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1. Introduction

As part of their work in the Internaticnal Energy Agency (IEA) Amex 21
the Subtask B group are trying to doament methodologies for assessing the
risk of overheating in buildings. These methodologies lay down the
analysis procedure to be followed when using a particular thermal model.
Methodology doamments (PAMDOCS) have been developed by various ocountries
and each uses a different criterian for assessing overheating and each one
is based aon a different camputer program.

The purpase of this piece of work is as follows:

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

(b) to assess the influence on the predicted risk of overheating of
using different camputer programs.

The analysis will be amducted using data wnich was already generated as
part of the UK ETSU Applicability Stidy 1 project. In this project great
care was taken to avoid any mismatch between the data fed into the various
camuter programs, therefore any differences in the predictiaons will be
due either to the different algoritlms used by the programs, or due to the
different overheating criteria which are being used.

2. Overheating Criteria

Five different criteria for defining overheating have been analysed, the
definition of each of these was taken frum a report produced by Halcrow
Gilbert Associates for the UK Demartrent of Energy:. Eacn of the methods
is hased on analysing the results of hour by hour simulation programs
which have been run for a whole year. No criteria hased on design—day

analyses or which are devised for simple programs such as BREAIMIT have
been studied.

Criterion 1 - is used within the UK Passive Solar Programme (PSP) and
states that tamperatures over 27°C should not occur for more than 3% of
the working hours in a year. In this study the tamperature was taken to
be the dry resultant temperature and it was assumed that the working hours

were from 9.00 am toSOOpneveryday (that includes weekends and
holidays i.e. 365 days per year).

Criterion 2 - is used in Holland and indicates that there should be no
more than 5% of working hours with a temperature of greater than 25°C for
60% relative humidity, and mno more than 1% of working hours with a
temperature greater than 28°C. Again the tamperature was assumed to be
the dry-resultant tamperature and the same definition of working hours was
adopted. The aondition relating to relative humidity was ignored for the
pumses of this stidy so we simply analysed dry-resultant temperatures
above 25°C and dry resultant tamperatures above 28°C.

Criterion 3 - is used in Switzerland in the Zurich Canton. This criterion
is ane of three which may be used to demonstrate that air canditioning is
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necessary within a building. In this criterion the product of hours x
tamperature in excess of a defined level is used to assess overheating.
The defined level is taken to be 24°C up to an ambient tamperature of
12°C, and 28°C when the ambient temperature exceeds 20°C. The defined
level varies linearly between 24 and 28°C as the ambient tamperature
varies between 12 and 20°C. The point here is that arpants are likely
to tolerate higher maximm roam tamperatures as the ambient tamperature
itself becames higher. The criterion is that 30 kelvin hours per year
mist not be exceeded, and if it is then air canditioning is permitted
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 numper of days in the
year for which the indoor temperature exceeds 27°C is determined. if
during normal working over the schcol year the resultant tamerature is in
excess of 27°C or for over 10 days during sumner, it states that this is a
reasonable predictive risk. It is not clear exactly wnat this means, Zcr
the purposes of this analysis it has been taken that 10 days is the Ilimat
allowable.

Criterion 5 - used in Applicability Study 1 (ASl) is simply the number of
hours in the vear for wnich the temperature exceeds 27°C. There was I©
limit ever placed on this parameter, it was simply used as an indicaticn
of overheating.

3. Zrograms Used

In this stadv, 3 procrams were used, ESP, HTR2 and SERIRES. All three
programs are finite aifference programs which have been well usea within
the UK and have been subject o various validation exercises. In
particularESParﬁSER]FEhaveﬁenusedwithinEAZlSmeskBarxialso
TEA 21 Subtask C. To test the ahove criteria, the predictions of dry
resultant tamwperature from ESP and HTB2 were used. SERIRES however
produces a temperature which is a mix of air and radiant temperature.
This we call the enclosure tamperature and it was against this temperature
that the above criteria was tested.

4. Building Analysed

The internal tamperatures in the Linford Passive Solar House (in the UK)
were predicted using each of the programs. The house was modelled as 5
zanes with ane of them being the living/dining room. This roam had a
large area of south facing glazing, and it is this roam in which the
internal temperatures will be analysed. The walls of the house were
thermally heavyweight and well insulated to produce a U-value of 0.3. The
building was heated with a low pressure hot water system controlled by -
individual thermostats sensing pure air tamperature. It was assumed that
the house was occupied by a family of 4 people who were in the house for
the entire day. These people controlled the rate of ventilation by
opening the wvindows if the air temperature exceeded 25°C. The effect of
this was to increase the ventilation rate frum cne air—change per hour to
5 air—changes per hour. For the purprses of this stidy, the house was
subject to Kew weather conditions (Landon). Hourly air, mean-radiant, and
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hence resultant tamperatures, were predicted for every hour of every day
in the year for all three programs. It was then possible to analyse these
values using each of the above criteria.

Additianally, to determine how the criteria resmoded to differences in
the area of glazing, the building was analysed with four different areas
of window in the south facing living/dining roam. A small area of glazing
representing 28% of the actual area of the buildings as designed, a medium
area (63% of the final design area), a large area (100% - the actiail
designed area, and a huge area (135% of the designed area). We would
therefore expect that under summer conditiaons the  likelibhood oI
overheating will increase as the area of glazing increases Zrom that
represented by the small glazed area throudan to that represented v <he
huge glazed area.

5. Results
3.1 Presentation of Results

The results are given in tables 1 0 4. These ccntain the metncd, 2 crier
statement about the criteria. and the limit which is arpiied 2o the
criteria. The resuits for each program ESP (E) HTB2 (H) and SERIRES (S}
are then given as the number (i.s. working rours, cdegree—nours or <avs
deperding on the criterion) and the vercentage (i.e. of worring nours,
degree—tours, days etc.) for which the limit tameranires are exceened.

Symbols are then given (either N for ro or VY for ves) o indicate wnether
according to the particular criterion overneating has Iirgeed occurred.

Statistics are then given wnich represent the range Irom the lcowest
predictor to the highest predictor, the mean predicticn focr the three
programs, and variation as a percentage of the mean. For scexample, on
Table 2, using the PSP criterion wnich relates to the numper of nours
above 27°C, ESP calculated 83 working hours, HTB2 24 and SERIRES 12.

These are respectively 2.8, 0.8 and 0.4% of theuotalmrx_mghours and
therefore they are all less than the 3% which is the PSP criterion, and
therefore no overheating occurs. The variaticn between the SERIRES and
ESP results was 71 working hours, the mean 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 rncne of the criteria
predict that overheating will occur. In Table 2 however, overheating may
or my not be deamed to have ccaurred deperding on the program or
criteriaon which is used. As we move to Tables 3 and 4, representing large
and huge areas of south glazing respectively, we can see that all the
methods predict that overheating has ocourred.

5.2 Effect of Program

Firstly, the differences between the three programs when using a given
criterion will be stidied (Fig. 1 to Fig. 5). It can be seen (Fig. 1)
that using Criteriaon 1 (PSP), ESP predicts that overneating will begin to
occur at much smaller window areas than predicted by the other programs.
In particular, ESP indicates that the overheating limit of 3% of working
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hours will be exceeded with a window area of about 62% of the design area,
whereas HTB2 and SERIRES indicate that it will be exceeded when the window
area is as large as 80 to 85% of the design area. Loaking now at Figures
2, 3, 4 and 5, it can be seen that in all of them ESP predicts that
overheating will blegin to occur far scaner than either of the other
programs. In other words, irrespertive of the criterion used, because ESP
predicts higher internal temperatures it also predicts a higher likelihood
of overheating for any given window area and, in this exercise, that
overheating limits will be exceeded at smaller window areas.

It has not been possible to undertake a sensitivity study to determine the
aspects of the computer progrems which are the main cause of these
divergent results. However analysis camducted during the AS1 project,
suggest that they are unliikely to be due to either the choice of internal
surface heat transfer —cerficients or the window algorithms adooted by the
prograns. (These two algorithms nhad minimal impact cn the predicticn cf
internal sumertime temperatures 1n the tuildings). it is possible that
the external solar radiation models or the external surface heat transfer
coefficients, particularly at window surfaces, are the cause of the
results. It has not been rossible to analyse these prowositicons at  this
stage.

5.3 Effect of Criterion

Althougn the influence of trogrems on predictions is imporrant, of more
interest within Subtask 3 of =A 21, is the effect which adopting
different criteria may have on the assessment of a particuilar tuilding.
Although same work has been cone to assess this within subtask B, Drecause
different programs are being used by different pecvle, it is difficult to
disaggregate the effects of the program and the user from the effects of
the criteria themselves. By using the data from AS1, it is possible to
disaggreqate the effects of the criteria from the other issues. To co
this it is necessary to plot the results fram the criteria on a commn set
of axis. Therefore, the actual predicted values were expressed as a
percentage of the limit used with the criteria, e.g. looking at Fig. 1,
and the predictians 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
window 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, 0.6% of working hours
exceeded the limit and 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 on this
basis, the fraction of overheating (as a percentage) on the Y axis and the
window 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 window area of
anly 28%. The Dutch 28°C limit however, suggests that the window area
could be as large as 68% before overheating ocrurs. These represent the
extrames of the predicted values. The results for the other criteria are
however also very variable. The Swiss criterion suggests that overheating
will occur with a window area of 30%, the DN17 limit suggests that 42% is
allowable, whereas the passive solar program limit suggests that the

-4 -



Method PSP Dutch | swis || bNi7 || as
Criterion No. Wrk.hrs>27°C | No. Wrk.hrs>25°C i No. Degree-hrs. No. Days>27°C || No. Hrs>27°C
or > 28°C .mp dependent)

| Limit 3% 5% or 1% ! 30 10 |
| Program | E | H [s| | & + S Y E | H [SIE|HISIEIH:S
Number 0 l 0 !r 0 ! 1130 m o 3 | 0 0] 1 0 01l 2 0
% 0 | 0 10/([48/0 1</0|06/oi N N
Overheating? N’NlN!_ N PN N N !N NN NIN22 e
. Variation 0 ! 95/0 | L | ! | ¢
Mean 0 1 5870 1] 1 2.3 ; 17
. S¢ Variadon l 164% | - J i |
 Ccmments Toral no. of work- Criterion is based || Degree-hours base |/Additional ~ Cri- l(

;i ing hours (9-5) = on high humdity ivanes from 2+°C| tenon is 23°C =

112920,  weekends (60%), this is not JatT_ < 12°Co |4°C "

i| and holidays not considered  nere. |°8°C a T o z i

'| considered New method is l 20°C : X

1 based on PMV | |

Table 1: Overheaung Assessment based on Dry Resultant Temperatre
using AS1 Linford Results (Kew. Small South Glazing Area)
Method | PSP | Dutch l swiss || DN17 | s
| Criterion No. Wrk.hrs>27°C No. Wrk hrs>25°C || No. Degree-hrs. || No. Days>27°C || No. Hrs>27°C
or > 28°C b d€Pendent)

Limit 3% 5% or 1% ; 30 [ 10
Program E | H|S E | H | s || E|H|sS|E | s || S
Number 33 24 12 707 /17 391 /4 169 /2 233 S1 |24 || 23 10 . 6 110 | 36 | 19
% 2.8 0.8 0.4 | 242/0.6 | 13.4/0.1 | 5.8/0.1 ‘
Overheating? N N N Y Y R Y Y | N Y N | N ? 9 1 9
Variation n 538/15 209 17 91
Mean 40 a22/8 103 13 55
% Variation 178% 128% / 188% 202% 131% 166%

Table 2: Overheating Assessment based on Dry Resultant Temperature
using AS1 Linford Results (Kew, Medium South Glazing Area)



window area could go up to 62%. So, with the priogram ESP, the allowable
window area varies cansiderably deperding on the criterion which is used.
Turning to the results from the other two programs HTB2 (Fig. 7) and
SERIRES (Fig. 8) the similar spread in the results can be seen. In all
these cases the Dutch 25°C limit allows the smallest window area, and
either the passive solar program or Dutch 28°C limit allows the  largest
window area allowable.

Clearly then, even if the same program is used, Ior the same locaticn, the
window area which will be allowed cculd vary by a factor of between 2 and
3 depending on whether the Dutch, Swiss or the UK passive solar program
and DN17 criterion are used. '

6. Conclusions

2 Using the resuits Ircm Arplicacility Study 1 it has teen Icssible
0 disaggregate the variapility in overneating assessment wnicn 1s due ==
programs, from that which is cue to the user cr the cr:iterion cn wnich the
assessment is based. The risk of overneating differs cuite marxedly
derending on the criterion which is used, in particular, Zor the cweiling
which was studied, the allcwable window area cculd wary v a Zactcr
petween 2 and 3 depending on which critericn is adopted.

2. The camuter pregrams ESP, HTB2 and SERIRES differ cuite markedly
in their individual predicticns of the likelihoad of overneating.
Analysis in AS1 suggest that these diffarences are rnot cue © differences
in the algorittms for modeiling internal surface Deat — ransrier
coefficients and windows. it is rcssible that thev are Zue o he
modelling of external surface heat transrer coerficlents apd the =olar
radiaticn distributicn assumed v the sky mocels.
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DRT — Overheating versus Window Area
Passive Solar Program: Working Hours with DRT Above27C
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Figure 1: Overheating predictions using Criterion 1 - PSP

DRT - Overheating versus Window Area
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' Method

| PSP [ Dutch i Swiss | DN17 Asl
Criterion No. Wrk.hrs>27°C | No. Wrk.hrs>25°C ;| No. Degree-hrs. || No. Days>27°C i No. Hrs>27°C
or > 28° 0 (Tmb dependent) | :
Limit 3% 5% or 1% | 30 f 10
Program | E 1 ®H#| S| E | H s Y EiHI|SJJE:H!S = H 3
Number | as | s | o || nseas | a1 ssese (1407 432 1229 1189 1 6 ¢ 34 305 217 167
% 1138 | 54 | 45l 40/7 | 27/3 116721 P
Overheating? '| Yy | v |v y # v 1 v @y ¥wilv iy v ; >
Variauon i o3 | 700 /137 178 is 33
Mean | 231 ; 298 /111 539 , 3 26
% Variation 118% ' 8% / 123% n% i Hial) 1%
Comments i| Total no. of work- | Criterion 1s basea i Degree-nours pase :Additionai Ci-n
| ing hours (9-5) = | on high humidity ., vanes from 24°C I;[erion 15 23°C =
112920, weekends | {60%). this is not i at T . 31°Cio H#°C
and holidays not Il  considered here. | 28C u T,
'| considered :! New method is & 20°C
i based on PMV
Table 3: Overheaung Assessment based on Crv Resuitant Temperarure
using AS1 Linford Results (Kew Base-case. Large South Glazing Area!
Method | PSP | Dutch il Swiss |  DN17 AS1
Criterion No. Wrk.hrs>27°C ! No. Wrk.hrs>23°C } No. Degree-hrs. No. Days>27°C 0. Ars>.7°C
or > 28°C (T, depenaent)
' Limit | 3% 5% or 1% ! 30 | 10 i i
| Program E | H| s E H s | E | H|S|E]|JH|[S||E|H'S
Number em | %6 | 266 || 1363012 | smnao | erenss || 2860 | 1085 | 693 || 133 | 80 | 65 || 875 | 416 | 33+
% 23.2 | 10.5 | 9.1 || 47714 337 23:5 . o .
| 1
Overheating? Y Y Y Y Y Y Y i Y | Y Y Y | Y '1 e 3 i
Variation 411 689 /258 i 2167 ; 68 339
Mean 316 1003 / 252 g 1528 ’ 93 LN
% Variation 130% 69% / 102% i 142% | 73% 100%

Table 4: Overheating Assessment based on Dry Resultant Temperature
using AS1 Linford Results (Kew, Huge South Glazing Area)



Hours Tdrt > 27C

DRT — Overhealing versus Window Arca
Applicability Study 1: Hours Above Tdrt = 27C
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DRT - Overheating versus Window Arca DR gverheating versus Window Arca
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Overhealing versus Window Arca

HTB2 Dry ltesultant Temperature .
1500 T T T T v T T T ¥ [
1400
g————~a PSP
1300 { #———%* Dulch25
a—————= Dutch28

1200 F ¢ Swiss
E 1100 F a——— o DN17
=
g 1000 |-
-3 s
15 900 |-
@ 800 |- 8
A
$ 700 |- 4
()
% 600 - 7
8
3 500 - .
; /
& 400 )

Joo ®

/// e
200 - . o
2 Overheating Loanl
100 et o — e e s e
0 ﬁ%i""":l ii" L 1 e i 5= o 4 e
20 40 60 M 100 ) L1y
Window Area Rutio |2

Figure 7: Influence of Criterion on assessment ol building: aang (U052
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