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l. Introductlon

In order to cârry lnto effèct an energy Eâvinga policy it ls lnpor-
t¡nt thet atendård nethode for deternfnlng apece heating energy de¡nand
¡re avellable. lllth the ald of thts deslgn tool lt rould be possible to
celculate, at the dealgn atage, the energy aavings rlth dtfferent
technologlea. Stlll ilore lnportent fn the short pertod rlll be the check
of the fuel consumptlon of en er(lstlng bulldlng, xhether to establllsh
the energy convenl.ence and servlce econony, or to provlde e reference for
the correet use of the butldtng lnstallatlon syaten, or to plân a retro-
flt on an exlsttng butldlng-tnstallatlon sys.ten.

These dealgn tools should be fagt and easy to uae also to people
rlth no speclflc knowledge. they shoutd requlre fex and eaey to find
lnput data, and be avellable ae conputer codeg.

2. Descrlptlon of procran BILTE

BILTE ls e conputer progren deslgned to evaìuate the deelgn heat
losaes and to estlnate the seasonal energy and fuel consumptlon of â
bulldlng. It nay be run on enall personal computers, and requlres a
llntted nunber of Input deta.

EILTE hag been epeclally developed to âssess the energy perfornance
of the buildtng stock orned by the nunlclpallty of Torlno (about 300
bulldtngs, nalnly echools and offlces); the lnput datâ nay be collected
ln sltu, or deduced fron the deaign of the buildlng, according to a
speclflc fornat requlring lnfornatlon about :
l) the bulldtng as a rhole (volune, number of alr changes, boiler
efflclency. etc. )

ll) the dlfferent parts of the buttdlng envelope (surfaces surrounding
the heated volune and cold brtdges),

BILTE belongs to the femily of the so-called "sinpllfted nodels",
rhlch nake use of the 'free heat utllfzetton coefflclent' to take into
lccount the nost lnporLant dynamlc factors affectlng the energy denantl of
r bullding, It fs partlcularly suitable for nonthly calculations, and nay
be used for bulldlngs of thatever conpìexlty, provlded they âre consi-
dered thernally honogeneous(i.e., isothernal).
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The celculatlon schene lg the standard one for this

nodels, in Yhlch the classlcâl energy balance

G'Ht'n : Er(11) ' Ev(Tl) - (Er ' Ef ' El)

is substituted by the follorinq expreseion makinq use of the

coefficlent:

GrHirn = Er(Îtr) ' Ev(TIr) - Cu' (Er ' Ef ' Ei)

rhere

where
= nomlnal (full-load) chinney losses
: nominâl Jacket losses
= ret jacket ratio
= load factor
= noninel efficiency

G = fuel conaunPtlon durlng tlme t
Ht = lower heating value of the fuel
n : everaqe etftålency of boller and dlstrlbution syateñ

Er(Ti),Er(Ttrl = "i".qy 
1o"""" ""tott 

the butldlnq envelope' refer-

red to lndoor temPereture Tl or Tlr
Ev(Tl),Ev(Tlrl = "n"tgy 

lo""t" for lnflltratlon and ventllatlon'
referred to lndoor terperature Tl or Tlr

Cu = utlllzatlon coefflclent
Er = energY conÈrlbutlon due to solâr radtatlon ebsorbed by oPâ-

que *alIs
Ef = energY contrfbutlon due to solar redlation entering acroas

the glazed gurfaceg
Ei = energY contrlbutlon of lnternal heat aources

There 16 no need to discuss ln detall each thern o[ the tro equâ-

tlons ebove; ho*ever the folloring features' speciflc of BILTE' should be

emphas i zecl :

I a¡. tenpereture difference betreen heated and non heated

been assumed to be e constant frection of the indoor-outdoor

difference;
- ln order to teke into account the variations of the inslde surface

coefficlent with respecl to its gtandard value' due to the influence of

the nunber of cold ",.f"te" 
on the infrared radlatlve exchanges' a reduc-

tion coefficient Ec /I/ has been introduced in the calculation of

tresnlsslon heat losses;
- the effect of lnternittent heatfng has been evaluated in terns of e

reduced fnaoo. t.tp"r"t,.", uslng a iutped paraneters nodel of the buil-

dingt
- the free heat utlllzation coefflcient, derlved fuon /2/' ls a function

of the'free heat-Iosses" ratio ând of the'nass-free heat" ratlo'
-- the seesonel efflctency of the boller' derlved lto¡ l3l' fs given by:

ng = (l - Pcn - (l-x)¡Pdn)/(l + x¿Pdn/(h'nn)) (3)

Pcn
Pdn
x
m

nn
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3. The reference ¡odel.

The ¡rodel chosen to validate BILTE ts based on a rell known sinpli-
fled nethod descrlbed on the Règleg Th-B 85 of the French CSTB (Centre
Sclentlflque et Technlque du Batlnent) /4/. In fect, the CSTB nodel
(naned rHB8St 1s fully conparable rlth BILTE: lt is e statlc nodel of the
sañe level of conplexlty ea BILTE and consLders the rhole building
lgothernal.

Looklng at teble 1, the use of the free heat utlllzation coefficient
ls lnnedlately recognlzable tn both nethods. There ere, however, a nunber
of dlfferences which should be noticedt
- The tlne basle of BILIE nay vary fron one ¡¡onth uprards, rhile TilBg5,s
tlne bagls ls flxed and egual to the heating period.
- BILTE nakes use of a nore deteiled evaluation of the lnternal loads,
- BILTE takes lnto account the effect of the internal rediâtlv€ exchanges
by neans of the fc fector, rhlle THB85 does not.
- The functlonal dependences of the uttlizatlon coefflclent are dffferent
in the tlo nethods,
- BILTE allows the prediction of fuel consunptlon lntroducing the perfor-
nance of the heatlng plant, rhlle TllB85 does not.
- BILTE considere the case of lnternittent heatlng. whlte THB85 does not
- 1H885 nakes use of a detailed procedure to evaluate the shading coef-
flclent, rhtle BILTE does not.

lable l. Conparlson of lnput date

BILTE nethod THB85 nethod

bulldlng data
- net heated voìune
- area and trensnlttance of

external surfeces
- heat loss coefficient and legtnh

of cold brldges
- forfelt value of the buildlng

ñes s
- shadlng coefflclent of glazed

rallg
- everege thernal trasnittance
- nunber of lodglnga ln the butldlng
- expected nunber of lnhabltante ln

the bulldlng

envLron[ent deta
- everâge nonthly outdooor

tenpera ture
- lndoor alr tenpereture
- everege dally eolar radlation for

the orfentetion of the vertlcal
and horlzontal gurfeces

- nunber of alr changea per hour
- conventional length of heatlng

perlod

- net heeted volume
- area and tren€nlttence of

external gurfaces
-'heet losa coefflclent and length

of cold bridges
- speciflc nase of ralls
- total henlepherlcal absorbtlon

factor of external surfaces
- solâr fector of glazed rells
- ahadlng coefflclent for opaque

and glazed ralla
- eelf shading coefflclent of opeque

and glazed aurfaces

- everage outdoor tenpereture
- lndoor alr tenperature
- âverâge aeasonal solar radlatlon

on south faclng vertlcal surfaceg
(heatlng perfodl

- nunber of afr changee per hour
- conuentLonal length of heatlng

Perlod



BB,

4. Paranetrlc analvgls

The tïo nodels prevlously descrlbed have beeen used to perforn a

p"."r"lir" analysla of the enerqy demand as e functlon of bullding tyPo-

logy, orlenÈatLon, thèr¡el ."p"åity. and percent glazed eurface' In order

lo"i"f," the pâreñetrlc analyels iore reallstlc' three real bulldlnga
rhose deelgn ras detetledly ino'n 

"t" 
choaen ag the basls of the compa-

rision:
l) i Isolated Buildlng" ( tB), 1.e. , a gmall three-floorg, glx-flats bull-

dlngt
li) lRow Butlding" (RB), rlth three fì'oore and 30 fletst
ittt "L".g. Builáinq' (LB), elght fl org and 96 flats'

As a startlng Polnt, the bulldinqs xere taken exactly as they are:

the IB ls not lngulated, rhtle RB and LB are lnsulated' slnce they Íere

built after the Law on bullding ingulatlon cane in force (19761'

the follorlng paraneterJ have been nodlfted rlth respect to the

orlglnal values:
l- glazed surfacea

I orlglnal,
2 ,25í on måln facade and rlSt on the lâteràl facades'

3 .4Or on naln facade and '25t on the leterel fecadesi

2- orlentation
I naln facade orlented towards South'
2 meln facade orlented torards llegt'
3 naln facade oriented torards North;

3- thernal cePacltY
I l50 kg/n2 floor - correspondlng to French 'reak therñal capaclty"
2 350 kg/n2 - correapondlng to 'nediun thernal cePeclty"
3 500 kg/n2 - correspondlng to 'htqh thernâl capaclty"

The followlng fixed hypotheses rere adopted tn BILTE proqran:

- ahadlng factor equal to 0'7 on all surfacesi
- lnternãl gatna equal to 25o lllflat plus 83 T/personi
- nunber of alr changes per hour equal to 0'5'

Ae for THB85 flxed hYPotesea rere :

- no ahadlng fror adJaceni bulldlng, but only fron the bulldlng ltself;

- 'ttlt' fector for golar radlatlon ae calculated in /5/;
- nunber of alr changee per hour equal to 0'5'

Elghty-one ceses rere anaì'yaed, that ls' 27 ceseê for each tyPology'

Each one ls narked rlth e nunerical code nade of three dlglt: the flrst

one referg to the choaen a¡ount of gleztng' the second to the orlenta-

tlon, the thlrd to the therñal capaclty'

the follorlng results rere congldered ln the conparlaon:
t) aolar heet gelnã on glazed and opaque eurfacea
ll) tragnisston heet losae6
ill) free heât utlllzetlon coefflclent
1v) energY deoand.

The results of the conparlson, expressed ln ter¡e of percent dlffe-

rence betreen THB85 and BILiE, are reported tn Flg' 1 to 4'

1) SoIar heet galna ('groea" value)
FtS. I åhors thãt the dlfference betreen BILIE and THB85 rengêa

betreen -43¡ to .19Ii the dlfference fe htgly dependent on bulldlng ty

!
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pology, dependent on the tnsulation level (due to the different transnls-
slvity of double glazing). sllghtly dependent on orientatlon, alnost
lnsensltive to glazing surfaces, and fnsensltive to thernal câpâcIty.

11)Trasnlsslon heat losses
Tab. 2 shows thet BILTE traanission heat losses are alwaye smaller

(01 to l0ll than THB85's, and lncreasing rtth buildtng losslneee.

Table 2. Comparlsion o.f trasnisslon heat losses

Buildlng Fenestration (THB85 - BILTE)/THB85

IsuIa ted
Bul lding

I

3

Row
Bu i lding

Large
Building

I
2

3

. 8.5 I
r 9.1 ¡
+ 9,5 I

- 0.1 I
+ 0.6 I
+ l.o ¡

+ 7,7 I
+ 7.8 I
, 7.9 t

I
2
3

liil Free heat utlllzatlon coefflclent
Flg. 2 shoys thet the dlfference beteeen BILTE and THB85 renges

betreen -21 to.ti the dlfference is nore aensltlve to therrsl nass, less
sensltlve to orlentetlon and glazlng eurfacea, alnost lnsensltlve to
bulldlng typology. F1g. 3 shors thåt the range of BILTE free heôt utill-
zâtion coefflclenC ie larger than THB85's. Horever. these dlfferences
have a nLnor lnfluence on the energy deilend of the buildlng.

iv) Energy demand
Ftg. 4 eho*s thât 1H885 alrays predicts higher energy demand then

BILTE. The difference ranges betreen 131 and 24t. Due to the dependence
on the free heât utlllzâtlon coefflclent, these differences are snaller
rhen the thernâl nass is lor and larger xhen the thernal nass 1s htgh,
the dlfference ls sllghtly'eensitive to orlentatlon and alnost lnsensi-
tive to feneetration,

5. Co¡oarlson wlth experinental results

EILTE and the reference prograo have been conpared not only on the
basis of their general feâtures, and of the paranetrlc analysls, but also
on the grounds of data collected on a nunber of real bulldtngs. Of these
buildlngs, only one rae conpletely lnstrunentedi data on the others
conslsted of geometrlc and thernophyslcaL featureg obtained by audltors,
xhlle the energy consunptlon ras derlved fron the fuel bllls provlded by
the occupants. Therefore, the txo experinentaL conparleona should be kept
aeparate.

The lnstrunented buildlng is the eame lsolated butldtng (IB) rhich
ras uged for the parenetrlc analysls, sltuated on the llls around Torlno;
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its geometricel and thernophysical features were well known (v = 2196 n3,

specific volune losses 0.953 tllm3.K). The followinq guantities have been

continuously monitored for l5l days:
- eir temperature and relative hunidity in three sanple rooms;
- outdoor temPeraturei
- solar radiation on the horizontal plenei
- useful power provided by the boller to feed water;
- fuel flow rete,

Dete on electric energy consumption end gas for cookinq were also
neasured on a weekly basís'

the conparison hâs been performed introduclng in the model the
ac!uaI neteorologicel deta (air tenperature and solar radiation), while
aìl the paremeters dea.ling with the occupants' beheviour have been given
standard values (indoor air temperature, internal 9ains, shading coeffi-
clent, etc,). The conparison has been nade using the energy demand of the
builrjing (i.e., the useful heat provided by the ptent), lnstead of the
fuel consumption, since nodel THB85 does not include the calculation o[
seasonel boiler efficiency. the results of the comparison are rePorted in
Tâble 3.

Table 1ì. lleasured and calculated mont-hly energy demand, kllh

HONTH Days DD Heasured BILTE Diff.¡ THB85 Diff'¡

November
Decenber
January
February
llarch
Apri I

r5
3l
3l
2ð
3l
l5

225
s52
546
510
425
159

8673
17 479
I 8394
17789
tzq52

506 3

7 662
t9949
t9929
I 8043
132r9

4245

-12
. l4
.8
.1
+6
- 16

BILTE shows a fair aqreenent with the exPerimental reaults. while
Èhe reference progrân ghows a systemetic overestlmete- It mey be intere-
sting to observe thât the "trend'of the differences between neasured and

celculated values is very nuch the seme, indicating that, epârt fron the
systehetic overestimate of THB85 (which ney be ettribuited to the
ovefestimete of trasnission heat losses as well âs to the underestimate
of internel gains), both nodels show sone variable error, nâybe dependlng
on the actual variation of the nunber of air changes (consldered constent
by both models),

The second type of conPerison nade use of gome of the date collected
during a large scale survey on 369 butldings (neinly schoolg and office
buildings) belonging to the llunicipallty of Torino. They vere collected
eccording to e fornat specified by the âuthors, consistently wfth Èhe

input reguired by BILTE, but the date collection Halt not undertaken by

the authora. For 22 gas heated buildings the data Included fuel
consumption. and they could therefore be used for thts conparlson.

The results of the comParl.son are presented ln Tab. 4' It does not
include the results of 1H885 modeL, as sone of its input data rere not
available.

The egreenent between experinentâl and theoretical dâta is not
entirely satisIactoryi however, it should be clearly gt¿ted that-, in thls
case, Lhe calculated valúes Pere alfected by the errors made at eat:h step
of. the whole procedure, thât is, t-he errors imPlicit in a Iarge scale
survey, in the dJgitation of data, and in the nodel ltself.

9l

In 5 cases (23t) the dffferenceg betyeen calculated and neasured
deta ras sneLler than l0l, in l2 cases (55f) it tas snaller than 20¡, in
16 cases (731) lt ras enaller then 3Ot. In the remainlng 6 cases, the
Iarge discrepancles seen to be due to the accurecy of the survey rather
then to the nodel's: for lstance, the 5 alr changee per hour de-lared by
the surueyers in sone cases seen rather too hlgh for buildings not provi-
ded vith nechanlcal ventilatlon.

lable 4. Conparlson betreen neasured and predlcted gas consuntion

Bulldlng lleaeured gas Calculated gas Difference
(c-l't, ¡No volune (n3) volune (n3)

9561
2385r
23s59
21290
t77 46
6573

' 10
. l0
+28
+20
+43
+30

I
2
3
4

5
6
7
I
9

l0
ll
t2
l3
t4
15
l6
t7
l8
l9
20
21
22

23626
90628

506820
489089

98131
657076

r6094
75167

7ZS8
tIo297

8439
10512
2?978
84r13
l03l 5

10173
40980
87 313

6720
87233
25r5

3l 200

37066
I 05390

105557r
1159539
lo7t32
80581 5

I 3994
92328
8382

I 16333
782t
8639

32636
58790
8850
6760

30074
83332
7789

64921
7323

29087

+s7
+ 16
r 108
+ 137
+9
.23
- 13
+23
+ 16
.6
-7
- t8
+17
-30
- 14
- 34
-27
-5
+ 16
-26
+ l9l
-7

6. Concluslon

The follorlng naln conmente nay be made about the câlculetion
results i

- *hen the butl<lln9 rs a solar buildtng and solar energy contributiorìg
are about egulvâlent to thernal losges the sinpllfied ¡,.[to¿" nay lead tounacceptable errors.

ll
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Fig. 1. Solar heat gain - Difference bcl.ween BII,TE and Tlln85
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