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ABSTRACT 

AIVC 10927 

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 Electricite De 
France (EDF is the French utility company) Research and Development Division, an 
experimentation has been carried out in a 100 m2 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 
gams. 

1._ INTRODUCTION 
The CLIM2000 software environment was developed by Electricity Applications in 
Residential and Commercial Buildings Branch of the French utility company EDF 
(Electricite 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 
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regulations, equipped with electric convectors. 1ihey are ftrlfyiteptesentative o:fall new 
dwvl.liµg upits inFrfil}p~~ccorq.iP,g to a sprvey carrie.d ,9~1 ~ 19.94 (~qF~.~ . . r ... ,-, 
The firs t. ~9;µse Valeriane is , int~nded for global comBar+sons of e~rgy . qo{\SPWJ.Jl.i ~n 
over a complete statutory heatjpg ~~1ap:<m, oame!y fro;rn, Octobe~. V'.rtq ¥.,x, 2 l:~ . J P.e 
second house Venus is reserveq for s~wter 1?'Perip}e ts .. ~im~sl to ev~luat,e. .oi;t ~~r~\z~ 
basis the dynamic effect ofp~ameter~ · V'1-Y,olv~~ (W,t1uni~ency closi~& of squtte ::;1_ ._. .) 

and for tests that take into account aeraulic transfer from room to room (v~1J~~~ ~d 

horizontal openings). '' r·. · 1· ·11 '• ., ' 1·1 ;; : ')''"·"l'l 
. ~I I) , 4 • I } 1..> ..._I r.J ) . . ... • 

The tests were can;i.ed outfni.Valffi~e fi:o.W,p~~qbfr .V'. W95 ; ~g,M~x.21st))9,i9,:~!;·:q,~p. 
room is heated to obtain 19°C constant temp.er:ature .. , .. ; , ... , ,. d , . . . . x1· 

( .. . . ! , i. l I (I ! .... ; - : ·: : t: : .I . I f \ : ~ ; . .' i) -'. ·' I j l f .. ' ' I .. · l 1 I 

Last October 1995, in order to give credibility to our validation work, we have fixed 
the modelling ofValeriane on CLIM2000 and we have predicted tl;i.MJitµit~ ofJpe total 
electrica~ power consumption of , V aleriane on the basis of three differ~nt 
me ·eorologic'al 's ·ttiat"di ' ( Ii ld. hot and">friedium) of tlie ~losest MEtE01 J\'RJ\NtE 
"s aGu?~· (3o ~ ·' ~e~t . 1 ?r Lisse~>. ~11. rrrh1s · pre?16'~ioi ~~i rtia~~ in _ ~. <<·~~~?· ~ . ~,~r 
because al lhal Lirtn.rW~ '<liun't kuoW the ex grin:lental data.' r.. '' I . 

11· . 
In this paper we will 1:fl'r 't Hes i:ioe'1'tbe' gfperimeil a'i 'liolise and· the ' extferlth!~fi~ii) 
·~equence.1We ~11 pre§e~1t the'tbmparisori petween siniulA ed re ults and'expertme~ta1 
' 6sults.• We wHI PT sent hri1efly tttt'r e!T6 1an'alysis' method1"ah(l the conclrrsiorls' tha~l 1an 
b '•d< "JJJ. •Ll. 1' ' ' t'' / I " I Ii r~; ti I f • 'l"I , I I ,• '•rl q (I e' rawn m our case. . . · , . · 

··\· ~ 1;;·1:i i•·';~ ., ' '{~''''·.·):·.; ,· ,:·· ' 1 f~ : I I 1(f( . ·'\~;i ·;., il8t1/. ·1~ ·. 1, Ji1 :',I 

b_EXPERIMENTUESCRIP'FION .:. · 111 '.· :r>r ''; · ,~.,, , It 

2:.'f;' ''Hotlse'descripllon i!J , .ni · ' 11 · >k-. i · i ~ ." :,,: , .,, ; · • 1 'P 

1~ , ·'{ ~i;; le :J 1c.-1 1'...i'·r:.j A ~ ;i. : i .::: 1; rii fY' 1·:r '\'.t ._,;.j ··:, :, ;L .~Ju :· r 1 
, · · '~i 

,JJR~ 1,h9,us~ . '{a,~e ·ane is .~ nc;,:v:: , cottagy c.o ply~ng;'t"i~~ .. the; . .)98~. ¥i~enghr thermal 
ry,~u~tio;i,w: 0-f q ,.is . ~quippf:~ ~¥itR1 vlGq!r~y 19,9.t?V~ptw:,:&'.)t .'isc:ful,Y,iI;'r[>.~e.sent~tiYj~"pf ,~.l 

(ne1"' d~~l~it;lg uni, s in Fr.a,n9;e a~~~1;<!µig t~ ,.t~(f;:~\UY~Y carried out by SOF)IB§ (flpp,r 
ar.ea 10Qm~)(2). . ' · ·: · ,_ .. ,,, . ·!" · . · ,, ·1 J·"J ·' "ti"'! .. ,11 J . i) ·, . · )·. l ': .: I !,,; I\ J . ' · • ' . 'J t..t. . I I . I L . I L :;, l 

; _X~!~ri3i1;lf .i~ ~it~ated i~;pssts ah9;u~ 3 9, lcfg. ~R~~h 1 Hf Paris" ,Frmwe: ( f:h~. l:)R}l~~ js, P,~n: 
of an allotment (urbanized area) rather airy free of 11~~rRy;9bst~Jy~·r~4 .. ~\th,{l< .9Jr'l:r 
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 rc;>°.EL.~1?-_<l;Js>~!e!~.? 
and the first floor to the night area ( 4 bedrooms, bathroom and toilets) (Figure 1 and 

Figure2). ''i')' :"· .,, :.>!::.• , . ''· . iii> in ;1ia1i .·,i: •. r. 
The outer-walls consist of 20 cm thick hollow bfocks. The outer walls insulation 
consists of an insulating compound made-ul? ,~f, ,~ 1 l~_Q ~· t~ic~. I ye~ ~fi expanded 
polystyrene. The floor of the groundfloor consists bfal2~cm tllickremfo'rced concrete 
:floating[: coating .poured .. o.ver 4 :cm. thiok- ilayer '..of 1polystyrene insulating: lm~terial. 
rGJ.eHiing,i~:cmsiM.s of a:: plast((r rfi;lriing ,,isheet and ;a 20 cm thic~ Jglasswool 1ipad.1 laifil 
. between. trusse's, i !Windows;: and: ·FretiChJwindows· rhave' :al whit~ PV (]; frame>. 1 :.They; ar~ 
fitted with white py,~ _ _.f.l'>lleribl.ihdsAJ-laziing1is 4/<1~/4 r douhle'..typei1 11 1 . .1 ';· i, V > i• ).~ .fi: 
Fresh air is admitted) :thi©ugh <opening~· madel iiil ! :rolleD :'Jblind JJ<!>iesi. · Stale· ai.iri i is 
exhausted through controlled ventilation. Pe 1tle~bi.Uty ,)11,eas.urs:;mept:S .. 

1
hav.e 

1
b1¥.!Ml 

f o ,fj., • f• f J t f~ ) 1.·1,·1 l "?f • ~'I (I f 

r- yanjet! O!lL L~aks_~~1:~ . ~tqpQ~cl py_appJY..ill po_l}'l!feth~e fo3P'l and sjl_icon _w.c_athcr- _ 
: strips s~_ias •t<?~~e the 1eat_esc~6tl~~!~ bui!fl.ing de~ects;,. 1 

' ''' » .. ~ 
1 .A11~ompltjte de · riptioh of Vif'a.!_e~i~~~s ~_i- _!h1in~[~].: _ _ . l-. .. .. · 1 • · , • I ;rl1 • 1 

I " .>11'1 :! , · 111 \,',, • "12,:111n 

.- :~,- 11·) /!:! • -~ ,1-. :·~ .~ .J r1L1 ·1.,~li :! ~_i·-;~~i~~~:.:'~"~i~-., 1 ~-;-l,~.'~'.. ~~~ -~- ~ ~ ~ ·~ __ 0i~_::~;··-·---~---



''. , 1 ~Experimental sequenc_e,description ;m1:1:· • : :r , ,._,:, 

During ~ire' ib1
elf bef6re 1 thW 'b~ginning of 3experim@.tal s'e~uerice, we ; 'adjusted the 

·thertHostlif'of each1heater {o obtain a 19 °C cdnstant tempetature"in each r8ortt. ' 
-Tti~ th~1mostat .'ad]ustmert1~ W'ere n~ver· tn8dilled ~~tfug the experimental " ~equence 
'fr6'ni'ed"t '·9?);tm:·May ~6. There ·were no te$·p·erahJe· control of heaters and no air 
mi,clngJut'6rder. These diffe ent '.1fou;·ts all8weti'us to be ~as close ·as a real situation in a 
r~al tidt-UK1 

' f)(, • - " · ' ' .J . •. 

There is pp occupant insid~ . _ . . _ . 
tire slillt't1

ers wei:eb~ei e'a'~t o7:ocrk:lit ·ariirt16~€a ~t' b7:oo p.in. e~ch day. 
• • I • • ~ . . . .. .. ' , . I ( • • 

The general extraction unit were in'dperation. "·' · _,, 
. ,'"} ... n,' ' 1',! .~· rr • ~ ,1 , • . / ' ,J('! I I I' ' ' ' .: r~~\ I,· 

l:'jl · . 2!J.'MeaSttrementS ~. · ·i, f •-'>' ".,_I' ':j. !:•Hi ' 

. . -' i ~' ~ , - ~· :; : 1 · 1_, ~ . . ·•• I . . . ~.J : ' '' I 

T~e;1 ~~&;ur,em~nts were m~de from 1 9ct9qe~ 1,~ t 19~5;til_l,M~ay 21s,t; 19~6 (j~~Aays). 
!he ~atp.Pi~~g rate is one :p:iinut~ for, ~ach .ch:ipmelt The dat~ are store~ in file. ,on .the 
workstation hard disk e~~h :tR, )Pi¥H~r~- Th¢y_ are ~Yf!.ag~~- or ii:tegrals of 
111ra,~ure~~nt~ ov~~: tP,e 1 Oc~iJ?-EJ'~~. prec~in$. ~he. t~tp.~ of st<m1ge. ,. . , 
1y fil1i~'-'s,)¥eatper data are n;ieaswed_ ~y ~ . 19cal ,we,at~exr -station : $~qp~l and diffu~e 
~eJar;:.£1.o~f,l u,~~ng pyranom,~ter~ 1 ~Kjpp ~ ~19p~u), aj~:teip.pe,rat1'f~ JlS~n~ fl ternB~ra,tRXe 
probe set in weather shelter, air relative humidity using an hY!P;;P.i1'IleW. ,J?r?,l;W_, Wtt in 
weather shelter, wind speed using an anemometric sensor and atmospheric pressure. 
Inside the test rooms air temperatures are ~~asured' at r.1.5 m height from the floor, 
using temperature sensors (PTl 00) located .on-"-the geometrical c~nter of each room, 
housed in radiation shields consisting of one PVC tube coft~~~-~~tg_,reflecttve 1material. 
Black globe temperature is also measured in a matt blaclC copper globe -o"fdiamet~r 
~ 00 mm. Some shtface terrpetatutes:'are· me~suf'ea ~sing tievi_ces"whi~h afe 'sealed· to 
tlfo surface and-parilted. One 'sens6'r 1s 'riiotui~e(i"on· the'1ivitig.rd&rn ='floor: glir~ge m;:br 
lllid side \.Valls~ Eiebtricaf power' consiin1ption·'6f each Helter -is tneasurecfWith 'ldlb 
watt hour meter. A special kilo watt hour meter is dedicated to the measur~inent ortlle 
'ofal · ·efoctri'~al; :consumption of all · 1cdhve'ctors. The extfactibn air flow 'i's fueasured 
dfrectly 6n gener~l e'rlr~~tioh unit~1 ' • ~ ' ' • ' ' · · ' " ·: 1. '. : -

1 · • • • o1
1' .. 

,.r: . . '-! .·l ·1 , ' . ·1.1 ,, :, .... f. 1 ~ · ' - .. ~ r ·J ,.~ 

• "1 • , .... ·,· I_/ • I 

~Jilli i JJ,,_ ~';J' : .. 1 ~ .. l • · - u 

~Simulation and measurements comparison 
f.l · :~-.· ·Ji~ ·~ L, ·-:. ·· .• J f~ l .· ·1) :l ~. ·, ,f ...• . v ,; ... , 

'· ' ' '' ~- ( ·")' ' t;_., •f 0 
\' t I ' I I ' ' ' ' I' • - (' ' 

• • ' I J. 

• r 

" · 
. .. ' 

f !)\ _. •• I ' f 

. l;>, r: r., 
]).)_,.:'.. '"·• .. 3/1~1: '· weather d;i1a ireati1;ent 1 

· , "~'. ,, , _)_.,' >. 
( 1,:· J~1c. .\ _: -; . .. -<I ~rr. . .v:i ~ ! 1· .. . 1( .• , ,(:·. ;J.. ) " L ·; ·1) · ·: "JI ·1 · ~ t· ;· 
During·the1N'isi.lal·analysi$uof raw experimenta1 weather data, it was sh0wn. that: S(l)l!ar 
Jfilu:kes .. presented s.ome negative' values during riight .,,periods. In additiom, JCertaih 
parameters•lik:e, windi. speed had ndnsense1il.egativet 'values_ whernWind:was very. low. 
These negative values·::w,'.ere:lli:te,to ,tJ.aise.aJ!d ihaSillot.physical·sigE'i.-ficatidn.: . ' ~ •' ; L.• · i · 
Ji'hm, w.e.freatedrtheweatlher0tlatam t1le;way.9'escriped!iµ•'ifable,1':r!w '. ,: · i .: r >:· 

l-fa:iJ1e·l' ~ ITf~ij{iji~n&'is'lfw'e~tk-~~~~{~'- .J:uftt· i 1 '.fL' r Lr:;;! fr; r1
, v; , qr, u .. ~ l·,::J7.u r;r ; .: .. 

''II .. · .... 1 
• • •• rrr) 'H !!:if bi · ,,,, · wv '• ' · ,-i n· "· ·11, ... , ' •· I 111 l i ·---, ., - ' ' l)~j " · , . ·-.:· ! l.·: 1j ! "·" . ,, ' . . .. ' \) ~ - , I .. , .. ...... 1\ l __ ;I~ ... , ,•_, . .. .. ·. ., 

Condi ti en .c:•) ;,~, I,!.. ".)l;ifr, ~~ti.ml.' I: P) 1£1:1~ 
. . 

i1*p lana.tfon t ' ". ! : .,. ,, r "_.. .~r L 

Global < 10 W /m2 .lfJ Globali ;:= -0. · r 0.';·K' " 
I, ; 

" Byraµometer .1precisie1>n 
Diffuse< 10 W/m2 Diffuse= 0 

date and month shadowing correction of Shadowing correction given in 



1 \ ~ ·~ diffuse solar flow · · Kipp & Zonen manual 
J:?iffuser> Global ) 11' · ) i Diffuse = Global ·I ; i ' 

' . I u- JI " ' 
Sun not risen (morning) Global= Diffuse =.O '' In .! ; ~ 

., 
r ;"." I J '.;/I ::,[[ ·1· ; 

1Sun down (evening)' GlobaU = IDiffuse =' .0 \. u ~ ; ·Physieal iJncoherenoe! l 
Relative Humidity>'iOO · J I Relative humidity=lOO 

-q 
'1 ·JI' 

,l 
:11 ''. "!J: , . 

" 
; !lo " 

Wind speed< 0 Wind Speed ~ o.i ,, " I : ;! '), .. r: ! u. }.'. ~ 

3.1.2. Comparison Qfsimulated and measured results 

T~e Jab.le 2 and the Figllre 4 givy tl}~ . !11-on~hly. di.~~ribution of the sim~later .an~ 
~eai:;lireH electrical consu~~t.iori . The s1n1iu1

1ation was . carried out with d set-po1!n't 
t~mpefarurg equ,al to th~ 1ave~ag~ ~f 41easure0' t~P,pe~atures 'i~ e~cb . liol.is~' s 'roorti;' if i~ 
iinportant to\ say that we modelled tlie . house on CLIM20QO' witll a simplifi~(i 
monozone model (i.e'. one air volke r6preskn mg the tothl vblume of the houiJ)'. 
The graph of the used model is g'veh in Fid-i~re 3'. •· . t.' l' 

t I.. i· I , I '' 'I' : , ,· . I ! 11~1 1: . 

Table 2 : Simulated and measured r~~µlts:, ; 1• ., ... , , • ... • J 

Oct95 ov95 Dec95 Jan96 Fev96 Mar96 Apr96 May96 
Simul ' . , r· l, 1465 . ':b49 '' :ln'i J l It • 'S 1 si . I 584'· 41 1672 1679 
[kWh] - - ·- - - - - --- -

' 
.--

Total 

12360 

Meas. 1517 
- - .. 

~11722 
[kWh] 

245 2340 .. 2282 2343, 1666 1 1< :· t833 1" .. 496 
·- --· . . ·- -; -·1 . 

Error 
...,"l-"- ' . - . - -- -

.,48_ .:9_3 -5.1 I -2.9 .+l ·-0;8 +2.2 .·· -15.1 M'S -
[%] 

-;., l J '/ • ~ • ~~ ( ,h 

The compar.ison of simulated and measured total energy consumption shows a good 
agf-ee1Ueflf i eITOr='5.2o/o)'. I e~ertheJeSS We °CaJ 1 'see . that t)fe'· lnOllthJ~:l et1L'Ol' C~ bb 
iirlpd1tant especially foi- O tbb .>i'his can be-Clue to· the1initialization process. Siith1 a 
problein -Was ab:ead . 'idei1tifie'd 'lll ari emp'i1ical va1idation ex'e~~tse on tests' :bells 
(c llaboratid EDFIBRE, B'uildiligReseaH:h 1Rst.ablishme lt, u.T<!) [4']. · . L, l 
We tan1se'e th~t 1the' · ert~r is' fo~ ·in colder months.' One· reason 1c·an be the'.'sblar giins 
are) low aurihg t1ie8e ln:ohtns'. :'fhe' Afodelliifg i us~d ) fu which •there ~•i ; I no'· s'oiar patch 
'caltuiatWn and the s'6Htr :ditect i~ 1Il:ot reflectecFli1om;tb'.e sdlai' ~atch, ! a'.ppe~~ 1·effic!eh 
fodow solar gains riioriths'but 1hot precise ei116'u.gb'for1

h1gli s(')fai 'gairtsJmorilli's:· d ' 

Nevertheless, these results show that the predicted results "~Hh.CLIM2000 softW:ir~ 
'arb ill good ~gte 'inent With.,.experlmenta1 · e·siifrs:for a'lb:iig perio(l; ev~ififthi~Fkind1 of 
expenmdlta} . aJ:idatiori· I isl 'fD'alfe 'l p 'lof rr\.'ore1 'ilncertainties j tJ.fan1 '.for lafi 'expenrneht 
can~el:i ol.i'tihl~o ra~6tf. J'J :1 ,. r ·1. r; r. )~I ' .' J, I; ::~ ·' l'.ii .: .. ' ; !f, .: ; 1, I '.,'1; ... ,,:: ' I(:''~ I 1 li :,', 

•1 '1•.tl' ·· I .1 1''i 1,. rJ H.i ilr; , J !r ... 1 >;!' \t :f :lr~I''. t_-; .~{,1 .:.,1r~~.'JiJ .: · ~ : .. ·.· ·: 1 .1!t~·11 1 ·1;~ 1 ·;~· .. ':J 

,; J1 ;,. ;H3~1:J •. 1iV.iS.uat:q:llalvsfsb! 1;1 ·1 ri: o:.·:i n!J '·''') 1;;,i:11:::1 ',::; · 1; ?L!'<i,,; /1 :'·;1.;N 

T.h~ ' °Fi1 
' - ... ,,, '

15 1~1r~sen s 'tlJ.e ~liilie 1 'e~6i\iti611 1kf ~1mtil~te~ ;itnd ri1 I a~Uiid' t6ta'. ~owet 
'bon11ti'm ,~~ knd ~h1e e~o'1Jhhri1of th~' erfor ketW·e~~r~·rim~a ed ali<lf m{s1t! d r?~ult~'.!.~! 
Tlie' ~'O~ef -to u~~i11~1li~ ~' io·~a j ~~~gi~~~h· lli~ ! flr'l~J~.: ~~~a~1S;. 16'f f 1i~ , \<5 "~r '.~~~~$~ 

t
. li1,1 14 r.i d.i cLr .; IJ .J I l '.!(' 11'.3~ I . • t) 

consump ion. · · 

4 
'·· 

I 
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The11Figure 6 :and Figure 7 show tJ:ie electrieal consumption of the two convectors 
located in the "ilving room (January 15th 1996)° and the air stratification for the ground 
floor and the first floor respectively. ·::·:-,: ;~ ··- · ·, , i:· :· -· · i.:. --:. · , ; "1. 

Tl~~.tWPrC<)TI.V;~t9rs1have di:tfererit behaviors. fhey cut off at different times. This~can 
express an horizontal temperaturegfacijypt in the"liying room. •we can see air vertical 
Stratification Which VaileS from rtp J0,~:., • I.'., , 

1ij~ fatil~ 3 . c~~tain~ - the ~{~fage .. ~4l.#~darc{ cfevi(,lp~n values of m~as9r_eq ~~d 
sirp'{tiated, qofisi~mp~j-~~ an4 _th~ 0~7s ~r criior. 'th~. lave~age f1fror done by f0:y m,g4e1 is 
.fl~t; ~:eat~r · tb'.ah' 5%. 1T~s l.s 'in a good· ~greemeh with.the 'Paragraph 0 concfosions, 

th~: ~?4~JJ 
1

~ _u9?nsi~erecr pr~cis< .1t}6p.&~ ,:r~1 p~~dict 1

the ~yerage value of energy 
corisumption (error : 5%). This· conclµsion is availabl~ for the total energy 
consumption over the entire heating season; (~~foe ~hich qu-antify in a second way the 
error between the measured and simulatedresults)F ·· · ·· ,; ·: h 't 

0 ... .. _ ... . . . ... _ .......... .. ' ..... .. - ... -.. ' .... '" • I..._.. I .. .. - _.,,~ .. . ol • . .. . - · ..... 04 ... · - ·- ....... 1 * ' 'A ""- • ~- ... ,, .. ,~. .. .. 

1 1 ~ .. h/~' 1 /'·f' ·1~ .'i1.' :r~:\ +.. • , , · • 1,, . , 1},' 1 •••• ... :·~ : :.n· r:;;···. 
1 

.~ :.~ • ~"~1 ~ ~·i~:J ,,1. ~:.~ 

i" -· .. ·-=·· ·tallle-3 ! Av·g and- St~·:vafoes .of mea~ure4'3ncl 'simuiat~Ci consumptioii~··a:ii<i er~or 
jl) . ..( ' ' . • . ~ . : • ( 

- . Variable - - -~ -·-· Average [kWh] -- - - Standar.d devi'aiiqn-[k Wh] 
Predicted coE.suinptiort I ( 

(; 384 , ·. i 1299--· "-, - .. ·,L ! j ., ' ·, 

Measured c;ensupiption ·--~65 ~-I - _:220 I - I 
- - -- . -- - - .... - - -

Err.or measured/simulated : -19 54' ! 
l I r1 I - i ': 

" 

. ·- . . . -- - . -.. L .. ' 

J...1,,_ Error analysis 
!J~)JJ!i' /O"i<.: .. (J ,;· :~~1· :: J:_;f"·:.. il.).·.· ;f.i".: i:~:J~,J ,JUL • ,: ,. . _1 :··1 _Ji •....... _ 

:f,he ,µiath~iµ~tjei:fi~ 1 anf!,lysis of e,rror .:betwe~JJ1 mi:w~ured ~dj s~q;iulate4, reslflt$ (8ho'Yyd 
in , :i;;:,~ure .· 5) . 'Y~. 1c,arried ~ut -1PY w~ing ,:_t~~ t9p.1 ca,~~e~, p~, ~~y~lopfi<l: in ,~he 
framework of collab9ration)~~tween EI?:f ~d. ,Cr~tei_l_; Uni~ersi~y (:r,ai;is X:JI, France) 
[5] [6] [7]. This n:isi~ual dis.aggre~atio11 ;toql! has bef(11. ·very ·v_owex~l1 ~:µ a, ~o )ye_ar 
cql~,abqr~tiv:e r~$earch pr.()wamm.e ,on _e:t,npiriq:;iJ, valipa~i9µ .1 8~~.een )~J,IB (Buildjµg 
1-l.fl~~flrcl]-,_;Es~~plj~hment ,µ.K.) an<\;EDF,i~~ n;v;ea~ de~cie~yip~~~ and qr~ e.gp~ in sq¥1epf 
t4f1l ,1PfH'l:~q!patin,g !.so~i:W~'. n~q~51m~.· • ;'I;hen,., 1 ,}h~ 1 _ni.qdi~fj~tion~ .•. of 1:µ,ioHrlling 
deficienc~<r~ )ti-; tW:<;> . 9f J\lieS<f<JSp:[t~ar~. p:i;~g;~ led to _si@ificant.1 im-proyepients . in 

~h@~rp.r;<;d:i,citi,ye_pp~ve~1[8J, ,.",?, . . ,,, ;.L·~.u ·.r; _, d:: . "··"· <· ~,. <r-,,·c · J .1>'..,<'1 

rp.i_s Joql "ilPq'fs io ~jsflgg_r~a~1_.tqe-1Pl~~S:ti<J>~ .'l·Wi ~~e .lfl:easur.e111~ts. . ~ p,.t91.~~¥upl~frr 
of:) am-i;t_s. 1. E3i<?P. ·P.f¥1. . i~1 ; d~~-•. ~<:1, 19!1.n. :O~- -!lj~ ~~t~wna~ :~u~µq({~ . . ~J?1Uts) :;o/' vAu&.c t).1~ 
simulation (and the building). Hence, the discrepancy betweeq.~h~, weP.'fy~ql}s. ~a~ PJe 
measurements is the output of a system described by an input/output relationship in 
which the inputs are the excitations driving the building~·\Q~·iµ~f~,\~tinfiQ.m:i:;ition it is 
nossible to detect the exci~tions which are :i;esponsibie ~c;>r the major nart .of the 
If; • • , , !,H;l .Y• 1/i(:.l;'· !i<ri: ._J !J, JU. ' r!:> • 1 fl (il· , . 1(11• ' '.i:'' ' IJ . . ;'l', !f!'Ji: ' I :- fiJJ:. ~ l ~'t. 
s~ul_atton en-o_~; . 

1 
.h~ t~t . ,. yap~9.e -~'?J .. ~t .. e_~<( ,freque,ncx q , , rntere~t,._- c~n be 

decom o'seci'i~ .fi;,d\e cobtnbiilia1n°n:on1·each.ui ~b I cio=iit~irirt"~~JCf 's~s ' ·6chl~ 1 

bci~~fri 1the e~frl-kcf 6a.~H-fi~plt{[s1(61~ ··: i I '.Ji(' l ~Rc! .}r "'tj J, p li'VI ~ •. ·~ J ! P~ - -. .P .. -.i;.1P 
• h ' I : • l ·~ f ~ ) 
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To analyse the present error, rthe ex.citations are' the following·'~me : direct~solar flux, 
diffuse·; solar flux, · -ex,tem!ll 1 temperature, wind ··speed, relative · humidity and 

1:· ·' .~~ ~ ~ q I • J I. ' .J . ! 

atmospheric pressure. The· analysis was carried, qut month by month. ·The frequency ; 
)~ • J \ ' I ,. I , .J ._: /I .J \" 

ranges selected for error disaggregation are given in Table 4. ·1·- · .... >·--····· ,· · ·· -··· ··- : 
, · · , , . ; ! 1 

·. 1 i I JJ ~I (:. ~:I ( i ) 

Table 4 : Frequency ranges· selectea for error disaggregatfoii ··· · ·- · · - ·· 
.----------------.---------.-----''---"------- ----;N 

Frequency range (hoar·1) Comments ·· 
[o.-0.021] ! ' 

1
'· , • .. • 

1'Ve '· ·slow d',.,:.,artiic ·" ·1
•
1 

' ··· • ,,. 
11 

t:Y, I P ·.,Y,J.J. 

. • • j [d'.0625-0._104]' · '"· '" ' . variatianofl/~daypyriod _ ..... ,, 
' I• .. [O. I 94 -O. f 4,58] ... ·.v.ariation ~f_ 1/3 d~y per!~~ . . : " · 

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, diffuse solar flux, direct sol~ tll!l~~ '.w;p.ct_.spe~4,, 
atmospheric pressiµ,·e, relative humidity, · . ·-- -- - ,.

1
, 

· j ~ ···niffils<solar flux'., ' 4irec~ ~61a; n~x , exMrD.ar 1f~h}perature, '~i~~ sp~ed, 
atmosph~ric pre~sure,'relatfve humidity!; 1 

·' '· • " - • J • JI 
1 

· '3 :bl'iect ~olar t'J.J~ '\11ffuse:'s6Iar flux, , eX:temart-dmper~tiire, '4ilia spe~d • 
. , ·.. ': - ~tm~sphe'ri~ pre8Yilre, relative humiditY'.1 ' ' "' · ,;~. , 

"The did~~gi-dgalfiori 1.of ·the ·i~rror variance' of the,. simi.~lated constimption v1e1!stts · th~ 
selected dynamiq ranges is given in f igure 8. The error variance is given klnl).f .for 
Januafy1 '96 .. tlie' disaggregatl'bti' of ~tfor ·· ~~i'ahc~ toi- tl1.b ,· others moi1ilis· is q~1te 
identic~l. n . '· .: .. , i11:· ,.,,., . ,,.) r. .. ,,••· 111 . 1·r1 

:we"'dtn .seb h~{ · 1 ')·"' ,-~·· •1> ·:: J:. .rt . ,.,. '· 1 ·n ·:.-. i,,~ 1 ··:, 1 ' 1 

.,,, ~·-.r ' 11 ·•
1 tH~v'arihnceis '.sharediii 'the 1thr~~ilis'{dynimiclra~ges ;)' .1 11 cr·t "·id: 

,,,: ,·. ··m ·so1kflJx.~fexptaifl ·.tb.e 'n1~jor part 'or'bJor, ... ,. 1
=
1

• ·, ,ir!.r :·
1 

·' JI ~ 11 
the part reJ at~ii 1to witla ~peed is not ~o high

1

but hof'negl!gibfo. . .r ' d 

In conclusion, we can say that the !)91ar radiation apd external temperati:rr~ · ;~e t?e 
OS Ill p011'ant i :extem~l "fie ofs. 1t 

1
is· di~'ficu1f~ ' 'tl(, 'sdy' whJ.di°' df them! ''i~ fil'J1 Itlo~t 

important because tJ1d 1 OUtsi1de1 'tempgtahrre I i~r Sftotlgly' Tu'lkeii lwith the1Sd}~ '.l·adi~tidi:f. 
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. 

3...l._ Comparison with « blind prediction » 

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. 
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'rable 5 ~·Energy co~umption predjcted in OctoberH995 ;r .. 

• l.i . •· '•• f I ~ ' -Cof d situa,tion 1Medillin 'situation Hot situation . 
• 

1 '-'Degtees dayit' 1 • . . ". 71166 · ' 6?9Q6' 58179 
I 

Consumption [kWh] ,. 13004 117P,6 10439 
ii f111 .V <:'.; :;. t· ., .. <''.'' \. ,,, ~l .r ~ ; ~- , 

W:e can -say that th~~~lr1fe~ting sea:~on· 95/96-m-Ltsses is a A1~·dil1:111~it1Tu.Jic~in if we 
considerthe ·degr(fff~d~l> .?~~\el.'t?~ because the·-qsses degrees.:day~. :·.s_ 64&5~ :· ihe·real 
energy-consumptjon, -l23.60 ·kW:h is ta-compare with-the pljecliq ·eel Vll-lue for medium 
situation 11/~6.-'.~VJii~ 'fh~-f~~f v~i~e is-obtained- with- the sa'ine~ model,- the only 

I ""' • , ; It • I u 1 ; I I • I j .. •/ ' 
differenee-w1th ~b-pr~die~i~m· done- ril-,-Gctooer- 1995 is ·due-.to ~~e:we~ther data which 
are - the-re~l ~~~~~ 'f~~F~mPiar_i.son; is-interesting eecause-it aller s t(>",:gki a judgment 
OI}· the-repr~s~btati-v.i~y of §t~dard tlieteornlogical-situations we have -~efi~ied as Cold, 
mbdium.and1 ~hot fd~ 6~r; ~t~'di~~. The edor -between the .prediction;W~h the medium 
si uatiod ah&:llie vaiue calcuiate<l on m::e 'Basis of the reatweatHer data.is only 5%. . 

(:' fl •Jf ll -t <;u r ~ .. ~ r .. 
"' 

;.· !J1J ) (~ . l :Ji .. Y. . ' ) •! f 1 r 

:: ,;j r~ .1 :J'' r )~' ' .. ~:11 b [('I :1 · ir, ~ r-; ! . 
• ~ .• r J ;/..' · ,'.: 

~·£oNCLUSIO'N j)" )!:; ';< ,J: • 1 : i 

TBi~~ C~p:}l~}P-~~9l\ i ~~M~rP I s~~~watl~~s', 1 ~.h. c.~~oofr;-~~~~e pr.d~~ne and the 
measurements earned out on ~ real . bw~cfi~K.J{r~l~p~1e hquse) shows that the 

• • ' f JSJ • , t J_. . (, I 

calculati9p ov~r~JB~a~-~.s J5.3~? .the real .. ~pns~Pih?J: c .?f ~e! h?.i;ise ~~er .a long 
heating season penod. t~1s errQF js accept~ble be9~n~r t~i~, .tfrin4r of expenmental 

~~lid~tigp i~ r:Il:Wde. up ~ot r~oi;~nup~~1;a~nti~~.'Jhan:· f?i:· W-'t .. e~p.e~~1?J~ .~an,:i.~g .. out . ~n 

;,~;~:~~l~;~ J~hlJa~ce . ·~t~~~8flit~~ d~t~oi~Js~1 J}P:~ ~fO~~~~~ am9ij·. ~~, pr~·gr~~ :~:i~~k 
because this is a reahstlc situation close from the studies they have to carry out. 

. . . ll 

The disaggregation of error shows that solar radiation and external temB~r~tl}fe1 ~~e tb.e 
most important fact~·1i?i~ 'f.P.~J !Y,'fP}ttilf .the 1 ~~01; 1 ~~i;~ of)h~, en:or: t;..o ~prove the 
?ehaviour of our model, w_e ; wi~.l ! }?~V.f -~?r· :t~~ 1 i,nt?. ac.~~Wt J~ese. RP~clusions by 
rmproving ~q~;~R~~ .?ai!;ls wit~~~e in~~~nitIW!: 9.f ;V,10~ellipg of~~~ W~(fption. from the 
SRlar.J?:atch. · ~ , ·.. · l'J ; . ..1 •0 ., • . , .. , , , , rt ; .. c 
tln~ ni. 11-s,9,a(e .expe~µlle~ta ) viiJi.d~~o~ .. ~or;k 'wilfbe ,co71thlu~ with a p~i1culir' fo9µs . · n r~ J, . . 1 1 . , l¥ •.• ~ V:r·· ). J ! ·~ ~ . l ... .i . . fr.,; ., r 1 .,. _,,, i<l ~.r.' 

on dvna:qriqal.:?cenai:P,- ofs.et-oomt t~rnn.eratuxe~jp day anrl. ~~oh~ zon~. . .. . 
. f ~(J L t'.1 "~JJ.- 1 l aiC.J.'" . ...1, , :.J. l'f l ' ( •c-. .:)'li~lf; ' ' :;J (u o·~O :a i·! JI]( _, ,R} I 1.... ; .:~· ,1 • 

.. L l !:::~y_[j :.; .~/ ,)i"J l.11 lj(1iJ ~c:i lil1.;v -rr_,c, ()j '(JiJ:(jjj)Ji'~ J'Vf;,~ l.l.'. l'Jt''f.'J ·,:· ,·~ .''\; f ·1· cf. J:;/~/ ! :i 

l1 .. f:~lj '.);[; '•:, cJJinfi '.1dJ lJ'.)t)ih:;;1q ~''';;fi '.)'.1/ brir n<·s.J..'1 1 r·:) f;r) . ,•J.:ij ,:,Ji;"-/ 'le ;i"tl 1'.Jf)(''f( 

1n :,i·:'1,1i; '.:.·'rnlt lo <;i;;;nd :i1H ·le• ~:ir ufr1:;;fLV 'icj w;iJ :1rn 1;' :">'.J T';Vt': fj ;.r:;·,;,:~1:,i:.J 

~l .>Vf'_,f,l O:~T:!\'ll l2:J:;r ;b ::-i1Jt ·; .., J 11 ;Jorn brrn !c>r[ .ll!«~>:, ;>,w;:L'ilJ!i<' 1;·;~,i;.i.uL·"u.:·;Jli 

: r;-.N ( f, ,i !Jrl :; ;; ni o[:rJ;111 21','// f1rJiJ:i1: 1:J'ifl ·-•dT .; tj (r::J;;;;,i J ' i tJ 12.:J 'I 'i~ ·1 !JI:, ji(), :j,; 

.t.1 ;t1 L:fff !f•1 _ ;((1 ~.7>J'U "''~ll)J l {,j_Jj·, [)°'/' :_<i~i :.r. ·'.J J!~ . · f~'..· .(i 

·~~ 'Jr ~}j:T !Jj Lj ;"-._? s:·.n ?.JI !~~J'! ~f~~.r:\1 rn1 ',i{; r 
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Figure 1 : Drawing of Valeriane ground floor 
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Figure 2 : Drawing of Valeriane first floor ' ·.1 i : '.· , • 1 
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Figure 4 : Monthl~ sharing 'Jr power consllmpt'ib~ a· • I 
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Figure 5 : Power consumption; simulated, measured and error 
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Figure 6: Convectors consump~i<~n in.n_ving room -. 1.i:anua~rt l~f~ 1996 
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Figure 7 : Air temperature st!atifi:c_a~ion r-or .gro~~1d ~~or and first f1Q9,f , 
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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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