
,, 
_, 

AIVC 11466 

Energy and em,iro11111e11tal audit of buildings: an i11direc1 evnlw1tion 

D. r3mbieri'. /\. Nucara', M. Pietra fesa ' §, G. Rizzo" 

· Diparti111c11to cli Elettronica e l\.'lntematica Applicata. Universita di Reggio Calahrin. 
ViH E. C11zzocrea, 48. 89128 Reggio Calabria, Italy. 

'• Dipartimento di Energetica ed Applicazioni di Fisica, Universita di Palermo. 
Viale delle Scienze. 90128 Palermo, Italy. 

Abstract 

A simple i11di1cct way or per forming energy and environmental auditing of buildings is here 
prcse11tc<.1. It is I nscd on the proper application of a recenlly released llalian st:mdard aimed at 
1he energy snving in dimatisation of buildings. Its slrncwre. that can be easily turned into a 
co111puteri�ed fhunc. enables such tandnrd IO be empt yccl a� a complete analysis tool for 
predicti11g the thermal behaviour of buildings. By means of the application of this model. the 
eflectivcnes� of the 11dopted technic.al solutions can be usefully ranked in terms of saved energy 
for climatisal ion purposes. t\nother relevant fealure of the method is lhe possibility of gelling 
environment related information, in terms of amount of relensed C02. resulting from the use of 
the selected equipment. An application to a simple building module, located in a southern Italian 
town. is also presented. 

I. Introduction 

Building energy auditing rcpre1>t.>nts one of lhc hl'Sl known prm:edun:� \ h ich Hllow to achieve 
information aboul the e11ergy perfor111:mcc of a dwclli11g. Ahove all ii is \·cry 11sl'ful in verifying 

the energy savi11gs resulting from retrofit 111t>�s11r«s nnd in dctcrlinµ ncl'.<ISional 1•r s:stematic 
occurrences of high energy consumption. 

i\:1:111)' audil ing tools are clirre11lly avi:iilnble lo technici:ms. They can he!ong to the highly 

sophisticated simu l;i tion models like, for example, DOE (I) or ESP l2), that provide estimates of 
e11ergy c11nst1111ptin11 m the basis of lhe knowledge of thernrnl and physical ch:uacteristics of 
bui ldings and equ ipment . along with information concerning locnl cl imatic dnla. Other tools can 
a lso refer lo the so-called energy signature procedures. like PRISM {3), that rredict the building 
energy consumption by menns of a proper regression curve {generally linear} C1f the heatinc 
energy demand versus the outside lemperatrn·c. /\lternatively. some manual methods can al ·o be 
emp loyed, mainly referring to energy inspcclion procedures (4). 

I lowevcr. at prc�c11t. building auditing re1 resents a very time and work spencling operali(l11. 
due to the complexity of the above mentioned avai lable tools, at any level of detail . On the 
cont niry, technicians do require easier methods. in order of gelling fast inti rmalion about the 
consequences of the adopted design choices, even at a rough stage of precision. 

In the recent ye;m:. several domestic technical rules have been released by most of the 
industrialised countries. with the aim of promote energy saving in the climatisation of buildings. 

1 aulhor lo whom all concsponcknce slwuld he addressed 
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l'd;rnv or these rules need a co111puterised 11·m11e mid nllow the thermal analysis nr buildings lo he 
pert6rmed with an enough detniled lc.:vcl. 1\s that, this kind or models can he directly adopted 
like auditing tools, since they arc- crqrnbk orprn,·iding almost the snme rnnge nr results. A newly 
released Italian rule c:i11 be ;p;sumcd as a typical exnmple of such kind of 111cll10ds. It rnn he 

easier opernted in cn111pa1 ison with the classic m1diting methods. In addition, as ii \viii he 
emphilsiscd in the follnwing. the n1ctlwcl cm1 he 11lso utilised for drawing e11vi10nn1e11t:il 
information rn11ce1ning the ''.onsequcnces resulting from the working of the I IVt\C system 

,.\s a 11iattcr pr 1:1cl. the new awmeness conccrniog the environmental implications of the use 
pf energy 11! urban scale. sl1ongly affects the structure of the standards that are nowadays lo be 
-11111piled. i'1osl or these sli111dards arc now so comprehensive ilml well defined that they can be 
1i,;cd. not 01dy for chccki11g the lriw· reb1tcJ compatibility of Ilic design choices, but directly as 
''"1king tools for sckl:ling layoi1I and pl;i ns . 

2. \ lsi11g an I t:11i:1n sl :i11dn nl as a compntn lion lool 

·1 he 1ccc11I lt:ili:m la,1 11'; 10, I (Jr1 I ( .� J. for cxrn11plc. released in the aim or accomplishing the 
national cn:1gy plnn (1'1·:1'1). ca11diclatc'i ilscll' like a pro111i11ent one in the European contex t . with 
1c::pec1 to lhl· energy use li.11 cli111alis:1tion ni' building�. It, in fact, could be directly emplo�ed for 
desig11 proccdu1cs.1efc11·in!! t11 lhe cmclnpc <111d lo tl1e HVAC system ofa given building. lhis 
law in fact. 1cjccting the 11ldc1 app1oachcs llwt only estimated the heating loss through the 
l111ildi11g el\\clope. makes use Pi':1 li111ilalin11 lo the energy demand of the system, defined by the 

building ;ind the healing and air-cn11dilioni11g equipment. The method relies on a globnl energy 
ha lance. taking into account di ffcre11I cont1 ihul ions (prinrnry energy used in the HV AC plant. 
sola1 radiation, intem:il loads) a11d \·ill io11s types of !tent losses (tnins111issio11 and ventilation 
through the building_ losses nr the l l V t\C system due to the sqrnrnte steps of production. 

ll');!Ulation, distrihutio11 and e111 i ssion of the 1equired hc::il). 
Tile rule assumes ns reference p:1rameters the "1wrmalisecl enc1gy de111a11cl" of the building. 

FEN (ldim 1 DD), aud the "glohnl mean seilsonal eflicicncy". 1]�· lo both or which limit v:ilues 
are imposed. An ilccurnte analysis nf several complex e.11e1·gy issues is also involved i11 the 
procedure, like the estimation of the solar gains and the detailed treatment nf the components of 
the climatisation system, a111011g other things. 

'f hese features obviously ask for the use of a compu(criscd procedu1c. t\ co111p1ehensive 

llOlllCllClatlll'e Of lhe sevcrnl !J:ll'allle(ers involved ill the procedme is given ill the fni101Vi11g 

·1 able ( 1 ). l'igs. (I) and (2) illustralc the logicnl  sequence nnd the calc.:ulflting operntiuns to he 
accomplished in order of getting the fi1rnl energy parameters that characterise the selected 
b11ildi11g, lhat is the normal ised cne1 gy demand . FEN, mid the globnl mean seasonal efficiency, 

'k Obviously these parameters cnn be dirt•<.:l ly adopted as energy auditing indexes. 

Tnble l .  Nomencla_��!�'�. of tl!�'mbols used through the procedure 
l'n: useful power of lhe healer; l'rl: heal loss volume coeflicie11t; V: huilding volume: DD: degree 
days; n: 1111111her or horn ly air dm11ge.,: I: avc1 ag<' 'olar irrndiance on an horizontal surface; a: thennal 
inlenrnl gains: Qi: demand (lf primary e11crg) rcqnirctl hy lhc I !VA(' system; Q,: primmy ener�y 
required for lhe lhen11al cn11vcrsio11 in lhc l'urnacc: Q,: primary e11ergy corrcspo11ding lo lhe eleclnc 
consu111plio11 c•I' the m1xiliary syslcms: 1)1,: 1iic1111:il ene1gy gt.'nerated by lhe llVAC syslcm; Q.,,.: 
the1 mal energy lransmilled li·om auxiliar) s� slc111s: Q1,,: clcclric energy required by lhe burner; Q1": 
elc�llic encl'l!Y requi1ed h) lhc circulaling pump: 111,.: uscli.il lhennal el'licie11cy; 11 .. ,.: Italian eleclric 
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bonrd cllidcm:�: !)1,.: n�d'ul ,·11t·rgy dc1111111d: Qh.,: uscft.11 energy demand in the actual working duty 
cycle (11011 n1111i11111•11st: Q1 .. o\'CJ'nlt heat losses by lransmission and \'Cntilation; Q5,: them1al energy 
clue le:> th<.' s,>l:ir rnuiati11n 11h�orh�1I hy the npa1111c surfnccs; Q51: thcmml energy due lo lhe solar 
rndimion falling on 11\c gl:11.etl surliiccs: Q1: thermal energy due lo the internal gains: Qr: thcmml 
energr cxdmngcd h)· trnn�111i�sion with lhl' ouufoor cnvin1111nc111: Qc:: thcminl energy exchanged by 
lrnnsmi��ion "ith rh" •10111111: {,),.; thcnnnl energy exchanged hy vcn1ila1ion mu.I inllllration; Qu: 
rhemml energy exchanged h� 11·n11s111issio11 a111I ventilation with adjncenl non-hcnted confined 
cu,·irt111111c111s: Q ,: 11\crmal l.'ncrgy cxdm11gcd by tmnsmi�sion :ind ventilation 1\/ilh zones chnrncteriscd 
h) n �ons1m11 (a11ll knr,"11) \';iluc of rh,• air tc111pc11nu1·c: N: number or days in a montlt; 11,: heat loss 

co1•l1kicnt: i\0,: diffc1·c.ricc or lcmpcrnl11rc h 'lWC<'ll th�· interested clements or I hernial 1.oncs; Hi;: 
ovcrnll 1hc11n�I h•$sCs c11 ·llicicnt: 11,,: cflkieucy of the I IV i\C sysrem; ri.: efficien�y of1he distribution 
syl'l�m: 11,: cflicicncy of the rcgulnlion system: 11.: eflici�ncy or the heating elements; TJ.: u1ilisa1ion 
f�cl11r of hem g:iins: F11: rl·ductiu11 1lu:t11r lll'llt� lntnsrnis�ion hcu1 los�cs (depending on the intcnninenl 
1\C1rking regime\: F,.: rc<l11c1ion 1'1clllr nl the thi:mrnl �ncrgy <lue to the St•lnr rndiitlion nnd lite internal 
heat g�in� lclcpern.linj! un Ille in1cnnith!111 working regime); k: coefficient Inking into 11ccoun1 the 
•H>rking pn>lilcs: q..,1: "'cr:ill 1lally iri�ulinucc nn the surfoccs with j expositio11: A •. 1: cq11i vnlcm area or 
tht! �urfoccs w!th j c_�,_p _os _·i _ri _o _n _. ____ _____________ __________ _ 

useful thermal energy demand 

p11ma1y eriergy 

FEN = �-�c_o1_1v�e�n�l1�01�ia�l�e�11�e �rg�y�d�e_n�1a�n�d __ _ 

\'•DD 

( kJlm' DD) 
V•DD 

I FEN< FEN "m 

•h11.,. ;:-: (65 � J log 111 r>., )% 

[c,-� 
v .�r 

---- --

r ( O.ot·I • )186.4 
FEN""' �1(C.+OJ.1n)-•ru --+- l-

6T 6T J 'lo 

�·'�-------------�---------------------------J 

Fig ... '1 Procedure for the comput:it ion of the energy parameters for the auditing process. 
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Fig. 2 Detailed sequence of the algo1 ilhms involved in the audit method. 



I � 

3. An npplk:ition 

\Ising a ·1·111111c1ci:ill� :n :1il;1hh.: .?kctr1111ic sheet. the halia11 standard is hen: 111�111i1ged as ii 
l°llliy (;n111p1ch1;11/;iVC dC::'i!!ll lool ii.ff ll w)i(l)c: S)"SLC111 ICJll'CSell\ed by the envelope 1111cJ the hci1ti11g. 
\"t'11tilnt111g 1111d air 1:n11diti(1ni11g equip1nc11L As sct.:1:ti11g pan1111cters, we ass11n 11.: here hnth the 
.;l·a,;11m1! l'llCI ��� dc11i:111d. ()'""'""" a11d the cmviro11me11ti1I �uitabilily of the design d1oices. Wi1h 
thi� :ii111 ;inti in t•l'<lc1 or sh11wi11g 1lte lcnsibility of the method, a very simple building is here 
adnptcd. for which 1he l"llcrgy dc1rn111d required for the climatisalion and the released amount of 

l "( ) · l°n ll 11 t Ill' '1l•:tt i 11!! p !ant :.tl'C computccl. 
rh,· ::i111ulatcd h11ildi11J; is a simple parnllclepiped module (4xSx3 m3) supposed lo be located 

in the dimal it: l'.•'lldi1 il•ll l'f Palermo, llnly (38°3 north latitude, 75 I DD): both 111c:111 monthly 
temp niturc5 nml 111c-a11 11111nthly sob1r im1diaoce can he assu med as typical of the whole 
Meditcrrm1�·an '111.'ll. n. ii is rc11 rlc<l in T:thle (2) for the henling I crit1tl. Alt exlcmril �11rfaccs of 
the cnvclo1 e arc s11ppo•;cd h1 1:1°:c lhl· 1111ldoor l'o11ditio11. while the ind111 r tc111pi.:r:1111rc is srl :ll 

ll'"(": the Vl'lltil:11in11 riilc� ;11c Sci :it fl" ch:111gc� pi:-1 hl111r. ;1ccorcli11g 111 lhl• Italian 111lc. S11mc 
111:1i11 H1l·n11al k:1111n•:. \11°1lw t'll\•:lnpc all' nf.�,, ICjH11tcd in l:ilik (}). 

/\fier nil the calculation clcscrilicd in I i!ts. I I) and (�) hns taken pince, tile 111osl rclev:mt 
resulls for the given huildiug. Ill he 11ss11111cd as auditing i11forn1<1lio11. l:lll be split i11t1.1 1wo 
different categories, that Mc rcsp,·c1ivdy r<'iatecl 10 e11('1'!-!)' ;md c11viro111111:n1 issues. 

/\s represenlalive par:lllll'lCl'S or !he cnngy perlimmmte of the b11iJdi11g WC ndopt here lhe 

whole seasonal nvcrng.e cflil·ie1wy or lhc lu:nti11g pln111. 11�· 11m! lhc nonnaliscd energy demand, 
fl�. /\s represcmtnti\'c 1 Mn111clcrs of lhc rnvi1m1111c111;il fll'fl(u·11ullll0<: \Jr the h11ilding we sclcc1 
!he primary SCfl�(llHll t�ncrg\ dcm:mcl. I) (di10:1:!ly Jin�cd IO Ifie :UllOlllll or fossil rue::I Hild 
electricity l'ClJlli11.:cl h:-• tfl•: he;1ti11g pl1111!) �111 I Ilic cp1m1ti1y or c;1rhu11 cli11xide rc!-:ilsed through the 
healinJ? ptTi11d 11f ti11w. These par:11111:tcrs me laf\ds that fr11t11rc the huilding and are ctmsidcrc1I 
as the 11101:1 rek·v:1111 indcxc in 01dcrofaudi1i11g the b11ildi11i;.. !··y 111c1111s l)f"the indirect w;1y her� 
introduced. T:iblc (4) rcpnrls Ilic p1Dlilc 111' the si11111lat�·cl huilu'i

,
ng. bolh in term� of e11ergy a11d 

envlrom11c111;d issue�. 
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·1 able 4. Ent'f' 'amt environmculal labels of' the sclcclcl_l_b_t_1i_ll_li_11���· ----- ·----
-----. 

-------------- E11e1 }!J_�/!..'.� ·o ... f1_·1_e _________________ -1 
!\ ,·cra�c efficiency of the henting plant, t]l! ll.71 

1 17.73 ���.11.n:tlised energy demand, FEN ( k.linr1iDD) 
E111·iro11111e111a/ Jl'<I ii" 

------"-------

·r;;11;;y;;;so11al energy demand, Q (M.I) 
I" 11u1u:1· e11t•rg\' re,111i1 edfnr tliermal co111•r•rsio11. Qc ( l'vt.I) 
1.,.,,,,.,,.1' <'11e1xr ""rresponding to the t'lectric ""11s111111•tio11 of th� 1111.riliw)· .�.l�<lems, Qc (MJ) 

I�!� .. 1 <:leased lkgC) 

5305 
5125 
180 

I 14.2 

I he lolal amount of released cmbon dioxide is evaluated by means of the emission factor 
co111putcd through the whole cycle or the pertinent fuel ( 7). In the hypothesis of oil (or any oil 
dcrivati,·el employed as fuel for the fwwH:e healing plant, the corresp�lnding emission factor to 
lie adopl<:d is 21.52 gC/M.J . 

. 1. Co11clu.�io11s 

/\11 indirect method, based 011the11pplie11tiu11 of nn energy snving stm1dard, hns been pr<ipo�ed 
lnr ;1 quil·kly auditing of buildings. The method. implemented on a commercially available 
C'leclro11ic sheet, can be usefully employed i11 the early stages of the thermal analyses. when 

g.•·1H:rnl information about the perli.mnam:es of buildings are required. It only needs da1;i 

referring lo the thermal charncteris!ics of' the envelope, to the fc11turcs of the HY AC system and 
to lhe climatic site. 

/\nnlhcr relcva111 characterislic of the procedure is lhe possibility of obtaining infor111atio11 
abo11l the (:nvi1onmc11t11I imp:icl of the building (at least in terms of greenhouse gas rclc:ised). 

<>11\:C tlrnt the heating plant ;incl the used f'ucJ llf'C defined . 

·11ie fi11:d res ult of the mcth(ld is a lnlilt: whcll: the energy and the cnvinJ11111c11tal profiles of 
!ht' h11ifdi11g ;in: reported hy lllC'HlfS o[' fou1 relevant pnra111elers. 
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