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The rapid devalopmant in the thermal 
energy IDOdell.ing requireJ11anta for buUdinga, 
markad by the need to intagrsta many 
phenomena. has led the Application• de 
l • Electrici t6 department at Electr1c1 t6 de 
Franca tc develop a general en•rl1Y simulation 
tool cal.lad CLIM 2000. 

Beyond the production of the software, 
our approach ie to provide tha specialists in 
the verioum field• involved in tha creation 
of the modal library, with common 
formalisation rule• ensuring clear and 
unambiguous axpression of thair work. 

To do this. we have drawn 1111 a ... thcd 
booed on a thumodynamic approach to the 
phenomena. Thie leads from an anaJ.ysie of tl!e 
physical world to the definJ. tJ.on of 
indspendent data proceaaing mod11lu •ub-
quently install.ad in the CLIM 2000 software. 

After presenting the main features of 
the CLIM 2000 aoft'Ware, wa describe in this 
paper, t.he principlaa of the modelling 
method. The application of it ia illuatratsd 
by an .,.ample; the ·air movement modelling in 
a b11ilding. In particular, we demonstrate ita 
efficiency to facilitate the modal design and 
the hypothesis managam•nt. 

HQMfJfCI ITIJB S 

H • maH (kg) 

u • int•rn energy (J) 

c • specific heat capacity (J/K.kg) 

• specific heat capacity at constant 
volume ( J/K.kg). 

u • •pacific internal en•rgy (J/kg) 

UV • volume internal energy (J/ml) 

P ,ra • de1U1ity (kg/ml) 

• energy flux (W) 

• masa flux (ml/a) 

Po, '1'0 • d•n•ijY and tamp•rature raf•rencea 
(kg/m , K) 

W1 • power tran•mitted by •lectrioal 
convector i (W) 
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w • external strength work (W) 

R • ideal gas constant (B,ll4.JK-lmo1-l) 

• meas flow from 1 to (kg/al 

• anthalpic flow from i to j (W) 

H8 , K9 • enthalpic flow tnrough the air 
entry and through the air 
outflow (W) 

•e· ms • mas• flow through the air entry 
and through tha air outflow 
(kg/11). 

Paxt' 'l'axt • external preeaure 
and temperature (Pa, K) • 

1) llfl'BQDUQ'XQH 

In order to deal with the rapidly 
evolving requir ... ents in th• field of 
building ensrqy numerical 111Jlulation, tha 
Applications de l' Electrici t6 department of 
the Direction dsa Etudss at Recherohea of 
ElectricitA de France decided in 1985 to 
develop a modular software called CLIM 2000. 

It ia a research tool ailDad at a broad 
range of applications: 

- detailed analysis of COllfOrt and haat 
exchangaa, 

- development of control and building 
energy management systems, 

- energy and financial evaluation of 
different projects, 

- etc .•. 

To achieve this objective, the concept 
of a model library and a ordinary 
differential equation solver wae usad aa in 
other softwares such as TRNSYS [KLEIN 1981], 
HVACSIM~ [CLARK 1985] ALLAH [JEAHDIL and 
PALERO 1990], £KS/SPANK [BUHL et al. 1990] 
and IDA [SAKLIN 1988]. 

The CLIM 2000 software l\ea been 
available since june 1989. Froa now on, the 
main task of i ta devalopper• ia to fill i ta 
model library. Since vary different phenomena 
are being involved in th••• models, •averal 
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specialists have to participate in their 
development. 

This task must not be overlooked. tt is 
a capital i tam of tl'la CLIM 2000 softwnra in 
the same way as tcs data processing scruceura 
deaign. Indeed the sottwnra i s use11bla only 
if it has a lnrgo library of compatible 
elementary models. 

There , a modeling method hns bean 
developped. First of all. l t defines 1:1\rae 
daacription levels each ot tnu wall sui1:ad 
with d.itferant coworkers: users , modelers 11nd 
software devaloppers . It facillta1:aa 1:he 
element~ modal design by a strUctured 
aruU.ya:La ot the involved phenoman.a. Laatly , 
it provide• a highly pracis• fromework called 
PROFORMA tallowing !:ha ideas Of J. CLARK at: 
al. (CLARKE and IJJll!T J for the a1odal 
daaoription. 

o\ftar prasantJ.ng the main features ot 
th• CLIM 2000 software . we will des=iba in 
this papecr. the princ1plee of the lllOdelling 
method.. The appl10111:ion of it will be 
J.lluatra1:a<l by 11n example: \'I>• air mov ... el\t 
modelling in a building. 

2) PBESPfTATION QF THE CLXM 2000 SQf"CWABI 

2.1) a data proc••sing are!hitnsture 
tndepepd•pS gf the mgdels 

The prinoiple of CLIM 2000 ie baaed on a 
breakdown o:t the butldi.ng and ita equipment 
into independent eluenta ( doora. windowa. 
walls, haater•. •to ••• ) the assembly of which 
determine• thermal eouplin11 or control . Th• 
ove ... all ener!JY behaviour of the bu1ld.1ng and 
its equipment is thu• tne result of this 
ae•embly. 

In modelling tarma, aaon el-11t is the 
subject of a Baaic Hodel, and the building 
fitted with its various items ot equipment: is 
called the Global Hodel (see figure l). 

Numer.1cally speaking, a Global Model is 
a sac ot al.gebraic and diftarential equations 
solved using the .\STEC software [HSYOSl1o\NN 
1981 J. This ·1s based on a variable ordar and 
step GEAR algorithm for the integration of 
differenti al equations and a NEWTO.N•RJ\.PHSON 
method for searching for the roots of 
algebraic equaUona. Its high performance 
allowa global aimulat.ion of the coupling of 
heavy bu1ld.J.ng structure.s and faste:r reepone e 
phano~ena or system•. 

This architecture thua saperat•• the 
data proceaaing structure of the sof twere 
from the baaic lllOdel• in its library. 
Moreover, the performance of it• numerical 
solver offers the uaers a broad range of 
dynamic simulation opt:ions. 

The data prooaaeing function• of the 
CLIM 2000 software are: 

- handling and storage of baaic models, 
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Figure 1 - Diagram of the CLIM 2000 software entry screen 
[RONGERE 1990J. 

- provieion and assembly of these basic 
modals as needed by the user for a 
given study, 

- creation of a system of differential 
equations reeulting from this 
usembly, 

- solving of thi• syatam to give the 
evolution of the state of the building 
covered by the study, 

- display of the results obtained, 

- CLIM 2000 al•o handlee the management 
of the studi•• conducted. 

l.2) a htgh-JeyeJ d•t• stn1ctJ•r• 
aaancjatad with th• baste mgdal: 
t:be roree 1 Type 

For CLIM 2000. 11 baaic modal 1• not a 
simp.le calculation procedure, but: compr1sas 
oll the informaclon naaded !or its l\andling 
and 1natallat1on in the software . It i s thus 
rep.reaented by a complex data pcrocausing 
structure called the Fonnal Type. 
II Fonnal Type condsta of a schematic 
repnaentation. or icon, anablil\9 it to be 
idal\t1t1ad by th• user, a macharnatical 
repreae11tat1on coneaponding to the equations 
aa•ociated with it, supplamanted by th• 
verioua initialisation procaasing and 
preliminary calculation operation•, an 
alphanum.rical. representation defining the 
pacruetera to be supplied by th.a uar, and 
the •=•••ible r••ults, and a conuol 
repra••ntation 1.n the form of connection 
rul•• uaed to check !:he val1d1 ey of \'he 
assembly producad by the user . 
The OOlllllltlniaation interface of this data 
srruccure l• repr•••ntad by aOnnec1:1on port•· 
These can comprise 011e or mor e associated 



values or correspond to a particular modal: 

• identity of state variables and SWll of 
associated fluxes, 

- anergy transfer through mass transfar, 

- collection of information, 

- etc ... 

(s•• figure n• 2). 

Figure 2 - Assembly representing a sl119la-zon• bulldl119 model 
for Iha CLIM 2000 software. [RONGERE 1990J. 

l.3) I naer-frfendly interface apd 
tgola to sfmptffy th• date Ml+rv 

2.3.l) A••mobly of "Po"98l oryp.• 
occ:u=ence•: -cro typ9 

Following the principle of CLIK 2000, 
th• user produce• a global energy eodel of 
tha bu.Uding by areati09 oru:I ......tiling 
different "PormaJ. Type" occ:u=encea avai.J.abl• 
in th• library. Th••• occurrancea 1nher1t 
properti•• of th• "FoniaJ. Type•" t~ which 
they are taken, in particular the default 
vaJ.u•• a••ociat•d with th•ir nuaeriaal 
param•ters. 

This e•s•mbly is made easier by an 
additional tool called the r-la.cro Type. Thi• 
allows memor1.Jlatton of an aaaembly of "FoX'llllll 
'l'Yl>• • occurrence• , which can then be handled 
lik• a n•w b11J1ic mod•l ( se• figure 3), and 
can be exported to othar studies, or made 
accessible to oth•r users by means of the 
data base management system. 

Apart from the graptuc fac:iUtiu, th• 
"Macro Type• allowe the manage.ant of 
collections of asaetnbli•• and sets ot 
numerical parameter•. It will thus be 
~••ible to create Ubrari•a of insulating 
mat•rials and HVAC sy•tams. 

2.3.2) Sillllllation and re•ult• ADaly•i• 
tool• 

CLIM 2000 also has a results di•play 
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EquMi/ent mecro tvpe 

Figure 3 - Macro type. 

modul• offsrinq a broad range of features: 
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comparison of calculation results and 
axperimantal mee•urem.ents, 

- cOGlplamentary aaloulationa on th••• 
reaulta, 

- various graphic formats (curve, 
histogram, pie chert, etc ••• J, 

(see figure 4). 
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Figure 4 - Comparison between experimental and numerical 
results (ETNA laboratory). [GIRAULT at al. 1990]. 

3) MQD!fftHCJ M£MJQP0Lot;Y 

J.1> WI\¥• eac!•Jttoe .. tho4 1 

tnde~antly of th• quality of it• data 
procesdnq structure the CLII" 2000 llOftwar• 
will be raaly U...S only if the el-11t:ary 
mod•ls of 1 ta library a.re well described and 
compatible. The design and 1:ba formali .. tion 
of th••• mod•J.• are taajor ta•k•. 



The first problem to be solved i9 then 
the definition of the elementary model 
concept. This is different for: 

- the project engineers (or users) who 
use the elementary models like black 
boxes, 

- the modelers who realize the elemen
tary models. 

- the software developers who code the 
elementary medals in tha CLIM 2000 
software and manage th• •quations to 
ba solved. 

For the project engineer dealing with a 
global buUding model. 11 b11aic model is a 
technological =mponent Of the building or 
its heating 11nd air conditioning equipment: a 
convector, a hot wat.ar 'tank. a window, •tc. 

For the modeller however. a ba•ic model 
1• a 1J10re ab•tract no'cJ.on. Hie obj•ccJ.ve i• 
to represent the energy-related behaviour of 
an item ot equipmant, or "Technologica,l 
Component". He thus concenui himself with the 
phy•ic:al phenomena involved, sean through e 
nWllber of as11umptions. Hance , tor the 
modeller. basic mode ls idealise repre•en
tationa of physical phenomana. He cla•eifie• 
thera. not according to technological 
criteria, but rathar ae<:ording to their 
physical propertie11: 1.e a part of the •Y•tem 
on which a balance is drawn up. a local 
behaviour law within a material. the 
e><preeaion of a tr11nsfer of energy or ma•e, 
etc •.• 

From the viewpoint of the developper, 
who handle11 the math.,..atical ~uationa to be 
solved, a basic model is a data proce•a,in11 
object which has methods. Theae mathod• naed 
to be or11aniaed i n order to create the 
solving process. 

Moreover, the mean• of a•aambUng theae 
basic models is not the same tor the three 
partnera defined above. For the user, the 
connection of two basic models conaista in 
technological connections: 

- joining of two pipes, 
- opening of a window in a wall, 
- etc. 

For the modeller, the assembly of two 
basic models is, for example, the location Of 
a transfer between two parts of a syatem. 

Finally, tor the developp•r. the 
coMection of two ba•ic models i11 the •- a11 
identifying several occurrancea ot the a11J11e 
valu• or, in certain caaas. in adding th.,. to 
make a balance. 

It is thus plain that a 9inQle level ot 
representation is not sufficient to enaure 
attective management of th• basic model 
libraries in an opan-endad software •uch ae 
CLIM 2000. 

Strict formalisation and the coMaction 
of the three lev•ls of repraaentation 
described above are, in the CLIM 2000 

project, dealt with by means of an original 
modalling method. The main principles are 
presented below, along with an illustration 
of how it is uaed. 

3.2) Principle• gt the mgdnllipg method 

Note: The modelling method tir•tly 
concarna the dasigners of models (modellera). 
It then bridg•• the gap batween their 
viewpoint and that of the users and tha 
aoftware developers. 

To achieve this, we first of all 
introduced threa levels of representation: 

- th• TECHNOLOGICAL COMPONENT, for the 
u11ar, 

- the BASIC MODEL, tor the modeller, 

- th• MODULE, for the developp.r. 

Following the principles of thermo
dynamic enalysia, we defined three notions: 

- the ELEMENT, which conati tutea a 
portion of the system to be studied, 
on which tha balances ara to be drawn 
up, 

- the MATERIAL which, on the beais of 
the ELEMENT state valuea, 111vea access 
to the mea•urable variables which will 
determine th• TRANSFERS, 

- the TRANSFERS which link the ELEMENTS 
and 11ive the values of the tlw<•• 
intervening in the balance equations. 

The figure n• S swomariz•• this approach 
(RONGSRS 1989]. It s.hould in pa.rticula.r be 
noted that the balance equations are 
expreas-4 on the extenaive ay•t- state 
variable• (11assa, energy, etc ••• ) and not 
directly on the meuurable variablea , aa i n 
the other approach•• such a• the nodal method 
or Bend Graphs. This distinction ellowa a 
stricter formalisation of the problems by 
separating th• axtanaive gaometrical aspects 
from t:he local propertJ.es linl<ad to the 
materiala =n•tiwting t:be ayat:em to be 
studied (saa below§ 3.3). 

INTRINSIC "'/ ---- .. 

~ ·' 'SCA".s1.,. 
-·-~·@--:- / ... 

1 / H~11on.,• . • [A•'-1•1 
~ ·: r .. ..:::..i INTENSllllE 

EXTINSIVl(VCTINSIV.ESTATfj / ) • u .,_,,_, 
VARIAIUS •' 

\ 

-·· LOQ!lb~ 
, .... ._. ...... 1 • ., 

\ ; ' 
('"'" )--- EXTAINSIC 

Figure 5 - Schematic decomposition of a model. 
[RONGERE 1989). 
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Furt:hermoro , within the fr...,ework of 
this method . we defined a 11odalling problem 
"nalysis 111o~hod which nat:urally leads the 
modeller . from the global level. corree
ponding t o the TECHNOLOGICAL COMPOWENT ot t:he 
proj ec1: engineer, ·to 1:he deecription of the 
MODULES to be handled by the nu111ericel 
equations solver s ystem ( see tigure 6). Thia 
anolyeia mode (top-down) ~ua completes the 
aoseatbly fecotures l bottom-up} offered by the 
library et MODULES, BASIC MODULBS or 
TECJINOLOGI·CAL COMPONENTS. 

•PHASE 0 : 

~e~~;:~Jg;~~;M~~M[."J~~~AL COMPONENTS Into ELEMENTS. 

• PHASE 1 : 

Breakdown of ELEMENTS Into HOMOGENEOUS ZONES : 
- Choloe of EXTENSIVE STATE VARIABLES. 
- Breakdown of tho element Into ZONES. 
- Oeflnltlon ol tne laws of ASSEMBLY on STATES and FLUXES. 
- Dolllnltlon ol GEOMETRICAL laws. 

•PHASE 2: 
Transition from EXTENSIVE VARIABLES to INTENSIVE VARIABLES 
ol each ZONE. 
- Choice of the SCALE. 
- Calculation ol INTENSIVE STATE VARIABLES. 

•PHASE 3: 

?_hi~.~~la~~!~f~~~m~1k~~X./1~N~~NES. 
•PHASE 4: 

Check on CONSTITUENT raeolutlon CONSTRAINTS 
Isl step: MATIERIAL and STATIE IEOUAnON 

OK - move to step 2. 
NO - return to phase 3 than phue 2. 

2nd SI/Ip : SCALI: 
Conalant SCALE - move to step 3. 
Vaifabte SCALE - add SCALE aa EXTENSIVE STATE 
VARIABLE ol ZONE. 

3rd step: GIEOMIETRY and ASS/EMBLY 
OK - move to phase 5. 
NO - return to phase 2 lh•n phaM 1. 

•PHASE 5: 
Choice ot LOADINGS and INFORMATION ON THE STATES and 
INFORMATION ON THE FLUXES. 

•PHASE 6: 

Check on RELATIONAL solving CONSTRAINTS. 

1st stop : MA TERI AL CONSTRAINTS 
OK - move to step 2. 
NO - return to phase 3 or phase 5. 

2nd step : GIEOMIETRY CONSTRAINTS 
OK - move to phase 3. 
NO - retum to phase 2 or phue 5 lhen phue 1. 

Jld step: Sequent/al organlZ1f/on of INFORMATION 
OK - coherent model - ENO (write ob(ectlvt dncriotlon ol new 

No 
TECHNOLOGICAL COMPONENTS. MODELS ~o MODULES). 

- return to phase 5. 

Figure e - Main phase of model construction [RONGERE 1989J. 

Finally, 
attached to 

the a-antic 
each category of 

detini tiona 
BASIC MODEL. 

allow them to ba automatically handled and 
thus li111i t the parameters to be supplied by 
the modeller. 

3. 3) Example gt aerod¥0•"1 cs mgdel l i .ng 
gt a twp room dvelling 

We concern ouraelvea with the modelling 
of aerodynamic exchanges between th• rooms in 
the same building, subject 1:0 variable 
meteorological conditiona. For this, 1:he 
problem ia con•idered as tha e>CChanges 
between two rooma communicating via a large 
ver1:ical opening (figure 7). 

Air entry Air outflow 

\ "1e, He ~s. He I - -~ "121, H21 
Room 2 

Pext, T1, P1 - T2,P2" 
Text 

"112, H12 

Jw, ..... 
w2'-

Electric convector Electric convector 

Figure 7 - Ventilation In a two room bulldlng. 

Wa con•idar thel: ~ air bahllv•• 11e a 
ideal go.a euld th111: each i:ooca conaiat• of a 
eingle homoganaoua air zone, of uniform 
tamp.ratura and aubjtlCI: 1:0 hydroatatio 
preaaura. Tha flovrai:.a between "o.nee are 
governed by the Barnoulli equation. Tha 
eya1: ... tic enolyei• propoaad for 1:1\a method 
lead• to th• breOl<down of the probl&11 ae 
•hOwn in figure 8. 

Figure B - Diagram ol methotoglcal breakdown for the two 
room building problem. 
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We can see a succession of procedural 
tasks which will constitute the various 
MODULES implemented by the developper. 

For the modeller. the BASIC MODELS 
created are: 

- the air in the zone: ELEMENT model, 

- ·the vertical opening: TRANSFER model, 

- the ideal 
model. 

gas material: MATERIAL 

Foll.owing this analysis, we thus obtain 
independant BASIC MODELS documented in the 
form of PROFORMA sheets, and which can be 
used in other configurations. 

3.4) Di•cut•ign go the aergdynjllliC 
tran•fer assumgtigns 

With this m•thod, the balance equation• 
are naturally written for the extensive state 
variables (Energy and Mass). Then the "scale 
step" lead• to the expression of th• local 
values of these variables. (Volumic energy 
and Volumic Mass) (see figure 5). 

At this stage, no assumptions are 
formulated about the gas state law. This may 
be modelized indepandantly. 

The left column of the figure 9. 
presents two different gas models. These 
models are expressed in an extensive variable 
form according to our method. The first one 
(top l is the ideal gas model. it uses two 
state ve:riables. The second one (bottom l is 
the incompress.ible gas model.: the state of 
th• gas is independent of th.a pressure. Tl\9 
pressure equation desappears 1.n the MATERIAL 
model. This leads to the energy balanee 
equation suppression. 

The right column of the figure 9, gives 
tha intensive expression of the•• models. W• 
can see that their manipulation may be uneasy 
due to their unlinear forms. 

Now, let us compare these models with 
the conventional formulation (figure 9, right 
column bottom model). It's assumptions 
(constant mass and incompressible gas) are 
not compatible. 

In fact, this uncorrect formulation has 
no consequences in conventional global 
building energy simulation since the 
di.fferential terms of the air baJ.ance 
equations are negligible compared 11i th wall 
inertia. In addition one use to maintain the 
room temperature stable. In any way, it would 
be bett.er to wri ta the following algebraic 
equations: 

0. t~ 

On the opposi t e when one focus on a fast 
avolution of the air state , one has to take 
account of these differential. terms . From the 
balance equations related to the i deal gas 
model (sea figure 8 1. we can deduce the 
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Figure 9 - Comparison between two air balance equation 
formulations. 

following expressions for small pressure and 
temperature deviations: 

AP AT 

M p T 

AU AP 

u p 

Hence, if AP::: 1000 Pa than ~ # io-2 and 
u 

in addition, if AT::: 3"C than AM # 2.10-2. 
M 
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4} CONCLUS:ION 

In accordance with its purpose, the 
CLIM 2000 software enables the researchers 
and the designers to make building energy 
simulation by assembling elementary models 
available in its library. 

Its data processing structure strictly 
separate the equation solver and the building 
modal. Hence it is an efficient numerical 
tool to perform many different simulations. 
In addition it is able to manage new 
elementary models as soon as they are 
davelopped. 

Since the CLIM 2000 software hae been 
achieved, we have now to eneure the quality 
of the model Library growing. This challenge 
is major in our opinion, and we split it in 
three main tasks: 

- providing to the CLIM 2000 users, 
ueable elementary models, 

- to defining an efficient description 
PROFORMA in order to facili tat• the 
model management and th• compatibility 
controls, 

- avoiding redundant elementary model 
developments. 

The modeling method used in the 
CLIM 2000 project meets these requirements. 
Its main features are: 

- three representation levels, each of 
them, well suited with the user, the 
modeller and the davelopper points of 
view, 

- a structured design methodology to 
cleasify phenomena and hypothesis 
occuring at every step of the model 
analysis, 

- a description formalism called 
PROFORMA. 

Tha examp,la, presented in this paper, 
illustrate!! the efficiency of th.is approach 
to facilitate the model design and the 
hypothesis management. In .Particular, we 
easily demonstrated by this way that the 
conventional asumptions used !or air movement 
in building modelling (i.e: the room air mass 
is constant) are not rigorous ; this 
especially when the volumic mass is supposed 
to be proportional with the inverse of 
temperature. 

In fact, the errors induced by these 
asumptiona are negligible in a global energy 
consumption computation. on the other hand, 
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they may be important 
movement calculations 
devalopped nowadays . 

in detailed air 
which are being 
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