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5. Conclusion 

es de J 'C>utiJ dC' calcul sont bcatl<"C'llp plus VilStCS CJllC' n<' 
•ser !rs qurlques rist1ltats qur t1DllS vrnons dr pr~sc-ntrr. 
'alement : 
tE de comrarrr presqur simultanrm<'nt le fonctionncmcnt dy-

1 syst~mes de chauffa_grs diffrrcnts (air puls~, radiatcur ct 
1uffant l. 
comrte dtr couplagc vrai 11 bfitimr11t-syst~mes de cl1auffagc

1

·~ 
I e p I ancher du pJ;rnchc-r chauffant. 
te de dcfinir dilf~rcntcs strat~•i<'s de fonctionncmcnt drs 

chauffaer. 

ice dr tr! outil au niveau dr la concrption permcttra de d~-
1ds choix du syst~mc thcrmiqur ~ uti I isc-r. Par contrc- !ors 
1jct on p<'11t affir·mrr quc l'on 110111-ra cstim<'r pr·rcisrmrnt 
E"S, 1c-s rrt1·ilmC-trC'S (\(" dimC'nsionn("'m('nt sur le fonc:tionnC'm<'nt 
:yst~mr dr chauffal!<' <'I par· cN1s.Oqu<'nt le confort t.h<'t·miqu<' 

1f\timt'nt ('t la c0nsommat i0n d '~rH•rl!,ie. 

·cs dr devrlnrp<'mrnt '1 mnyrn t r1·m1· snnt rvidrnt cs J unr pr· i
~11 crtrae"t(•r(' multizC1nC' dC's li;itim<"nts r1v("'r: unc- strat~.c.ir dc
•pre ii charunr cks :i.cinc-s <'St anurl lc-mcnt ii I 'rtudc . Lc-s 
·nc0ntr~es sont alors plus liees ii la saisic des donners rc
lescription du rrs<';nr de chauffal(C'S (criterr de faci I itc 
1 qu 1 a la prCcision de- la rf'rrCscntation des phPnomC-nr.s 

sont as~rz biC'n conm1s. 
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1. lNTRODUCTlON 

Energy consumption for heating, c ool111g and domestic hot wziter 
production accounts to 30- 50 % of the overall energy consump
tion ln rupst industrialized countries. The specific consumption 
values !or different types of buldings, the possibilities of 
reducing thls consumption through retrofit and in new buildings 
are quite well known by now . Tbe energy consumption !or 
producing building materials and components , on site construc
tion and demo) it ion are less well known and there Is little 
knowledge about the pollution produc ed by constructing and 
using buildings , The designers are more and 111ore !aced witb 
complex optimisation situations where the purely financial 
constraints are of ten no more dee isi ve. It is however di!f icul t 
to introduce otber energetical or pollution criteria because of 
a lack of available and useable data . 
Tbe life cycle approach to energy costs for bull~tngs has 
produced results which s ·bow the relevance of construction 
e nergy costs for low energy buildings i n moderate and cold 
climates and for all types o! build'ings in warm climates, llbove 
all in tbe developing countries . Cl> 

DIRECT AND ll~DIRECT ~NERGY CCSIS 
Life 1irra~ : 

·~~l~·-~· o:I 
bjo..rcl 
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s ... Ot,a•••i;i 5..;\, Ii•• r • ~rq.o MM , ·Cftv fr 
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Fig. 1. Relation between direct and indirect energy cost in 
function of th"> enerp;y perforTMnce 1'n<:I the cl fTMt . 
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2 . Life cycle energy costs. 

The indirect energy costs <t . e . buildlng material production, 
construction. repair during life tl~e and demolition> and tbe 
d"irect energy costs (for beating and hot water> have been esta
bl isbed for 30 buildings witb an appropriate model <2) . This 
model takes Into account two types of energy costs: the direct 
or operation energy costs and the indirect or construction 
energy costs. The direct energy costs are calculated wi th a 
simplified, beating season. metbod which takes into accou n t the 
passive sol"r and internal gains as well as the e!!lclency of 
tbe heatJng and warm water production . The indirect costs 
include the energy for the production and transport of building 
l!lllterlol s . the energy used on site. the energy costs of oll 
re pa Ir ,,nd the energy -::ost.,; !or demol l tion . The feedstock 
energy ls taken Into account as well as the bene:t;lts !rom 
recycling !or all the materials . The advantage o! the 1110del 
lles in the possibility to per1orm porameter studies. 
Th"' dlst.rlbutlon of indirec t energy costs varies !or dtlferent 
types of buildings . The relation between direct and Indirect 
energy o:osls she,,,,; thal the Jndlr«?o:t energy -::est becoroe Impor
ta nt !or low energy buildings <region con fig . 2) . They can 
anpunt up to 30-40 ?'. of the direct costs during a life time of 

80 years. 
DIRECl AND INDIRECT ENERGY COSTS 
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Fig" 2: Direct and indirect annual energy cost for different 

buildings 

A parameter analysis has been perfornied on the 30 buildings. 
The sample wa s statistically !ar too small to allow reliabl e 
conc lus ions , but It see ms that there are no evident correla
tions betw"!en the indirect energy costs and structural rr.ale· 
rials or particular construction technlques. Only the weight of 
the construction seems to have an influence, light buUdLngs 
n<!ed much less roaterlals, above all for foundations, and e,·en 
1; I.he 1MLerlals are more r,n<>rp;j' In te nsive the overi:ill balonc' 

is In fovour of light buildings . 
The anlysls of the energetic lmprouvement in the design 
stage o r by retrofit for existing buildings shows that thw 
energeti c payback lime o! these mesures is generally very ]cw 
Cwee.l: s 111 munt, h•.;;I, .~11tJ lh•lt tlo'? pr"lnclpal effort has to be '1C" 
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complished in this field. The fig.3 shows the very small in
crease of indirect energy costs in the changes during the 
design of an office building <IAAC-IABB> and through retrofit 
of an appartement block <ILMDBO-ILES>. 
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Fig.3 lmprouvement through design <lower curve) or retrofit. 

3. Pollution caused during life c.is_le 

The interest 
double: 

of establishing the overall energy costs ls 

ressources ln energy and building materials are limited - the 
and if we want to allocate the existing stock in an optllll.:ll 
manner we have to know more about how materials and energy are 
used 

- a,l l industrial and domesti-:: activf ties use energy in diffe 
rent forras and are therefore a source o! pollution . The attempt 
to reduc e the pollution level needs also more detaJJled 
knowledge about the importance of pollution of di!!eren 
activ~ties. C4 > A part at least of the pollution ond the 1mpoc t 
on the natural envlronnement is the result of energy 
transformatlons . ' 

It was therefore Interesting lo try to esla hll:;;h the polh1llon 
resulting from the energy consumption during lhe life cycle of 
buildings. When using the primary energy costs ot a certa in 
uniform level o! desagregotion it ls possible to sum up all 
energy costs independant of the type of energy . This ls not 
possible for different types o! pollution . 
The baste energy data are the final consumptlon !or thermal and 
electrical energy. For the thermal energy a modal split has to 
be assumed <part of fuel, petrol, wood, CO"al, gas>. These data 
vary from country to country, in our study swiss dat3 of 1985 
have been used . Furth"'rmor·e the part of imported bufldl11g 
111,)lerlals has to be assumed . 
The pollution resulting from building ls only part of the im
pact of building on the environnement . There ar'e other impacts 

like dJsturblng the ground w;,itpr lPvPl, llP.st. i ·oylng VP.g~t:itfon. 
ch.:inglng the mlcrocl11111;1te by the shape of buildings which are 
not cons i dered at this stage of the work <3> . Of cour~9 the~e 
l111p.:i c ts ;:irg import;:int ond h;:ive to be quant If ied l n the future. 
The pollution associated wlth energy transforJMtlons produces 
the following quantities In 8/k'illl (Av~rnse Swrr.~ O~fn) 
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3 . Optimisation 

the life time of a 

The design process ls very complex and based on many itera
tions, feedbacks, intuitive shortcuts. Most of the optimisation 
methodes which are proposed to designers can not be applied be
cause the questions these methods answer never appear in this 
form 1n the design process. All energy conservation strategies 
have to 1ollow as c losely as possible the design process and 
offer answers in the right form at tne right moment. Some 
opt1misatJon models reduce the probl<:?m ·to building 111?.1terials 
and o::omponents, which ls very practical. l'he analysis o! the 
ovc;rall costs shows however that this approach is lnapproprlate 
and lead-s to false concl•l;Lon-s . The ll!O':l"lls which t ry to 
op<:imi='"' ';be ..-hole building envelope gi\•e already better 
results . they neglect h·owever the interrelation betwee n the 
HVAC and Cont rol equipement and the building envelope. The only 
conclusion which can ~ drawn from these models, l s tha·t there 
are cohereno::e levels between the thermal quality of the walls 
and the windows . They show that from a certain quality level on 
Cbeyond 12 to 15 cm of Insulation) the principal effort bas to 
be put on windows by trying to obtain transmission values under 
1 V/m2K and maintain a high solar transmission. The limit of 
the app ll catlon o f these windows lies ln the capacity of the 
bu lld lnB struct ure to stock the lnco mJng solar energy and Jn 
the control system to adapt the output of the beating system. 

~-Q£!i m.!§!:'.~!LE!:.£~ 

The optimisation problem can pr·obaly only be solved trough 11 

OFtimisation procedure. At each stage of important planning de
cisions the appropriate questions have to raised . 

I . Do w".l need a building ? 
This question may seem unn.essar y, but in certain situations it 
l s possible to solve the problem without a building, for 
example by treati ng patients at home instead of constructing a 
new hospital. The decision to build implies already the largest 
part o f the energy costs and th'? resulting pollution. 

2. Do we need a new building 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 posslbilles of retrofit the answer 
might be different . Fig . 8 shows 3 possibilies: A bad building 
with no retroflt,a complete retrofit and a good new building . 
In the long run <30 years) the new building is the best. 

TOT/\L ENERGY COSTS 
DIRECT AND INDIRECr COSTS 
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Fig . 8 : Total energy costs during a period of 30 years for three 
typ"!s of transformation. 

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

3. How far should we go wt'th ener-gy conservation ? 

Tbe question ts clear from a energy cost point of view: as far 
as possible . The indirect energy costs wlll not exceed the di
rect energy cost in a moderate or cold climate. 
Con=rning pollution the same an·;;W<;!r c1'n be glv-=n. Tbg 
additional pollution resulting from better construction can be 
neglected. 

4. How should we build, 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 life time of the building exceeds 50 years the 
differences are small. From a pollution point of view the 
question is more interesting but there ls no single answer 
neither even lf light buildings seem to produce less pnllutlnn 
during the building process . Each bulldlng Is situated ln an 
envlronnement which is already exposed to pollution impacts of 
different types. If the pollution level of one type ls partlcu
lary high in a certain place it could be lnt.,r-estlnR to chonse 
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a certain type of building and building materials and use a 
prefabricated construction to limlt 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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three types 

~-~onclusion~ 

There ar~ no single, simple apswers to the probletDS of overall 
energy costs and pollution o! the building proces s . The only 
way to get bold of tbe problem during the design process ls to 
try to reconside r the problems at each design stage. In the fu 
ture it will probably be possible to integrate energy cost and 
pollution data in the quantity sunieying procedures and to 
advi c e the des'lgner through expert systems durlng the whole 
process . 
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I. Introdurtinn 

I.a technique cle chauf(age des locaux par l<' sol prcser 
particulier parce qu'ell.- offre la possihilit~ d'utili 
cl1~1et1r ~ ha.ssc temp6raturc. Si 1e dimr11sil11111c1n~11l clc~ 

[ants est bien m<1itrisC (I), lf'llr comportemf'nl l~n rCgi 
plus difficile i nppr6hender clu fnit de la rnparitc r; 
tante des emE'tteurs. 

On s'inlc;rrssp iri mnc :i:;ysll\mrs li 11 cbllP f)pll;1111r" 'P 
correncC" avec lc.s d1nurr.,gcs tr.1clition11P1s ;l t;ml'llt•u1r 

individuel, et pour lesquels 1 'incrtie est J priori ur 

T.'objectif de t 'etudr c-st : 

(I) de connailrC' l;1 ronsommalion l;l1C'f1;<~li<111f' des ~ysti 
ri~ble pour lln niveau de confort donn6, pnr cnm11:1rnisc 
traditionnel s~ns inertie, 
(2) de dCfinir IC"s r:lr;u-tCristirJuc>s dimf'nsi0n11cl l<>s ch 
f.,nt, comple tenu des r:ontrilintes 1 ii'C's ,,11 n•r.imC' vnri 
())de preciser l<'s ronditions nptim;1lps d'utiJi,atior 
(type cl'habitat et mo<lc- de rf>g11lntion - prnr,r111nr11 .11inn: 

2. DCvc1oppeT!lent d'un modi!Jc df' ~ imulat 

Oulrf' l'inC'rtie 
rsl r·C'I al ivC' au 
men t sous f orme 

d('I l 1C-mcllf'ur, la spc~c-i fi( · itt: c111 c'1 :1u1 

mock cl 1 1~mis!->ion tit• la cli;1'('tl1 d.1ns 1C"' 
rad i;it iv<?. 

L'f?tudc ;w nCcf'ssitf> l.-1 misc ;ur point d'un mn<fi;I(' de c 
mulant le systeme de chauffage, s;i reguJ,,tinn C't le 1< 
il se trouve installe : 

2. I . Plancher chauffant 

Les transferts thcrrniques pnr conduction cl:u1s tr pl.in< 
pnr la mcthocle des factcurs de rfponsp (2)_ Ccux-ri R• 

fois pour toutc>s :tvC'r un pror,rnmm~ f'n dif(1;rf'TH' rs tini 
les pour tenir romplc> des r.r.idif'nts thrrmiq11cs !1n1·i7.01 

-


