 6000 8000 

Net Qh in kWh 

-. 
l 45-0/ -c. 

·�5-2/l I b 

*7 0/1-

..,, � 
• ,, 9-0/l·-

• 
45-1 /2-a' 

10000 12000 

Legend: the first set of numbers (e.g. 5-2'2) denotes location of house, and the sufllx letter denotes air quality as Table 2 

Figure 3 Correlation between mean heated zone temperatures and net space heating load (Qn). 
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Table 4 Temperature differences between buffer spaces, adjacent room and outside. 

0 flats that are best in terms of energy consumption 
� nats that are worst in terms of. energy consumption 

0 buffer spaces 'OK' • i.e. lemp difference > 3K 

No. 5 
C: 16/18 (87%) OK 

13.3�1 3.28 VI 1.11 
10.85 I 7.77 ---cl 4.58 
11.� J 4.3 Vl 5.13 

15.32 
v 

14.48 

9.17 I 7.78 ,-· -·�-, 
Cl 2.9 

V: 12118 (67%) OK 

actual 
temps 

Temp in 

Veranda 

Temp in 

Conserv 

temp 
differenc e 

6R1-V 

V-To 

Where : BR 1 is temp in main bedroom 

K is temp in kitchen. 

K.Z: To is outside temp. 

C-To 

5.62 1 12.26 
7.09 v 
6.2 1 12.66 

6.08 c 
2.16 , 15.79 
6.79 v 
1.5 114.64 

7.42 c 

No. 9 

Glenburnie Place : December - February 1992-93 

No. 5 

12.01 
v 

10.44 
c 

12.11 
·v 
8.59 

c 
10.52 

v 
7.94 

c 

7.96 
7.18 

11.58 
5.61 
3.5 

728 

9.21 
3.76 

10.77 
v 

9.94 
c 

13.69 
---v-
12.57 

c 
5.52 o=--.. ,!ll r .. 5.69 
9.91 
3.11 

100% success (1 borderline No. 9 212) 

Glenburnie Place : March - May 1992-93 l!kJ 16v58 I ::�� 1 ·�""I "-· 

No. 5 

14.34 I 6.08 ,____, --cl 5.88 
16.31 1 2.44 

v 7.85 
12.98 I 6.31 
Cl 4.52 
14.85 2.39 

v 6.39 
11.95 6.39 

c.; I 3.49 

No. 7 

No. 7 

1_2_._19 I 8.49 1 11.02 VI 7.36 r-v--
11.39 I 8.85 1 12.61 
Cl 6.56 c 
12.18 I , 625 1 12.88 VI 7.35 v 
jl._64 I 5.92 , 12.57 Cl 7 .8 1 c 
1�.s I 4.4 
VI s.97 

15.56 I 3.44 1-.;y .. ,...,.-�,� Cl 10.73 r. . . . · -

16.3 
v 

14.89 
c 

16.55 
·V" 

16.24 
c 

16.5 
v 

17.01 
c 

3.9 
7.84 
5.54 
6.43 

:2.01. 

.8.09 

2."34 
7.78 
2.12 
8.04 
225 
8.55 

15.49 
v 

16.09 
c 

17.18 

v 
14.75 

c 

No. 9 

No. 9 
c: 14/18 (78°A.) V: 6118 b;3%) usually Bedrooms too hot. 
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1! Table 4 (Continued) Temperature differences between buffer spaces, adjacent room and outside. 

ll 
I' actual temp 

temps difrerenc 8 
I 

Porteous, Ho 

0 flats that are best in terms of energy consumption 

� nats that are worst in terms·or energy consumption 

0 buffer spaces 'OK' - i.e. temp difference > 3-4K 

Temp in BR1-V Where : BR 1 ls temp in main bedroom 
Veranda V-To K is temp In kitchen. 

Temp in K-C To is outside temp. 

Conserv C-To 

Wardie Road: September- November 1992 
18.31 2.82 15.66 2.3 15.9 3.03 12.69 4.24 

v 10.23 v 7.58 v 7.82 v 4.61 

13 8.31 12.02 7.17 11.92 '6.41 9.2 7.45 

c 4.29 c 3.94 c 3.84 ·c 1.12 
18 2.55 14.2 2.2 19.73 0.34 1 4 .99 ' 1 .98 
v 9.92 v 6.12 v 11.65 v 6.91 

12.17 7.77 12.15 6.46 13.44 6.7 1 0.74 6.61 
c 4.09 c 4.07 c 5.36 t 2.66 

16.38 3.27 . 14.16 3.74 17.89 2.41 �·-' 1 
v 8.3 v 6.08 v 9.81 v 

15.79 3.95 10.41 6.99 14.48 6.82 
c 7.71 c 2.33 c 6.4 

No. 41 No. 45 

V: 9/18 (50%) OK C : 15/18 (83%) OK - only 1 opened up too much to kitchen ( 41 /01) 

Wardie Road : December - February 1992-93 
16.72 4.59 15.77 6.13 13.33 4.25 9.63 7.99 1 o.:ze 5.46 

v 11.89 v v 8.5 v 4.8 v 5.43 
10.29 10.65 9.36 9.55 8.07 10 .3 6.27 8.92 

c 5.46 c 4.53 c '3:24 C· 1..45' 
1 4.91 5.62 1 2.01 4.22 19.61 0.11 12.61 1.2ti 

v 10.08 v 7.18 v 14.98 v ·7]8 
6.28 12.79 9.62 11.37 12.26 8.05 7.76 ..,_9.1 

c 1.45 c 4.79 c 7.43 ·c 2.83, 
14.46 10.65 11.45 6.39 16.04 2 .63 

v 9.63 v 6 .62 v 11 .21 

8.16 13.29 7.74 11.71 1 5.86 3.09 
c 3.33 c 2.91 c 11 .03 

No.<41 No.43 No. 45 

V: 13118 (72%) OK C: 10118 (56%) only 1 Conservatory opened up too much to kitchen 

Wardie Road : March - May 1992-93 
19.11 2 17.6 4.67 16.54 1.68 1 5,86 3.1 12'71 4.46 

v 10.65 v 9.1 4 v 8.09 v ., 7.4 v 4- .25 . 
14.83 6.54 14.21 7.99 14.53 5.13 14.05 5.5 10.89 6:18 

c 6.37 c 5.75 c 6.07 c 1·5.59 •c C ·2.63 
1 8.68 2.33 19.53 1.69 14.55 3 . .28 1 4.72 2.62 

la I v 10.22 v 11.07 v 9.69 data 
·- v •6.26 

13.79 6.01 1 4.55 7.05 14.77 7.06 5.05 .12.6 .5.3 

ii 
c 5.33 c 6.09 c 9.91 7.04 c 4.14 

17.87 4.86 i1t 14.98 4.2 3.76 
v 9.41 v v 6.51 7.18 v 

12.35 9.37 11.96 8.34 6.58 
c 3.89 c 3.5 6.07 

No. 41 No.43 No.45 
V: 11118 (61%) OK- 2 verandas opened up to bedroom on a lrequent basis (11%). 
C: 14118 (78%) OK - no conservatories opened up too much to kitchen. 
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Table 4d 

14.75 5.33 
v 6.67 

12.81 6.8 
c 4.73 

17.74 1.36 
v 9.66 

14.42 5 
c 6.34 

Table4e 

12 6.95 
v 7.17 

11.25 7.58 
c 6.42 

17.17 2.14 
v 12.34 

12.51 7.66 
c 7.68 

(43101) 

Table 4f 
14.38 5.3 

v 5.92 
14.76 5.14 

c 6.3 

18.46 0.59 
v 10 

3.45 

7.74 

I 
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Table 5 Energy consumption for space heating expressed and ranked in 4 ways (September 1992 - May 1993). 

[ ] Rank 

Table Sa. Wardie Road 

1 3.34 [23] 
2 10.81 (15] 
3 48.29 (26] 
41ss.1ar19 
1 2.10 (11] 
2 6.78 f71 
3 28.44 (11] 
4 91.95 r9 
1 
2 
3 
4 

(13] 14.17 
(10] 13.50 

1 kWh/m3K 
3 kWh/m3 2 £JK 

4 £ 

[14] 11 
(13] 2 

3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

No.41 No. 43 No.45 

D 

Table Sb. Glenbumie Place 

8 all-round best in terms of energy consumption. 

(37.5% electric). 

lowest cost - gas 

lowest energy consumption - electric 

For example,  in the "low" set 4 1- 1 \2 enjoys 4K 
more warmth com pared with ei ther 45-1 \1  or 
7-2\ 1, and o nly has to pay for about 285 kWh 
extra.  O n  the other hand 43-2\2 has the same 
energy load as 45- 1 \1 and 7-2\1 and 2K more 
warmth ,  which , at a 1 9°C mean 24h who le-house 
temperatu re, should suffice in terms of comfort .  
Since there i s  not a big difference between any of 
the houses i n  terms of transmission loss,  and a l l  
enjoy a degree of mutual thermal protection, the 

2 
3 
4 
1 
2 
3 

4 
1 
2 
3 
4 

8 all-round worst in terms of energy consumption. 

(50% electric). 

highest cost - electric 

highest energy consumption - gas 

difference in performance must be main ly  due to 
differing ventilation and/or heati ng regimes. But 
what drives such differences? 

I t  has al ready been noted that G len burnie flats 
h ave h igher mean n° values than  the ir  Wardie 
counterpart s .  Th is  may be d ue in p art to the 
iorme r ' s  main facade being m o re exposed t o  
prevai l i ng south-west winds . A tendency for the 
h ighest c o n s u mers/vent i lators to be located on 
ground floor  o r  2nd floor gable position s  m ay also 
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be due in part to natural air-leakiness. However, it 
also relates to intervention on the part or the 
occupants. Flat 45-0\2 has a much higher air 
change rate compared to 45-0\ 1 , although the 
gas heating in the former case and electric In the 
latter result in a reversal of ranking comparing the 
energy load expressed in kWh/m3K with fuel cost. 
The ability to pay - 45-0\2 found the house "very 
easy" to heat compared with "easy" in the case 
of 45-0\ 1 - may be Influential in indulging a 
certain lifestyle . This allows youn@ children to use 
the glazed veranda as a play space, and take 
advantage of its direct access to the garden, as 
well as adopting a liberal airing regime all year 
round. The latter was well documented In 
45-0\2's weekly diary, with the aim "to air the 
house". It is further relevant that 45-0\ 1 was 
perceived as stuffy, presumably due to the effect 
of high temperatures which are apparently enjoyed 
by the ocupants, rather than low rates of 
venti lat ion. 

H aving est ablished that 45-0\2's h i g h  
consumption o f  5 . 2 4  kWh/m3K is due to the user's 
a ir ing reg i me, it is worth returning to flats 4 1 - 1 \2 
and 4 5-1\1, both low u sers but the former 
averaging 4K warmer than the latter. One might 
anticipate that 45-1\ 1 has the higher ventilation 
rate; but although its n° is marginally greater than 
that of 41-1 \2, the reverse i s  true for n' - see 
Table 6 below .  

Table 6 n• cf. n' for 41-1\2 & 45-1\1 [ac/h) 

41-1\2 n• n' A n' 8 n' C 
Sep-Nov 1992 0.41 1.66 1 .11 1 .46 

Dec-Feb 1992-93 0.32 0.94 0 .69 0.8 1  

Mar-May 1993 0.39 1.38 0.96 1.25 

45-1\1 n• n' A n' 8 n' C 
Sep-Nov 1992 0.45 1.57 1.16 1.39 

Dec-Feb 1992-93 0.38 0.77 0.62 0.65 

Mar-May 1993 0.41 1.20 0.90 1.10 

The h i g her n' values in the case of 41-1 \2 
correspond t o  the qido data, while the respective 
occupants share the same tendency to open the 
patio door between bedroo ... and glazed veranda, 
and are both away from home quite frequently. 
However 41-1 \2 uses electric storage heating , 

while 45-1\1 intermittently operates a responsive 
gas system. Thus in this case It Is the rnode of 
heating, rather than ventilat i on,  that must account 
for the 4K d ifference. 

A further paradox is apparent taking 45-0\ 1 
and 45-0\2 as two high consumers - one with 
high temperatures and average rates of air 
change; and the other with average temperatures 
but very high rates of air change - and 41-1 \2 and 
45-1\1 as low consumers. It may be seen from 
Table 4, that the buffering effect of the veranda 
appears better ror the " high" set, suggesting that 
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high rates of ventilation lncreiase the space 
heating load, but do not negate the preheat effect. 
This ls supported by compa r ison of ne and n' 
values for 43-1\1 , known to keep the house well 
aired, and just below the median In terms of 
consumption- ran k i n g  and the mean when 
c o n sumption is expressed as kWh/m3K - see 
Table 7 below.  

Table 7 n•  cf. n '  for 43-1\1 [ac/h] 

43-1\1 n• n' A n' 8 n' C 
Sep-Nov 1992 1.33 3.01 2.15 2.38 
Dec-Feb 1992-93 1.01 1.58 1.29 1.33 
Mar-May 1993 1.45 2.77 2.14 2.22 

Although b.oth n° and n' are much higher than 
corresponding val ues for 45-1\ 1, the (n'-n8) 
differences for scenario C are of the same order in 
each case. 

Before moving on to explore links between 
family structure and/or habits and ventilating 
regimes, it is worth noting that large devices such 
as windows are used more responsively in relation 
to seasonal changes than small devices such as 
adj ustable slot ventilators. For example, Table 
8a-c shows that 30% of respondents who 
acknowledged "otten" opening the patio door 
between bedroom and veranda in winter doubles 
to over 60% from March to May . On t he other 
hand, use of slot ventilators does not vary much 
between seasons in any category. Use of glass 
louvres between kitchen and utility-conservatory is 
more variable, again supporting the notion that the 
more visible or bigger the device, the more likely it 
is to be used. If this is the case, it questions the 
effectiveness of small manually operated fine· 
tuning devices. 

W ith respect  to w i n dows/doors it is worth 
examining differences between high and low 
consumers. In the case of the bedroom's patio 
door being opened to the veranda from December 
to February , n o ne o f  the low users listed "often" 
and 80% " hard ly  ever"; w h i le 25% of the high 
users listed " often ", 5 0 %  "somet imes " and 25% 
"hardly ever" . O n  the other hand 80% of the low 
users professed to opening th is  door "often" in 
spring, while in autumn 60% s tated "sometimes" 
and the remainder " hard ly ever". 

This suggests that  e i ther the sun nier spri n g  
weather rel at ive t o  autu m n  provo ked t h i s  
response, or that there is  a psychological "spring 
attitude" to ventilat ion after the long, relatively 
gloomy winter mon ths , or a com b ination of such 
factors . The other i nterest ing trait is that there is a 
s i m i l ar ity between high and low c o n s u mers' 
operation of windows and doors in spring . but not 
in either winter or autumn, when the former open 
up more frequen tly . For example, 25% of the 
"highs" open the outer conservatory window 
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Table 8 Occupant ventilation o f  g lazed spaces and heated zones. 

Legend : 

Legend : 

Legend : 

20% 
30% 

44% 
1 1 %  
6 1 %  
54% 
46% 

p 
v 
w 

50"/o 
35% 
4% 

48% 
1 5% 
25% 
57% 
50% 

I d  
v 
w 

" . . 33%: : : "  

" 29% :' 
'44% 
? 1 %  

· 1 9% . 
64% 

52% 

57% 

d 

w 

5% 35% 
.( . 60% .. : 4% :;: 1 3% ·" 20% 

1 8% ' · 26% 1 5% . 44% ' 

44% ' - 1 2o/. ' 8% 44% 

4% - , 26o/. · 4% 63% 

36% 25% 1 4% 1 4% 

50% 1 1 %  8% 35% 

7% 36% 1 1% 1 8% 

Patio door between BR1 and Veranda. 
Vant ovor patio door - between BR 1 and Veranda. 
Outer windoW3 to Veranda. 

50% 2 1 %  8% 29% 

9% 39% 22% 26% 

4% . 37°.4 1 1% 59% 

48% 1 9 %  7 %  33% 

4% 4 1 %  15% 44% 
1 8"/o 6 1 % ' " 22% 1 4% 

57% 21% 7% 22% 
1 4% 29% 21 % 21% 

Glazed door between Living Room and Veranda. 
Vent over glazed door etc. 
Outer windows to Living Room. 

.:: . 1 2".t.t: ': 
1 2% ::· 

. 1 1 %" . 
I 

:· ' 1 5% . 
1 2% "r 

1 8% 
30%". 
25% ' 

'(50% '" : : .. :·· . '? 
"i� 46% 

-37%,-
_.,. ._ 

:"' .50% ' 

;;\393 l; 
:::: 32% · ' 
' ; 33% 

29% 

:: 17"/.; :. 
. ,;: 1 7% : 

1 5% �-
• .  1 9% 

•; 1 9% 
.· •• 1 8% : ; 

1 1 %  
25% 

: , : ' 17% .· 

' .  25% 
· 1 9"/o 

19%� -. 

. - 42% 
4% 
15% 

1 4% 

Glazed door between Kitchen and Conservatory. 
Louvered panel between Kitchen and Conservatory. 
Out..r windows to Com1ervatory. 

40% 
83% 

" 67% 
48% 
92% 
50% 
42% 
82% 

42% I 
69% 
85% 
45% 
8 1 %  
60% 
36% 
65% 

71% 
7 1 %  

.· 74% 
I 

66% 
69% 
64% 
59% 

50% 

Table Ba 
Main bedroom and veranda. 
opening patio doors, hit 
and miss vent and outer 
windows. 

Table Bb 
Living room and veranda, 
opening g lazed doors, hit 
and miss vent and l iving 
room windows. 

Table Be 
Kitchen and conservatory, 
opening glazed doors, 
louvres and outer windows. 
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o ften i n  w in te r  a n d  43% in  autu m n ,  com pared with 
n o n e  o f  t h e  " l o w s "  in e i ther  seas o n ,  wh ereas 
there i s  r o u g h  " h ig h "  and " low" parity for th i s  
w indow i n  spring . 

The issue o f  fam i ly structure and habits i s  
the  most  e l us ive  re lat ive to i n tervent ion .  With a 
s m al l  s tat i s t i c al s a m p l e ,  apparent t rends  may 
d e c e i ve , and t h e re are i n d ependent  phys ica l  
i n f l u e n c e s .  For i ns tance ,  houses heated by g as 
are expected to be more vent i lated than the i r  a l l 
e lectr ic  ne ighbo u rs , as in  Table 9a.  

Table 9 a  n• f o r  gas and electric flats [ac/h] 

1 992-93 

gas 
electric 

autumn winter spring sample 

1 .14 0.98 1 .26 20 
0.87 0.7 7 0.95 14 

But  in  the second year, there are except ions to 
the rule i n  aut u m n  and spr ing - see Tab le  9 b .  

Table 9 b  n •  for gas and electric flats [ac/h] 

1 993-94 autumn winter spring sample 

gas 
electric 

0.6 1  
0 . 71 

0 .64 
0.54 

0.89 
0.99 

12 
12 

A second c om parison of " smoking " and " no n 
smoki n g "  households conf irms a cons istent trait .  
Table 1 0  i n d icates that ,  for t h e  2 n d  l i n e  i n  each 
year with the same smal l  number of houses as the 
smok ing ones (random neighbours) ,  a i r  change is  
s ign i ficant ly h igher  than the the whol e  sample in  
the fi rs t  year ,  but  somewhat lower i n  the second 
year . This then ra ises the issue of what the value 
for n o n - s m o kers m i g h t  h ave been for a l arge r  
sample .  N evertheless i t  i s  a consistent and l og ical 
resu l t .  

Table 1 0  n •  for smoking condition [ac/h] 

1 992-93 autumn winter spring sample 

smoking 1 .15 1.02 1.05 29 

smoking 1.31 1 .26 1 .46 7 
non-smoking 0.87 0.67 0.95 7 
1993-94 
smoking 0.95 0.91 1.07 19 
smoking 0.84 0.86 0.98 5 
non-smoking 0.63 0.69 0.95 5 

A th i rd supposi t ion t o  test is that fam i l ies  with 
i n fants under  1 0  years old invoke h ig her  rates of  
vent i lation .  Table 1 1  again consistent ly s upports 
th is  content ion.  

Other aspects such as ownership of  pets are 
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Table 11 n• for " infant" condition [ac/h] 

1992-93 autumn winter spring sample 

infant 1.36 1.31 1.65 9 
non-infant 1.1 2 0.92 1.04 25 
1993-94 
infant 1.26 1 .40 1 . 7 2  4-5 
non-infant 0.79 0 . 7 9  0.96 19 

more d ifficu l t  to p in  down i n  terms of i nf luence,  
but large pets add to the fam i ly  metabo l ical ly and 
use of buffers as kenne ls  may be l i n ked to open 
windows. The preval ence of various  types of net  
cur tai n i ng and Venet ian b l i n d s ,  even on outer 
buffer g l az ing  i s  a conseq u e n c e  o f  " pr ide i n  
home " .  This must  have a negative effect on  solar 
s u p p l y ,  b u t  ag a i n  i t  i s  h ard to q u a n t i fy .  In any 
case ,  virtual u n iversa l i ty r e n d e rs it  more a 
constant than a variab le .  

Ha l f  the h o u s e h o l d s  had lower  fue l  l oads 
(kWh/m 3 K) in the second year ,  and some of  
these made substant ia l  savings  - e . g .  43-0\ 1 and 
43-0\2 down by about  50 % ,  w i t h  lower 
temperatures and lower rates of a i r  change .  

Eas thall 's ven tila tion rates in a wider con text 
As stated under " m ethodology" ,  havi ng assessed 
user - impact on heat ing loads and performance of 
g l azed b uffer spac e s ,  and b efore ca lcu la t ing  
sav ings compared with two reference m odels , i t  i s  
of  va lue  to p lace trends wi th  respect  to vent i lat ion 
in  a wider context .  

D i c k  and Tho m as ( 1 95 1 ) c arr ied out two 
va luab le  fi e ld  s tud ies  at Abbots Lan g l ey and 
Bucknal l ' s  Close.  A l i near increase i n  o pening o.f 
" casement s "  and " h oppers " ,  e s p e c ia l l y  the 
l at t e r ,  occurred over t h e  t e m p erat u re rang e  
to b e  expected i n  autu m n  and s p rin g .  Al though 
th is  work i s  now over 40 years o l d ,  t h e  type o f  
window prevalent a t  that t i m e  g i v e s  m o re flex ib le 
c o n tro l  than i s  c o m m only  the case t oday . 
Apply ing Easthal l ' s  mean a ut u m n -spr ing  
temperature of  8 . 25°C to the fi nd ings at Abbots 
Lang l ey y ie lds  2. 4 h oppers and 0 . 4  casements  
(approx.  0 . 4  m2 opening)  and an a i r  change rate 
of  j u st be low 3 . 0  ac/h . The s e c o n d  study at 
B u c k n a l l ' s  C lose  i n d i cated a s h arp i n c rease 
in  air  change above a wind ve loc i ty of 1 . 35 m/s 
when  there w ere t hree v e n ts o p e n  (say 
0 . 1 m 2  each) and above 2 m/s w i th  n o  vents 
ope n .  The mean autu m n - s p r i n g  w i n d  speed i n  
G lasgow of  4 . 5 m/s app l ied  t o  t h e s e  fi n d i n g s  
i n d i c ates an a i r  c h a n g e  rate o f  3 . 6  ac/h wi th  
three vents  open and over  1 . 5 ac/h when closed 
u p .  

M o re recent  work by E t h e r i d g e  ( 1 982)  
i n d i c ates t h at in  w ind-dom i n at e d  c ond i t ions ,  
0 . 1  m 2  o f  open w i ndows c orres p o n d s  t o  about 
1 . 0 ac/h , 0 .3 m2 to about 2 . 4  ac/h and 0.4 m2 
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to over 3 .0  ac/h ; and t h e  respect ive rates  are  
about  0 . 5 ,  1 . 0 and 1 . 2 5  ac/h i f  buoyancy
d o m i n ated . These fi n d i ng s  correspond to a 
reg i m e  w i t h i n  a house  with a l l  i n ternal  doors 
c l o s e d .  I f  two i n terna l  d oors are l eft ajar ,  o n e  
to  the roo m  w i t h  the  o p e n  w indow,  a i r  change 
rates i n c reas e .  A bedroom window with  l ess  
than 0 .  1 m2 open ing corres ponds to  a 1 . 8 ac/h 
who l e - h o u s e  rate at 4 . 5  mis w i n d  speed 
c o m pared w i th  1 . 0 ac/h when a l l  doors are 
c lo sed . S i n c e  pare nts are q u i te  l i kely to le ave 
t h e i r  c h i l d ren ' s  bedroom door  open over
n ight ,  th i s  survey he lps to  expla in the  va lues in  
Table  1 1 .  

Overal l ,  s u c h  f ie ld  s tud ies s upport  an  
expectat i o n  for  the range o f  rates of a ir  change 
exper i e n c e d  at  Eas t h al l  i n  autumn and spr i n g ,  
and suggest that t o  model housing with one rate 
of  ven t i l a t i o n  over a heat ing  season does not  
accord w i t h  peop le  res pond ing  to the i r  
env ironment  i n  a more i n tr ins ica l ly  i nd iv idual is t ic  
and complex way. 

Energy "worth " rela tive to reference models 
Therefore , acceptin g  the n' rates in Table  3 as a 
n orm rat h e r  t h an an abe rrat i o n ,  and i nev i tab ly  
large swings about  a m ean due to  the 
characteris t ics  and i nfl uences of the occupant s ,  
the e n e rg y  " wort h "  of the  project m ay b e  
ca lc u l ated . R EF- i s  a real bu i l d i n g ,  the  same 
house type o n  the same s i te before renovat ion , 
but  a t h e o ret ica l  mode l  i n  that none  of t h e  
o c c u p a n t s  can afford to heat a n d  vent i lat e  t o  
the  same standard a s  the s o l a r  houses .  I t  i s  
re levan t ,  nevert he less ,  to est i mate h o w  m u c h  
energy w o u l d  be required to t o  achieve t h e  mean 
standard of  the retrofitted houses . The space 
h eating  l oad for REF- i n  1 99 2-93 was estimated 
as 2 0 , 330 kWh . The solar houses'  mean of 5 , 62 9  
kWh {Tab le  3 )  i s  7 2 . 3 %  or  1 4 , 7 0 1  kWh less , 
i ncreas i n g  s l igh t l y  t o  near ly 7 5 %  i n  the second 
year. 

REF+ is a t he o ret ica l  mode l  in every s e n s e  
since a l l  36 houses i n  t h e  demonstrat ion had two 
g lazed spaces . Calcu lat ing  the energy "wort h "  of 
the b u ffered h o u s e s  re lat ive t o  R EF+ , as a 
competitor i n  terms of replication , is an important 
aspect of the project ' s  evaluation . In th is  instance 
the d i fference is 2 , 550 kWh or 3 1 . 2 % ,  more than 
the 28 .4% predicted mean. This confirms that the 
buffer spaces d o  work in  terms of preheating a i r  
for vent i latio n .  The ' ' ut i l i ty ' '  buffer i s  a lso  needed 
extra space tak ing " wet " activ i t ies  o utwi th  t h e  
heated vo lu m e ,  a n d  consequent ly  condensat ion 
has been ent irely el i m i nated . 

C O N C LU S I O N S 
1 .  The wide range i n  heat ing loads i s  main ly t h e  

res u l t  o f  d i ffer ing  d e m a n d s  w i t h  respect t o  
warmth a n d  vent i lat ion . 

2 .  Li beral vent i lat ion does not tend to negate t h e  
preh eat effect o f  buffers , a n d  s o m e  frequent  
" patio door openers "  were low consumers .  So i t  
appears to be a fairly ro bust  techn ique ,  we l l  
suited to typical "air ing-aspirations " ,  and in  th is  
case i ts  energy worth is about 2 , 500 kWh p . a. 

3 .  The b u ffers reduce. the i m p ac t  of w i n d o w  
open i n g  i n  a u t u m n  a n d  spr i n g ,  w i t h  e ffect ive 
rates o f  a i r  change stead i e r  t h an rea l  rates 
over a heat ing season . Model l i n g  a s ing le rate 
from September to May is  no t  rea l ist ic . 

4 .  Components s uch as windows and louvres are 
operated more responsively relative to seasons 
than smal l  devices.  

5 .  I n d i cators h ave em erged l i n k i n g  high fue l  
c o n s u m pt i o n  to fam i l i e s  w i th  s m okers and 
young ch i ldre n .  
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