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BSTRACT

Within the framework of full-scale experimental validation of the global building
energy simulation software programme CLIM2000 developed by Electricity
Applications in Residential and Commercial Buildings Branch of Electricité De
France (EDF is the French utility company) Research and Development Division, an
experimentation has been carried out in a 100 m? real house from Oct 95 to May 96.
The first step was to predict in « blind way » the total electrical power consumption of
the house on the basis of three different meteorological situations (cold, hot and
medium). The second step was to compare the simulated results with the experimental
results and to see if the prediction is in a good agreement with the real conditions. The
final step was to identify the sources of the different discrepancies by using an error
analysis method.

This validation exercise has showed that simulated results and experimental results
are in a good agreement (error~5%). Nevertheless, the error analysis shows that the
major accuracy gains can be expected from improvements of the modelling solar
gains.

1. INTRODUCTION

The CLIM2000 software environment was developed by Electricity Applications in
Residential and Commercial Buildings Branch of the French utility company EDF
(Electricit¢ De France). This software operational since June 1989, allows the
behaviour of an entire building to be simulated. Its main objective is to produce
economical studies, pertaining to energy balances over long periods as well as more
detailed physical behaviour studies including stiff non-linear problems and varied
dynamics. The building is described by means of a graphics editor in the form of a set
of icons representing the models chosen by the user and taken from a library
containing about 150 elementary models.

Up to 1994, the validation work on CLIM2000 was based on tests carried out in small
cells where each parameter was controlled or was well-known. The objective is to
validate the models in CLIM2000 with respect to physical phenomena taken one by
one. The results have been acceptable and in some cases the improvement of some
models has been achieved by using an error analysis method.

A new complementary way for EDF to treat the CLIM2000 validation is to address
the end-users concerns, i.e. to treat the validation in a more global fashion with full-
scale experimental building. To meet this, two houses have been rented so that
experiments could be carried out with particular attention paid to energy-related
measurements made on the electric heating system. These houses are new cottages
situated at Lisses (30 km south of Paris) complying with the 1989 French thermal



area 100 m?)[2].
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regulations, equipped with electric convectors. They aré fitllyirepresentative ofall new
dwe]lmg umts in France accorqmg to a survey carried out(,lin 1994 (SOFRES). . ,
The first house Valeriane i is, mtended for global comparisons of energy consumpnon
over a complete statutory heatmg season, namely from October, 17 to May 21°%. The
second house Venus is reserved for shorter experiments aimed to evaluate on full -size
basis the dynamic effect of parameters, mvolved (mtemuttency, closmg of shutters, ._..)
and for tests that take into account aeraulic transfer from room to room (verc;lcal and
horizontal openings). w55 B

The tests were carried out in Valeriane from October r 1995 1o ‘May 21% i1 996 Eaﬁh
room is heated to obtain 19°C constant temperature N 5

Last October 1995, in order to give credibility to our vahdatlon work we have ﬁxed
the modelling of Valeriane on CLIM2000 and we have predicted thg limits of the total
electrical power consumptlon of Valeriane on the basis of three d1fferent
me%eorologlca] situations’ (cold, hot and“fiedium) of the Closest METEQ’ PRANCE
slation” (30 ks ‘west of Lisses) [1]. This predlctlon ‘Was made in a « blmd » way
because at thal timie wé didn’t know the éxpériniental data. A

In this paper, we will first describe’the experimental house and the experimental
sequence. We Will present the comparison between simulated results and 'experfmeﬁtél
results: We will present hneﬂy the errbf analyms method and the conclusmxis t‘ha‘t ¢an
be draWn iin our caée : s
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,jl,“h.}sl house Valenane is q new cottage complylng wlth, the 1989 Erench thermal
regulamons and is equlpped with, electric convectors. It. 1s¢fu11y reptesentative, of all
Jew dwelling units in France accordmg to, the.. s,urvey carried out by SOFRES (flpor
; ; W e e HLE u 1B
Valeriane is sltuated in Llsses about 30 km South of Parls France The hg],lsq is:pa
of an allotment (urbamzed area) rather airy free of nearby obsta,cles .and. with 3. cjeag
view especially to the south. It is a one-storey cottage with a garage attached. The
ground floor corresponds to the day area (entrance, kitchen, living room and toilets),
and the first floor to the night area (4 bedrooms, bathroom and toilets) (Figure 1 and
Figure 2). CoMR A BT L
The outer-walls consist of 20 om thlck hollow blocks The outer walls insulation
consists of an insulating compound made-up of a 100 mm thick layer of expanded
polystyrene. The floor of the groundfloor consists 0f a'12°¢m thick reinforced concrete
floating): coating poured. over 4:cm. thick layer.:of polystyrene insulatingi'material.
(Ceiling iconsists of & plaster :facing. sheet and :a 20 cm thick glasswool pad. laid
Jbetween. trusses.i Windows:and. French:windows ‘have-a white: PV framhe:. They sarg
fitted with white PVC. rollenblinds:Glazingis 4/42/4:doubletypeii. r < sonyui noail
Fresh air is admittéd»ithrough <openings ‘made¢! inroller:blind ~boxes:: Stale airiiis
exhausted through controlled ventilation. Pepneablhty measprep]ents have been
carried out. Leaks were stopped by applying polyurcthane foam and sxhcon wcathcr- )
strips so ‘as'to minimize the heat escape due’'to building defects. 20thDAo. 2
Acomplete description of Valeriane is givenin'[3]. | 1 ‘_ slenis
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xperimental sequence description  coto: s

Durmg ofie \Jvéek before' the' 'bEgmmng of expenméhtal sequence we ad_]usted the
thérifiostat'of each' heater {5 bbtain a 19 °C constant temperature in each r00m

The thermoﬁtat adjustments Were never modified dhrmg the experimental sequence
‘fibii Oct 95 till May 96. There " were 110 temperature control of heaters and no air
mrxmg itf drder. These drfferent pomts allowéd s to be‘as close as a real situation in a
réal hotigg,! "

There is no occupant inside.

Thie' shiutters weré opéﬁed at 07:00 . fn and’ closed at 07 OO P m. each day.
Thelgeneral extractlon unit were in Operaﬁon .
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The, measurements were made from Oct ber 1St 1995 till. May 21%:1996 (;32 (;ays)
The samplglg rate is one mlnute for each channelt The data are stored.in file on the
workstation hard disk each 10 rpmutes They are averages -or integrals of
m?asurements over, the 10 nnnutes prece;hng the time of storage.
l}/anou,s weather data are measured by a local we,ather station : global and diffuse
solar. ﬂogvrs using pyranorneters,(Klpp & chen) air temperature using a temperature
probe set in weather shelter, air relative hum1d1ty using an hygx;ornetlj'y probe sgt in
weather shelter, wind speed using an anemometric sensor and atmospheric pressure.
Inside the test rooms air temperatures are measuredrat-1.5 m height from the floor,
using temperature sensors (PT100) located on the geometrical center of each room,
housed in radiation shields consisting of one PVC tube coat‘ed W1th reﬂecntve;matenal
Black globe temperature is also measured in a matt black copper globe of diameter
100 mm. Sothe sutface témperatures are'measured using deVices whith ate ‘sealed: to
tite surface and-piinted. One sensor i$ motrited on the living robth floot: géra'ge floor
dnd side Avalls. Electrical power consumption® of eath Héater is measured ‘with kilo
watt hour meter. A special kilo watt hour meter is dedicated to the measurer‘nent of the
total -electrical’ consumption of all' cohvectors Thé extraction air flow is measured
d1rectly on general extraction unit.”’ § o TR TR e ke
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Durmg the;msual analysr.s; of raw expenfnenta]; weather data, it was shown that solar

fflakes.. presented sorhe negativé values during night periods. In addition, jcertain

parameters dike, witldi spe¢d had nonsensenegative values when/wind was very. low.

These negative values;were due-to nhoise-and ihasrnotphysi‘cal~sign'iﬁCat'idm g Bl
Jdhen, we treated the weather data in tlsie‘way described‘iniifable- B S TCI TN O
(. n’ cro LD i L }"“"" TR Fot
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" Global < 10 W/m? AriGlobali=Q - ri5.w0. Pyranometer iprecision
Diffuse < 10 W/m? Diffuse =0

date and month shadowing correction of | Shadowing correction given in




| .« diffuse solar flow % K1pp & Zonen manual
Diffuse> Global .1~ ). > Diffuse = Global dibro b )|
Sun not risen (morming) Global = Diffuse =0 cnt el b e
Sun down (evening)" Global = Diffuse =0 *+{  Physiecal Incoherence! |
Rélative Humidity >'100 | Relative humidity=100 TR A e Cadi O
Wind speed < 0 B Wind Speed = 0 B L s

3.1.2. Comparison of simulated and measured results

The Table 2 and the Figure 4 give the monthly distribution of the smulaterl and
meawred electrical mnmmphnn The simulation was carried out with a qet—pomt
temperature equal to the average of measured temperatureq in each hou-ae s room. 1t is
important to say that we inodelled the house on CLIMZOOO with a mmphﬁed
monozone model (i.e. one air volume representmg the' total volumé of the house)

The graph of the used model is given m Figure 3.

Table 2 : Slmulated and measured result,s,-, 34, i e o, el

The comparison of simulated and measured total energy ceheﬁmption shows a good
agreement (error=5.2%). Nevertheléss, we ‘can’ see that the’monthly ' error can be
Impc'vrtant espeually for Ottober. This can be due to thé mrtlahzatron process Such'a
problem was already identified in an empirical validation exercisé on tests" cells
(cbllaboratldh EDF;’BRE Bm]dmg Reseatch Establishment, U.K') [4]. L
We can' see that the error is low in colder ‘months. One reason can be the solar gains
are’ low durihg these mohths The odélliflg 'used’in which there is ‘nid- solar patch
‘calculdtifn and thé solar’ dlrect is not reflected froni'the solar patch, ‘appéars éfficient
for'low solar gdins months but *hot precise éndugh for high solar ‘gairis months;

Nevertheless these results show that the predicted results with’ CLIM2000 softwird
are in good agreement with experimental resul’t‘s’ fot a‘loni period; evén if this’kind'of
ex‘peflmehtal validation ‘is’ rﬁade up of more' uncertamtlés‘than' ‘for ‘an’ expenmeht
camedoutihlaboratbi'jr ¢ b 92L ity BGud L LA e A k) ey
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The F1gurL, 5 presents the tlme evolutlon of srmulated and measured totall powef
consump‘uon and the evolutlon otl the error between srmulated and measured resuIts .'"
The model follows with a good preelsmn the average behavmr of th?, totalmenergy
consumption. ' ' Baas
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The;Figure 6 :and Figure 7 show the electrieal consumption of the two convectors

~ located in the living room (January 15th 1996) and the air stratlﬁcatlon for the ground
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floor and the first floor respectively. -~ ;¢ .. ii. (a7 : il
The.two convegtors,have d1§ferent behaviors. They cut off at d1fferent tlmes Th1s ‘can
express an horizontal temperature gradient in the living room. We can see air verfical
stratlﬁcatlon whlch varies from I'to 3°C. . -, Py

g orat | L dhabe @ 3 5,
The Table 3 contams ‘the average and thandard d’ewatlcm values of measured and
51 mulated consumptlon and the ones of error The average error done by the medel 1s
pot greater than 5% Th:,s isina good agreement w1th the Paragraph 0 conclusmns
the m del 1s con51dered precise er}ough to predlct ‘the average value of energy
consumptlon (error : 5%). This conclusnoln is available for the total energy
consumption over the entire heating season’ (value which quantlfy in a second way the
error between the measured and simulated: results)' ; et o
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" Table 3: Avg and Std values of meaSured and s1mulated consumptlon, “and error

- Varable- - [ -. Average[kWh]-. . | Standard deviation [kWh]
Bredicted consumption + [« .- 384 0 booDagtTY
1, Measuted censumption - — - - .-365 — e 220 - -
Error measured/simulated " | ., , -19 . I 54 !
& Error analys
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"i‘he mather)natleal analys1s of error betweex;, meashreél and; s1mu1ated results (showed
in Figure.5) was. cartied qut (by using .the topl called. DIANE developeq n the
framework of collabqratlon between EDF and Crete;l Un1vers1ty (Paris XTI, France)
[5] [6] [7]. This residual dlsaggregatlon tool has been very powerful, in a two year
collaborative research programme on empmqal Vahdatlgp,between BRE (Bulldmg
Rqsearch Estabhshment U.K.) and, EDF I;q reveal deﬁmeplcnes and Qr, exror in some of
the, ,participating . soﬁtware pragrams.. . Ihen,l the | qulﬁqauons 'of ,modelhng
deficiencies in.two of tlg,ese,,spﬁware p];ogran}s led to s1gn1ﬁcant 1mprovements in
their predietiye power)(8]. ther, bl 2t BB a7 B : o e
This tool allows to d}saggregatge the,pxeg}mhcpns and t the measurements mto anumber
of,,parts.,Bach part. is due, to one of the external | 1qﬂuepqes (l'np‘uts) dn,VJTng the
simulation (and the bulldlng) Hence, the discrepancy between the predictjons nag the
measurements is the output of a system described by an input/output relationship in
which the inputs are the excitations driving the building\Using his: information it is
p0551ble to detect the exci tﬁo s whxch are respon51b1e for the major pan of the
‘ z? vanance of at eaeh frequency! 0 mterestJ can be
decompcl:seci td f N the con buhon from each. mput by computlng the crpss~spectrum
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between the error and each it input [5] |’6]J ’ 191 L X
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To analyse the present error, ithe excitations aré the following”ene : directisolar flux,
dlffuse solar flux, - external ; temperature, wind “speed, “relative ~humidity ‘and
atmospherlc pressure. The analysvs was camed out month by month The frequency
ranges selected for error dlsaggregatlon are glven in Table 4. :

Table 4 : Frequency ranges selected for error dlsaggregatlon )

Frequencyrange(bowr) [ Commems 1
[0 - 0.021] i Mt Véry slow dynamlc i v
[O 02t - 0.06251 = T Variation of 1 day period = - '
T [0.0625-0.104] " variation of 1/2 day period o
[0.104 - 0.1458] . ‘variation of 173 day period ;
[0.1458 -023] i varlatron of ¥4 or 1/5 day penod '
[023-032]] variation of‘:l!é or 1/7 day period
) S 0.321-3] variation of period smaller than 1/7

We studied the influence of excitations order on the variance decomposition to
determine the most influent excitation on the error. The different orders are the
following one:
1 External temperature, ditfuse solar flux, direct solar tlug(?;w'_.ind 'spﬁ,ee@,
atmospherlc pressure, relative humidity,
2 Diffuse solar flux, dlrect solar flux, extérnal ' temperature, wmd speed
atmospherlc pressure, relative humidity, N
3 Direct solar ﬂux, diffuse ‘solar flux, , extemal temperature wmd speed,
' atmosphenc pressure, relative humldlty ‘
“The disaggregation of the €rror variance of the simulated consumption versus ‘the
selected dynamic ranges is given in Figure 8. The error variance is grven only for
January 96." The dlsaggregahon of error vanance for the others months 1s qulte
Ildentlcal : o -
We' can see that : . o
Wl 2y ” ¢ the variance is shared in the three first dynarmc ranges Sl
- the solar fluxes explain the major part of error,
¢ the part related to wind speed is not so hi gh but not negligible.
In conclusion, we can say that the solar radiation and extemal temperature a:e the
most important external factors. It 1s dlttlcult to say which 'of them''is thé most
important because the ottside' temperature is strongly Tinked with the’solar radiation;
Nevertheless, we can say that we could probably improve the predicted energy
consumption by improving the model for solar gains especially with the integration of
modelling of the reflection from the solar patch.
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arison with « blind pr

In October 1995, in order to give credibility to our validation work, we fixed the
modelling of Valeriane on CLIM2000 and we have predicted the limits of the total
electrical power consumption of Valeriane on the basis of three different
meteorological situations (cold, hot and medium) of the closest METEO FRANCE
station (30 kms west of Lisses) [1]. This prediction was made in a « blind » way
because at that time we didn’t know the experimental data.

The simulated results are given in Table 5.



Table 5: Energy consumptlon predjcted in Octoberi1995 .

4 : Lol T ?‘Médl | Hot situation
Degrees days” " 71 166 . 58179
Consumption [kWh] | =~ 13004 10439
WO p L T i

We can say that the; l‘eal,peatmg season 95/967in Lisses is a medium situation if we
cansider the degree-days vriteriomr because the Lisses degrees-daysis. 64853 The real
energy- consumpnon 12360 kWh is to-compare with-the predlcted value for medium
situation 11786 RWh The- iasb value is-obtained with the same; model, the only
dlfferenwith the predietlen done m ' October-1995 is due to the-weatber data which
are the-real ones Tlnsreomganson 1s~1nterest1ng because- it alle(ws to get a judgment
on. the- representatwny of standard meteorologlcal situations wé have defined as cold,
medium. and hof for our. sthdiés. The etfor between the prediction . with the medium
situation and the value calculated on the Bisis of the real weathler data is only 5%.
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Thls companson betweelnlcalculatlons on CLIMZOOb software programme and the
meaSurements carried out on a real bu1lding (V alenane house) shows that the
calculatlon overestlmates (5. 3‘V) the real consumptlon of the house over a long
heating season penod Tins error xs acceptable because thls kmd of expenmental
validation is made up of morg, uncertamtles than for an expenment carried out. in
1aboratory . v
Th1§ resul enhance credll;}llty of modefs and prog'rams among the prdgram users
ecause thlS is a realistic sxtuatlon ‘Close from the studies they have to carry out. ;
The disaggregation of error shows that solar radiation and external temperature are the
most important factors. They explam the, ;ma]or part of the error, To 1mprove the
behaviour of our model we. w111 have to take 1nto account these cpnclusmns by
improving the; solar gains w1th the mtégratmn of modelhng of the reﬂectlon from the
solar patch, —
Th s fu fuLl-scale expei;lmen;ral vahdat,lop wor.k w1ll be eontmue wlth a pax:tlcular focus
rn“ ynanuca} scenarp o,f set-pon}t temrperatu{ee in day and, nxght zone.

b IR EHY N 1
T YT ORI % S TR T G QYR IPRT o It 1 () LAV Lo T TR N E g | ET TR R R Az bt e Wy
C MEBIRY . s P vrliniuan) s Biy e Tl T a0 S T DRV NE G RiInnmIeegy
ey gt o yog e cptlae By, B L
CRIIEIID U RS (V1L SR B I U RS T H) LR

S byl e onew suitsiiley o o gdidinus ;\/i:_.’; gl by v 28T ndapll o
idos ol T asundl wdl Lotoibeig erad ow bre COCSRLYD o o clsy e andivher
oo et o sizsd odt e susiieleY To nobginee oo cevesy iBs
AL A O2TAM Jeszelo st i o=t bus toil Dloos anoiisuiie ool oo
ww Chstle s o ol eew nodowuta AT G (susard to tes e fjh } ity 17

elsb D - e el wony J b syt L LGl o ognn

Sl T oy u e, ons alasor bately e el



S. REFERENCES ? Wi

[1] GUYON G,,
Prediction de la consommation énergétique de la ‘maison expérimentale de Lisses
VALERIANE, EDF Report HE- 14/95/052 Oct. 95 ";

[2] FAIVRE C. S B =
Représentativité des logements types resultats de I’enquéte SOFRES
EDF Report HE- 12/94/028 o et

[3] GUYON'G,, : A
Description of Lisses experimental houses, . Physical and geometrical
conﬁgurat1on EDF Report HE- 14/95/047 Sept. 1995.

[4] DALICIEUX P. & Al > - '
. Modélisation des cellules EMC, Comportement de \,LIMZOOO dans la simulation
d une. enveloppe de batiment, Report EDF HE412/‘94/076 Dec 1994

[5] RAMDANI N, ) ' X,
Validation expenmentale et analyse de signaux : Développement d’une
methodologle de comparaison mod¢les/mesures en thenmque du batlment

Doctorat the31s, Un1vers1ty Pans XII, 1994 . % T NN 4

[6] RAMDANIN. & AL, o i gl |
How" to improve bulldlng (hermal srmuldt_wn prograus by use ol bpeemal analysis,
(To be edited in Energy and Bulldlngs) deen U,

OGN
[7] TABARY L. - RAMDANI N. . Pt
An error analysis method apphed to a bulldmg 51mu1atlon software “an example

of application and its results. .
Building Simulation’95, Madlson Wxsconsm USA August 14 161995 -,

[8] PARAND F. - GUYON G 0
Improving quality of predlchons of bulldlng energy and env1ronmental modelhng
software
Submitted to CIBSE for National Conference October 1997

/ Sy Tt

kN



Figure 1 : Drawing of Valeriane ground floor

[AVD

IS

9



Figure 2 : Drawing of Valeriane first floor :::
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Figure 4 : Monthly shidring 6f power consumption
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Figure 5 : Power consumption; simulated, measured and error
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Figure 6 : Convectors consumpgi(gn inv Hying room - January, 15th 1996
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Figure 7 : Air temperature st{atifiicczjq’iqn for ground floor and first flooy
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Figure 8 : Disaggregation of the error variance of the simulated consumption
versus the selected dynamic ranges ( January 1996).
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