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5. Conclusion

és de l'outil de calcul sont beaucoup plus vastes que ne
ser les quelgues résultats que nous venons de présenter.
alement

té de comparer presque simultanément le fonctionnement dy-
! systemes de chauffages différents (air pulsé, radiateur ct

wffant ).
compte du couplage vrai

le plancher du plancher chauffant.
té de définir différentes stratégies de Fonctionnement des

"hatiment-systemes de chauffage",

chauffage.

ce de tel outil au nivean de la conception parmettra de dé-
ds choix du systeme thermique A untiliser. Par contre lors
vjet on pent affirmer que t'on pourra estimer précisément
es, les parametres de dimensionnement sur le fonctionnement
iysteme de chauffage et par conséquent le canfort thermique
VAtiment et la consommation d'énergic.

‘o5 de développement 4 moyen terme sont évidentes y une pri-
i caractere multizone des bitiments avec une stratépie de
swpre a chacune des zones ost actuel lement 4 1'étude. Les
neontrées sont alors plus lides 4 la saisic des données re-
lescription du reseau de chanffages {critere de facilité
' qu'a la précision de la représentation des phénomenes

sont assez bien connus.
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ERERGY CONSUMPTION ARD POLLUTION OF BUILDING CORSTRUCTION

Niklaus Kohler
Ecole Folytechnique F&dé&rale de Lausanne
Groupe de Recherche en Energie Solaire
CH - 1015 Lausanne

1. INTRODUCTION

Energy consumption for heating, cooling and domestic hot water
f:gduTtton accounts to 30-50 % of the overall energy consump-
vaI:esnf:?Std:?dUStriaIIZEd countries. The specific consumption
e B ferent types of buldings, +the possibilities of
o qus?e we!fun:umption through retrofit and in new buildings
e nown by now. The energy consumption for
P dg ng materlals and components, on site construc-
n an demolition are less well known and there is little
knowledge about the pollution produced by constr;ctln and
using bulldings. The designers are more and more {aceg with
complex optimisation situvations where the purely financial
Eanstraints are often no more decisive. It is however difficult
o introduce other energetical or pollution eriteria becaus f
?hlaizfof available and useable data. °°
e e cycle approach to energy costs for bul
zizgziegcgizuliz Yh!ch show thg relevance of c;:;:?jctrg:
- r low energy buildings in mod
climates and for all types of buildings in Hnrmegirzut;nd S
all in the developing countries. (1) % I
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fug il Relation between direct and indirect energy cost in
nction of the energy performance and the climat. -
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2. Life cycle energy costs. 2;’::1151::::1 in tbis field. The fig.3 shows th
se o indirect ener & | e very small in-
The indirect energy costs (i.e.building material production, g§518“ of an office bu§¥din§st?ﬁig—l§gg) Ch:n§EE during the
construction, repair during life time and demolition) and the an appartement block (ILMDBO-ILES). and, ERrough Tetrofis
direct energy costs (for heating and hot water) have been esta- RETROFIT A
blished for 3@ bulldings with an appropriate model (2). This e 'ﬁs CHANGES
Z¢ model takes into account two types of energy costs: the direct e of dilf. mecsures
i or operation energy costs and the indirect or construction e
: energy costs. The direct energy costs are calculated with a o ‘ PRt
H simplified, heating season, method which takes into account the 1300 =
“ passive solar and {nternal gains as well as the efficlency of = - wwo
the heating and warm water production. The 4indirect costs £ ™ A
{nclude the energy for the production and transport of building §
{ materisls, the energy used on site. the energy costs of all E //
repalr and the energy epsts for demnlltion. The feedstock ¥ o
energy !s taken into account as well as the benefits from £ !
recycling fer all the materials. The advantage of the model _—
lies in the possibility to perform parameter studies.
The distribution of indirect energy costs varles for different
types of buildings. The relation between direct and Indirect st0
~ost become (mpor- 9 100 N "ﬂ e g .l
rect En LWh/m2 ol

energy costs shows that the indirect energy
tregion c on 11g.2). They can Fig:s f
B mprouvement through design (lower curve) or retrofit

tant for low energy bulldings
amount up to 30-4@ % of the direct costs during a 11fe time of
B® years.
i DIRECT hNDJN?RE%LENERGY cOSTS 3. Pollution caused during life cycle
. e time yeor _—
i The interest
: 5 s of establish
7 SD::;E: shing the overall energy costs is
¥ ressources
ok = ] and if we want t;nalﬁnergy and building materials are 1imi
! a manner we have to knowoiate the existing stock in an DptiiE?
! Exu . use?g ore about how materials and energy are
a £ - a industrial a -
i z e VBl LoFie o ara :: domestic activities use energy in di
3 W 200 L L to reduce the olle::fﬂfe a source of pollution. The attffeh
X oy knowledge about ptheu lﬁ;or:evei needs also more detai??gé
5 g &y activities. (4) A ance of pollution of
. ¥ i t at least o different
00 et Sn The  oatiral e st of the pollution a
b Wil . e nd the |
. : ;ra“Sformations_ nvironnement is the result of ezz:z;
I t was theref >
0 2fore interestin
" w0 2 » “ 0 resulty 8 to try to estal
Ingirect E (WWh/m2 y) bulldin;g f;::“ t::ienargy consumption d“rin;iiiz :??ﬂpo!l?lion
! ng the pri : 2 cycle of
uniform primary ener
Fig. 2: Direct and indirect annual energy cost for different energy c;::§1 i:;edzsgﬁresation it is gzssi:?:st:t 5: gertatn
pendant of m up all
buildings ?::5;:1? for different types D;hzotfpii of energy. This i; not
sic ener ution.
A paranmeter analysis has been performed o©ON the 30 bulldings. electrical Ene?;yd’;:rar: the final consumption for thermal
The sample was statistically far too small to allow reliable be assumed (part-nf f‘ e thermal energy a modal split ha and
conclusions, but 1t seems that there are no evident correla- vary from country to uel, petrol, wood, coal, gas).These ik
tions between the indirect energy costs and structural male- have been used. gurth country, in our study swiss d;ta g ?:ta
rials or particular construction techniques. Only the weight of miterjals has to b ermore the part of imported b 116'85
the construction seems to have an influence, light buildings The pollution TESEI:?SumEd. - ullding
need much less materials, above a1l for foundations, and even pact of building on t;a from building is only part of the 1
! §, the materials are more @nnrgy intensive the overall balance ke disturbing th e environnement. There are other 1m:acf;
ts in favour of light buildings. changing the 8 € ground water level, destroying v
The anlysis of the energetic improuvenent in the design not consid microclimate by the sha £ § vegetatfon,
stage or by retrofit for pxisting buildings shows that the s ered at this stage of the EE of builldings which are
energetic payback time of these mesures {s generally very lov 1he‘Po;1°{9 important and bave to be uork (3). Of course these
(weeks ot months), and Lhal the principal effort has to be ac the fﬂll:w::; associated with enerS; ::;:;:ed in the future.
vant ormatio
9 ities in g/kvh (Avernge Swiss Da|:? produces
L
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Fig.7: Average pollution rates during the the life time of a

buildling.
3. Optimisation

lex and based on many ltera-
o onort Most of the optimisation
n not be applied be-
never appear in this

The design process is
tions, feedbacks, intuitive shortcuts.
methodes which are proposed to designers ca
questions these methods answer
All energy conservation strategles
have to {follow as <closely as possible the design progesss::g
t the right moment. e
offer answers in the right form a » s B
duce the problem to bul ng
s ey tical The analysis of the
and components, which is wvery practical.
uunrallpcosts shows however that this appruac? is ;:a:prff;ia::
nd = 5 5. The models whic A

and leads to false conclusions

' ive already better
opt ] +he whole building envelope B
;Eéé?:;? they neglect however the interrelation betwﬁ:n t?e
HVAC and Control equipement and the buildingde?velgge;hatet::r:

= s
clusion which can be drawn from these models,

2?2 coherence levels between the thermal quality of the w?l!:
and the windows. They show that from a certain quality leve :o
tbeyond 12 to 15 cm of insulation) the principal effort hasd 9
be'put on windows by trying to obtain transmission values u: ef
1 Vw/mZK and maintain a high solar tran?ulleon.P::?t;i:: t:a
the lication of these windows lies n e ca 3
Q:iIZTﬁg structure to stock Lhe incoming solar energy :nd in
the control system to adapt the output of the heating system.

cause the
form in the design process.

4. Optimisation procedure

h a
The optimisation problem can probaly only be sulvid t;zugde-
optimisation procedure. At each stage of important planning
cisions the appropriate questions have to raised.
. Do we need a bullding 7 .
}hiz question may seen unnessary, butitg cirt:inbiiigjzécn e
w ou !

{ble to solve the problem 2 '
::aﬁ:Tz by treating patients at hom? 1Titeag1?Za§3n;;;u§:igzst
n 11d implles

hospital. The decision to bu }
;::L afpthe energy costs and the resulting pollution

2. Do we need a new bullding or should we transform an existing

building?
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From a financial point of view the answer is often in favour of
a new building, because transformation is very labour and cost
intensive. From the point of view of energy costs there is no
single answer. Depending on the energetic performance of the
existing building and the possibilies of retrofit the answer
might be different. Fig. 8 shows 3 possibilies: A bad building
with no retrofit,a complete retrofit and a good new building.
In the long run (3@ years) the new building is the best.

TOTAL ENERGY COSIS

DIRECT AND INDIRECT COSTS
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Fig.8: Total energy costs during a period of 3@ years for three
types of transformation.

Considering the pollution output the answer §s less clear. S02
results mainly from heating therefore the existing bad bulldiné
is the worst solution. The hydrocarbure output is highest for a
new building, far off all retrofit and existing bullding. For a
minimum of WOx the retrofit version is best. The only answer
which we can give 1is that additional criteria must be used to
take a decision. The ambiant pollution level, or other
environment criteria 1like the impact on the vegetation must be
taken into account.

3. How far should we go wi'th energy conservation 7

The question 1is clear from a energy cost point of view: as far
as possible. The indirect energy costs will not exceed the di-
rect energy cost in a moderate or cold climate.

Concerning pollution the same answer can be given. The
additlional pollution resulting from better construction can be
neglectad.

4. How should we bulld, which materials should we choose?

From a purely energy cost point of view the question is of se-
condary importance. There are a great number of materials in a
building, many of them can be replaced easily and recycled and
if the 1life time of the building exceeds 50 years the
differences are small. From a pollution point of view the
question is more interesting but there 1is no single answer
neither even 1If light buildings seem to produce less pollutton
during the bullding process. Each building 1is situated in an
environnement which 1is already exposed to pollution impacts of
different types. If the pollution level of one type is particu-
lary high in a certain place it could be Interesting to chonse
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a certaln type of building and building materials and use a
prefabricated construction to limit the impacts on the site.
The production of all building materials, even the most natural
ones like wood, is highly industrialized and the resulting pol-
lutions differ mainly by the type of pollution but not by the
fact that they pollute or not.
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5. Conclusions

swers to the problems of overall
building process. The only
design process is to

There are no single, simple an
energy costs and pollution of the
way to get hold of the problem during the
try to reconsider the problems at each design stage. In the fu-
ture {t will probably be possible to integrate energy cost and
pollution data in the quantity surveying procedures and to
advice the designer through expert systems during the whole

process.
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DEVELOPPEMENT ET EXPLOITATION D'UN MODE
DE SIMULATION DES PLANCHERS CHAUFFANTS EN REGIME

N. Molle
Centre Technique des Industries Aérauliques et
BP 6084 F - 69604 Villeurbanne, Fran

I. Introduction

La technique de chaulfage des locaux par le sol préses
particulier parce qu'elle offre la possibilité d'ueili
chaleur & hasse température. Si le dimensionnement des
fants est bien maitrisé (1}, leur comportement en régi
plus difficile 3 appréhender du fait de la caparité c:
tante des émetteurs.

—_—— _— n 2
On s inléresse ici anx svstémes A "dalle flottante™ o
currence avec les chauflapes traditionnels § émetlears
individuel, et pour lesquels l'inertie est i priori u
L'objectif de 1'étude est

(1) de connaitre la ronsommalion énerpétique des svsty

riable pour un niveau de conforl donné, par comparais:
traditionnel sans inertie,

(2) de définir les caractéristiques dimensionnelles d
fant, complte tenu des contraintes lifes an répime vari
(3) de préciser les conditions optimales d'utilisatio
(type d'habitat et mode de régulation — programmatian,

2. Développement d'un modale de simulat

W : o S i
Outre 1'inertie de 1'émettear, In spéciflicite du chaut
est o relative au mode o "dmission de 1o chalear duans e
ment sous forme radiative.

g " s : i ' i
I."étude a nécessitd la mise au point o un moddle de e

mulant le systéme de chauflfage, sa répulation et le l¢
il se trouve installé

2. 1. P_la_nche_r chauffant

Les transflerts Lhermiques par conduction dans e plans
par la méthode des lacteurs de réponse (2). Coux-ci s
fois pour toutes avee un programme cn diffdérences ting
les pour tenir rompte des pradients thermiques horizos




