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ABSTRACT

The energy footprint of abuilding isan operational
characteristic specific to the building structure as
well asto the energy-related operational conditions
of the building. This paper presents the experi-
mental programme carried out on the support of
the CE INCERC Bucharest experimental buildingin
the 2008-2009 cold season and the results obtained
inthe form of the building energy footprint. At the
same time, the building energy footprint before the
energy-related upgrading (2003-2004 col d season)
are presented, as well as those subsequent to the
energy-related upgrading (thermal protection,
equipping with aventilated solar space and heating
system replacement). The character natural laws
of the energy footprint is emphasized. This paper
presents a theoretical substantiation of the use
of the energy footprint method in the case of
condominiums in the form of the operational
method, which is useful in settling the functional
characteristic inany climatic conditionsand in any
operational conditions.

Key-words: building energy footprint, energy
performance of buildings, climaticloads, anthropic
loads, real operational conditions

1.INTRODUCTION

The assessment of the Building Energy
Performance (PEC) inred operationa conditionsis
one of theissues still debated by the scientific and
technical circles. The European Directives[1], [2]
focused on PEC mention the operational methods
aspossibleones, but till dternative. Thecomparison
at alocal, regiond, national and European level of
the PEC specific to varioustypesof buildingsand
mainly of theglobal resultsisactualy impossbleas
long asamethodol ogy useful intheacquisitionand
processing of certain data representative for the
building and for the climate of thelocation of the
building and to the conversion of the operational
characteristic by referenceto aclimateand astan-
dard operationd regime specifictotherepresentative
typesof buildingshasnot yet been devel oped [ 3].
Theauthorsapproach thesetwo aspectsintermsof
proving the objective nature of the building energy

REZUMAT

Amprenta energeticd a unei cladiri reprezinta o
caracteristica functionala proprie structurii cladirii,
pe de o parte, si regimului de exploatare a cladirii
din punct de vedere energetic, pe de alta parte. In
lucrarea de fatd se prezinta programul experimental
desfasurat pe suportul cladirii CE INCERC
Bucuresti, in sezonul rece 2008-2009, precum si
rezultatele obtinute sub forma amprentei energetice
a cladirii. Se prezinta, in paralel, amprentele
energetice ale cladirii anterior modernizarii
energetice (sezonul rece 2003-2004) si ulterior
modernizarii energetice (protectie termica, dotare
cu spatiu solar ventilat §i inlocuire instalatie de
incalzire). Este evidentiat caracterul legic al
amprentei energetice. Lucrarea prezinta o funda-
mentare teoreticd a utilizarii metodei amprentei
energeticen cazul condominiilor sub formametodel
operationale utila stabilirii caracteristicii functionale
in orice conditii climatice §i In orice regim de
exploatare.

Cuvinte cheie: amprenta energetica a cladirii,
performanta energetica a cladirii, solicitare climatica,
solicitare de tip antropic, conditii de exploatare reala

1.INTRODUCERE

Evaluarea Performantei Energetice a Cladirii in
conditii reale de exploatare este una din problemele
inca aflate In dezbaterea mediilor stiintifice si tehnice.
Directiveleeuropene[1], [2] careau caobiect PEC
mentioneazd metodele operationale ca metode
posibile, dar inca cu valoare de metode alternative.
Compararea la nivel local, regional, national si
european a PEC proprie diverselor tipuri de cladiri si
in special arezultatelor globale este practic imposibila
atat timp catnu se dezvoltd o metodologie utila culegerii
si prelucrarii unor date reprezentative pentru cladire
si pentru clima localitatii in care se afla cladirea, precum
sl conversiei caracte-risticii functionale prin referire la
o climasi un regim functional standard, proprii tipurilor
reprezentative de cladiri [3]. Autorii abordeaza cele
doua aspecte sub forma demonstrarii caracterului
obiectiv al amprentei energetice a cladiri i sub forma

"National Building Research I nstitute— INCERC, Bucharest, Romania; e-mail: hp@incerc2004.ro

CONSTRUCTII —Nr. 1/ 2010



H. Petran, D. Constantinescu

footprint and of substantiating the method of
generating the operationd characteristicaswell as
the method of conversing the resulted values,
according to reference climatic and operational
characterigtics.

2. PRESENTATION OF THE INCERC
EXPERIMENTAL BUILDING
EQUIPPEDWITHAVENTILATED
SOLAR SPACE (CE)

Theexperimenta buildingwithinthe precinct
of INCERC Bucharestisanindividual one-storey
dwelling building, with a sloping roof and no
basement, originally designed and performed asan
experimental building for BCA (autoclaved
lightweight concrete) sructurd and dosngdements.
Currently the buildingincludes one apartment: one
living room, two bedrooms, one kitchen, one
bathroom, onevestibule, onehall and aporch.

Thefront fagade of the building, coveringthe
main entrance and the porch, isWest — directed.
The opposite fagade, East-directed, covers the
secondary entranceinthebuilding. Itismoderately
sheltered. TheINCERC experimentd building has
been subjected to considerableimprovementsof the
origind energy performance, during severd research
projects, by the heat insulation of the perimetra
opaque building € ements, the equi pping with heat
insulating windowsand doorsand with an automatic
power-operated therma station unit aswell aswith
aventilated solar space adj oi ning the South-directed
wall. Theindoor microclimateiscontrolledinthe
cold season by means of thermostatic valves
equi pping thehesting units.

Thebuilding main structureismade of BCA
blocksmasonry structura walls, 29 cmthick, with
mortar and no reinforced concrete columns; it is
however equipped on the upper side with a
reinforced concrete continousbet. Theoutside heat
insulation ismade of 6 cm expanded polystyrene
and decorative coating finishing. Thefloor above
the ground floor is made of 20 cm thick BCA
reinforced strips, interlocked by an 8 cm thick
reinforced concrete dlab. Theroof isplated onthe
surface of the sloping roof with aglasswool layer
stuck to the ceiling, with an anti-vapour barrier
towards the indoor space, protected by gypsum
cardboard plates fixed on a system of metallic
profilesanchored to the celling by metdlic clamps.

Thesystem of the solar spacetypewasinduded
inorder to usetheenvironmental exergy.

fundamentarii metodei de generare a caracteristicii
functionale i a metodei de conversie a valorilor
rezultate, in functie de caracteristici climatice si
functionale de referinta.

2. PREZENTAREA CLADIRII
EXPERIMENTALE INCERC
DOTATA CU SPATIU SOLAR
VENTILAT (CE)

Cladirea experimentala din incinta INCERC
Bucuresti este o cladire de locuit individuala, parter,
cu acoperis inclinat, fara subsol, proiectata si
executata initial ca o cladire experimentala pentru
elemente structurale si de inchidere din BCA. In
prezent cladirea are un singur apartament cu: o
camera de zi, doua dormitoare, o bucatarie, o baie,
sas, hal, pridvor.

Cladirea este orientata cu fatada principala,
prevazuta cu intrarea principala in cladire si pridvor,
la vest. Fatada opusa, spre est, este prevazuta cu
intrarea secundard in cladire. Este adapostita
moderat. Cladirea experimentald din incinta
INCERC a facut obiectul unor imbunatatiri
considerabile ale performantei energetice initiale in
cadrul unor proiectede cercetare, printermoizolarea
elementel or congtructive perimetra e opace, dotarea
cu ferestre siusi termoizolante si cu o centrala termica
automatizatd functionand cu energie electrica,
respectiv prin dotarea cladirii cu un spatiu solar
ventilat adlicent pereteui orientat Sud. Microclimatul
interior in sezonul receestecontrolat prinintermediul
robinetel or cu cap termostatic cu care sunt dotate
corpurile de incalzire.

Structura de rezistentd a cladirii este alcatuita
din pereti structurali din zidarie din blocuri BCA, de
29 cm grosime, cu mortar, neprevazuta cu stalpisori
din beton armat, dar prevazuta la partea superioara
cu centurd continud din b.a. Izolatia termica
exterioara este realizatd cu 6 cm polistiren expandat,
finisaj tencuiala decorativa. Planseul de peste parter
este alcatuit din fasii armate din BCA de 20 cm
grosime, solidarizate cu o placd din beton armat de
8 cm grosime. Acoperisul este placat la suprafata
tavanului inclinat al cladirii cu un strat de vata de
sticla lipita de tavan prevazuta cu bariera contra
vaporilor cétre interior, protejate cu placi de
Gipscarton prinsepeun sistem deprofilemetaice
ancorate detavan prin clipsuri metalice.

Sistemul de tip spatiu solar a fost realizat in
scopul utilizarii exergiei mediului natural.
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Thesolar spacefollowstheentire opaquewadl
on the South side of the building (7.95m); onthe
verticd itiscosed under theexigting concretedouble
overhang. Thesolar spacewidth waslimitedto 70
cm—necessary for assembly and maintenance. The
geometric characterigticsof theexperimentd building
arepresentedin Figure 1.

Spatiul solar se desfasoard de-a lungul intregului
perete opac de pe latura de Sud a constructiei
(7,95 m), iar pe verticala se Inchide sub strasina in
doud ape de beton existentd. Latimea spatiului solar
a fost limitata la 70 cm —necesara pentru montaj si
intretinere. Caracteristicile geometrice ale cladirii
experimentale se prezinta in figura. 1
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Fig. 1. Layout of INCERC experimental building (Plan cladire experimentala INCERC)

Theinsidestructurd wallsof thebuilding are
madeof 25 (24) cmthick BCA masonry; theinside
non-structural wallsaremadeof 15cmthick BCA
masonry.

The processing of the data measured in the
experimental building, focused on the structural
elements, provided a vaue of the BCA thermal
conductivity, I = 0,16 W/(mK). Considering

BCA (M)

Peretii interiori structurali ai incaperilor sunt din
zidarie de BCA de 25 (24) cm grosime, iar cei
interiori nestructurali, din zidarie de BCA de 15 cm
grosme.

In urma prelucririi datelor masurate in cladirea
experimentald, cu referire la elementele de
constructie, s-a obtinut o valoare a conductivitatii
termiceaBCA del = 0,16 W/(mK). Tinand

BCA (M)
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thedimensionsof the BCA blocksthat wereused
(60~ 25~ 29 cm) and themasonry jointsthickness,
theresultingdesign therma conductivity of theBCA
masonry is ., 5, = 0.1985 W/(m x K). The
reca culated thermd resi stancevauesof thevertica
opaquestructura e ementsarethefollowing, taking
into account the previously mentioned design
conductivity and thethermal bridges:
—thermal resistancein current field: R =
=3.020 mK /W,
— adjusted thermal resistance: Rt =
=1.85m?K /W.

Theoutsidejoineryismadeof PV C; theframe
and the sash have threeinner tubes (U, = 1,7 W/
(m?K)) and theglazing isof doubleheat insulating
glass. In terms of the characteristics of the heat
insulating glazing, thewindowsaredistanced by the
space between the window panes, theinside gas
and thetreating of one of theinside surfaces; the
thermal resistancesrange between 0.42m?K / W
and 0.64 m?K / W. The joinery adjusted mean
resistancefor thewholebuildingisthefollowing:

R, =R, =0516 mK /W.

Thethermd characteriticsof theroof platform
arethefollowing:
—therma resistanceincurrent field: R =
=2,978 mK / W,
— adjusted thermal resistance: R ¢ =
=2,311 m?K / W.

Tablelintroducesthethermd characteristicsof the
envelope.

seamadedimensiunileblocurilor din BCA utilizate
(60~ 25~ 29 cm) si de grosimea rosturilor zidariei
rezultd conductivitatea termicd de calcul a zidariei
dnBCA L, @) = 01985 W/(mxK). Rezistentele
termice recalculate ale elementelor de constructie
opace verticale tinind seama de conductivitatea de

calcul mentionatd si de puntile termice sunt

urmatoarele:
—rezistenta termicd in cdmp curent: R =
= 3,020 m?K /W,
— rezistenta termica corectatd: Rt =
=1,85 m?K / W.

Téamplaria exterioara este din PVC avand tocul
si cerceveaua cu trei camere de aer (U,=1,7W/
(m?K)) si vitrajul de tip geam termoizolant dublu.
Dinpunct devedereal caracteristicilor vitragjului
termoizolant, ferestrele sunt diferentiate prin distanta
dintre foile de geam, gazul interior i tratarea uneia
dintre suprafetele interioare, rezistentele termice fiind
cuprinseintre0,42 m?K / W si 0,64 m?K / W.

La nivelul ansamblului cladirii a rezultat o
rezistentd medie corectatd a tamplariei:

R. =R = 0,516 m / W.

Caracteristicile termice ale planseul de acoperis

sunt urmatoarele:
—rezistenta termicd in cdmp curent: R =
=2,978 MK /W,
— rezistenta termica corectatda: Rt =
=2,311m*K /W.

Caracteristicile termice ale anvelopei sunt
prezentateintabelul nr. 1.

Table 1.
S R r R¢
No. Structural element 5 5 5
m m“K/W - m“K/W
1 North 17,20
2 i South 20,24
Outside walls 76,60 | 3,020 | 0,614 | 1,85
3 East 16,06
4 West 23,10
5 North 2,34
6 L South -
Oultside joinery 11,40 | 0,516 1,0 0,516
7 East 3,60
8 West 5,46
9 Roof slope 25 % | Horizontal 66,80 2,978 | 0,768 | 2,311
10 Floor on soil - 64,80 - - -

10
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Theindoor heating system usescast-iron etic
unitssupplied withwater asaheet carrier. Theenergy
sourcefor heatingisan ACV dectricboiler, ETX09
brand, with arated capacity of 8.4 kW. The heating
units are equi pped with thermostati c adjustment
valves. In addition, thethermal load adjustment is
performed according to the representativeindoor
temperature of the building by aroom thermostat
(in order to protect the flowing pump). The
operational diagram of the heating system is

Instalatia de incalzire interioard este cu corpuri
statice din fonta alimentate cu agent termic apa.
Sursa de energie pentru incalzire este un cazan
electric ACV, model ETX09, avand puterea termica
nominala: 8,4 kW. Corpurile de incélzire sunt dotate
cu robinete de reglare cu cap termostatic.
Suplimentar, reglajul sarcinii termice se realizeaza in
functie de temperatura interioara reprezentativa a
cladirii printr-un termostat de incapere (in scopul
protejarii pompei de circulatie). Schema functionala
ainstalatiei de incalzire este prezentata in figura 2.

presentedin Figure 2.
Heating
carrier inlet
(Tur incalzire)

!
i .
¥8 " Solar space (spatiu solar)

n

Qi

@ te

Fig. 2. Measurement points location — INCERC experimental building
(Amplasarea punctelor de masurare — Casa experimentala INCERC)

3.PRESENTATIONOFTHE
MEASUREMENT CHAIN—
COLD SEASON

ThelNCERC experimentd buildingmonitoring
isperformed by meansof acomplex datacollecting
system in view of assessing the thermodynamic
parameters necessary in evaluating the energy
performancein red operationa conditions, by long-
term measurements, asfollows:

—air temperature in the heated spaces of
theexperimentd building;

—temperatureof theair exhausted fromthe
collectinggreenhouse;

—temperaturevauesof theinlet and outl et
hest carrier intheindoor heating system, at the
hest source;

3.PREZENTAREA LANTULUI
DE MASURARE —-SEZON
RECE

Monitorizarea cladirii experimentale INCERC
se realizeaza prin intermediul unui sistem de achizitie
de date complex in vederea determinarii parametrilor
termodinamici necesari evaludrii performantei
energetice in conditii reale de functionare, prin
masurari de lunga durata, dupa cum urmeaza:

- temperatura aerului in spatiile incélzite ale
cladirii experimentale;

- temperatura aerului refulat din sera
captatoare;

- temperaturile agentului termic de ducere
sl intoarcere din instalatia de incalzire interioara,
lanivelul sursei de caldura;

CONSTRUCTII —Nr. 1/ 2010
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- temperatureof thesolar radiation collecting
element (on surfaceand in depth);

- thermal gradient of theairinthecollecting
greenhouse (vertica and horizontd gradient);

- glazed areatemperature;

- outdoor temperature;

- solar radiation total and diffuseintensity
measured horizontdly;

- volumeflow-rate of theair exhaustedin
thedwd ling space;
- hest flow supplied by thebuilding hesting
sysem,

- heat flow on the SOUTH wall measured
ontheinsdesurfaceof thiswal;

- temperature on theinside surface of the
SOUTHwal;

- infrared exploration:

ingde OutsdeWalls, heating units, air
exhaugiondots;
outside: OutsideWalls, greenhouse.

The measurement chainthat isused includes
threedataacquisition systems: thefirst oneisused
inmonitoring thethermodynamic parameterspedific
to the heated space, the second in monitoring the
operationd parametersof theindoor hesting system
and the third in measuring the relevant climatic
parameters.

Themeasurements performed ontheINCERC
experimental houselead tothefollowingvaues:

A. Monitoring system —indoor heating system:

U Pe(t)—€eectric power at the energy sourcefor
spaceheeting [W];

U E (t) — power consumption in the time-lag
between two successivereadingsof the

energy source[KWh];

U G,(t) —heat carrier volume flow-rate of the
heating energy source[m?/ h;

4t (t)—arindoor temperaureinthelivingroom
(sittingroom) [°C];

4t (t) —air indoor temperature in the NW
bedroom [°C];

4t (t) —air indoor temperature in the SW
bedroom [°C];

4 t_,(t)—airindoor temperaturein thekitchen
[°C].

- temperatura elementului de captare a
radiatiei solare (pe suprafata si in grosime);
- gradientul termic al aerului Tn sera
captatoare (gradient vertical si orizontal);
- temperatura suprafetei vitrate;
- temperatura exterioara;
- intensitatea totala si difuza a radiatiei solare
Tnplanorizontd;
- debitul volumic al aerului refulat in spatiul
locuit;
- fluxul de caldura furnizat de instalatia de
incalzire a cladirii;
- fluxul termic la nivelul peretelui SUD masu-
rat la suprafata interioard a peretelui mentionat;
- temperatura pe suprafata interioara a
peretelui SUD,;
- explorare in infrarosu:
interior: Pereti Exteriori, corpuri de
incalzire, fante de refulare a aerului;
exterior: Pereti Exteriori, sera.

Lantul de masurare utilizat se compune din trei
sisteme de achizitie a datelor: primul pentru
monitorizareaparametrilor termodinamici caracte-
ristici spatiului incdlzit, cel de-al doilea pentru
monito-rizarea parametrilor functionali ai instalatiei
de incalzire interioard, iar cel de-al treilea pentru
masurarea parametrilor climatici relevanti.

Masurarile efectuate n casa experimentala
INCERC permit achizitionarea urmatoarelor valori:

A. Sistem de monitorizare — instalatie de

incalzire interioara:

U Pe (t) — puterea electrica la nivelul sursei de
energie pentru incdlzirea spatiilor [W7];

U E (t)— energia electrica consumata pe perioada
dintre doua citiri succesive la nivelul sursei
deenergie[kWh;

1 G,(t) —debitul volumic deagent termiclanivelul
sursei de energie pentru incélzire [m3/ h];

G tac, (t) — temperatura interioara a aerului din
cameradezi (sufragerie) [°C];

G t__ (t) — temperatura interioard a aerului din
ac2

dormitorul NV [°C];

at (t) — temperaturura interioara a aerului din
dormitorul SV [°C];

at, (t) — temperatura interioara a aerului din
bucatarie [°C].

12
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B. Solar radiation measurement system:

U 1G(t)—globd solar radidion (totd, horizontally)
[W/ n];

U 1dH (t) —diffusesolar radiation, horizontally
[W/n];

4 t_(t)—outdoor air temperature[°C].

The equipment used for measurementsisthe
following:

A. Monitoring system—indoor heating system:

§ Autométic datarecorder with DataTaker
50 processor;

§ Aquametro, PMG Dn 32 turbineflow-
meter with RH impulsetransmitter;

§ TPM-79d ectronictransducer for dectric
power measurement;

§ Sauter EGT 420indoor air temperature
probeswith PT 100 sensors, error + 0.12 %
—for measuring thetemperaturest_,t__,t_.
andt_,;

§ E-typethermocouplesfor measuring the
inlet / outlet heat carrier temperatures at the
hest sourcelevd.

acl’

B. Solar radiation measurement system:

§ Automatic datarecorder with DataTaker
505 processor;

§ 2CMP6 pyranometersfor measuringthe
hemispheric solar radiation;

§ CM 121B shading ring to be fixed on
the CM P6 pyranometer;

§ Pt100thermal resistancefor measuring
theoutdoor temperaturein ascreened ventilated
box (wesather shelter type).

Figure 2 presentsthe assemblies used in recor-
ding the measured parameters. The temperatures
areread every 5 seconds and are averaged every
5minutes, the heat carrier flow-rateis determined
asameanvaueinatime-lag of 5min. accordingto
the number of impulsesemitted by theflow-meter
(11/1mp.). Theaveraged values arerecorded on
the memory cards of the DataTaker 50, Data
Taker 500 and DataTaker 505 devicesrespectively
and then saved in the memory of a notebook
computer.

B. Sistem de masurare a radiatiei solare:

U |G (t) —radiatia solara globala (totala in plan
orizontd) [W / m?];

U 1dO (t) —radiatia solara difuza in plan orizontal
[W /],

G t_(t) —temperaturaaerului exterior [°C].

Aparatura utilizata la efectuarea masurarilor este
compusa din:

A. Sistem de monitorizare — instalatie de
incélzire interioara:
§ Inregistrator automat de date cu procesor
DataTaker 50;
8 Debitmetru cu turbind Aquametro,
PMG Dn 32, cu emitator de impulsuri RH;
§ Traductor electronic TPM-79 pentru
masurarea puterii electrice;
8 Sonde de temperatura aer interior
Sauter EGT 420 cu senzori PT 100, eroare
+ 0,12 % —pentru masurarea temperaturilor

t .t .t

acl’ "ac2’ "ac3 $1 tac4;

8Termocupluri tip E pentru masurarea
temperaturilor agentului termictur / retur la
nivelul sursei de caldura.

B. Sistem de masurare a radiatiei solare:

§inregistrator automat de date cu procesor
DataTaker 505;

82 Piranometre CMP6 pentru masurarea
radiatiei solare emisferice;

8Inel deumbrireCM 121B pentru montare
pe piranometru CM P6;

8Termorezistenta Pt100 pentru masurarea
temperaturii exterioare 1n cutie ventilata
ecranata (tip adapost meteorologic).

In figura 2, se prezinta montajele utilizate pentru
inregistrarea parametrilor masurati. Temperaturile
sunt citite la intervale de 5 s si sunt mediate la fiecare
5 min, iar debitul de agent termic se determina ca
valoare medie pe durata a 5 min. In functie de
numarul de impulsuri emise de debitmetru (1 1/imp.).
Valorile mediate sunt inregistrate pe cartelele de
memorie din componenta aparatelor DataTaker 50,
DataTaker 500, respectiv DataTaker 505 si apoi
preluate in memoria unui calculator portabil tip
,»notebook”.
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4. PROCESSING OF MEASURED
DATA

Themeasurementswere performed inthe 2008-
2009 cold season starting in September 2008 until
theend of March 2009.

The building operates in microclimate
thermostatic conditions. The inlet heat carrier
temperature at the heat sourcewas settled at 45°C
and the heat supply adjustment was performed for
each heated room by meansof thethermostat valves
by reducing the heat carrier flow-rateflowninthe
heating units. Themobiled ements(windows, doors)
are not opened and the ventilation is ensured in
conditions of steady-state air flow-rate whichis
G =102,9 m3*/ hfor 24 h/ day, by the ventilated
solar space. Inorder to determinethe building energy
footprint, 153 days were selected, including
sequences of at least 5 consecutive days. The
permanently measured data (solar radiation
temperatures and intensities) were processed as
daily mean vauesand va ues specificto themonthly
tile-lags

The processing of measured dataisbased on
determining thedaily and monthly meanvalues(or
sub-monthtime-lagslonger than 5 consecutive days)
of the determining parameters, namely: t, t

Coer sorar Lperete captators NERL CONSUMPtion [kWh/
month], greenhouse air flow-rate [m3/ h], solar
radiationintengty.
Thesevaluesare presentedin Table 2.

4. PRELUCRAREA DATELOR
MASURATE

Masurarile s-au desfasurat in sezonul rece
2008-2009 incepand din luna septembrie 2008 pana
lafineelunii martie 2009.

Cladirea functioneaza in regim de termostatare
amicroclimatului. Temperaturadetur aagentul ui
termic la nivelul sursei de cdldura a fost fixata la
valoareade45°C, iar reglajul furnizarii caldurii se
face pentru fiecare Incapere incalzitd la nivelul
robinetelor cu cap termostatic prin reducerea
debitului deagent termic vehiculat prin corpurilede
incalzire. Elementele mobile (ferestre, usi) nu se
deschid, iar ventilarea se asigurd in regim de debit
constant de aer G =102,9 m®/ h pe durata de
24 h / zi, prin intermediul spatiului solar ventilat.
Pentru determinarea amprentei energetice a cladirii
au fost selectate 153 de zile formate din secvente
de minim 5 zile consecutive. Datele masurate
continuu (temperaturi §i intensitati ale radiatiei solare)
au fost prelucrate sub forma mediilor zilnice si
specificeintervaeor lunare.

Prelucrarea datelor masurate se axeaza pe
determinarea valorilor medii zilnice si lunare (sau
intervalesublunaremai lungi de’5 zile consecutive)
ale parametrilor determinanti, respectiv: t, t

t t

aer sera’ “Perete captator’
debit aer serd [m3/ h], intensitatea radiatiei solare.

Valorile de prezinta in tabelul 2.

aer.int’
consumul caldura [kWh / luna],

Table 2.
Parameters measured in the experimental building (season 2008-2009)
- N(;Jgge/f Q nEE\?vShLired Otuetrcriloor tPEabs. tVENT Indoor hlc-)rr-iz hlc?r-iz IT-S2
month p. | measured | measured | air temp. Wimg | [Wimg [Wim2]
IX 5 72,8 137 21,6 211 23,4 105,4 67,8 86,4
X 9 43,3 16,0 27,9 27,2 23,8 134,8 56,0 | 1361
Xl 23 9164 51 14,3 135 23,1 57,3 32,0 82,0
XIi 31 1.489,1 32 10,2 97 22,8 34,6 19,4 55,1
I 31 1.705,1 0,7 8,7 8,1 22,5 448 25,3 68,3
Il 28 1.283,5 38 13,9 131 22,7 78,7 45,7 87,8
Il 26 8430 84 21,0 20,3 23,2 1478 73,9 | 1289
TOTAL | Mean
value
6353,20 56

14
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The power consumption valuesfor heating, Valorile consumului de energie electrica pentru
integrated ontime-lagsof 1 day, 5and 7 consecutive incalzire, integrate pe perioade de timp de 1 zi, 5
daysrespectively, were correlated with theaverage zile si respectiv 7 zile consecutive, au fost corelate
outdoor temperature specific to the period under cu temperatura exterioara medie caracteristica
anaysisandtheresultsare presented in Figures 3, perioadei de analiza si rezultatele se prezinté in fig. 3,
4 and 5. 4i5.

80

DE [kWh/zi]
n
o

40
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20 L ¥=-0,0437x2-2,2198x + 55,076

R?=0,9046 .
*
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* \
0 . N
-10 -5 0 5 10 15 20

te [°C]

Fig. 3. Power consumption for heating DE [kWh / day] — daily mean values (01.09.2008-29.03.2009)
(Consum de energie electrica pentru incalzire DE [kWh / zi] — valori medii zilnice
(01.09.2008-29.03.2009))
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\
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Fig. 4. Daily average power consumption for heating DE [kWh / day] — mean values for 5 consecutive days
(01.09.2008-29.03.2009) (Consum mediu zilnic de energie electrica pentru incalzire DE [kWh / zi] —
valori medii pe 5 zile consecutive (01.09.2008-29.03.2009))
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Fig. 5. Daily average power consumption for heating DE [kWh/day] — mean values for 7 consecutive days
(01.09.2008-29.03.2009) (Consum mediu zilnic de energie electrica pentru incalzire DE [kWh/zi] —
valori medii pe 7 zile consecutive (01.09.2008-29.03.2009))

Thecurvesobtained by interpolating thevaues
of the heat consumption for heating according to
the average outdoor temperature may represent, in
certain conditions, buildingenergy footprints. Taking
into account the minimum duration of thetime-lag
of averaging the measured values for which the
conditionsmay be cons dered as of steady-state heat
transfer, of 5-7 consecutivedays, thecurvesinfigures
4 and 5 may represent building energy footprints
for space heating, influenced by the occupéation rate
and use of the heated spaces(mainly intermsof the
heat inputsand theventilation heat-flow). Thehesting
heat consumption curve according to the average
outdoor temperature, for atime-lag of 7 consecutive
daysisthefollowing:

Q, = —0,05087xt2 - 2,39345:t, + 56,24166 , [KWh/z]

Curbele obtinute prin interpolarea valorilor
consumului de cdldura pentru incalzire in functie de
temperatura exterioara medie pot constitui, in anumite
conditii, amprente energetice ale cladirii. Avand in
vedere durata minima a intervalului de mediere a
valorilor masurate pentru care se poate considera
regim termic stationar de transfer de caldura de cca.
5-7 zile consecutive, curbele din fig. 4 s1 5 se pot
constitui Tn amprente energetice ale cladirii, pentru
incdlzirea spatiilor si fiind influentate de conditiile de
ocupare §i utilizare a spatiilor incdlzite (cu referire in
principal la aporturile de cdldurd si la debitul de
ventilare). Curba de consum de caldurd pentru
incélzire in functie de temperatura exterioard medie,
pentru perioade de 7 zile consecutive, este urmatoarea:

@)

(R =0,964)

The building power consumption curve
represented by therelation aboveisspecificto the
conditions of the measurements performance,
namely unoccupied heated spaces (low indoor
inputs, about 3 W / m?) and a ventilation rate of
about 0.6 exchanges/ h. Therefore, if an* objective’
energy footprint is desired, specific to normal
operational conditions of the building, the
consumption regression curve depending on the

Curba de consum de energie al cladirii
reprezentatd de relatia de mai sus este specifica
conditiilor in care s-au desfasurat masurarile,
respectiv neocuparea spatiilor incalzite (aporturi
internereduse, cca. 3W / m,) ti ratadeventilare
de cca. 0,6 sch / h. Prin urmare, daca se doreste
obtinerea unei amprente energetice ,,obiective”,
caracteristica unor conditii normale de exploatare a
cladirii, curba de regresie a consumului in functie de

16
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outdoor temperature (1) will bemodified by using
the reference values of the indoor heat inputs
(occupants, domestic electric devices, food
preparation, etc.) of about 8 W / m2, aswell as of
the ventilation rate necessary for ensuring the
physiologica comfort, 0.5-0.6 exch. / h.
Therefore, the daily average consumption of
heat for heatingiswritten, for time-lagsof at least 7
consecutivedaysfor which the averageindoor and

outdoor temperaturesare known, tM) and t{)

temperatura exterioara (1) trebuie modificata prin
utilizarea valorilor de referintd ale aporturilor de
caldurd din surse interne (ocupanti, aparate
electrocasnice, preparareahrane etc.) decca. 8 W /
m,, respectiv ale ratei de ventilare necesara pentru
asigurareaconfortului fiziologic, de0,5-0,6 sch/ h.

Astfel, consumul mediu zilnic de caldura pentru
incalzire se scrie, pentru perioade de minim 7 zile
consecutive pentru care Se cunosc temperaturile

interioare medii t™) si exterioare medii t{™,

respectively, accordingto relation (2): conform relatiei (2):
€2 S§ U
in(M) 201024Xég§9 X(ti(M) _te(:M))+0!334xnaXVTncX(tagM) _te(:M))_aXSncU 2
e Rac h
2S0 . . 2S0 . . .
where: gﬁ;} isthethermal characteristic of the incare gEB este caracteristica termica a anvelopei
c c

buildingenvelope[W / K], V. =167.8 miisthe

building heated volumeand S;. =59.96 nisthe
building heated space useful area.

Thevauesof theresultingindoor temperatures,

t™), may be cal culated in terms of theindoor air

temperatures and outdoor average temperatures
usingreation:

cladirii [W /K], V;,. = 167,8 m* este volumul

incalzit al cladirii, S, =59,96 m?este suprafata
utila a spatiului incalzit al cladirii.

Valoriletemperaturilor interioare rezultante,

ti('\’I ), pot fi calculate in functie de temperaturile

aerului interior si de temperaturile exterioare medii
curelatia:

= o) 0

Coefficient B, isdetermined according to the
geometric and heet engineering characterigticsof the
building and for the experimental building andits
vaueis1.07.

Thereforevaues Q, ™’ provided by relation

(1), by the relation defining the daily heat
consumption (2) areused in determining thethermal
characterigtic of theexperimenta building enve ope:

Coeficientul B, se determind in functie de
caracteristicile geometrice si termotehnice ale cla-

dirii si pentru cladirea experimentald are valoarea
1,07.

Prinurmare, cuvalorile Q™) cunoscutedin

relatia (1), din relatia de definire a consumului de
céldura zilnic (2) se determina caracteristica termica
aanvelopei cladii experimentale:

Q;™ M) (M
Z|7_0,334Xnaxvmcx(té )_t((? ))+aXSnc

2So _ 0024

(4)

e Roc

Table 3 shows the values of the building
envelopethermd characteristicfor theentireperiod
of messurements.

(™ -t)

Pentru intreaga perioada de masurari valorile
caracteristicii termice a anvelopei cladirii se prezinta

ntabdul 3.
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Table 3.
Mean thermal characteristic of the building envelope

Per Qday (M) te tac (M) Qe (te)‘ ticmed (S/R)e
[kWh/day] [°C] [°C] [kWh/zi] [°C] [WIK]
1 33,6 6,7 24,73 38,01 22,28 76,83
2 39,4 59 24,73 40,27 21,99 79,47
3 44,4 31 24,71 48,21 21,65 82,01
4 44,2 5,9 24,63 41,41 21,74 81,40
5 42,2 4,9 24,53 43,36 21,75 81,49
6 48,8 4,5 24,44 44,58 21,57 82,80
7 42,4 57 24,42 41,07 21,78 81,11
8 64,9 4,0 24,38 65,07 20,64 80,86
9 57,7 0,3 24,38 55,43 21,00 84,22
10 44,9 56 24,40 41,28 21,54 82,87
11 46,7 3,7 24,44 46,60 21,39 83,91
12 37,8 7,7 24,48 34,80 21,90 78,61
13 42,7 3,2 24,52 47,95 21,51 82,94
14 53,1 1,7 24,45 51,93 21,17 84,34
15 45,6 3,8 24,38 46,33 21,53 82,97
16 31,5 91 24,32 30,18 22,29 73,00
17 35,3 7,0 24,26 37,14 22,07 78,12
18 27,9 9,3 24,22 29,59 22,39 71,77

Themeanvaue §§9 = 80,48 W /K results, Rezulta valoarea medie g§9 =80,48 W/K
¢ Roc e Roc

aswell asthe mean square deviation of thevalues
calculated in terms of the average value,
s =0,0106.

The energy footprint is assessed as an
objective function of the experimental building
congdering thenorma valuesof theresultingindoor
temperature t = 20°C, of the ventilation rate
n, = 0,5 exch/hand of theflow resulted fromthe
indoor inputs, a=8W / m?andisrepresented in
fig. 6 as the mean daily power consumption for
hesting, infig. 7 asthe mean hest flow necessary for
the energy source in space heating. The
experimental ly settled curvesin the season 2008-
2009 for the building equipped with asolar space
arerepresented together with the curves settledin
the season 2003-2004 (previousto the equipping
of thebuilding with aventilated solar space).

si abaterea medie patratica a valorilor calculate in
raport cuvaloareamedie s = 0,0106.
Amprenta energetica se determind ca functie

obiectiva a cladirii experimentale tindnd seama de
vaorilenormaedetemperaurii intericarerezultante

t, = 20°C, aleratei ventilarii n_ = 0,5 sch/h si ale

fluxului detorat aporturilor interne, a = 8 W/m?si este
reprezentatd in fig. 6 sub forma consumului mediu
zilnic de energie pentru incalzire, respectiv in fig. 7
sub formafluxului termic mediu necesar lanivelul
sursei de energie pentru incalzirea spatiilor.

Curbel e determinate experimenta in sezonul
2008-2009 pentru cladirea dotata cu spatiu solar
sunt reprezentate alaturi de curbele determinate in
sezonul 2003-2004 (anterior dotarii cladirii cu
spatiul solar ventilat).

18
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Fig. 6. Experimental building energy footprint — Quay [kWh / day] — for time-lags of at least 7 consecutive days

(mean daily heat consumption) (Amprenta energetica a cladirii experimentale — Q,, [kWh / zi] —

pentru perioade de minim 7 zile consecutive (consum de caldura mediu zilnic))
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Fig. 7. Experimental building energy footprint — (@ [W] — for time-lags of at least 7 consecutive days
(mean heat flow) (Amprenta energetica a cladirii experimentale — (é [W] — pentru perioade
de minim 7 zile consecutive (flux termic mediu))
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5. THEORETICAL SUBSTANTIATION
OFTHEMETHODOLOGY USEDIN
PROCESSING THE DATAMEASURED
ONTHE ENERGY MONITORING
SYSTEM OF CONDOMINIUM S—

EPB OPERATIONAL METHOD
FUNDAMENTALS

This method is based on the setting up of a
database with two modulesheaving thefollowing
functions

M 1. Modulefor collectingtheprimary
measur ed data

Theprimary dataare vaues of the heet carrier
inlet/ outlet temperaturesat thebuilding connection,
of the heat consumption for the heating spaces,
of the temperatures of the building sub-areas
temperatures (technical basement, staircase, attics,
etc.) and of the outdoor temperature.

M2. Modulefor “Measured dataprimary
processing’

The primary processing meansthe assessing
of mean valuesfor time-lags of at least 240 h, as
follows
ti.  —hest carrier mean temperaturevaueat the

buildinginlet,inthek time-lag[°C];
ti « — heat carrier mean temperature a the
building outlet, inthek time-lag [ °C];

éM .« —Meen heet flow-ratesuppliedtothebuilding
[WI;

t, —outdoor mean temperature, [°C];

ty, «— technical basement meantemperature, [°C];

t.s k —Mean temperature of the staircase space

(obtained as an average of three values
messured inthree placeson the height of the
staircase space, oneof whichisonthelevel
of theneutral axisof thebuilding), [°C].

Subsequent to the subjective operations of
adjugting thetemperaturein thebuilding main spaces,
theflow-rate of the hest carrier flowninthehesating
unitsvariesintime. If the secondary arearepresented

5.FUNDAMENTAREA TEORETICA A
METODOLOGIEI DE
PRELUCRARE A DATELOR
MASURATE LA NIVELUL
SISTEMULUI DE MONITORIZARE
ENERGETICA A CLADIRILOR DE
LOCUIT DE TIP CONDOMINIU

Metoda se bazeaza pe constituirea unei baze
de date cu doua module avand urmétoarele functiuni:

M 1. Modulul deculegereadatelor primare
masurate

Dadeprimaresunt vaori detemperaturilor de
ducere/intoarcereale agentului termiclaracordul
cladirii, ale consumului de caldura pe partea de
incalzire a spatiilor, ale temperaturilor subzonelor
secundare ale cladirii (subsol tehnic, casa scarilor,
pod etc.) si ale temperaturii exterioare.

M2. Modulul ,,Prelucrarea datelor masurate*

Prelucrarea primara consta in determinarea
vaorilor medii peintervaedetimpdeminim 240h,
dupa cum urmeaza:
ti.  —temperaturamedie aagentului termic la

intrarea in cladire, in intervalul de timp K, [°C];
ti « —temperaturamedie aagentului termicla
iesirea din cladire, in intervalul de timp k, [°C];

&y  —debitul mediu de caldura furnizata cladiri,
[WI;

t, —temperatura exterioara medie, [°C];

ty,  —temperaturamedieasubsolului tehnic, [°C;

t.s k —temperatura medie a spatiului casei scarilor

(se obtine ca medie a minimum trei valori
masurate In trei puncte amplasate pe Indltimea
spatiului casei scarilor din care unul in planul
axei neutre a cladirii), [ °C].

Caurmareamanevrelor subiectivedereglare
a temperaturii in spatiile zonei principale a cladirii,
debitul de agent termic vehiculat in corpurile de
incalzire variazi in timp. In cazul in care zona

20
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by the staircaseis equipped with aheating system,
itsspecific heat carrier flow-rateisactualy constant
and equd tothefollowingvaue:

Q

secundara casd scarilor este dotata cu instalatie de
incalzire, debitul de agent termic specific acesteia
se mentine practic constant si egal cu valoarea:

Sg

cs

where: Q, —building design heat demand, [W]; t,
t,—heat carrier designtemperatures[°CJ; c—heat
carrier mass specific heat, [J/ kgK]; S.—thermally
equivaent areaof the building heating units, [m?];

Sg_ —thermally equivalent areaof theheating units
inthestaircase space, [m?].

Theresultingmean valuefor thek time-lag of
the heat carrier flow-rate flown in the main area
heating unitsisthe mean of thevauesvariablein
time, different fromtherated vadueand isdetermined
by thefollowing reation:

®
3
GZP,kXC:AXQOZPXQ

and the mean heat flow-rate specific to themain
areaisdetermined by relation:

®
¢
ézp, « = AQuzp Xg

For avaluea, typica for dwelling, themean
hourly vaueinthek time-lag, the mean ventilation

= X cs
(tro —tro)*C S

t_Ti,k gk 3

In

©)

incare: Q,—necesarul de caldura de calcul al cladirii,
[W]; ., t.,—temperaturilede calcul aleagentului
termic, [C]; c— caldura specificd masica a agentului
termic, [J/kgK]; S. —suprafata echivalentd termic

SECS -
suprafata echivalenta termic a corpurilor de incalzire
din spatiul casei scarilor, [m?].

Rezulta cd valoarea medie, pe intervalul de timp
k, adebitului deagent termicvehiculat princorpurile
de Incélzire ale zonei principale, rezulta ca medie a
valorilor variabile in timp, diferite de valoarea
nominala si se determind din relatia:

a corpurilor de incélzire din cladire, [m?];

L1+m
0

: C M- T
ik ~lak . Tl TR

(6)

t_Ri,k ‘ta,k;j

iar debitul de caldura mediu propriu zonei principale
se determind cu relatia:

LA+m
0
fTi k _t_Ri,k ‘
nETl,k_t_a,k : (7)
tRi,k_ta,kb

Pentruovaoareg, tipica locuirii, valoare medie
orara pe intervalul k; se determina rata medie de

rate of the building main areais determined using ventilare a zonei principale a cladirii, n_, din ecuatia
the heat balance equation: de bilant termic:
Y 0l ) * VG - )+ P B )+
e @zp L
+%X(t_ik_t—cs,k)_aka_OC:éZP,k (8)

wherethe c_numeric coefficient isprovided by the
analyssof thesolar radiation onthedynamicthermal
response of the opague and transparent closing
structures. Accordingto[1]:

n carecoeficientul numeric ¢_se obtine prin analiza
influentei radiatiei solare asupra raspunsului termic
dinamic al structurilor de inchidere opace si
trangparente. Conform[1]:
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bs S 50
0,035x£29 +§29 i +0,21x S

s¢ Rope € Ror _

c.=1- € «f (T
s 2So 2S¢ ,2S0 e ®

eRope €Ror eRgr
where hcae
f (f, )= 0,01517:€3, - 01375x2, +0,4213xf,, +3136 (10)
o _ I- SR I- :
The variation function: —-%— = f(te’k) IS Functia de variatie: — = = f(te’k) se
t - fo i —Tek

presentedinthediagramin Figure 8.

16 1

prezinta in graficul din fig. 8.
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Fig. 8. Solar radiation index of use [1] (Solar radiation index of use [1])

Itisnoticed that for temperature t, < 5° Cthe

following single value may be used, with an
acceptabl e gpproximation degree:

[
_ Tk 536

G-tk

Thereforethes mplified relation for determining
thec_dimensi onlesscoefficient becomes:

2 St

0127xac—= +¢

é¢ Rope

Se constata ca pentru temperatura t, <5°C
sepoateutiliza, cuungrad acceptabil degproximare,

valoarea unica:

IT—’k » 3,6

G-tk

astfel Incat relatia simplificata de determinare a
coeficientului adimensiona C_devine:

5 U
5S04, 07810s
eR

g1

: 250

+&350

" 1
250 (1)

g RépE eRor ¢ Rb,:
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The mean monthly values of theheat carrier
temperatures at the connection between the
basement horizontal distribution and the columns

supplying heat to the over-ground zones, t; , and
ty « areobteined by therelations:

2
L o .
tr k =ty k +(tT(M),k ‘tsb,k)eng- PXA*

2
trik = lg k +(t|%\)%,k ~fg, ) EXpEpr At

wheredl thevauesare provided by measurements.
The mean air temperatures in the main area

spaces, t, \ aredetermined by relation:

_ Botmk ik

ak —
where

é

B = eng(fTi,k ‘fRi,k)

¢
é

Themean resulting indoor temperature of the
main areq, in the k time-lag is determined by the
following equation:

whee

B, =1+

Themean virtual outdoor temperature t,, , of

the main zone in the k time-lag is determined
according to the temperatures of the built

environmentsadjoiningthemainzone, te , tg
to thevirtual outdoor temperature specific to the
natural environment, t,,, and to the thermal

coupling coefficientsspecific to the envel ope of the
building main zone, with referenceto theadjoining
areas, namedy the staircase, thetechnical basement
and the outside envel ope, opaque and transparent
elements. Thefollowingcaculationre ation results:

_F -
i =t B +tev,k(

Vaorilemedii lunaredetemperaturilor agentul ui
termic la racordul dintre distributia orizontald din
subsol si coloanele de alimentare cu caldura ale

zonelor supraterane, tr; | si tx | se determind cu
relatiile:

Qo O

=0 = 12

i TM,k‘tr(eM),kg (12)
& 0
Mk -

0 0 - (13)
™, k ~ IRM, k ¢

in care toate valorile provin din masurari.
Valorile temperaturii medii a aerului spatiilor din

zona principald t,  se determina cu relatia:

(14)
Ek_l
ncare
1 s
Lt
% éMk 91+ml]
Ky —— 1
CAGI S (15)
i

Temperatura interioard rezultanta medie a zonei
principale, peintervalul detimp k se determina din
ecuatia:

)B:(B, -1) (16)
ncae

a, rFg

rag 'R (17)

Temperatura exterioard virtuald medie, o, @
zone principdepeintervalul detimpk; se determina
in functie de temperaturile mediilor construite
adiacente zonei principale, tsy, tyi, de
temperatura exterioara virtuala proprie mediului
exterior natural, tg x si de coeficientii de cuplaj
termic proprii anvelopei zonei principale a cladirii,
cu referire la zonele adiacente, respectiv casa
scarilor, subsol tehnic si anvelopa exterioard,

elemente opace si transparente. Rezulta relatia de
cdeul:
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SREXt_E,k + Ex_sb,k + ixfcs,k
= Re (18)
S LS50, S
R Ry Rs
whae ncae
ek =6 X(L-cg) +g XCs (19)

Therefore, asconcernsthe ktime-lag, values

6,\,' 1« b, n,, a areknown, which particularize

the building responseto the climatic and anthropic
loadsfollowing the heating system intervention.

Values t, ty«, tsk, N, are specific to the
operation of thebuilding —heating system assembly

intheclimatic conditionsspecifictothek time-lag.
Additionaly, themean va uesof themassflow-

rate/ heat carrier volume G,, « [kg/s]; [m3/9]

may aso betaken over and determined. All thisdata
isstoredinthe MAP (M onitoring and Adjustment
Point) module Data Base equi pping the connection
of thebuildingshesting systems.

The physica parametersuseful in determining
thebuilding energy footprint type characteristicare
processedintheM 2.E1 sub-moduleof M2 module.

M2.El. Comparison and equating parameters

The assessment of El and of EPB equating
valueisanissuerelated tothe one specifictoMP 2
moduleand isrepresented by the assessment of the
Energy Performance of Buildingsintheconditions
of arepresentativeclimate (representativeclimatic

year [2]) for k time-lag, namely t'e(l?) ,inorder to
achieve the state parameters t;, and n_, assessed
by measurements. Therefore £, , £ and Q(©
are assessed for thesamevalue &) | (equal tothe

measured one) and for value % respectively,

specific to the quaitative adjustment curve of the
building under andysis.

Theunknown valuesare determined from the
heat bal ance equations specificto the spacesinthe

Prinurmarepentruintervaul detimp ksecunosc

valorile 6M,k’ ti., N, a, care particularizeaza

raspunsul cladirii la solicitarile climatice i antropice
ca urmare a interventiei sistemului de incélzire.
Veorilet, ts «, tes k» N, suntspecifice functiondrii
ansamblului cladire-instalatie de incalzire in conditiile
climaticeproprii intervaului k.

Suplimentar se pot prelua si determina si valorile
medii dedebitului masic/ volumic deagent termic

Gu .« [kg/d; [m?/ g]. Toate aceste date se sto-

cheaza in Baza de Date ale modului de tip PMR
(Punct de Monitorizare si Reglare) din dotarea
racordului instalatiilor de incalzire ale cladirilor.
Parametrii fizici utili determindrii caracteristicii
de tip amprenta energetica a cladirii se prelucreaza
Tnsubmodulul M 2. AE a modulului M2.

M2.AE Parametri de comparatie si raportare

Determinarea AE si a valorii PEC de raportare
este 0 problema conexa celei proprii modulului MP2
s este reprezentata de determinarea Performantei
Energetice a Cladirii in conditii de clima repre-
zentativa (an climatic tip [2] ) pentru intervalul K,

respectiv £{7 , pentruredlizareaparametrilor destare
ti si N evaluati din masurari. Prin urmare se
evalueazi t_s(g ) fég ) si Q9 pentru aceeasi valoare
t_T(,?,,), « (egald cu cea masuratd), respectiv pentru
valoarea £{% proprie curbei dereglg calitativ a

cladirii analizate.

Valorile necunoscute se determind din ecuatiile
de bilant termic proprii spatiilor din zonele secundare
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secondary zones in terms of the values that are

known [3]. The £ outlet temperatureisprovided

by the heat bal ance equati on of theheating unitsin

the main zone of the building, associated with the

known value of themain zonehest demand.
Finally, an equation system with two unknown

values results: Gz, and £Q), and O is

determined, which represents adimension quoted
In associ ation with the representative climatic yesr.

Thenorma vaue Gk, , iIssmilarly determined; itis
associated with the normal dwelling condition,
(tio, Myo) - All theresulted values allow conside-

rations/ comparisons concerning thereal energy
classof thebuilding during thek time-lag and at the
heating system operational parameters, of the
occupied spacesrespectively.

The software and the database are specificto
each buildingandtheoutput dimensions/ vauesmay
be accessed by an intranet secure system.

6. CONCLUSIONS

The measurements were carried out in the
2008-2009 col d season since September 2008 until
the end of March 2009 on the support of the CE
INCERC Bucharest experimentd building.

The measurement chain consistsof three data
acquisition systems: one for monitoring the
thermodynamic parameters specificto the heated
space, the second for monitoring theindoor heating
system operational parameters and the third for
measuring the relevant climatic parameters. The
INCERC experimental building ismonitored by
meansof acomplex dataacquisitionsyseminview
of determining the thermodynamic parameters
necessary in the assessment of the energy
performanceinred operationa conditions, by long-
term measurements.

In order to determine the building energy
footprint, 153 days were selected, covering
sequencesof at least 5 consecutivedays. Thedata
continuously measured (temperatures and solar
radiation intensities) were processed asdaily mean
va ues pecificto monthly periods.

The measured datawere processed based on
determining the daily and monthly mean/ average

in functie de valorile cunoscute [3]. Temperatura de

retur t_é??( se determina din ecuatia de bilant termic

a corpurilor de incalzire din zona principala a cladirii,
asociata cu valoarea cunoscuta a necesarului de
caldura al zonei principale.

In final rezulta un sistem de ecuatii cu doua

necunoscute: Gp  , respectiv £ , si se determind

ék(o) care se constituie in marime care se raporteaza
prin asocierecu anul climatic reprezentativ. in mod

similar se determind si valoarea normald Q, ,,

asociatd conditiei normale de locuire (fy, Nyg) -

Toate valorile rezultate permit aprecieri / raportari
cu privire la incadrarea in clasa energetica reald a
cladirii in intervalul K si la parametrii functionali ai
sistemului de Incalzire, respectiv ai spatiilor ocupate.
Programul de calcul si baza de date sunt
specifice fiecarei cladiri, iar marimile de iesire pot fi
accesatentr-un sistem securizat detip intranet.

6. CONCLUZII

Masurarile s-au desfasurat in sezonul rece
2008-2009 incepand din luna septembrie 2008 pana
la finele lunii martie 2009, pe suportul cladirii
experimentale CE INCERC Bucuresti.

Lantul de masurare utilizat se compune din trei
sisteme de achizitie a datelor: primul pentru moni-
torizareaparametrilor termodinamici caracteristici
spatiului incalzit, cel de-al doilea pentru monitorizarea
parametrilor functionali ai instalatiei de incalzire
interioard, iar cel de-al treilea pentru masurarea
parametrilor climatici relevanti. Monitorizarea cladirii
experimentale INCERC se realizeaza prin
intermediul unui sistem de achizitie de date complex
in vederea determinarii parametrilor termodinamici
necesari evaluarii performantei energetice in conditii
reale de functionare, prin masurari de lungd durata.

Pentru determinareaamprentel energeticea
cladirii au fost selectate 153 de zile formate din
secvente de minim 5 zile consecutive. Datele
masurate continuu (temperaturi si intensitati ale
radiatiei solare) au fost prelucrate sub forma mediilor
zilnice si specifice intervalelor lunare.

Prelucrarea datelor masurate se axeaza pe
determinarea valorilor medii zilnice si lunare (sau
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values (or sub-monthly periods longer than 5
consecutive days) of the determining parameters,
namel y: te' taer.int' taer sera? Perete captator? heat
consumption [kWh / month], greenhouseair flow-
rate[m3/ h], solar radiation intensity. The curve of
the heat consumption for heating accordingto the
average outdoor temperature, for periods of 7
consecutivedaysisprovided by rdaion (1); thehigh
corrdaionrateisnoticed which confirmsthenatura
laws-bound nature of thefunction obtained.

The energy consumption curve of the building
represented by therelation aboveisspecificto the
conditions in which the measurements were
performed, namely heated space non-occupation
(reduced indoor inputs, about 3 W/ m) and a
ventilation rate of about 0.6 exchanges/ h.

Theresult provided by the measured datawas
used in developing a measured data processing
methodin view of obtainingtheEnergy Performance
Certificate of acondominium, if itisequipped with
aprimary dataacquisition system the structure of
which is presented in the report. Thismethod is
supported by adatabase with two modules meant
to theacquisition of themeasured primary dataand
to measured data processing respectively. This
report presentsthetheoretical substantiation of the
operationa method that is devel oped.
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intervalesublunaremai lungi de5 zile consecutive)
ale parametrilor determinanti, respectiv: t, t_ .,
U st tperete captator” consumul caldura [kWh / luna],
debit aer sera [m3/ h], intensitatea radiatiei solare.
Curba de consum de caldurd pentru incalzire in functie
de temperatura exterioard medie, pentru perioade
de 7 zile consecutive, este datad de relatia (1) si se
remarca gradul ridicat de corelare, fapt care atesta
caracterul legic al functiei obtinute.

Curba de consum de energie al cladirii
reprezentatd de relatia de mai sus este specifica
conditiilor in care s-au desfasurat masurarile,
respectiv neocuparea spatiilor incdlzite (aporturi
interne reduse, cca. 3 W / m) si rata de ventilare de
cca 0,6 sch/h.

Pe baza rezultatul ui furnizat de prelucrarea
datelor masurate s-a dezvoltat o metoda de
prelucrare a datelor mdsurate in scopul obtinerii
Certificatului de Performantd Energetica al unei
cladiri de tip condominiu, cu conditia ca aceasta sa
fie dotata cu un sistem de culegere a datelor primare
a carui structura se prezinta in lucrare. Metoda se
bazeaza pe constituirea unei baze de date cu doua
module avand functiuni de culegere a datelor primare
masurate si de prelucrare a datelor masurate.
Lucrarea prezinta fundamentarea teoretica a metodei
operationale dezvoltate.
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