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[n rhe frame of the rnsk 13 of rhe Intemarional Energy Agency,we had to design a.n advanced solar 
low-~nergy t·esidential building. We selected the urban location of Louvain-la -Neuve (Belgium!. 
During the design process of the two pre-projecr.s,simulation.s have been realized to help the archirccr 
(O a.nswer a. few questions .. . 
The following copies have been studied 
-the location of the thermal ine1."tia 
-the impact of a greenhouse 
-the constitmion of the wall separating the living from the greenhouse 
-the advantages of a ventilation with air excracred from rhe greenhouse 
-the heating economy if the same house was placed in a \\',ell-oriented srreet 
-the deretmination of the heating power in a well insulated house 
-rhe overheating problems 

1. [nteoduction 
When an architect designs in an urban com ext. he has always tO face srricr rules itt,posed by the tO\\'n 
plarmer. Indeed. the laner doesn't think abou[ the resrricring impact of rJre .streets layout and of the 
impositions on the buildings themselves(suchasoutlines, alignmem. roof slope, maximum height .. ! 
on a possible passive solar design. 
[n Louvain-la-Neuve, the urbanistic rules are numerous and very strict. Taking all those rules inro 
account, we intended to establish pre-projecrs wirh an objective of passi\~e solar design. 
The house is a row house along a street running nonh-west co soudl-east. Thus. rhe street fa~ade i::; 
not1h-east oriented and the garden side is somh-wesr. The greenhouse could make the link bet\\'een 
the livingroom and the garden. 
Since the house will be build in the frame of the lEA-task 13. it mu.stbe an advanced solar low-energy 
residentiel building. 
Simulations have been realized by the programs: 
-LPB4 :a multizone static program 
-MBDS :a multizone dynamic program 
-SOLPAl:a unizone dynamic program adap£ed for greenhouse calculations. 
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2. Our· arrr·oacll to help the an:hitect 
2. I .. -'.tthc he!;; inning of our rcsc~rch \\ ' C thOu£ht that tl1~ loc~tiun L'i' the inenia \\ 'Uuld lla\..: 1· 

i rn ['Ortancc because the house is a soIa r pass i \'Chouse ~ w i thtllc i clca u f d i reeL he at storage l ~tncl ~~ 

\\ell insulated building . 
To test this, we first simulat~cl ~n imaginary house with ~n outline corresponding to those i111p· 
by tl1c urb:~nistic rulcs .Thc im~ginary house was idc:~l. protected by::~ non-he:~ ted sp:~cc on the 11< 

c:~sr side and closed by windO\\'S only ar the south·\\'Cst side. 
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\Vc rhen re:~chcclthe follo\ving simulation results . 

house without i.nenia 
house with incrria 
sourh ineni:~ on! v 

100% 
89A% 
89.2% 

2.2. The s~ccr~cl step rook the L'ollowing constraints imo account : 
-the sttict urbnnistic t·ules. 
- the ideJ. of J. passi\·e solar design, 
- rhe necessity of a very well insulated house. 
- the problematic of rhe locarion of the inenia, 
- the outlines of the two adjoining not builded houses. 
T\\'O pre-projects were csrablishecl, of which rile second was the following one : 

FIRST FLOOR 
GROUND FLOOR 

FACADE 
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Real simulations could then begin. 
The chosen assumptions are detailed here under : 

- Consriwrion of the w.alls: .well insulated 
Examples: opaque walls: 12 em of insulation 

roof : 20 em of insulation 
windows : k = 1.3 \V /m2°C 

But : wall between the living and the greenhouse : 20cm of bricks 
- Position of the inertia 
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- [nfiltration, ventilation 
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- Free gains for the whole house 
(for simulation needs, they are disttibmed in the rooms) 
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- Regulation of the heating system 
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Result of the simulation on that basic case : 

36-'6 kWh ot· 22.8 kWh/m2 heated 

The table below shows the great irnpot1ance of the losses by infiltration and \·emilarion . 

basic case 

infiltnnion and 
\·entilation rate 

0.1 
0.25 
0.5 
1.0 

2.3. Orientation of the hoLtSe. 

consumption 

28% 
51% 

100% 
198% 

ff the house was oriented N-S, the consumption would only represem 91.5 o/o of the basic case. 
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2.-1 . With 01· \\ itlwut sunspacc '? 
Assumptions : the wall living-sunspacc which was an uninsulatccl storage wa ll (20cm brick;i 
rcplac~cl by an cxtemal. insulated wal I. 
The results of simulation show rhm the consumption is decreased by about l 0% when the green hot: 
is rcrnO\·cd . 
\VIn- ?"!? 

-Because of the insulation of the wallli\'ing-sunspace. 
-Because the window between rhe living and the sunspace is a very good window and t. 

cxtemal windows of the sunspace is only single glazed. 
-Because the solar radiation is filtered by the second layer of glass of the greenhouse. 

fn this basic case. the advantages of the greenhouse were nor used \'ery \\'ell. We then clec iclcc! to t' 
new simulations with new hypothesis : 
-the wallli ving-sunspace is insulated 
-the \'entilation of the living (0 .25 vol!h between 7h and 2211) is provided by the air of the sunspac 

The gains obtained were 
12% as compared with rhe basic case 
3% as compared with the case without suns pace . 

The energetic gain provided by rhe sunspace still remains low because of : 
-the \·ery good window between d1e Ji,·ing and the sunspacc 
-the filtration of the solar radiation. 

Butt he sunspace can' t only be seen as an element providing energetic gain: it provides a freely heat·. 
space during many monrhs in the year. It is also a pdvileged space for the senses through the surfa. 
aspects. the vatiations of rhe light, the transparencies , the presence and the odors of the plants. a: 
the physic sensation of the outdoor climate. 

When the sk.7 i.s clear, the comfort rem perature (20°( ) is reached in the suns pace during the followi : 
periods : 

MARCH 
c outside and sunspace temperature 

March: 
April: 
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t-.'lay: 
Jlme . July, August: 

between 12h30 and 18h 
between lOh and 2lh30 

between 07h and 24h 
all dav 

between 08h and 24h i: ~~~2~:~;:~~~~;~:~~~~~~~ September: 
October: 
NoYember: 

between 121130 and 201130 
between l4h and 16h15 .s+---------- -.-------- - -

0 .. 8 : 2 16 20 

outside temperature 
sunspace temperature . 

hOyrs 

- overcast sky ........ mean s~y -·-- c:ouc:ess sKy 

- overcast sKy ········ mean ~i<y ··-· c:oua1ess sl<y 

The graph above shows the greenhouse temperature evolution during the month of March for rhr 
different sky conditions (overcast, mean and cloudless). 
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2.5. Problematic of the heat power dcten11ination in a solat· low-energy house with inct·tia. 
Csualy heat power determination in the various zones of a building is calculated using a multizonc 
smic program. 
So. in :.rsos. we used the heat power calculated by the LPB-4 program to study the response of the 
heating system during a cold period. 
The chosen period (15/1 -18/1) includes sunny and clouded cold clays. Simulations are made without 
the sunspace. 
The climatic data and the graph wich gives the evolution of the temperature and the heat demand in 
the liYingroom (south zone with inertia) are represented here below. Ir allows us to sec that four hours 
are needed to reach the desired temperalllre. 
[t also shows that the heating system can be stopped during one or two hours in spire of \·ery low 
outside temperature ( -7°C, -8°C) and that thanks to the sun . 

nou~ 
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If rhe heating system is stopped during four days,the living temperature don't decrease under 
l4°C.But 36 hour·s are needed to reach the chosen temperatures. 

\Vnen the heating power is increased by about 
50'iC. the wished temperature is reached imme­
diatelv. 

2.6. Ovcr·hcatings. 

\Ve have then examined a very hot period to try 
to solve the overheating problems. The simula­
tions are made without the sunspace.The chosen 
climatic data are represented here below. 

LIVING 
heat power 2500 W 

c 

METEOROLOGICAL DATA 
hot period 
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We have analyzed what would hapen if inet1ia was placed only in south zones or in the \\'holcl1· 
and if air mo\·cmcm was created between south and north zones . 

Results: \Vhcn incnia is placed in the whole house. remperatme clecrcascs by about 2.5°C in the S· 

zones and ~.0°C in the north zones 
\Vhen air movement is created, temperature still decreases by about 1 oc in the south z, 
and increases by about 1 oc in the north zones. 

We have then examined the influence of an increase in the n:!milationmte during the clay and elL; 

the night (air moYement maintained). 

LIVING--HOT PERIOD 
inertia every.vhere-a~r movement 

.45,...--------------------, 

nours 

The use of blinds when solar radiation penetra­
ting by the windows is greater than 150 W /m2 is 
also effective (air movement maintained) 

LIVING--HOT PERIOD 
iner. every.vhere·alr mov.-vent.:0.25vih 
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3. Conclusions 
The simulations ha,·e shown that 

LIVING--HOT PERIOD 
inerua everywhere-air movement 
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The graphs below compare the basic case · 
the case using all strategies. 

LIVING--HOT PERIOD 
cas•c case-the tlest case 
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-the inertia located in the soll!h zones decreases the energetic consumption 
-the inertia located in the nonh zones decreases the overheatings 
-the energetic gain giYen by the stmspace is low but it provides a freely heated space during n· 

months in the year 
-the heat power detetmined by static program is tmderesrirnated 
-overheatings are decreased by placing inertia in the whole house. by creating air movemem bet\' 

south and north zones, by increasing the ventilation rate and mainly during the night. by L: 

blinds. 


