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1. Int.rc:xhlct.ion 
As part of their �rk in the International Energy Agency (IFA) Annex 21 
the SUbtask B group are tzying to c:bcllnent meth:xblogies for assessing the 
risk of overheating in hri.ldings. These meth:xblogies lay cbwn the 
analysis procedure to be follcwed when using a particular thenna.l rrcrlel. 
Methodology documents (P.AMIXXS) have been developed by various cotmtries 
and each uses a different criterion for assessing overheating and each one 
is based on a different ccrrrplter program. 

The :prrp::>Se of this piece of work is as follCMS: 

(a) to assess the consequences of using different criteria for 
classifying overheating, and 

(b) to assess the influence on the predicted risk of overheating of 
using different canp.lter prograrrs. 

The analysis will be conducted using data which was already generated as 
part of the UK ETSU Applicability Stl.Xiy 1 project. In this project great 
care was taken to avoid arry misma.:tch between the data fed into the various 
carp..lter prograrrs, therefore arry differences in the predictions will be 
due either to the different algorithms used by the programs , or due to the 
different overheating criteria which are being used . 

2. OVerhea.tinq criteria 

Five different criteria for defining overheating have been analysed , the 
definition of each of these was taken fran a rep:>rt prc:di 'r.ed by Ha.lcru.v 
Gilbert Associates for the UK Departlrent of Energy1• F.a.ch of the rrethods 
is l::ased on analysing the results of hour by b:>ur sinru.lation prograrrs 
which have been run for a 'Wh:>le year. No criteria l::ased on desi�y 
analyses or which are devised for simple prograrrs such as BRE'.Arl1IT have 
been studied. 

criterion 1 - is used within the UK Passive Solar Programne (PSP) and 
states that tanperatures over 27°C should not occur for rore than 3% of 
the working hours in a year. In this stJJdy the �ra:ture was taken to 
be the dry resultant tanperature and it was assumed. that the working b:>urs 
were fran 9.00 am to 5. 00 pn every day (that includes weekends and 
holidays i.e. 365 days per year). 

criterion 2 - is used in Holland and indicates that there smuld be no 
rore than 5% of working hours with a tanperature of greater than 25°C for 
60% relative humidity, and no rore than 1 % of working OOur:s with a 
te.rrpera.ture greater than 28°C. Again the �ture was assumed to be 
the dry-resultant tanperature and the sane definition of working b:>urs was 

adopted. The condition relating to relative humidity was ignored for the 
puIFOSes of this study so we sin;>ly analysed dry-resultant tanpera:tures 
above 25°C and dry resultant tanperatures above 28°C. 

criterion 3 - is used in Switzerland in the Zurich canton . This criterion 
is one of three which may be used to daronstrate that air coOO.itioning is 
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necessary within a building. In this criterion the prcduct of rours x 
tanperature in excess of a defined level is used to assess overheating. 
The defined level is taken to be 24°C up to an ambient taTiperature of 
12°c, and 28°C when the ambient tercp:rature exceeds 20°C. The defined 
level varies linearly between 24 and 28°C as the ambient tanperature 
varies between 12 and 20°C. The FQint here is that occupants are likely 
to tolerate higher maximum rcan tanperatures as the ambient tanperature 
itself becc:.n'es higher. The criterion is that 30 kelvin hours per year 
ITU.lSt not be exceeded, and if it is then air conditioning is pennitted 
within the building. 

criterion 4 - is that used by UK, Design Note 17 (DN17), for the design of 
school buildings in the UK. In this criterion the number of days in t..'1e 
year for which the indoor tanperamre exceeds 27°C is detennined. ::f 
during normal WDrk:ing over the schcol year the resultant tet;:erature is in 
excess of 27°C or for over 10 days during surrrrer, it s"tates that this is a 
reasonable predictive risk. It is not:. clear exactly what this means, :or 
the pul1XJSes of this analysis it has teen taken that:. 10 days is the ::...:..11u. 
allowable. 

criterion 5 - used in Applicability Study 1 (ASl) is s�ly the number of 
hours in the year for which the �mre exceeds 27°C. There was m 
limit ever placed on this paramet:.er, it was simply used as an indication 
of overheating. 

3 . Proarams Used 

In this study, 3 proc;rams were used , ESP , HTB2 and SERIRES . All ttrree 
programs a.re finite d.i£ference programs which have been well used wit.lU.n 
the UK and have been subject to various validation exercises. In 
particular ESP and SERIRES have :t:een used within !FA 21 .subtask B and also 
IF.A 21 SUbtask C. To test the al::.ove criteria, the predictions of dry 
resultant temoerature fran ESP and HTB2 were used . SERIRES however 
produces a tarrperature which is a mix of air and radiant tanperature. 
This we call the enclosure tanperature and it was against:. this tanperature 
that the a1::xJve criteria was tested. 

4. B.rilding Analysed 

The internal tanperatures in the Linford Passive Solar House (in the UK) 
were predicted using ea.ch of the programs. The lx:Juse was rrodelled as 5 
z.ones with one of them being the living/dining rcan . This rcx::m had a 
large area of south facing glazing, and it is this rcx::m in which the 
internal terrperatures will be ana.lyse:i. '.Ihe walls of the 00use were 
thennally heavyweight and well insulated to produce a U-value of O. 3. 'll1e 
building was heated with a lCM pressure hot water system controlled by · 
llrli.vidual thenrosta.ts sensing µ.ire air tarp:ll"ature. It was assumed that 
the oouse was occupied by a family of 4 people who were in the muse for 
the entire day. 'lhese people controlled the rate of ventilation by 
opening the windows if the air temperature exa>ecled 25°C. The effect of 
this was to increase the ventilation rate f rcm one air� per hour to 
5 air�ges per hour . For the p.llp:)Se5 of this st:u:iy, the muse was 
subject to Kew weather conditions (Lorrl::ln). Hourly air, rrean-radiant, and 
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hence resultant tanperatures, were predicted for every oour of every day 
in the year for all three prograns. It was then p::issihle to analyse these 
values using each of the atove criteria. 

Additionally, to determine how the criteria resp::iOOed to differences in 
the area of glazing, the .l:ui.lding was analysed with four different areas 
of window in the south facing living/dining rccm . A small area of glazing 
representing 28% of the actual area of the .l:ui.ld.ings as designed, a medit.:nn 
area (63% of the final design area), a large area (100% - the actual 
designed area, and a huge area (135% of the designed area). We TNOuld 
therefore expect that under sumner conditions the likelil'...cx:xi :Ji 
overheating will increase as the area of glazing increases :ran 'dlat 
represented by the small glazed area 'through to that represenied ':;v :.he 
huge glazed area. 
5. Results 

S.l Presentation of Results 

The results are given in tables 1 to 4. These ccntain the rretixx:i. a :Cn.ei 
statement al:x::mt the criteria, and -:.."le liinit ·Hh.ic."1 is applied ':.:) i:.':e 
criteria. The results for each program ESP (E) HTB2 (H) and SERIRES (S) 
are then given as the number (i.e. 'NOrking tours, degree-hours or days 
depending on the criterion) arri the percentage (i.e. of ·NOr.K.ing :-.ours, 
degree-hours, days etc.) for which the limit tanperarures are excee::ied. 
symt:ols are then given (either N for oo or Y for yes) t:) ir..d.icat:.e whe'Cher 
according to the particular criterion overheating has :.n:ieeri ccc..rrred . 
Statistics are then given which represent: the range fran �'":.e .!.cwest 
predictor to the highest predict.or, the rrean predicticn fer -:..'1e t.lrree 
programs, and variation as a prrcentage of the rrean . ?or exam;ile, on 
Table 2, using the PSP criterion which relates to the number of oours 
al:ove 27°C, ESP calculated 83 working hours, HTB2 24 arri SERIRES 12. 
These are respectively 2.8, 0.8 arxi 0.4% of the total working hours and 
therefore they are all less than the 3% which is the PSP criterion, and. 
therefore oo overheating c::x:curs . The variation between the SERIRES and 
ESP results was 71 working hours , the rrean result was 40 working hours , 
and the variation as a percentage was therefore 178% - quite large (Table 
2). 

Glancing at the tables it can be seen that in Table 1 r.cne of t..'1.e criteria 
pre:iict that overheating will occur. In Table 2 l"x:Jwever, overheating may 
or may oot be deene:i to have occurred deperxiing on the program or 
criterion which is used. As we IIDVe to Tables 3 arxi 4, representing large 
and huge areas of south glazing respectively, we can see that all the 
methods predict that overheating has occurred . 

5.2 Effect of Program 

Firstly, the differences between the three programs when using a given 
criterion will be stl:rlied (Fig. 1 to Fig. 5) . It can be seen (Fig. 1) 
that using criterion 1 (PSP), ESP predicts that overheating will tegin to 
occur at much smaller window areas than predicted by the other program:;. 
In particular, ESP irrlicates that the overheating limit of 3% of working 
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hours will be exceeded with a wincbT area. of arout 62% of the design area, 
whereas HTB2 am. SERIRE5 indicate that it will be exceeded when the winQ::Jw 
area is as large as 80 to 85% of the design area . I.Daking nt:M at Figures 
2, 3, 4 and 5, it can l:Je seen that in all of than ESP predicts that 
overheating will begin to cx:x:ur far sooner than either of the other 
programs. In other 'WOrds, irrespective of the cri terian used , because ESP 
predicts higher internal t:anperatures it also predicts a higher likelihcxxi 
of overheating for any given window area and, in this exercise, that 
overheating limits will re exceeded at smaller window areas . 

It has not been p:JSSible to undertake a sensitivity study to detennine the 
aspects of the ccmputer programs which are the main cause of these 
divergent results. However analysis oonducted during the ASl project, 
suggest that they are unlikely to be due to either the choice of internal 
surface heat transfer coefficients or the window algorithms adocte:i bv t.11e 
prograrrs. (These two algori tr.ms had minina.l i.mpact en the preilction of 
internal surmert.ime tempera:cures in the buildJngs). It is "fOSSible ti'.ar. 
tile external solar radiation m:xiels or the external surf ace heat transfer 
ccefficients, particularly at window surfaces, are the cause of t."le 
results. It has not been "fOSSible w analyse these prc;x::isitians at :his 
stage. 

5. 3 Effec"t. of Criterion 

Although the influence of programs on predictions is i.rt;;crtan"t., of :rore 
interest within SUbtask B of ISA. 21, is the effect which ado;:l-cing 
different criteria may have on the assessnent of a :i;art.icular building. 
Al though sate work has been done to assess this within subtask B, i:ecause 
different programs are being used by di£ferent peo;:ile, it is di£ficult to 
disaggregate the effects of the program and the user f ran the effects of 
the criteria themselves. By using the data fran ASl, it is "fOSSible to 
disaggregate the effects of the criteria frcm the other issues. To do 
this it is necessary to plot the results fran the criteria an a cc:xmon set 
of axis . Therefore, the actual nredicted values were exnressed as a 
percentage of the limit used with the criteria, e.g. l.ookiiig at Fig. 1, 
and the predictions of ESP with the PSP criterion, it can be seen that ESP 
predicted 2.8% of the -working hours in the year exceeded 27°C (for a 
winJcw" area of 63% of the design area). Now, the limiting value is 3%, 
the 2.8 therefore represents 93% of the criterion limit. Turning to the 
DUtch criterion (Fig. 2) using the 28°C limit, O. 6% of ¥.Urking hours 
exceeded the limit am. the criterion is 1%, therefore the 0.6 represents 
60% of the criterion limit. 

Figure 6 shows these results for all the criteria for ESP plotted. an this 
basis, the fraction of overheating (as a percentage) an the Y axis and the 
wind::Jw area along the X axis . It can be seen that the DUtch 25°C limit 
predicts that the overheating limit will be exceeded with a wiirl::Jw area of 
only 28%. The DUtch 28°C limit however, suggests that the witrl::Jw area 
could be as large as 68% before overheating occurs . 'lllese represent the 
extremes of the predicted values. The results for the other criteria are 
however also very variable. The Swiss cri tericn suggests that overheating 
will occur with a window area. of 30%, the DN17 limit suggests that 42% is 
allowable, whereas the passive solar, progLam limit suggests that the 
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I Method PSP I Dutch II Swiss I DN17 I ASl ,, I Criterion No. Wrk.hrS>27°C No . Wrk.hrs>25°C No. Degree-hrs. I No. Days>27°C No. Hrs>27�c 
or> 28°C (T :unb dependent) I I Limit 3% 5% or 1% 30 ! 10 

I Pro
gram I E I H I s I E I H j s I E I H I s II E I H I s !I . 

Number I I i 3 I 
0 0 I l 1. 0 0 I 0 () 0 113.-0 ! .14,Q :s.-0 I I I 

1% 0 0 I 0 4.8 I 0 1.5 I 0 I 0.6 IO i . I ! I ' Overheating? N N I N ! N I N N N N NI N I N I N I I i � t • 

; Variation I 0 I 95 I 0 ·I } I I I 'I 
:\·lean 0 I SS I 0 � j I J.3 •t ' I, l i I• 

i , % Variation - 164% /- �I . .! 
, Comments ii Total no. of wo<k- 1 Criterion is based I Degree-hours base I iA.dditional Cri-11 

J Method 

i ing hours (9-5) = I ,.,9"0 
. . I _ _ , weetcenas 

and holidays 

considered 

. , 
not j! 

!I 

on high humidity 

(60%), this is not 

considered here. 

New method is 
based on PY!V 

I i varies from 2.+ °C � kerion 

: ; at T 
I' ::mb 

'1 
s; l2°C �o 1 f+°C 112s0c at 

I 20°c 
!I 

T .llllO :2 :I 
I 

' 
·I 

Table 1: Overheating Assessment based on Dry Resultant Temperature 

using AS 1 Linford Results (Kew. Small South Glazing Areal 

II PSP II Dutch !I Swiss II 

.I 
is .:.;�c :'::I 

· ! 

'I ,, 

DN17 II 
l Criterion No. Wrk.hrS>27°C No. Wrk.hrS>25°C I No. Degree-hrs. I No. DayS>27°C 

II or> 28°C (T aznb dependent) I Limit 3% 5% or 1% 30 I I 

Program I E H I s E I H I s II E I H I s II E 
Number 83 24 12 1'11 111 391 /4 169 / 2 233 51 24 23 
% 2.8 0.8 0.4 24.2/0.6 13.4/0.1 5.8/0.1 

Overheating? N N N y y y y y N y 

Variation 71 538 I IS 209 

Mean 40 422 / 8 103 

% Variation 178% 128% I 188% 202% 

Table 2: Overheating Assessment based on Dry Resultant Temperature 

using AS 1 Linford Results (Kew, Medium South Glazing Area) 

10 

I H I s II 
10 6 

N N 

17 

13 

131 % 

-

E I H s 
.., 0 !) -

·1 I ,., ' 

� -

).':" 

ASl 

No. Hrs>2"7°C 

-

E I H I s 
110 36 I 19 ' 

I I . 
? ? I "I 

91 

55 

166% 



window area could rp up to 62%. So, with the program ESP, the allowable 
window area varies considerably deperrling an the •:riterion which is used. 
Turning to the results fran the other t.Y.U programs HTB2 (Fig. 7) and. 
SER.IRES (Fig. 8) the similar spread in the results can be seen . In all 
these cases the Dutch 25°C limit allows the smallest:. wiirl:Jw area, and 
either the passive solar program or Dutch 28°C limit allows the larges-r. 
window area allowable. 

Clearly then, even if the same program is used, :or the sane lcx:a't.icn, :he 
window area which will :be allowed culd vary by a factor of between 2 and 
3 depending on whether the Dutch, SWiss or the UK :passive solar prcgram 
and DNl 7 criterion are used. 

6. conclusions 

Using the results £ran Applicability St:lxiy 1 it :;as i:ee..ri �s1.0�e 
� disaggregat:e the variability in overnea-r.ing assessrren-r. ·..mien. _s due -:.:) 
programs, f ran that which is due ro me user or the er::. ter1on en whic.� ::..11.e 
assessment is base:i .  The risk of overheating ..... j ff ers cui te mar.Kedl v 
dep;nding an the criterion which is used, in particular, £0� -:..�e dwell.:...':q 
which was studied, the allowable wi.nCcM area could varv ':;v a :ac�r 
between 2 and 3 depending on whic.� c:-i terion is adopted. -

2. The c::aTJ?.lter programs ESP ,  l-iTB2 and SERIRES dtif er cui te markecil v 
in their individual predictions of the likeli.hcx:ri oi - ovemea:1:.:L'1g� 
Analysis in ASl suggest that these a;-i=::erences are r.01:. due o '4i fferences 
in the algorithms for m:x:ielling int:..ernal surface :iea't. :....."CilSfer 
a::efficien't.S and windows. It :.s -;:cssible Ui.a-r. �'iey :rre ::Ue -..o :..1:e 
rrcdelling of external surface hea-r. -:...cmsier coetf:.cien't.S ar:ri :.."1e :::olar 
radiation disrribution assumed :bv the skv m:riels. 
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: �rethod II PSP I I Dutch 

Criterion No. Wrk.hrs>27°C No. Wrk.hrs>25°C or> 28°C 

Limit 3% 5% or 1% 
Program II E H s II E H s 
�umber 404 158 !31 I 11!6/l 91 781/89 ! �5664 

% 13.8 SA 4.5 I 40 17 27 I 3 16 I 2 
Overbeatin�'? y y y I y y v ' 

Variation :73 .1 700 I 137 

\lean :.31 ij 798 I 111 

c:-" V aria ti.on il8% 11 S8% I 1::3% 

Comments Total no. of work- ., Criterion IS based 

ing hours (9-5) = I; on high humidity 11 2920, weekends (6Q%), this is not 

and holidays not ii considered here. 

considered :1 �ew method is 
;1 ;1 °Jased on PYIV 

· 1 1, . , 
:i 
ii I. 
I I  
ii I 
ll 

· I 

•j 
·! 

Swiss 

:-Jo. Desrree-hrs. 
CT J.mc dependent i 

30 

E H s 
1407 -132 229 

y v ' y 
::-:-s 

�89 

:71�0 

Cegree-hours base 

vanes irom 24°C 

at T llllD .S 12°C to 

:.s0c .ll .,.. :2: l 
.l.mO 

:.0°c 

ii DN17 

No. Days>27°C ,, 

10 

E rt I s 
II 89 I �6 ;-1 

v y 

" 

.:5 

:a:% 

. Additionai ::i-11 
: terion lS 23"C _. , 

I 
·4°C 

Table 3: Overhearing Assessment based on Dry Resuitant T ;!mper:mrre 
using AS 1 Linford Results <Kew Base-case. Large South Glazing .-\real 

. ;vtethod PSP 11 Dutch !\ Swiss DN17 
,, 

Criterion ; No. Wrk.hrs>27°C II �o. Wrk.hrs>25°C I :-Jo. De!rree-hrs. �o. Days>D"C Ii I or> 28"C ii Cf J.mil depenaent) 

i Limit I 3% 5% or 1% 30 ii 10 

I Program E H s E I H s E ! H I s I E H I s 

ASl 

�o. Hrs>n�c 

� :-1 s 
505 ,,� -•I 16/ 

ii 
II 

.'33 

:J6 

: :�'i'o 

ASl 

,. -.. ·-·r .·.o. r.rs>-; "-

-

E I H ' s 
Number 677 306 266 13631412 973/140 674/154 2860 1085 I 693 133 80 65 !I s13 ! 416 I 334 
% 23.2 10.5 9.1 47/14 33(7 ,., -:: :<; _ .,,, ,.J 

' 
Overheating? y y y y y y y y ' 

y y I 
Variation 411 689 I :SS I :167 ! 
Mean 316 1003 I 252 1528 ' 

I I % Variation i 
130% 69% I 102% I 142% 

Table 4: Overheating Assessment based on Dry Resultant Temperature 

using AS I Linford Results (Kew, Huge South Glazing Area) 

:I 
y y ii ,, .. ·� ·) ' 

68 539 
93 l =�1 

73% 100% 
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