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This paper is part of the series of pre-standardization
research aimed to analyze the existing methods of
cal culating the Buildings Energy Performance (PEC) inview
of their correction of completing. Theentireresearch activity
aims to experi-mentally validate the PEC Calculation
Algorithm as well as the comparative application, on the
support of several case studies focused on representative
buildings of the stock of buildingsin Romania, of the PEC
calculation methodology for buildings equipped with
occupied spaces heating systems. The targets of the report
arethe experimental testing of the calculationmodelsso far
known (NP 048-2000, M ¢ 001-2006, SR EN 13790:2009), on
the support provided by the CE INCERC Bucharest
experimentd building, together with the complex calculation
algorithms specific to the dynamic modeling, for the
evaluation of the occupied spaces heat demand in the cold
season, specific to the traditional buildings and to modern
buildings equipped with solar radiation passive systems,
of the ventilated solar space type.

The schedul e of the measurements performed in the 2008-
2009 cold season is presented as well as the primary
processing of the measured data and the experimental
validation of the heat demand monthly calculation
methods, on the support of CE INCERC Bucharest. The
calculation error per heating season (153 days of
measurements) between the measured heat demand and
the calculated one was of 0.61%, an exceptional value
confirming the phenomenological nature of the INCERC
method, NP 048-2006.

The mathematical model specific to the hourly thermal
balance is recurrent — decisional with alternating paces.
The experimental validation of the theoretical model is
based on the measurements performed onthe CE INCERC
Bucharest building, within a time lag of 57 days (06.01-
04.03.2009). The measurements performed on the CE
INCERC Bucharest building confirm the accuracy of the
hourly calculation model by comparison to the values
provided by measurements and to those provided by the
monthly calculation (NP 048-2006). The deviations of
1.45% and 2.2% respectively validate the hourly
calculation model, as they actually have no physical
significance. The report presents a phenomenological
analysis of the building transfer functions synthesized as
t (1), functions which attest their pheno-menological
oebjectivity in macro and hourly terms.

The case studies completing the calculation models
experimental validation emphasize unacceptably large
differences between the results provided by the use of
standardized cal culation methods (Mc 001 / 2-2006 and
SR EN 13790:2009) and those specific to the methods
referred to inthisreport, experimentally validated.

Key-words: heat demand calculation, hourly thermal
balance, glazing rate, heat demand, collective dwelling
building, office building

Lucrarea de fata se inscrie in seria de cercetari
prenormative al caror scop il reprezintd analiza metodelor
actuale de calcul al Performantelor Energetice ale Cladirilor
(PEC), in vederea corectdrii sau completarii acestora.
Scopul cercetarii in ansamblu 1l reprezintd validarea
experimentald a Algoritmului de Calcul al PEC si aplicarea
comparata, pe suportul unor studii de caz vizand cladiri
reprezentative pentru fondul construit din Roméania, a
metodologiei de calcul al performantei energetice a
cladirilor dotate cu instalatii de incalzire a spatiilor ocupate.
Obiectivele lucrarii sunt reprezentate de testarea
experimentald a modelelor de calcul cunoscute pana in
prezent (NP 048-2000, Mc 00-2006, SR EN 13790:2009), pe
suportul cladirii experi-mentale CE INCERC Bucuresti,
alaturi de algoritmii complecsi de calcul specifici modelarii
dinamice, pentru evaluarea necesarului de caldura al
spatiilor ocupate in sezonul rece, propriu cladirilor clasice
si cladirilor moderne dotate cu sisteme de utilizare pasiva
a radiatiei solare, de tip spatiu solar ventilat.

Se prezinta programul de masurari efectuate in sezonul
rece 2008-2009 si prelucrarea primara a datelor masurate
precum si validarea experimentala a metodelor de calcul
lunar al necesarului de caldura. Eroarea de calcul la nivelul
sezonului de incélzire (153 de zile de masurari) intre
necesarul de cdldura masurat si cel calculat a fost de
0,61 %, valoare exceptionald care confirma caracterul
fenomenol ogic a metodel INCERC, NP 048-2006.

Modelul matematic propriu bilantului termic orar este unul
de tip recurent-decizional cu pasi alternativi. Validarea
experimentala a modelului teoretic se bazeaza pe masurarile
efectuate in cladirea CE INCERC Bucuresti, pe suportul
unui interval de 57 de zile (06.01-04.03.2009). Masurarile
efectuate in cladirea CE INCERC Bucuresti atesta
corectitudineamodelului de calcul orar prin comparare cu
valorile rezultate din masurari si cu cele rezultate din
calculul lunar (NP048-2006). Abaterilede 1,45 %, respectiv
de 2,2 %, valideaza modelul orar de calcul, neavand practic
nici o semnificatie fizicad. Lucrarea prezintd o analiza
fenomenologicd a functiilor de transfer ale cladirii
sintetizate sub forma functiilor t_ (t), care atestd
obiectivitatea fenomenologicé a acestora la nivel macro,
dar si la nivel orar.

Studiile de caz care completeaza validarea experimentala
a modelelor de calcul, pun in evidentd diferente
inacceptabil de mari intre rezultatele oferite de aplicarea
metodelor de calcul standardizate (Mc 001 /2-2006 si SR
EN 13790:2009) si cele proprii aplicarii metodelor care fac
obiectul lucrarii de fata, validate experimental.

Cuvinte cheie: calculul necesarului de caldura, bilant
termic orar, raport de vitrare, necesar de caldura, cladiri de
locuit colective, cladiri de birouri
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1. GENERAL PRESENTATION

This papaer isfocused on theanalysis of the
PEC ca culation methods currently used and onthe
experimental validation of the PEC Calculation
Algorithm, aswell ason thecompared application,
based on case studies on representative buildings
for thestock exigtingin Romania, of themethodol ogy
of caculating theenergy performance of buildings
equi pped with occupi ed spaces heating systems.

The paper focuseson theexperimenta testing
of the calculation modelsknown so far (NP 048/
2000, Mc 001/2006, SR EN 13790:2009), onthe
support of the CE INCERC Bucharest experimentd
building, aswell as on the testing of the complex
cd culation dgorithmsspecificto dynamic modding,
for the assessment of the occupied spaces heat
demand inthecold season, specificto thetraditiona
buildings and to the modern ones equipped with
solar radiation passvesystems, of theventilated solar
spacetype.

Thesupport of the experimental validation of
the heat demand monthly cal culationispresented—
the INCERC Bucharest experimental building
equipped with ventilated solar space (CE). The
geometrical and heat engineering characteristics of
the building envel ope are presented aswell asthe
specificequipments (heating system, ventilated solar
space), the measurement chain of the experimental
building and the 2008-2009 cold season experi-
mental schedule. The schedule of the measurements
performed in the 2008-2009 cold season is aso
presented aswell asthe primary processing of the
measured dataand the experimental validation of
the heat demand monthly cal culation methods, on
the support of CE INCERC Bucharest, with
reference to the heat consumption calculation
methodsincludedinthelocd regulationsandinthe
European standardstaken over asnationd standards
concerning the energy expertise and the buildings
energy audit (Mc 001/ 2-2006 and NP 048-2002,
updated in 2006, further called NP 048- 2006).

Thepaper presentsthetheoretica subgtantiation
of the mathematical model specific to the hourly
thermal bal ance proposed asacal cul ation method
dternativetothemethod of SR EN 13790:2009, in
normal heating conditions, with referenceto the
evolution in time of the heat demand and of the

1.PREZENTARE GENERALA

Lucrareade fata arecascop analizametodelor
actuale de calcul al Performantelor Energetice ale
Cladirilor (PEC) si validarea experimentala a
Algoritmului deCalcul a PEC, precumsi aplicarea
comparata, pe suportul unor studii de caz vizand
cladiri reprezentative pentru fondul construit din
Romania, a metodologiei de calcul al performantei
energetice a cladirilor dotate cu instalatii de incalzire
a spatiilor ocupate.

Obiectivul articolului il reprezinta testarea
experimentaa a modelelor de calcul cunoscute pana
Tnprezent (NP 048/2000, Mc 001/ 2006, SREN
13790:2009), pe suportul cladirii experimentale
CE INCERC Bucuresti, alaturi de testaread goritmilor
complecsi de calcul specifici modelarii dinamice,
pentru evaluarea necesarului de caldurd al spatiilor
ocupate in sezonul rece, propriu cladirilor clasice si
cladirilor moderne dotate cu sisteme de utilizare pasiva
aradiatiei solare, de tip spatiu solar ventilat.

Se prezinta suportul validarii experimentale
ametodelor de calcul lunar al necesarului de cal-
durad — casa experimentald INCERC Bucuresti
dotatd cu spatiu solar ventilat (CE). Sunt evidentiate
caracteristicile geometrice si termotehnice ale
anvelopei cladirii si dotarile specifice (instalatia de
incalzire, spatiul solar ventilat), lantul de masurare
aferent cladirii experimentale §i programul
experimental din sezonul rece 2008-2009. De
asemenea, se prezintd programul de masurari
efectuaten sezonul rece 2008-2009 si prelucrarea
primara a datelor masurate impreunacu validarea
experimentald a metodelor de calcul lunar al
necesarului de caldurd, pe suportul CE INCERC
Bucuresti, cu referire la metodele de calcul al
consumului de caldura cuprinse in reglementarile
autohtone si in standardel e europene preluate ca
standardenationale, referitoare laexpertizaener-
Qgetica si auditul energetic al cladirilor (Mc 001/ 2-
2006 si NP 048-2002 cu modernizari Thanul 2006,
denumit Tn continuare NP 048-2006).

Lucrareaprezinta fundamentarea teoretica a
modelului matematic propriu bilantului termic orar
propuscametoda de calcul dternativa metode din
SR EN 13790:2009, in conditii curente de incélzire,
cu referire la evolutia temporald a necesarului de
caldura si al temperaturilor interioare semnificative.
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significant indoor temperatures. The model is
recurrent —decisiona with aternating paces. The
experimenta validation of thetheoreticd modd by
the measurements performed onthe CE INCERC
Bucharest building within atime lag of 57 days
(06.01-04.03.2009) isa so presented.

Two case studies are presented in the end,
concerning the use of the space heating energy
demand and consumption ca culation models, onthe
support of two buildings: an apartment building
(condominium) and an office building; the PEC
vaues differences are emphasized, which are
determined based on the experimentally validated
cd culation mode sand the sandardized ones, which
guestion the applicability of the standardized
cdculationmethods.

2. EXPERIMENTAL VALIDATION OF
THEHEAT DEMAND MONTHLY
CALCULATIONMETHODS-

CE INCERC Bucharest

2.1. Presentation of CE INCERC
Bucharest

Theexperimental buildinglocated at INCERC
Bucharestisanindividud dwdlingbuilding, ground
floor, withad oped roof, no basement, first designed
and built as an experimental building for BCA
(autoclaved lightweight concrete) structural and
closing components, subsequently operated asan
officebuilding. Currently the buildingincludesonly
onegpartment: living room, two bedrooms, kitchen,
bathroom, small entranceroom, hall, porch.

Thetherma characteristicsof theenvelopeare
synthesizedinthefollowingtable.

Modelul este unul de tip recurent-decizional cu pasi
alternativi. Se prezinta validarea experimentala a
modelului teoretic prin masurarile efectuate in
cladirea CE INCERC Bucuresti, pe suportul unui
interval de57 dezile (06.01-04.03.2009).

Infinal se prezinta dou studii de caz privind
aplicarea modelelor de calcul a necesarului si
consumului de energie pentru Incalzirea spatiilor, pe
suportul a doua cladiri: o cladire de locuit colectiva
(bloc de locuinte), respectiv o cladire cu destinatia
debirouri, subliniindu-sediferentdedintrevaorile
PEC determinate pe baza modelelor de calcul
vaidateexperimenta s celestandardizate, carepun
sub semnul intrebarii aplicabilitateametodel or de
calcul standardizate.

2. VALIDAREA EXPERIMENTALA A
METODELORDE CALCUL LUNAR
ALNECESARULUIDE CALDURA -
CE INCERC Bucuresti

2.1. Prezentarea CE INCERC Bucuresti

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

Caracteristicile termice ae anvelopel sunt
Sntetizate in tabelul urmator:

No. Building component S (area) [m’] | R (resistance) [M°K/W] | i [-] | R¢M*K /W]
1 North 17,20
2 [ South 20,24
Outside walls 76,60 3,020 0614 185
3 East 16,06
4 West 23,10
5 North 2,34
6 South -
S 11,40 0,516 1,0 0,516
7 Outside joinery | East 3,60
8 West 5,46
9 | 25% sloping roof | Horizontal 66,80 2,978 0,768 2,311
10 | Floor on ground | - 64,80 - - -
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The measurement chain includes three data
acquisition systems: thefirst for monitoringthesolar
gpace operation and thethermodynamic parameters
specificto heated space, the second for monitoring
theindoor heating system operational parameters
and thethird for measuring therelevant climatic
parameters. The measurements performed onthe
INCERC experimental building, except for the
eementspresentedin paper [ 1], dlow theacquisition
of thefollowingva ues

A. Monitoring system — indoor heating
system:

U Pe (t) — electric power of the space heating
energy source[W];

U E(t) — power consumed in the time lag
between two successivereadingsof the
energy source[KWh(;

0 G,(t) — heat carrier volume flow-rate at the
heating energy source[m3/ h|;

G t_, (t)— indoor air temperature in the living
(dining) room[°C];

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

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

G t_, (t) — indoor air temperaturein thekitchen
[°C].

B. Climatic parameters measurement
system:

G 1,(t) — globa solar radiation (total in the
horizontal plane) [W / m?];

G Id_(t) — diffusesolar radiationinthehorizontal
plane[W/m?];
Gt (t) — outdoor airtemperature[°C].

Thetemperatures areread every 5 sand are
averaged every 5 min., and the heat carrier flow-
rate is established as a mean value for 5 min.,
according tothe number of impul sesemitted by the
flow-meter (11/imp.). The averaged valued are
recorded on DataTaker memory cards and then
taken over inthememory of a“notebook” portable
computer.

Lantul de masurare utilizat se compune din trei
sisteme de achizitie a datelor: primul pentru moni-
torizarea functiondrii spatiului solar si a parametrilor
termodinamici caracteristici spatiului incalzit, cel de-
al doilea pentru monitorizarea parametrilor functionali
ai instalatiei de incélzire interioard, iar cel de-al treilea
pentru masurarea parametrilor climatici relevanti.
Masurarile efectuate in casa experimentala
INCERC, cu exceptia celor prezentatein lucrarea
[1], permit achizitionarea urmatoarelor valori:

A. Sistem de monitorizare — instalatie de
incalzire interioara:

U Pe(t) — puterea electrica lanivelul sursei de
energie pentru incalzirea spatiilor [W];
U E(t) — energiaelectrica consumata pe peri-
oada dintre doua citiri succesive la
nivelul sursal deenergie[KWh(;
0 G,(t) — debitul volumic de agent termic la
nivelul sursei de energie pentru incalzire
[m*/h];
Gt (t) — temperatura interioard a aerului din
cameradezi (sufragerie) [°C];
Gt (t) — temperatura interioard a aerului din
dormitorul NV [°C];
(t) — temperatura interioara a aerului din
dormitorul SV [°C];
Gt (t) — temperaturainterioard a acrului din
bucatarie [°C].

tacS

B. Sistem de masurare a parametrilor
climatici:

O 1,(t) - radiatiasolard globald (totald in plan
orizonta) [W/m?;
O 1d,(t) — radiatia solard difuzd in plan orizontal
[W/m?;
Gt (t) - temperauraaerului exterior[°C].
Temperaturile sunt citite la intervale de 5 s §i
sunt mediatelafiecare’5 min., iar debitul de agent
termic se determina ca valoare medie pe durata a
5 min., infunctie de numarul de impulsuri emise de
debitmetru (11 / imp.). Valorile mediate sunt
inregistrate pe cartelele de memorie din componenta
aparatelor de tip DataTaker si apoi preluate in
memoriaunui calculator portabil tip ,, notebook” .
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2.2. Measurement schedule and
measured data primary
processing

Themeasurementswere performed inthe 2008-
2009 cold season from September 2008 until the
end of March 2009.

The building operates in microclimate
thermostated conditions. The heat carrier inlet
temperature at the heat source was settled at the
value of 45°C and the heat supply isadjusted for
each heated room by the thermostatic valves, by
reducing the flow-rate of the heat carried flown
through the heating units. The mobile components
(windows, doors) cannot be opened and the
ventilation isprovided by the solar space, witha
constant air flow-rate G = 102.9m3/ h, 24 h/ day.
153 days formed of sequences of at |least
5 consecutivedayswere selected (the shortest time
lag, at theend of September 2008) asasupport for
the experimental validation of the Energy
Performancecal culation methods. Thecontinuoudy
measured data (solar radiation temperatures and
intensities) was processed as daily averages and
averages specificto monthly timelags.

The values recorded every 5 min. were
averaged on 1htimelagsand therefore processed
asdaily averagesfor temperatures, electric power
and heat carrier flow-rate and the power
consumption wasintegrated for the period of each
day intheconsideredtimelags.

ThediagraminFig. 1 presentsthe variation of
thet, outdoor temperaturedaily averageval ues, of
thetemperature of thefresh air pre-heated inthe
ventilated solar spacegreenhouse, t | .. aswell as
of the daily heat consumption in the period
September 2008—March 2009. Thesengitiveeffect
of the solar space and the impact on the heat
consumption areclearly seen.

The measured data processing is based on
determining thedaily and monthly average values
(or timelagsshorter than amonthsbut longer than 5
consecutive days) of the determining parameters,

namely: to, togy i, t t heat

aer sera’ “perete captator’
consumption[kWh/month], greenhouseair flow-
rate[m3/ h], solar radiation intensity.
Thevauesarepresentedin Table 1.

2.2. Programul de mdsurari §i
prelucrarea primard a datelor
mdsurate

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

Cladirea functioneaza in regim de termostatare
amicroclimatului. Temperaturadetur aagentului
termic la nivelul sursei de caldura a fost fixata la
valoarea de 45°C, iar reglajul furnizarii caldurii se
face pentru fiecare incapere incélzita la nivelul
robinetelor cu cap termostatic prin reducerea
debitului deagent termicvehiculat prin corpurilede
incalzire. Elementele mobile (ferestre, usi) nu se
deschid, iar ventilarease asigura prinintermediul
spatiului solar, Tn regim de debit constant de aer
G=102,9m3/ h, peduratade 24 h/ zi. Au fost
selectate 153 de zile formate din secvente de minim
5 zile consecutive (intervalul cu durata cea mai mica,
lafinalul lunii septembrie 2008) casuport pentru
validareaexperimentala ametodel or de calcul a
Performantel Energetice. Datele masurate continuu
(temperaturi si intensitati ale radiatiei solare) au fost
prelucrate sub forma mediilor zilnice si mediilor
Specificeintervador lunare.

Vdoarileinregistratelaintervadede5Smin. aufost
mediate pe intervale de 1 h si apoi au fost prelucrate
subformamediilor zilnice pentrutemperaturi, puterea
electrica si debitul de agent termic, iar consumul de
energie electrica a fost integrat pe perioada fiecarei
ziledinintervaeleconsderate.

Ingraficul dinfig. 1 se prezinti variatia valorilor
medii zilnice ale temperaturii exterioare, t, de
temperaturii aerului proaspat preincalzit n sera
spatiului solar ventilat, t .  precum si ale
consumului zilnic de caldura in intervalul septembrie
2008 —martie 2009. Se constata efectul sensibil al
spatiului solar si impactul asupra consumului de
caldura.

Prelucrarea datelor masurate se axeaza pe
determinarea valorilor medii zilnice §i lunare (sau
intervaesublunaremai lungi de’5 zile consecutive)

ale parametrilor determinanti, respectiv: to, tq int

taa' sera tPeraecaptator’
debit aer sera [m3/ h], intensitatea radiatiei solare.

Valorile de prezinta in tabelul 1.

consumul caldura [kWh/luna],

76

CONSTRUCTII —Nr. 1/ 2010



Experimental validation of the buildings energy performance (BEP) assessment methods

30 I | | I | | | I | I I | | I I | I | | I | I 90
Te Consum
Ta K =—tmVENT [°C] - =te =t med [°C] @-®CONS [kWh] decaldura
Tvent 25 - — i — 80 [kWh/zi]
[°C] ‘L (Heat
consumption)
20
15
10 .
l "ll“ .
5 A ._;..' .1.
i
ol e
0
-5
-10 s 10
215 e 0
01.09 29.09 27.10 2411 2212 19.01 16.02 16.03
Ziua
Fig. 1. Data recorded in the 2008-2009 cold season in the CE INCERC Bucharest experimental building
(Date inregistrate in sezonul rece 2008-2009 in cladirea experimentala CE INCERC Bucuresti)
Table 1.
Parameters measured in the experimental building (season 2008-2009)
Parametri m&surati in cladirea experimentald (sezon 2008-2009)
Month / No.days/ Q.mas. outdoor Measured Measured indoor IT-horiz Id-horiz IT-S [W
per. month [kWh/ per.] temp. tPEabs. tVENT air temp. W/ m?] [W/m?3 / m?
IX 5 72,8 13,7 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 56,0 136,1
Xl 23 916,4 51 14,3 13,5 23,1 57,3 32,0 82,0
Xl 31 1.489,1 3,2 10,2 9,7 22,8 34,6 19,4 55,1
| 31 1.705,1 0,7 8,7 8,1 22,5 44,8 253 68,3
I 28 1.283,5 3,8 13,9 131 22,7 78,7 45,7 87,8
[ 26 843,0 8,4 21,0 20,3 23,2 147.,8 73,9 128,9
TOTAL Average
6353,20 5,6

2.3. Experimental validation of the
monthly calculation methods

Themeasurements performedintheINCERC

experimentd building alowed theacquisition of the
thermodynamic parametersnecessary in verifyingthe
heat consumption calculation method incdludedinthe
normative regulations concerning the energy
expertiseand the buildingsenergy audit. Thetime

2.3. Validarea experimentald a metodelor
de calcul lunar

Masurarile efectuate in cladirea experimentala
INCERC au permis achizitionarea parametrilor
termodinamici necesari verificarii metodei de calcul
al consumului de caldura cuprinsa in normativele
referitoare la expertiza energetica si auditul energetic
al cladirilor. Au fost selectate intervaleleindicate
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lagsindicatedin table 1 were sel ected, correspon-
ding to themonths covered by the heating season:

- Indoor air average temperature, t
determined as an average rated with the
volumes of thetemperatures measured inthe
experimenta buildingrooms, [°C];

- Outdoor air temperature, t_[°C];

- Intengity of global (tota horizontally) and
horizontaly diffusesolar radiaionintensity and
digtribution ondirectionsof thetotal and diffuse
vauesof solar radiaionintensity;

- Temperatures specific tothe solar space
operation:

- ontheinside areaof thewall adjoining
the solar space;

- of the pre-heated fresh air flowninto the
building;

- Thermal flow yielded by the indoor
sources (measurement and automeatic devices
in the experimental building), F, = 185W
(indoor inputs);

- Ventilation flow-rate supplied by
ventilatorsV1and V2 —providing aconstant
number of air exchanges, n, = 0,60 h~%,

- Total heat consumption for heating,
E [kWh].

Taking into account the fact that during the
experiment the indoor thermal conditions are
controlled, with thermostated operation of theindoor
heating system at a constant value of the indoor
temperature, the value of the heat consumption
modiification coefficient for space heating (specific
to the cal culation model of NP 048-2000), which
takesinto consideration thel owering of theindoor
temperature at night, C_, wasconsidered 1.

Thesynthes sof thethermodynamic parameters
processing for determining the number of degrees-
days and the heat consumptions calculated
according tothe NP 048-2006 methodis presented
inTable2andinthediagramsinFig. 2and Fig. 3,
compared to the measured values of the heat
consumption used for heating. We emphasizethat
the calculation model used by the NP 048-2006
method isupdated based on the model of the heat
transfer at the building-ground boundary (the case
of abuilding on hegt insulated sod€) inthe processed

Tntabelul 1, corespunzatoare lunilor sezonului de
incalzire:

- Temperaturamedieaagrului interior, t,
determinata ca medie ponderata cu volumele
aetemperaturilor masurate in incaperile cladirii
experimentde, [°C];

- Temperaturaaerului exterior, t_[°C];

- Intensitatea radiatiei solare globale (totala
in plan orizontal) si difuze in plan orizontal
precum si repartizarea pe orientdri a valorilor
totale si difuze ale intensitatii radiatiei solare;

- Temperaturile caracteristice functionarii
spatiului solar:

- pe suprafata interioara a peretelui
adiacent spatiului solar;

- aaerului proaspat preincalzit introdus in
cladire;

- Fluxul termic cedat de surseleinterioare
(aparatura de masurare si automatizare din
cladirea experimentald, F, = 185 W (gporturi
interne);

- Debitul de ventilare asigurat de venti-
latoarele V1 si V2 — care asigurd un numar
de schimburi de aer constant la valoarea
n,=0,60h-"

- Consumul total de caldura pentru incélzire,
E [kWh].

Tinand seama de faptul ca pe durata experi-
mentului regimul termicinterior estedetip controlt,
cu functionare termostatata a instalatiei de incalzire
interioard la o valoare constanta a temperaturii
interioare, val oareacoeficientului demodificarea
consumului de caldura pentru incalzirea spatiilor
(propriu modelului de calcul din NP 048-2000),
care ia in considerare reducerea temperaturii
interioare pe durata noptii, C_, afost luat in cal cul
cuvaloareal.

Sinteza prelucrarii parametrilor termodinamici
pentru determinarea numarului de grade-zile si
consumurile de caldura calculate conform metodel
NP 048-2006 se prezinta intabelul 2 siTngraficele
dinfig. 2si fig. 3, comparativ cu valorile masurate
ale consumului de energie pentru incélzire. Se
subliniaza faptul ca mode ul deca cul propriumetodel
NP 048-2000 esteactudizat cu model ul transferului
decaldura lafrontieracladire-sol (cazul cladire pe
socluizolat termic) subformapreucrata afunctiilor

78

CONSTRUCTII —Nr. 1/ 2010



Experimental validation of the buildings energy performance (BEP) assessment methods

2.000

om 1.800
Qc OQ.calc. MQ.mas.
1.600

[kWh/Iuna]

1.400

1.200

1.000

800

600

400

200

oL Ml | M

IX X X1 XI | I 1l
Luna

Fig. 2. Measured and calculated values (NP 048-2000) of the CE INCERC Bucharest experimental
building heat consumption — 2008-2009 cold season (Valori masurate si calculate
(NP 048-2000) ale consumului de caldura al cladirii experimentale
CE INCERC Bucuresti — sezon rece 2008-2009)
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Fig. 3. Cumulated energy consumptions — heating CE INCERC Bucharest — 2008-2009 cold season
and comparison between the measured values and the calculated ones (NP 048-2000)
(Consumuri energetice cumulate — incalzire CE INCERC Bucuresti — sezon rece 2008-2009
si comparatie intre valorile masurate si cele calculate (NP 048-2000))
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form of splinefunctions, both intermsof the heat
transfer characteristicsand of the outline outdoor
temperature— NP 048-2006 model.

Thisway of processing thedataresulted from
themathematical modeling based onthetransent
heat transfer through the ground, associated tothe
generation of atransfer environment provided by
using thesimilitude method wasimplementedinthe
Rapid Calculation Method [2] following the
experimental validation on the support of the CE
INCERC Bucharest building withintheresearch
project [3].Theuseasatheoretical support of the
modd includedin NP 048-2006 methodisjustified
by the phenomenol ogical approach aswell asby
the adapting to the solar space including in the
building structure. Theca culation method included
inMc 001/ 2-2006 (which reproducesthemethod
included in the SR EN 13790 standard in the
assessment of the heat demand) isnot updated as
previoudy mentioned (hegt transfer through ground
and solar space) and therefore cannot be
representative for the validation on the support on
the CE INCERC Bucharest building.

Theresult confirmstheaccuracy of theNP 048-
2000 cal culation procedure. Theerror inthe 2008-
2009 heating seasonis0.61%. Evenif therather high
values recorded in October and March seem
disturbing, they refer to reduced heat consumption
valuesand actually have no relevance. The cumu-
lated curvesof thethreeconsumptions(Q . . Q_ .
v actudly overlgpinthediagraminFig. 3.

Theresults above grant to the NP 048-2006
model thequdity of referencecalculaionmodd in
determining the heat demand of abuilding, witha
monthly pace(infact for timesequences|onger than

spline, atét Tn ceea ce priveste caracteristica de
transfer de caldura, cét si temperaturaexterioara
de contur — model NP 048-2006. Acest mod de
prelucrare a datelor rezultate din modelarea
meatematica bazata peregimul nestationar detransfer
decaldura prinsol, asociata generarii unui mediu de
transfer obtinut prin aplicareametodei smilitudinii,
afost implementat Th M etoda Rapida decacul [2]
caurmare a validarii experimentale pe suportul
cladirii CEINCERC Bucuresti in cadrul proiectului
de cercetare [3]. Utilizarea ca suport teoretic a
mode ului inclusin metodaNP 048-2006 sejudtifica
atét prin abordareadetip fenomenologic, Cét si prin
adaptarealaincludereaspatiului solar in structura
cladirii. Metodade calcul inclusain Mc 001/ 2-
2006 (carereproducein evaluareanecesarului de
caldura metodadin standardul SR EN 13790) nu
beneficiaza deadaptarile mentionate (transfer de
caldura prin sol si spatiu solar) si, prinurmare, nu
poatefi reprezentativa pentru validareape suportul
cladirii CE INCERC Bucuresti.

Rezultatul atesta corectitudinea procedurii de
calcul din NP 048-2000. Eroarea pe sezonul de
incalzire 2008-2009 este de 0,61 %. Chiar daca
erorile relativ mari inregistrate in lunile octombrie si
martie par deranjante, ele se refera la valori reduse
ale consumului de caldura si practic nu au relevanta.
Curbelecumulateaecelor trei consumuri (Q -
$1 Qi npose) SUNt practic suprapuse pegraficul din
fig. 3. Rezultatele de mai sus confera model ului
NP 048-2006 calitatea de model de calcul de
referinta pentru determinareanecesarului decaldura
al unei cladiri, cu pasdetimp lunar (defapt pentru
secvente de timp cu durata peste 120 de ore
consecutive). Studiile de caz care se prezinta Tn

Table 2.
Values provided by calculation and measurements (CE INCERC)
(Valori rezultate prin calcul si din masurari (CE INCERC))

Time lag '[Ddea”y‘;? tre) [°C] | terg [°C] [o'\(':G dzé?i] Eokwh] | Eqvkwh] De‘[’o'j)‘]“on
September 5 21,63 17,28 21,8 70,59 72,83 -3,1%
October 9 22,27 20,52 15,8 53,61 43,34 23,7%
November 23 20,94 9,27 268,4 920,32 916,42 0,4%
December 31 20,47 6,00 448,4 1.558,83 1.489,11 4.7%
January 31 20,07 3,94 499,8 1.744,19 1.705,12 2,3%
February 28 20,43 7,40 364,8 1.273,19 1.283,52 -0,8%
March 26 21,22 13,53 200,1 693,94 842,99 -17,7%
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120 consecutive hours). The case studiesfurther
presented were approached by using the NP 048-
2006 modd asareferencemodd intermsof which
the other monthly pace cal culation models were
analyzed (Mc 001-2006). We mention that the
monthly pace cal culation instrument, specific to
NP 048-2006 aso maintains its validity within
acceptablelimits (errorsunder 10 %) inthe case of
excessively glazed buildings, but only in certain
climatic zones (e.g. Romania swinter zoneslll and
V). For such buildings, the only proper model is
the detail ed cal culation model with hourly pace,
which is the object of this report. An aspect
connected to that of experimental vaidationisthe
attesting of the softwaresused inissuing the Energy
Performance Certificatefor existing buildingsand
mainly for the gpartmentsin theexisting buildings.
Thereference softwarein attesting such softwares
isperformed by detailed modeling of the thermal
processes and further by monthly pace modeling.
Thetwo variantsvalidate themselvesintheline of
theandyssof theresultsobtained by timeintegration
specific to the detailed method, compared to the
results obtained by monthly pace modeling
(segquenceslimitedto at least 120 consecutivehours).
Anerror under 3% between theresultsleadsto the
adoption of themonthly pace softwareasareference
softwarestrictly for thistypeof buildings/ parts of
buildings. Therefore, in order to determine the
seasond heat demand, the proper ca cul ation method
isthat specifictotheloca regulation NP 048-2006
(variant included in the Mc 001-2006 national
regul ation asan dternative ca culation method). The
transition to the heat consumption and the
determination of PECimpliesto consder thethermd
system efficiency as well as to adopt certain
regul ations specific to PEC assessment for whole
buildings or parts of them (apartments).The
determination of the seasonal heat demand by the
hourly pace cal cul ation method iscompulsory inthe
case of modern buildingswith high glazing rates
(mainly publicbuildings), aswell asfor buildings
equipped with solar passive heating systems (solar
space, Trombe system, INCERC system [4]);
meanwhile, inthe case of condominiumsand other
typesof buildingswith lessthan 40% glazing rate,
the monthly pace cal culation method should be
used (minimum admitted timelag: 120 consecutive
hours).

continuareaufost abordate prin utilizareamode ului
NP 048-2006 ca model de referinta Tn raport cu
cares-au analizat si celelaltemodeledecalcul cu
pasdetimplunar (Mc001-2006). Mentionam faptul
caingrumentul deca cul cu pasdetimplunar, propriu
NP 048-2006, isi pastreaza valabilitateainlimite
acceptabile (erori sub 10 %) si in cazul cladirilor
excesiv devitrate, dar in anumite zone climatice
(ex. zonelelll si 1V deiarna deRomaniel). Pentru
adtfd decladiri Sngurul modd adecvat etemodeul
de calcul detaliat cu pas de timp orar, care face
obiectul articolului de fata. O problema conexa
problemei validarii experimentale o constituie
atestarea programelor de calcul utilizate pentru
elaborareaCertificatului de Performanta Energetica
acladirilor existentessi, in specia, agpartamentel or
dincladiri exisente. Programul decacul dereferinta
nraport cu care serealizeaza atestareaprogramel or
de calcul este redlizat prin modelare detaliata a
proceselor termicesi apoi prinmodelare cu pasde
timp lunar. Celedoua variante se autovalideaza in
sensul analizel rezultatelor obtinute prinintegrare
temporala proprii metodel detaliatein comparatie
curezultatele obtinute prin modearecu pasdetimp
lunar (secvente limitate inferior la 120 de ore
consecutive). O eroare sub 3 % intre rezultate
conduce laadoptareaprogramul ui de calcul cu pas
lunar caprogram decalcul dereferinta, strict pentru
acesttip decladiri / parti din cladire. Prinurmare, in
scopul determinarii necesarului sezonier decaldura,
metoda de calcul adecvata este cea proprie
reglementarii autohtone NP 048-2006 (varianta
inclusa Tn reglementareanationala M c 001-2006,
ca metoda alternativa de calcul). Trecerea la
consumul decaldura si determinareaPerformantel
EnergeticeaCladirii (PEC) implica considerarea
randamentelor instalatiei termice impreuna cu
adoptareaunor reguli specificeevaluarii PEC saua
unor parti din cladire (gpartamente). Determinarea
necesarului decaldura sezonier prinmetodadecal cul
cu pasorar seimpunein cazul cladirilor moderne
caracterizate deraport devitrareridicat (in specia
cladiri publice), precumsi al cladirilor dotate cu
sisteme pasive de incélzire solara (spatiu solar,
sistem Trombe, sistem INCERC [4]), dar in cazul
cladirilor delocuit si al celorlatetipuri de cladiri
caracterizatederaportul devitrarea anvelope sub
40 % serecomanda utilizareametodel decalcul cu
pas lunar (interval minim admis 120 de ore
consecutive).
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3. MATHEMATICAL MODEL SPECIFIC
TOHOURLY THERMAL BALANCE

3.1. Theoretical substantiation

Thehourly therma baanceisuseful mainlyin
the PEC analysis of buildings with lightweight
envelopesand/ or low thermal capacity of inside
building components. A special category isthat of
buildingswith high glazing rates, which usudly are
public. Inthiscase, inthe cold season, thetimelags
when occupied space are heated and cooled
respectively may aternate. Thesimulation models
based on monthly calculation provideresultsmuch
different from the phenomenologicd redlity, which,
even if they may be considered acceptable for
buildings energy certification, cannot be used as
energy designinstrumentsfor new buildingsor for
the energy-related upgrading of existing ones(the
deviation is the more so obvious as the energy
potential specificto solar radiationishigher).

Wefurther present acal cul ation method and
andysisincluding decisiond dementsassociated to
an alternate paces gpproach. Thedternation refers
to thedecision on heating, namely intervention by
mechanica ventilation so asto reach an acceptable
microclimatein theoccupied spaces. Thesmulation
model may be aso used in performing systems of
efficiently using the thermodynamic potentia of
various spaces (use of reversibleheat pumpsinthe
energy management of spacesdifferently |loaded
fromthetherma point of view.

Theissueisapproachedin adifferentid manner,
based on the thermal flows balance and on the
variation of theinside building componentsinner
energy, unliketheintegra energy methods, based
onenergy ba ance, whichignorethethermal capacity
of the building components. The calculation model
adopted is different from the models indicated
in the European standards [5], [6] and [7]
characterized by arough approach ontheenvelope
thermd responseand by alack of decisond dements
concerning the space ventilation associated to an
energy-related approach of solar radiation impact;
thesed ementsmakethemimproper for theaccurate
modding of thethermal processesinmodern buildings
spacesor in buildingsthat are undergoing energy-
related upgradings. The report presents, on the
support of case studies subsequent to the

3.MODEL MATEMATIC PROPRIU
BILANTULUI TERMIC ORAR

3.1. Fundamentare teoretica

Bilantul termic orar este util inspecid in cazul
andizei performantel energeticeacladirilor carac-
terizate de anvelope usoare sau / si de capacitate
termica redusa a elementelor de constructii interi-
oare. O categorie speciald o constituie cladirile
caracterizate de raport de vitrare ridicat, cladiri care
fac parte, ingenerd, din categoria cladirilor publice.
In cazul acestui tip de cladiri este posibil ca in sezonul
rece sa alterneze intervalele de timp 1n care se
procedeaza la incélzirea, respectiv racirea spatiilor
ocupate. Modelele de simul are bazate pe cal cul ul
lunar conduclarezultaterdetiv departedereditatea
fenomenologica care, chiar dacd pot fi considerate
acceptabile in scopul certificarii energetice a
cladirilor, nu pot fi utilizate ca instrumente de
proiectare energeticd a unor cladiri noi sau chiar de
modernizare energeticd a unora existente (abaterea
estecu aé mai evidenta cu cét potentialul energetic
propriuradiatiei Solareeste mai ridicat).

In cele ce urmeazi se prezinti o metoda de
calcul si analiza care include elemente decizionae
asociate cu o abordare de tipul pasilor alternanti.
Alternanta se referd la decizia de incalzire, respectiv
de interventie pe calea ventilarii mecanice in scopul
realizarii unui microclimat acceptabil in spatiile
ocupate. Modelul de simulare poate fi utilizat i in
scopul realizarii sistemelor de exploatare a
potentialului termodinamic al diferitelor spatii —
utilizarea pompelor de caldura reversibile in scopul
managementului energetic al spatiilor diferit solicitate
din punct devederetermic.

Abordarea problemei este una diferentiala,
bazata pe bilantul fluxurilor termice si pe variatia
energiei interne a elementelor de constructie
interioare, spre deosebire de metodele de tip
energeticintegrale, bazate pe bilant energetic, care
ignord capacitatea termicd a elementelor de
constructie. Modelul de calcul adoptat estediferit
demodeeleindicatein standardele europene[5],
[6] s1[7] acaror abordaregroseraprivind raspunsul
termic a anvelopel, precum si lipsaelementelor
deciziondecu privirelaventilareaspatiilor asociate
unel abordari energeticeaimpactului radiatiei solare,
le face improprii modelarii corecte a proceselor
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experimental validation of thedetailed calculation
model, the errors resulting from the use of the
calculation methods specific to the European
standards.

Taking into account the necessity of the
experimentd validation of the proposed modd, the
relationsfurther presented refer to themain zone of
CE INCERC Bucharest, equipped with ventil ated
solar space, withtheknown air massflow-rate, G,
the known temperature of theair exhausted inthe
occupied space, t__ (t), and the specific heat flow
dissi pated through the surface adj oining the occupied
space of the solar radiation collecting opague
component, g (t) [8].

- The thermal balance equation has the
followingexpresson:

termicedin spatiul cladirilor moderne sau care se
modernizeaza energetic. Lucrarea prezinta, pe
suportul unor studii de caz succesive validarii
experimentaleamode ului decacul detaliat, erorile
asociate utilizarii metodelor de calcul proprii
standardel or europene.

Data fiind necesitatea validarii experimentale a
modelului propus, relatiile prezentate se refera la
zona principalda a CE INCERC Bucuresti, dotata
cu spatiu solar ventilat, caracterizat dedebitul masic
de aer cunoscuit, GS, de temperatura cunoscuta a
aerului refulat in spatiul ocupat, t__ (1), si de fluxul
termic specific disipat prin suprafata adiacenta
spatiului ocupat a elementului opac de captare a
radiatiei solare, g_(t) [8].

- Ecuatia de bilant termic al aerului are
expresa

Gscpatas (t) + acvSLOC + ch (t) = aC’VSE X[ta (t) - t_s (t)] + qis(t) X Sp +
+ a'cvSp X[ta (t) - tp(t)] + Gscpata(t) (l)

where Q_, (t) representsthethermal flow yielded
by the heating source (primarily convective—gtatic
units).

- Theenve opethermal baance, except for the
collectingwall, apart of theventilated solar spaceis
concentrated intheexpression of theaveragetempe-

rature, t,(t) , of theinside surfaces adjoining the
occupied spacedf thetransparent/opacue components:

incareQ_ (t) reprezintd fluxul termic cedat de sursa
de incalzire (de natura prioritar convectiva— corpuri
statice).

- Bilantul termic al anvelopei, cu exceptia
peretelui captator, parte a spatiului solar ventilat, este

concentrat Tn expresiatemperaturii medii, t(t),a

suprafetelor interioare adiacente spatiului ocupat ale
€lementel or opacetransparente:

ts(t) =[1- (a ﬁ)_1] Xt (1) + (& ﬁ)_1"'[_13\/“) 2
where ncae
a, :acv+arFin (3)
o 2S0 U
Ra,
£, ()= —& X ! 4)
(1) éw§9
k € Rﬂk

represent the building average virtual outdoor
temperature, including the heat transfer on the
building-soil interface. The thermal coupling

reprezintd temperatura exterioara virtuala medie a
cladirii, inclusiv transferul de caldura la interfata

cladire-sol. Coeficientul de cuplaj termic &?Eg

€ RogoL
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2S0
coefficient 9—‘ and the outline outdoor

R fsoL
temperaturet_ (t) aredetermined by therelations
includedin Mc 001/1 —2006.
Theresulting indoor temperaturet, (t) may be
expressed according totheair temperature, t_ (t),
theinside building componentstemperature, t (©

and theaveragevirtua outdoor temperature, t,,, (t),
by relation:

si temperatura exterioard de contur t_ (t) se
determina cu relatiile cuprinsein Mc 001/1—2006.

Temperatura interioard rezultantd t. (t) sepoate
exprima in functie de temperatura aerului, t_ (t), de
temperaturaelementel or de constructie interioare,
t (t) si de temperatura exterioara virtuala medie

t,, (t) , curelatia:

£ (1) = Ata () + At (1) + A, (1) (5)
which provides: din care rezulta:
t(1) = Byt, (1) + Byt (£) + By, (1) (6)
where: incare:
a o a, T ht a =\ -1
I e — -1z — 1 Fpr(a; *R)
a a S . a .
A, = i ; — i E g ] :
! Num Az Num A Num
Num =1- 200 Fe (L= (@, 1R B = [1- (2, *R)"]1A; ™)

=[1- (@ R)x Ay

- Thermal balance equation of the inside
building components.

a, x%mwx[ta(t) -1, (0] - 3, F [ty () -

which, taking into account rel ation (6), becomes:

B, =[1-(a;*R) "*A+ (aR)™*

- Ecuatia de bilant termic a elementelor de
constructie interioare:

- dt()
£(0] = -S—p = ®)

care, tinand seama de relatia (6), devine:

M, X[a +a, Fpx(1- By)]st,(t) = > —Px(ay, +a,FB)rt, () +
dt  Mc ? Mc )
S_X XS_OCX
e B FrBa () + 2 =2 ©)

The energy management strategy for the
occupied space coverstwo stuations, namely:

a. reaching the settled temperature of the
occupied spacear, t,, associated totheheating
system operation, namely Q_ (t) >0;

b. exceeding the settled air temperature,
t (t)>t, associatedto Q_, (t) = 0.

Inthecaseof CEINCERC Bucharest, Stuation
b. can frequently occur following the operation of
theventilated solar space.

Strategia de management energetic al spatiului
ocupat cuprinde doud situatii, respectiv:

a. redizareatemperaturii fixateaaerului din
spatiul ocupat, t_, asociatd cu functionarea
instalatiei de incalzire, respectiv Q_ (t) >0;

b. depasirea temperaturii fixate a aerului,

t (t) >t asociati cu Q_, (t) =0.

In cazul CE INCERC Bucuresti situatia b. se
poate manifesta frecvent, consecintd a functionarii
spatiului solar ventilat.
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Astheanalysisisspecificto the cold season,

theinitiaizing of theanalysi s procedureinvolvesthe

optiont_ (t) =t_, theknown settled value.

The thermal balance equation (9) where

t (t) =t ,, becomes:

Dat fiind faptul ca analiza este proprie sezonului
rece, initializarea procedurii de analiza implica
optiuneat_(t) =t_, valoare fixatd cunoscuta.

. Ecuatia de bilant termic (9), incaret_(t)=t_,
devine

dt (t
p“+qmm:am (10)
where: incare
1 S
:D Mo —>i[a,, +a,Frr(1- By)]
1 1
S S _ Soc. S (11)
TF,(t) = P x(ay +a,FrBy) 'ty + —=*a, FrBii,, (1) + a x—C P
:I: 2() NC ( cv r RB]_) a0 Mc r RB3ev() a’r Sp MC
withthesolution: cusolutia:
m, §
10ty " eXp(-DY)+ [t - T1-exp(-D) (12
Dl Dl 10
where: tpg —va uet (t—Dt) incare: t, —valoareatp (t—Dt)
-R(O-RE-DY. _¢ t_py (13)

Dt

Based on value t (D), t. (t) and then Q_, (1)
are determined.

If Q,, (t) >0, thisvaueisrecorded anditis
proceeded to the next step, inthe same caculation
line. If Q_, (t) <0, it resultsthat space coolingis
required and, therefore, Q_, (t) =0 is adopted
(equivaent to thelack of heat supply intheoccupied
space).

Theair thermal ba ance equation becomes:

Pebazavalorii t (t) se determinat, (t)si apoi
Q, ®.

Dacd Q_, (t) >0, se inregistreazd valoarea si
se trece la pasul urmator, pe acelasi traseu de calcul.

Dacd Q_, (t) <0, rezultd cd se impune racirea
spatiului si, in consecintd, se adoptd Q_, (t) =0
(echivalent cu lipsa furnizarii caldurii n spatiul
ocupat).

Ecuatia de bilant termic al aerului devine:

acvSE x[ti (t) - fs(t)] + acvSp X[ta(t) - tp(t)] + Gscpa X[ta(t) - tas(t)] + qss(t) X Sp = acvSLOC

which becomesalinking equation between functions
t. (t) and t (t) asaconsequence of thedependence
provided by (6). Theexpressiont, (t) = f [tp (0]
leadsto:

(14)
care devine ecuatie de legdtura intre functiile t_ (t)

sit (t) caurmareadependentei furnizatd de relatia
(6). Prinexprimareat_(t) =f [tIO (t)] se obtine:

t()=Crt (t) +F, (1 (15)
where ncare
1o, = 2 5 B oD S Nz a (s, - 5.B) + Goc
J.; Num1 P "
L 8By (0) + B it (t) + 8, S 0 (16)
TE (1) =
1 Numl
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- Thethermal balance equation of theinside
building components becomes:

dt, (1)
dt

where

- Ecuatia de bilant termic al elementelor
interioare de constructie devine:

+ Dot (1) = Fy(1) (17)

ncae

i S
iD; =2 i(a,1[1- (B + By)] + 86,1 (1-C))
P2 g

n 8

andthesolutionis,

to(t) =t xexp(-D,t) +D&Xt +

2

with:

T S é B u
TF(0) = re(ag, + 8,B)1Fy (D), Bl() + 3 0

m = Fal0) = Fy(t-D1).

Dt

t (1) (15) andt, (1) (5) arefurther determined.
The importance of the approach involving the
smulation modd and thedternating gepsliesinthe
fact that thetransitory timelagsare characterized
by the considerable reduction of the heat demand
following the heat accumulationin thehourswhen

t.(t) >t,,. The next step observes the same
algorithm. If t,(t) 3t,,, the agorithm aready

presented continues. If t,(t) <t,,, wego back to

theinitia moment and the a gorithm of a. typewill
be used, which provides Q_, (t).

The virtua outdoor temperatures are deter-
mined for each closing opague/transparent over-
ground component, according to the envelope
component structureand to theclimatic parameters
hourly values. In the case of over-ground opagque
building components, the heat flow density is
determined by relations (8) and (10). Inthe case of
heat transfer between building and soil, thevirtua
outdoor temperature is the outline outdoor
temperature, t__ (1).

The heat demand for atimelag T>1his
determined asasum of the Q_, (t) hourly values,
namdy:

(18)
p 0
cusolutia:
Ny _ M0
D, D—Zzgx[l‘ exp(-D,t)] (29
cu
n; = F;(t - Dt)

In continuare se determini t (1) (15)sit (1)
(5). Importanta abordarii modelului de simulare si
pasii alternanti consta in faptul ca intervalele tranzitorii
se remarcd prin reducerea considerabild a
necesarului de caldura ca urmare a acumularii de

caldura in orele in care t,(t) > t,, . Pasul urmator
se supune aceluiasi algoritm. Daca t,(t) 3t,,,

continud algoritmul deja prezentat. Daca t, (t) <t,q,

serevine lamomentul initial si se utilizeaza algoritmul
detipa. din care rezulta Q_ (t).

Temperaturile exterioare virtuale se determina
pentru fiecare element de inchidere suprateran
opac/ transparent, in functie de structura elementului
de anvelopa si de valorile orare ale parametrilor
climatici. In cazul elementelor de constructie opace
supraterane, densitatea de flux termic se determind
curelatiile (8) si (10). In cazul transferului de caldura
intre cladire si sol temperatura exterioara virtuala
este temperatura exterioard de contur t_ (t).

Necesarul de caldura peuninterval T>1hse
determind ca sumd a valorilor orare Q_, (t),

respectiv:

Qu(T) = a Qu () 20)
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and takesinto account only thevaluesQ_, (t) > 0.
At the sametimethe state parametersof theindoor
microclimate are determined: t_(t) and t. (t)
respectively.

If theair temperature comfort valueist,,and
the hourly valuesaverage t I [0, T] isnoticed to
exceed the settled vaue, namely:

si tine seama exclusiv de valorile Q_ (t) > 0. in
paralel se determina si parametrii de stare ai
microclimatului interior: t_(t), respectivt (t).
Daca valoarea de confort a temperaturii aerului
estet  sise constatd ca media valorilor orare pe
intervalul t 1 [0, T] depaseste valoarea fixata,

respectiv:

£(T)= % At (0> tg 21)

andthisvaueisassociatedtoahighQ_ (T) vaue, it
resultsthat the energy configuration solution of the
building isnot recommendabl e, mainly because of
theexcessveinfluence of thesolar radiation onone
hand and of thereduced therma capacity associated
to a reduced area of heat transfer between the
indoor ar and theoutlineins decomponents, onthe

other hand. Theoreticaly, avdue t, (T) > t,, would

entail Q_, (T) =0, whichinthecaseof excessively
glazed buildingsisnever reached.

3.2. Experimental validation

The measurements performed in the period
6.01.2009-4.03.2009 on the INCERC Bucharest
experimenta buildingformtheexperimenta support
of the validation of the mathematical model
presented in section 3.1.

- Themeasured heat demand was determined
based onthehest flowsre eased by the hegting units,
asthe heat carrier flow-rates G_ (t) and the heat
carrier temperaturest_ (t) andt, (t) wereknown
intheform of hourly averages. Theresulting val ues
were determined by relation:

si aceasta valoare este asociatd unei valori Q_, (T)
ridicate, rezulta ca solutia de configurare energetica
a cladirii este una nerecomandabila, 1n special din
cauza influentei excesive a radiatiei solare, pe de o
parte, dar si din cauza capacitatii termice reduse
asociata cu o suprafata de transfer de caldura redusa
intre aerul interior si elementele interioare de contur,

pe de alta parte. Teoretic o valoare t,(T) >t ar

atrage dupd sine Q_, (T) = 0, ceea ce in cazul
cladirilor excesiv vitrate nu se asigura.

3.2. Validare experimentala

Masurarile efectuate in intervalul 6.01.2009-
4.03.2009 in cladirea experimentala INCERC
Bucuresti constituie suportul experimental al validarii
model ului matematic prezentat in partea3.1.

- Necesarul de caldura masurat s-a determinat
pe bazafluxurilor termice deggjatedecorpurilede
incélzire, prin cunoasterea debitelor de agent termic
G, (t) si a temperaturilor agentului termic t_ (t) si
t. (t), subformamediilor orare. Vaorilerezultate
S-au determinat cu relatia:

Vs(£)r(f) * cu ¥ty (1) - tr ()] = Q () (22)

where

ncare

(1) = 0501t (1) + ta(D)]

- The convective heat flow corresponding to
theventilated solar spacewas determined by rdation:

- Fluxul termic convectiv aferent spatiului solar
ventilat s-a determinat cu relatia:

VSS X r(tas(t)) X Cpa X[ta(t) - tas(t)] = Q$(t) (23)

- The heat emissions corresponding to the
measurement devicesin the occupied space were
estimated at thevaluea» 3W / m?and the hourly
averagevdueof theheet flow corresponding to these
inside heat sourceswas determined:

- Degajarile de caldura aferente aparaturii de
masurd din spatiul ocupat au fost estimate la valoarea
a» 3W / n¥si s-a determinat valoarea medie orara
a fluxului termic aferent acestor surse de caldura
interne:

QM =axSu (24)
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- Based on the above mentioned values, the
hest flow hourly variation was determined, aconseg-
uence to the heat transfer through the envelope
opague and transparent components, using rel ation:

- Pe baza valorilor susmentionate s-a
determinat variatia orara a fluxului termic, consecinta
a transferului de caldura prin elementele opace si
transparente de anvelopa, cu relatia:

At -t (8] Qul8) - Qu(B)+ QLY (25)

andthenthetemperaturedifference hourly variaion
ti 0o tev (t) .

tiy ~ e () = [Qn(1) - Qs () + Q (D]

which will becompared to thesimilar difference
theoreticaly determined.

- Thetheoretica heat demand of CEINCERC
Bucharest with reference to the hourly values,
Q,, (1), was determined, for the previously
mentioned timelag, intermsof thetransfer function
of the opaque and transparent building components
and of theclimatic parameters, usngthecaculation
relations presented in section 3.1, mainly relation
(2). Itismentioned that the sel ected andysisperiod,
06.01-04.03.2009 ischaracterized by Q_, (t) >0
hourly values, which alowstheuseof thecd culation
algorithm — variant a., without resorting to the
aternating paces procedure.

ThediagraminFig. 4 presentsfunctionsQ_ (t)
andQ__ (t). Theactually identical general aspect
of the two functions is noticed, attested by the
averagefunctionsaswell asby the upper oscillation
amplitude of thetheoretical valuescomparedtothe
vauesresulted from the measured dataprocessing.

Inorder to anayzethisdifferencein thetherma

response, function t; -t (t) was used - specific
to the heat transfer through the opagque and

transparent envel ope components. Threesimilar
functionsweredetermined, namdly:

-t -t (t) according to the data
measured and determined using therel ation;

— 1, ~ o, (t) wheret_ (t) wasdetermined
based on the hest integral equation [9];

-1, ~ta (D) wheret, (t)wasdetermined

by the RTU method (Unitary Thermal
Response) [9].

si apoi variatia orard a diferentei de temperaturi
ti, —to, (t):

-1
250
eRy
careseva compara cu diferenta similara determinata
teoretic.

(26)

- Necesarul teoretic de cdldura al CE INCERC
Bucuresti cu referire la valorile orare, Q_ (1), s-a
determinat, pentru intervalul de timp mentionat, in
raport cu functia de transfer a elementelor de
constructie opace si transparente si de parametrii
climatici, utilizdndu-se relatiile decacul prezentate
Tnpartea3.1, in principal relatia (1). Se mentioneaza
ca intervalul de analiza ales, 06.01-04.03.2009, este
caracterizat de valori orare Q_ (t) >0, ceeace
permiteexploataread goritmului decalcul —varianta
a., fard a se apela la procedura pasilor alternanti.

Ingraficul dinfig. 4 se prezintd functiile Q_ (t)
$1 Q.. (1). Se constatd alura medie practic identica
a celor doua functii, atestata de functiile medii, dar
st amplitudinea de oscilatie superioard a valorilor
teoretice Tn raport cu valorile rezultate din
prelucrarea datelor masurate.

In scopul analizei acestei diferente de raspuns

termic s-a utilizat functia t; -t (t) —Caracteristica
atransferului de caldura prin elementele de anvelopa
opace si transparente. S-au determinat trei functii
smilare, respectiv:
-t -t (t) infunctie de datele masurate
0
si determinate cu ajutorul relatiet;
— 1, —to () Incaret, (t) s-adeterminat
pe baza ecuatiei integrale a caldurii [9];
-1, ~te (1) Incaret, (t) s-adeterminat
prinmetodaRTU [9].
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Fig. 4. Heat demand variation of CE INCERC Bucharest in the period 06.01-04.03.2009
(Variatia necesarului de caldura al CE INCERC Bucuresti in intervalul 06.01-04.03.2009)
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Fig. 5. Hourly variation of the characteristic of the heat transfer through the envelope components —
according to the experiment, according to the integral equation and to the RTU method
(Variatia orara a caracteristicii de transfer de caldura prin elementele de anvelopa —
conform experiment, conform ecuatiei integrale si conform metodei RTU)
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The diagram in Fig. 5 presents the hourly
vaiaion of thethreefunctionsprevioudy mentioned,
which provesabehaviour smilar to that of the heat

demandfunctions. Valuet; forwhichtheandysis

was performed was determined based onthet, (t)
hourly values, associated to the heating system
operation, namely thet_ (t) measured hourly values.

Theaveragevalue t, = 23,4°Cresulted, towhich
value f; =22,6°C corresponds, used in this

andyss Thediagramin FHg. 5 confirmstheobjective
natureof temperaturet_ (t), bothby theidentity of
t, (t) [RTU]tot_ (t) [INT] and by the extremely
small difference compared to valuest_ (t) [CE
INCERC Bucharest].

Weemphas zethat thesefindingsare consistent
intermsof the (average) tendency curvesof thethree
functions

It isnoticed that thetheoretica response of the
envelopeisstrongly determinigticfor t_ (t) [RTU],
[INT], the correlation coefficients values ranging
between 0,94 | 0,98fort, (t) [RTU] and between
0,93, 0,96fort_ (t)[INT].

The cumulated values of the heat demandin
the period under analysisal so support theelements
described above. Vaue 2,767.4 kWh results based
on the monthly pace method (NP 048-2000). The
totalizing of the hourly values cal cul ated based on
t_, (RTU) —the hourly pace method providesthe
valueof 2,727.1 kWh. Thedifference between the
twovaues, 1.45% hasno significanceand vaidates
the NP 048-2006 model compared to the hourly
pace detailed cal cul ation method. Moreover, the
difference of 2.2 % between the calcul ated hourly
cumulated value, 2727.1 kWh (detailed method)
and thecumulated va ue provided by measurements,
2788 kWh is totally insignificant, so that the
experiment validates both calculation methods
presented, directly aswell asindirectly (monthly
pace method by means of the detailed method).

Themain conclusionsdrawn from thisphaseof
theexperimentd vdidationarethefollowing:
—thehourly ca culation mathematical model
for the heat demand accurately meets the
cumulated vaues criterion for long periods of
timeandisasubstantia support of themonthly
calculationmodd;

Ingraficul dinfig. 5se prezinta variatia orara a
celor trei functii mentionate, care releva un
comportament similar functiilor de necesar de

caldurd. Valoarea t; pentru care s-a efectuat

andizas-adeterminat pebazavaorilor oraret. (t),
asociate functionarii instalatiei de incdlzire, respectiv
valorilor orare masurate, t_ (t). Arezultat valoarea

medie t, = 23,4°C, céreia ii corespunde valoarea

t, =22,6°C utilizata in analiza de fatd. Graficul

dinfig. 5atesta caracterul obiectiv al temperaturii
t,, (t), atat prin identitatea t, (t) [RTU] cu
t_, (©) [INT], catsi prin diferenta infima in raport cu
vaorilet, (t) [CEINCERC Bucuresti].

Subliniem faptul ca aceste constatari sunt
consistente la nivelul curbelor de tendinta (medii)
ale celor trei functii.

Se constata ca raspunsul termic al anvelopei
are caracter puternic determinist pentru t_ (t)
[RTU], [INT], coeficientii de corelare avand valorile
cuprinseintre0,94 , 0,98 pentrut_ (t) [RTU] si
intre0,93 , 0,96 pentrut, (t) [INT].

In sustinerea celor de mai sus vin si valorile
cumulate ale necesarului de caldura pe durata
intervalului analizat. Pebazametodei cu paslunar
(NP 048-2000) rezulta pentru cele 57 de zile
vaoareade2.767,4 kWh. Insumareavalorilor orare
calculate pebazat_ (RTU) —modelul cu pasorar,
conducelavaoarea2.727,1 kWh. Abatereadintre
cele doud valori de 1,45 % este lipsita de
semnificatie § condituievaidareamodd ului NP048-
2006 in raport cu metodade calcul detaliat cu pas
orar. Pedealta parte, intre valoarea cumulata orara
calculata de 2.727,1 kWh (metoda detaliata) si
valoarea cumulatad rezultatd din masurdri de
2.788 kWh diferenta de 2,2 % este absolut
neglijabila, astfd incat experimentul valideaza anbele
metode decalcul prezentate, atat direct, cat si
indirect (metoda cu pas lunar prin intermediul
metodel detdiate).

Principalele concluzii care se desprind din
aceastd etapd a validarii experimentale sunt
urmatoarele:

— modelul matematic de calcul orar a
necesarului de caldura raspunde cu fidelitate
criteriului devaori cumulate peduratelungi de
timp si constituie un suport consistent al
modeului decacul lunar;
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—thehourly cal culation mathematicad model
can beusedinthebuildingsenergy configuration
andysis, inwhich casetheuseof t, (t) [RTU,
INT] [8] isrecommended —especialyinthe
case of generously glazed structures exposed
to thegreenhouse effect;

—theaveragetendenciesduring significant
periods of timebetween the measured values
and the dataresulted from the mathematical
mode processing areinfactidentical.

Taking into account the elements described
above, wecond der that theexperimentd vaidation
phase atteststhe accuracy of thetheoretical model
presented in section 3.1 of this paper.

4.CASESTUDY -EMPHASIZING THE
IMPACT OFTHE GLAZING RATE
ON THE BUILDINGSENERGY
PERFORMANCE

4.1. Calculation assumptions

Thebuildingunder andysisisanofficebuilding
with complete glazing of the N and S directed
facades. The E and W facades are opague. From
thearchitectural and dimensiond pointsof view, the
office building observes the conventional block
solution. Thetechnica basement isequipped with
thermal systemsrather poorly insulated.

=15sch/hin

min admis
the occupied hours up to the valueof n, =
=3exch/huseful for the night ventilation and for
theperiodsof overheatinginthecold seasonandin
thetransition, season are used. In the unequipped

timeof thebuilding, n, ;. = 0,2 sch/h. Thebuilding

occu-pation leads to the variation of the specific
inputs coefficient, a (t), accordingtoMc 001/ 2-
2006.

The climatic parameters are specific to the
representative year for Bucharest and are used as
hourly averagevaues.

Theandysisof theBuilding Therma Response
was based onthe INT (Heat Conduction Integral
equation method) and theintegration time paceis
the hourly pace. Values n_(t) may be modified

Theventilationrateof N,

—modelul matematic de calcul orar poatefi
utilizat in analiza de configurare energetica a
cladirilor, caz in care se recomanda utilizarea
t, (t) [RTU, INT] [8] —in specia in cazul
structurilor cu vitrg) generos expuse ef ectul ui
de sera;

—tendintele de medie pe durate semnificative
de timp intre valorile masurate si datele rezultate
dinpreucrareamodd ului matematicsunt practic
identice.

Fata de cele de mai sus consideram etapade
validare experimentald atestd corectitudinea
mode ului teoretic prezentat n partea3.1 al lucrarii
de fata.

4.STUDIU DE CAZ-EVIDENTIEREA
IMPACTULUI RAPORTULUI DE
VITRARE ASUPRA PERFORMANTEI
ENERGETICE A CLADIRILOR

4.1. Premize de calcul

Cladirea analizata este cladire de birouri
caracterizata de vitrare completa a fatadelor orientate
N si S. Fatadele E si V sunt opace. Din punct de
vedere arhitectural si dimensional cladirea de birouri
respecta solutia de bloc conventional. Subsolul tehnic
este dotat cu instalatii termice cu grad mediocru de
izolare.

Retadeventilaren, _  =15sch/h inorele

de ocupare a cladirii pand la valoarea n, __ =
= 3sch/hutild pentru ventilarea nocturna i pentru
intervalele de supraincaélzire in sezonul rece si in

sezonul de tranzitie. In orele de neocupare a cladirii,
N, min = 0,2 sch/h . Ocuparea cladirii conduce la

variatia coeficientului de aporturi specifice a (t), in
conformitate cu Mc 001/ 2-2006.

Parametrii climatici sunt proprii anului
reprezentativ al Municipiului Bucuresti si se utilizeaza
sub formaval orilor medii orare.

Analiza Raspunsului Termic al Cladirii s-a
efectuat pe baza metodei ecuatiei Integrale a
Conductiei Caldurii (INT), iar pasul detimp de
integrare este pasul orar. Valorile n_ (t) se pot
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accordingtothethermd pressuredifferencebetween
theoutsideandtheinside.

Thespace heating heat demand was determined
based onan origind agorithm and theva uespecific
to each hour is based on the verification of the
smultaneousconditions:

(D=t
FIn{t, (0}

The air conditioning process modeling was
performed during thewholeyear (8,760 h) inthe
following cal culation hypotheses:

A. Themain zone heating processobservesthe
double condition (27). In the transition and hot
seasonstheindoor temperaturest_(t) , t (t) vary

freely by valueslower or equal to ti; ,, . The“night

ventilation” isusedinthe hot season andinthehours
of thecold season when thehighest admissiblevaue

isexceeded.

The heating system intermittently controlled
operationisnot used. Function Q (t) =0, if itsdesign
valueQ (t) £0,inwhichcaset (t) andt_(t) are
determined. Theintermittent operation of thehegting
system involves the use of a energy economy
programme based on maintaining at_ valueof the
guard temperatureand on the spacere-heatingina
rather shorttime. Theanalyses performed ontypica
winter days (average day of each winter month)
emphasized thelow efficiency of theintermittent
heating procedure (reduction of the seasonal heat
demand by only 3.67%), which urgesustoignore
thisenergy management method.

t;
0(v)

B. Main zonesheatingin thecold season, free
variation of thet (t) andt_ (t) indoor temperatures
and working space cooling in the hot season so that
t, (t) T [26°C, 27°C], a range considered
acceptableintermsof comfort.

In both cases, the hourly values Q (t) (Q (t) >
> 0 were determined in the cold season and
Q (t) < 0and based on them the heat/cold demand
monthly valuesexpressedin [kWh/ m?month] were
determinedintermsof the S . useful area.

modifica in functie de diferenta de presiune termica
intre interior i exterior.

Necesarul de cdldura pentru incalzirea spatiilor
s-adeterminat pe bazaunul algoritm original, iar
valoarea proprie fiecdrei ore se obtine pe baza
verificarii conditiilor simultane:

(27)

- ti0(i)

Mode areaprocesului dedimatizares-aredizat
pe durataintregului an (8.760 h) in urmatoarele
ipotezedecacul:

A. Incilzirea zonei principale se realizeazi cu
respectarea dublei conditii (27). Tn orele sezonului
de tranzitie s1in sezonul cald temperaturile interioare
t_(t),t (t) variazi liber cu valori ma mici sauegale

it . Seutilizeaza,, ventilareanoctumd” insezonul

cald si 1n orele din sezonul rece in care se depaseste

valoarea maxim admisa, tio( - Nu se practica
A

functionarea cu intermitentd controlatd a sistemului
de incalzire. Functia Q (t) = 0, daca valoarea sa de
calcul Q () £ 0, caz in care se determind t. (t) si
t. (1). Functionarea cu intermitentd a instalatiei de
incalzire implica aplicarea unui program de economie
energetica care se bazeaza pe mentinerea unei valori
t, atemperaturii de garda si pe reincalzirea spatiului
intr-untimprelativ scurt. Analizeleefectuate pezile
tipice de 1arnd (ziua medie a fiecarei luni de iarnd) a
relevat eficienta redusa a procedurii de Incalzire
intermitenta (reducere a necesarului sezonier de
caldura cu numai 3,67 %), fapt care ne determina
sd ignoram aceasta metoda de gestiune energetica.

B. Incilzirea zonei principale in sezonul rece,
variatia liberd a temperaturilor interioare t, (t) si
t. (t) sirécirea spa‘,[ill‘lui de lucru 1n sezonul cald
astfel Tncét t_ (t) 1 [26°C, 27°C], interval
considerat acceptabil din punct de vedere a
confortului.

Inambelecazuri s-au determinat vaorileorare
Q (1) (Q (t)>01nsezonul rece si Q (t) <OTnsezonul
cald) sipe baza acestora s-au determinat valorile
lunare ale necesarului de caldurd/ frig exprimatein
[KWh/m? lund] prin raportare la suprafata utila § .
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Thevauesresulted were compared to those
specific to the conventional block (condominium)
which hasanidentica configuration withthat of the
office building. The building considered as a
Conventiona Block Performance Buildingswas
analyzed by using two methods of determining the
Thermal Response, namely the Unitary Thermal
Response Method (RTU) and the Method of the
Heat Conduction Integral Equation (INT). The
RTU method was used for the multi-layer structure
corrected withthetherma bridgesinfluenceandthe
INT method for the equivalent homogeneous
structure. The performances of the Conventional
Block, determinedin both variants, were compared,
and based on the closeness of PEC (RTU) and PEC
(INT) for the officebuil ding dynamic s mulation, the
INT method was adopted, asitismore rapid and
flexible TheRTU method iscons dered theaccurate
calculation method, which was proved by its
experimentd vdidation[9].

4.2. Mathematical model

Thefundamenta thermal bal ance equation for
conditioned occupied spacesis:

Vdorilerezultates-au compara cu cdespecifice
ale blocului conventional care are o configuratie
identica cu cea a cladirii de birouri, dar cu o
repartizare diferitd a suprafetei vitrate (inferioara celei
proprii cladirii de birouri). Cladirea considerata
Martor a Blocului Conventional a fost analizata prin
aplicarea a doud metode de determinare a
Raspunsului Termic, respectiv Metoda Raspunsului
Termic Unitar (RTU) si Metoda ecuatiei integrale
a conductiei caldurii (INT). Metoda RTU afost
aplicatd structurii multistrat corectatd cu influenta
puntilor termice, iar metoda INT structurii omogene
echivalenta. Performantele caracteristice Blocului
Conventional determinate in ambele variantede
cacul aufost comparate, si ca urmare a foarte bunei
apropieri dintre PEC (RTU) si PEC (INT) pentru
simularea dinamica a cladirii de birouri s-a adoptat
metoda INT, mult mai rapida i mai flexibild. Metoda
RTU este considerata metoda exacta de calcul, fapt
probat prin validarea sa experimentala [9].

4.2. Modelul matematic utilizat

Ecuatia fundamentala de bilant termic al
incintelor / spatiilor ocupate climatizate este:

Q(1) = Sgxag, H[ta (1) ~ (D] + Sprag, X[ty (1) - tp (O] + Ny () 1V xrrcp, 1[t, (1) — te(D)] - a(t) xS oc

Theaveragetemperatureof theinside surfaces
of the building components adjoining the outside
environment (natural and built) isdetermined from
thethermd bad ance specificto each typeof envelope
component, according to the resulting indoor
temperature, t, (t) andtothevirtua outdoor tempe-
rature, t_, (t) of each opaque/ transparent closing

component. The space average value t,,(t)is

determined based on therated averaged with the
thermal coupling factors specific to each building
component. Theresultingindoor temperatureisaso
determined by arated average, according to the
intengity of the convectiveand radiaive hegt transfer
processes, of theair volume average temperature
t. (t) and the average temperature of the building
envelope which includes both inside building
components and outsi de building components. An
explanatory approach providesthefollowing:

(28)

Temperatura medie a suprafetelor interioare a
elementelor de constructie adiacente mediului
exterior (natural si construit) se determina din bilantul
termic propriu fiecdrui tip de element de anvelopa,
in functie de temperatura interioara rezultant, t, (t),
si de temperatura exterioard virtuala, L (), a
fiecarui element de inchidere opac / transparent.
Valoarea medie spatiala t,, (t) sedetermina pe baza
mediel ponderatecufactorii decuplg termic proprii
fiecarui element de constructie. La randul sdu,
temperatura interioard rezultanta se determind ca
medie ponderata, in functie de intensitatea proceselor
de transfer de caldura prin convectie si prin radiatie,
atemperaturii medii volumiceaaerului t, (t)sia
temperaturii medii radiante a anvelopei cladirii care
include atat elementele de constructie interioare, cat
si elementele de constructie exterioare. Prin
explicitaresegungela

t(t) = Bt (1) + Byt (1) + Baf (1) (29)
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Thethermal balance equation (28) provides: Din ecuatia de bilant termic (28) se determina:

ta (1) = Gy (O xtp (1) + (1) (30)

whereF, (t) isalinear function asfollows: incareF, (t)este o functie liniara deforma:
F (1) = Ry (1) Q1) + Fy»(1) (31)

Thethermal ba ance equation specificto the

Ecuatia de bilant termic proprie elementelor de
inside building components with the average

constructie interioare caracterizate de temperatura

temperaturet,, (t) leadsto thefollowing solution: mediet,, (t) conduce la solutia:
_é m, ml m_ m m
to(t,) = atp(t;_) -—+—;xexp (-DDt) + =+ —=xDt - — 32
p(t;) Sp(,l)D ol p( )D 5 D (32)
where: ncare
\Ithtj_tj—l
o
1 _Fz(tj)‘Fz(tj-l)
1m= Dt (39)
:{:rnz:FZ(tj—l)

and function F, (t) expressed according to F, (t) si functia F, (t) care se exprima in functie de F, (t)

and to the average virtua outdoor temperature si de temperatura exterioara virtuald medie t,, (t)

t, (t)as subforma:
Fo(t) = My xF (5 xQ(T) + M, xEg, (1) + My xFy »(t) (34)
Theindoor temperaturesrepresentativefor the Sedefinesctemperdurileinterioarereprezentaive
therma comfort aredefined: pentru stareade confort termic:
6 (1) = At (1) + Ayt (t) + Agxi, (1) (35
ta (1) = G (1) 1tp (1) + Ry (1) (30)
which isexpressed accordingto Q (t) aswell as care se exprima in functie de Q (t) si de parametrii
to the natural climatic parameters t_(t), I, (t), climatici naturali t_ (t), 1, (), I (t) si sintetici,
|, (£) and to synthetic ones, namely t,, (t) . respectiv t,, (t) . Rezulta doud expresii de forma
liniara:
t(t;) = Hy(t;)xQ(t;) + Hy(t;) (36)
ta(t;) = Ha(t;)xQ(t;) + H,(t)) (37)
wherecoefficients Hy(t;), ..., H,(t;) aredeter in care coeficientii H, (t;), ..., H,(t;) sedetermi-
mined according totheknownvalueQ (t,_)). na in functie de valoarea cunoscutd Q (t, _,).
Based on relations (36) and (37) used as Pe baza relatiilor (36) si (37), utilizate ca ecuatii,
equations, twovauesQ (t]) aredetermined, namely: se determina doua valori Q (tj), respectiv:
Q, (t)) =[t;, - HZ(tj)]XHl_l(tj) (38)
Q, (t)) =[t;, - Ha(t) " H7'(t)) (39)
94
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andthefollowingissdlected:

sise alege:

Q(t;) = max{Q, (t;), Q, (¢;)} (40)

Decision (40) ensures that t,(t;) 3t , a

1o 1
conditionwhichisuseful mainly inthe cold season.
If Q (tj) <0,Q (tj) =0Qisadoptedand t, (tj)
andt, (tj) arecaculated. Thefollowing conditionis
verified:

Prin decizia (40) se asigura ca t,(t;) 3t ,
conditie utila in special in sezonul rece.

Incazul incareQ (tj) <0seadopta Q (tj) =0
sise calculeazd t (tj) sit, (tj). Se verifica conditia:

ta(tj) Etiomax.admis (41)

If condition (41) isnot met, additional venti-

Daca nu se respecta conditia (41), se

lation is used, namely n_ (t) =n, _, associated adopta regimul de ventilare suplimentara, respectiv
tocondition: n, (t)=n,__ ,asociat conditiei ca:
t, 3te(t;) +Dtg (42)

If neither condition (42) nor condition (41) are
met, the spacewill start to beartificially cooled so
astopreservevauen_ . . . (t)inthehourswhen
the spaceisoccupied.

In the hours when the spaceis not occupied,
the procedureisthe same; thedifferenceisthat if
conditions(41) and (42) ares multaneoudy not met,
artificia coolingwill be used, associated to value
n_ ..corresponding to the minimum value of the
infiltrationrate

Thereforein the hours when the building is
occupied, values n_ (t) are either n, . . .. or
n, . whileinthe hourswhenthebuildingisnot
occupied, eithern_ . orn___isused.

Thealgorithm presented may be modifiedin
termsof an extreme (conditioned) conditionreferring

tofunctionQ (tj) initsmoduleform, namely:

Neindeplinirea conditiei (42), asociata cu
neindeplinirea conditiei (41), echivaleaza cu trecerea
la regimul de racire artificiala a spatiului cu
mentinerea valorii N (t) Inorelede ocupare
aspatiilor.

In orele de neocupare se procedeaza similar
cu diferenta ca in cazul neindeplinirii simultane a
conditiilor (41) si (42) se procedeaza la racirea
artificiald asociatd valorii n_ . aferentd valorii minime
aratei de infiltratii proprie ochiurilor mobile etanse.

Prin urmare in orele de ocupare a cladirii, valorile
n, (t]) suntfien, .. ..fien . intimpceinorele
in care cladirea nu este ocupata se utilizeaza fie n
fien, .

Algoritmul prezentat poatefi modificat inrgport
cu o conditie de extremum conditionat care se refera
la functia Q (tj) sub formasademodul, respectiv:

amin. admis

amin’

|Q(t;)|= min{|Q(t))} (43)

whichinvolvestheuseof extra(additiona) ventilation
inthehot season).

Thisreport, which is mainly focused on the
andysisof the heating processin highly glazed spaces
of the Officetype, adopted theanaysisof function
Q (t]) by thea ternating paces procedure previoudy
presented.

4.3. Presentation of results

Thediagraminfig. 6 presentsthevariation Q (t)
for the cold season, in the case of the officebuilding.
The heat demand maximum vaueisrecorded on

care implica utilizarea ventilarii suplimentare in
sezonul cald.

In lucrarea de fata, care urmareste in special
analiza procesului de incalzire a spatiilor foarte vitrate
de tip Birou, s-a adoptat analiza functiei Q (tj) prin
procedura pasilor alternanti, prezentata in cele de
mal sus.

4.3. Prezentarea rezultatelor
Ingraficul dinfig. 6 se prezinta variatia Q (t)

pentru sezonul rece, in cazul cladirii de birouri.
Valoarea maxima a necesarului de caldura se
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the day of 19.01, at 8% h and its value is
Q. = 152.118kW (t,=-15.70°C) —wemention
thatt . =-16.80°Cat 10® hof thesameday, but
it is not associated to Q__ . The heating system
operation period (Q > 0) isof 3552 hours, namely
148 equivaent days.

inregistreaza in ziua de 19.01, la ora 8% si are
valoareaQ__ = 152,118 kKW (t_ =-15,70°C) —de
mentionat faptul cdt . =-16,80°Claoral0®a
aceleiasi zile, dar nu se asociazd cu Q _ . Duratade
functionare a instalatiei de incalzire (Q > 0) estede
3.552 ore, respectiv 148 zileechiva ente.
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Fig. 6. Heat demand for the Bucharest office building heating, a representative year

(Necesarul de caldura pentru incalzirea cladirii de birouri — Bucuresti, an reprezentativ)

Theextent of the heating season, defined asthe
extent of the period between themoment of thehegting
system operation start and that of the operation stop
is of 216 days. Of these, about 15 days (in the
trangtion periods) arecharacterized by adally average
heet flow-rate of lessthan 20 W /m2.

The diagram in Fig. 7 presents the hourly
variation of temperatures t (t) and t_(t). It is
noticed that sincethemoment t = 3,520 huntil the
moment t = 6,294 h, during 2,154 h, the indoor
temperatures exceed thevalue of 27°C (27.05 at
15%h-20.09 at 5% h). Peak values of over 30°C
and an absolute maximum of 34.9°C arerecorded
ontheday of 06.07, a 17%° h. Thisexcessivetherma
behaviour isconsequent totheextremdy high glazing

Durata sezonului de incalzire, definitd ca durata
intervalului dintre momentul inceperii functionarii si
momentul incetarii functionarii instalatiei de incélzire,
este de 216 zile. Dintre acestea, cca. 15 zile (din
perioadele de tranzitie) sunt caracterizate de flux
termic mediu zilnicdesub 20 W/ m2.

Ingraficul dinfig. 7 se prezinti variatia orari a
temperaturilor t (t) si t_(t). Se constatd ca
Tncepand cu momentul t = 3.520 h si incheind cu
momentul t = 6.294 h, pe durata a 2.154 h,
temperaturile interioare depasesc valoarea de 27°C
(27.05 ora 15%-20.09 ora 5%). Se inregistreaza
varfuri cu peste30°C si maxima absoluta de 34,9°C
in ziua de 06.07, ora 17%. Acest comportament
termic excesiv este consecinta raportului de vitrare
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rate of theN and Sfacades. We emphasizethat the
anadysison thesupport of amodd withfour therma
zonesrevea supper maximum va uespecifictothe
rooms onthe SOUTHERN fagade of the building
(36.7°C).

35

foarte ridicat al fatadelor N si S. Este de subliniat
faptul ca analiza pe suportul unui model cu patru
zone termice pune in evidentd maxime superioare

proprii incintelor amplasate pe fatada SUD a cladirii
(36,7°C).

34

33

32

| \

28

27

Jl

f W"@I 1|
Hm =

L uk &Y T

26 jill \ IJ |

25

ti, ta, ti.max.admis. [°C]

=
|

23

22 |4 ddla

2 l”;

21

20

19 +

0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800 5200 5600 6000 6400 6800 7200 7600 8000 8400 8800

ora [h]

Fig. 7. Indoor temperatures (resulting one and air) specific to office buildings
with no air conditioning in the hot season (Temperaturi interioare (rezultanta
si aer) caracteristice cladirii de birouri fara climatizare in sezonul cald)

ThediagraminFig. 8 presentsintheformof a
histogramthemonthly heat demand of themainzone,
specificto the Conventiona Block (based on Q (t)
hourly va ues) and to the Office building, based on
the Q (t) hourly valuesaswell asontherelation
that ignorestheinfluence of thethermal capacity of
theing de building components (pseudo-steady state
conditions, called as such because it uses every
moment t therelation specific to theheat transfer
steady-state conditions, but with referenceto vaues

t,, (t) ). Avery good estimationisnoticed, by the

use of the pseudo-steady statemode instead of the
hourly model (an error of 2.3% per season:
84.1 kWh/ m? ancomparedto 86.1 kWh / m?year,
resulted form thedynamic andysis). Theresidentia
condominium typeof building has aseasonal hest
demand of 89.0 kWh/ m?. Thedifferenceoriginates
intheefficient useof thesolar radiation by theglazed
facade in the cold season — but the difference of
3kWh/m? (3.8 %) isindgnificantintermsof energy
performance.

Ingraficul dinfig. 8 seprezinti sub forma de
histograma necesarul lunar de céldura al zonei
principale specific Blocului Conventional (pe baza
vaorilor orareQ (t)) si cladirii de Birouri determinat
atét pe bazavaorilor orare Q (t), cat si pe baza
relatiei care ignord influenta capacitatii termice a
elementelor interioare de constructie (regim pseudo-
stationar, denumit ca atare pentru faptul ca utilizeaza
lafiecaremoment trelatia proprie regimului stationar
de transfer de caldura, dar cu referire la valorile

t,, (t)). Se constata o foarte buna estimare prin

utilizarea modelului pseudo-stationar in locul
mode ului orar (eroarede 2,3 % lanivel desezon:
84,1 kWh/ m?an fatd de 86,1 kWh / m?an, rezultat
din analiza dinamica). Cladirea de tip condominiu
rezidential este caracterizatd de un necesar sezonier
de caldura de 89,0 kWh / m? Diferenta provine din
utilizarea eficientd a radiatiei solare de cétre fatada
vitrata in sezonul rece — diferenta de 3 kWh / m?
(3,8 %) este Insd nesemnificativa ca performanta
energetica.

CONSTRUCTII —Nr. 1/ 2010

97



C. Petcu, D. Constantinescu, H. Petran

26

24

20

Oq.nest birou [KWh/mp.]

18

=
»

N

g.nec. [kWh/mp.]
N}
s

8
]
\

©
I
\

f, sl 1l

Hq.lunar birou [KWh/mp.] —
4. nest bloc [KWh/mp.]

mlll_ -

\ Vil X X X

| Il 1] \ \% Vi

Luna

Fig. 8. Specific heat demand for the main zone heating — conventional block and office building —
Bucharest, a representative year (Necesarul specific de caldura pentru incalzirea
zonei principale — bloc conventional si cladire de birouri — Bucuresti, an reprezentativ)

The diagram in Fig. 9 presents the three
characteristicsasathermd diagram. Itisimportant
to notice the rather significant impact of the
caculationmodel inthetransition season; butitis
much lessimportant inthe heating season. Thesame
conclusions result from the cumulated curves
presentedinthediagraminFig. 10.

An andysisextended to the hot season aswell
emphad zed theheat/colddemand variaion during the
wholeyear. Thes gnificant va uesof thecold demand
intheofficebuilding arenoticed; thesevauescan be
emphasized only by dynamicmodding (Fig. 11).

ThediagraminFig. 12 presentsvariationst (t)
and t_ (t) during the whole year, according to the
energy management processes. Theenergy-rel ated
characterigticsof theConvertiona Block (determined
by dynamic modelinginthe RTU and INT variants)
and of the Office Building (dynamicmoddingby INT
method) are presented inthediagram of Fig. 13 as
energy demand monthly indicators.

Two important conclusionsaredrawn:

1. TheRTU and INT modelsactually lead
tothesamevaues,

Sub forma de diagrama termica cele trei carac-
teristici se prezinta in graficul din fig. 9. Seobserva
impactul relativ semnificativ d moddului decadcul in
sezonul de tranzitie, dar putin important la nivel de
sezon de incalzire. Aceleasi constatari rezulta si din
curbelecumulate prezentatein graficul dinfig. 10.

Extinderea analizei i asupra sezonului cald pune
in evidenta variatia necesarului de caldura/ frig pe
durata intregului an. Se constata valorile semnificative
ale necesarului defrigin cazul cladirii debirouri,
valori care nu pot fi evidentiate decat prin modelare
dinamica (fig. 11).

Ingraficul dinfig. 12 se prezintd variatiile t, (t)
si t () pe durata intregului an, in functie de
procesele de gestiune energetica. Sub forma
indicatorilor lunari denecesar deenergie, ingraficul
dinfig. 13 se prezinta caracteristicile energetice ale
Blocului Conventional (determinate prin modelare
dinamica in variantele RTU s1 INT) si ale cladirii de
Birouri (modelare dinamica prin metoda INT).

Sedesprind doua concluzii importante:

1. practic modelele RTU s1 INT conduc la
aceleasi valori;
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Fig. 9. Heat demand monthly values — space heating: conventional block and office building — Bucharest
(Valori lunare ale necesarului de caldura — incalzire spatii: cladire bloc conventional si

cladire birouri — Bucuresti)
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Fig. 10. Cumulated heat demand — conventional block and office building —
Bucharest, representative year (Necesarul de caldura cumulat bloc conventional si
cladire birouri — Bucuresti, an reprezentativ)
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Fig. 11. Heat / cold demand for heating / cooling — office building — Bucharest, representative year
(Necesarul de caldura / frig pentru incalzirea / racirea cladirii de birouri — Bucuresti, an reprezentativ)
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Fig. 12. Indoor temperatures (resulting and air) specific to the office building conditioned in the hot season
(Temperaturi interioare (rezultanta si aer) caracteristice cladirii de birouri cu climatizare in sezonul cald)
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Fig. 13. Heat / cold monthly specific demand for the conventional block and for the office building —
Bucharest, representative year (Necesarul specific lunar de caldura /
frig aferent blocului conventional si cladirii de birouri —
Bucuresti, an reprezentativ)

2. Thedynamic model revealsimportant
differencesun-favouring the Office Buildingin
the hot season; in the cold season thedifferen-
cesbetween Block and Officeareinggnificant.

The heat/cold demand annual amounts
(summed) providethefollowing vaues(Fig. 14):

1. Heating:
Block (RTU):
Block (INT):
Office(INT):
2. Cooling:
Block (RTU):
Block (INT):
Office(INT):

3. Total:

Block (RTU):

Block (INT):
Office(INT):

89.1kWh/m?
89.4kWh/nv
86.2kWh/nm?

4.6 KWh/m?
4.2kWh/m?
33.3kWh/m?

93.7kWh/nm?
93.6 kWh/m?
119.5kWh/m?

thereforeatota va ueof thethermd energy demand
(space heating and cooling) specific tothe offices

whichishigher by 27.4 %.

2. modelul dinamic releva diferente notabile
in defavoarea cladirii de tip Birouri In sezonul
cald, iar in sezonul rece diferentele sunt
nesemnificative intre Bloc si Birouri.

Sumele anuale ale necesarului de incélzire/ frig
releva urmatoarele valori (fig. 14):

1. Incalzire:

Bloc(RTU):

Bloc (INT):

Birou (INT):

2. Racire:

Bloc(RTU):

Bloc (INT):

Birou (INT):

3. Total:

Bloc (RTU):

Bloc (INT):

Birou (INT):

89,1kWh/m?
89,4kWh/m?
86,2kWh/m?

4,6 KWh/m?
4,2kWh/m?
33,3kWh/m?

93,7kWh/nm?
93,6 kWh/m?
119,5kWh/ m?

deci o valoare totala anecesarului deenergietermica
(incalzire si racire Sp&ii) proprie birourilor superioara

cu 27,4 %.
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Fig. 14. The heat / cold demand annual amonnts for conventional bloc of fats and office building —
Bucharest typical year (Necesarul anual de caldura / frig si total utilitati termice pentru
Blocul conventional si pentru Cladirea de birouri — Bucuresti, an reprezentativ)

5.CASESTUDY -DETERMINATION
OF THEHEAT DEMAND OFA
COLLECTIVEDWELLING
BUILDING (BLOCK OFFLATYS)

5.1. Calculation assumptions

We further present a case study on the
comparative application of thespace hegting energy
demand and consumption, on the support of a
collectivedwelling building. Theblock of flatstype
buildingisrepresentativefor the current Stuation of
thebuilt stock, asit isdefined based on astatistical
andyd sfocused ontheentirestock on such buildings
inRomanid surban environment. The NP048-2006
method (experimentally validated) and the method
intheMc 001/ 2-2006 technical regul ation based
onthe European standard SR EN 13790:2003 were
smultaneoudy used.

For the calculation according to MC 001-
2006, thethermal capacity of theinner side of the
outside building componentswas a so considered.

The constructive structure of the building
envelopeischaracterigtic for thecondominiumtype
blocksbuiltinthelast few years.

5.STUDIU DE CAZ - DETERMINAREA
NECESARULUI DE CALDURA AL
UNEI CLADIRI DE LOCUIT
COLECTIVE (BLOC DE LOCUINTE)

5.1. Premize de calcul

In cele ce urmeaza se prezinta un studiu de caz
privind aplicarea comparatd a modelelor de calcul
a necesarului i consumului de energie pentru
incalzirea spatiilor, pe suportul unei cladiri de locuit
colective. Cladirea de tip bloc de locuinte este
reprezentativa pentru situatia actuald a fondului
construit, fiind definita pe baza unei analize statistice
care a vizat ansamblul cladirilor de tip bloc de
locuinte amplasate in mediul urban din Romania.
Sauutilizetinpardd metoda(vaidataexpeimentd)
NP 048-2006 s metodadin reglementareatehnica
Mc 001/ 2-2006 bazata pe standardul european
SR EN 13790:2003.

Pentru calculul conform MC 001-2006 s-a
considerat si capacitatea termicd a partii interioare
a elementelor de constructie exterioare.

Structura constructiva a anvelopei cladirii este
caracteristicd pentru blocurile de tip condominiu
redizatein perioadaultimilor ani.
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Thebuildingislocated in Bucharest, climatic
zone 2, for which the climatic dataconsidered is
that characterizing the climatic year [10]. The
representative climateiscentralized, intheform of
monthly average temperatures and solar radiation
intengities, inTable3.

5.2. Calculation of the space heating
energy demand according to the
hourly pace model —

INCERC mode

The calculation of the energy demand for the
heating of the occupied spaces (apartments) was
performed by using the RTU Method (Unitary
Thermal Response) on the multi-layer structure
corrected by the thermal bridges influence. The
space heating process modeling was performed
during thewholeyear (8,760 h) inthe hypothesis
that themain zone heating meetsthedoublecondition
(31). Inthehoursof thetrangition season, theindoor
temperatures t_(t) , t (t) freely vary by values

3 tio(i) . Thehegting sysemintermittently controlled

operation or the night ventilation in the hot season
and in the hours of the cold season when the
maximum admitted valueisexceeded are not used.
FunctionQ (t) =0if itsdesignvalueQ (t) £ 0in
whichcaset, (t) andt, (t) aredetermined.

Thehourly valuesQ (t) >0inthecold season
weredetermined by simulation, whichwerefurther
used in determining the heat demand monthly vaues
expressedin[kWh / m? month] intermsof the§ .
useful area

Cladirea este amplasata in Municipiul Bucuresti,
zona climatica 2, pentru care se considera datele
climatice caracteristice anului climatic tip [10].
Clima reprezentativa este centralizata, sub forma
temperaturilor si intensitatilor medii lunare ale
radiatiei solare, in tabelul 3.

5.2. Calculul necesarului de energie
pentru incalzirea spatiilor
conform modelului cu pasorar —
model INCERC

Calculul necesarului de energie pentru incalzirea
spatiilor ocupate (apartamente) a fost efectuat prin
aplicarea Metodei Raspunsului Termic Unitar
(RTU) structurii multistrat corectata cu influenta
puntilor termice. Modelarea procesului de incalzire
a spatiilor s-a realizat pe durata intregului an
(8.760 h) in ipoteza in care incalzirea zonei principale
se realizeaza cu respectarea dublei conditii (31). In
orele sezonului de tranzitie temperaturile interioare

t, (t), t (t) variaza liber cu valori 3 tio(i) .Nuse

practica functionarea cu intermitenta controlatd a
sistemului de incalzire si nici ventilarea nocturna
in sezonul cald si in orele din sezonul rece 1n care
se depdseste valoarea maxim admisd. Functia
Q (t) =0 daca valoarea sa de calcul Q (t) £ 0, caz
in care se determind t (t) sit_(t).

Prin simulare s-au determinat valorile orare
Q (t)> 0in sezonul rece si pe baza acestora s-au
determinat valorile lunare ale necesarului de caldura
exprimate in [KWh / m? lund] prin raportare la
suprafatautild § .

Table 3.
Representative climate — Bucharest
(Clima reprezentativd — Bucuresti)

MONTH I I Il v Vv Vi VI VIl IX X Xl Xl
ITSOUTH 696 | 85| 25| 804 | 758 | 730 | 818 | 93 | 1004 | 109,3 | 743 | 68,1
ITWEST 292 | 48,7 | 630 | 715 | 83 | 925 [ 1062 | 9,0 | 679 | 467 | 28,7 | 23,1
ITNORTH 142 |1 20,3 | 286 | 390 | 57,1 | 642 | 626 | 450 [ 314 | 227 | 16,1 | 125
ITEAST 311 | 453 | 710 | 91,1 | 1238 11259 ] 1349 | 1299 | 101,0 | 809 | 38,8 | 329
IT Horizontal 492 | 75,8 | 116,1 | 1478 | 187,8 | 211,7 |1 2293 | 206,4 | 142,8 | 992 | 55,6 | 42,6
Id - Vertical 142 1203 | 285 | 370 | 41,8 | 443 | 411 | 361 | 304 | 227 | 161 | 12,5
Id - Horizontal 284 | 40,6 | 569 | 740 | 8,7 | 887 | 822 | 721 | 60,8 | 455 | 32,2 | 24,9
Outdoor temp. [°C] | -2,10 | 1,26 | 452 | 13,82 | 1579 | 21,06 | 21,62 | 21,27 | 16,59 | 11,51 | 523 | 0,17
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ThediagraminFig. 15 presentsthevariation
Q (t) inthecold season for the block type building.
The heat demand maximum value is recorded
on19.01, at8°handitsvaueisQ__ = 101.45 kW
(t,=—15.70°C) — we mention that t . =
=-16.80°C at 10%° h onthe sameday, but it isnot
associatedto Q.

Theheating season (Q > 0) lasts 216 days.

Thediagramin Fig. 16 presentsthe monthly
heat demand of the main zone, specific to the
Conventiona Block (based on Q (t) hourly vaues).

The space heating annual energy demand (in
themain zone—apartments) is165403 kWh/ year,
namely the specific demand intermsof the heated
spacesuseful area, 89.06 kwWh/ m2year.

5.3. Calculation of the space heating
energy demand according to
the (NP 048-2006) monthly
calculation model

Thecaculationisperformed accordingto the
aternative method included in Mc 001-2006, that
isthe NP 048-2006 method, by determining the
corrected number of degree-daysin the building
thermd diagram; the secondary zonestemperatures
(staircase and basement) are determined by the
monthly therma balanceof these spaces, according
to chapter 1.10 of Mc 001/ 1-2006.

Thecalculation resultsarefurther presented

(fig. 17):
- Theannua heat consumption for heating

inthe heated spacesis Q27 = 159.67 MWh/
year.

- Theannua heat consumption for heating
at the connection to the heat supply systemis
Qg =185.97 MWh/ year.

- The specific annual consumption for
heating the building spaces, namely the heated

spacesis g = 89.3kWh/ m?year.

- The specific annua heat consumption for
the heating of the building spacesat theleve of
theheat source (connectiontothedigtrict heating

network) is gg' = 100,1kWh/ m?year.

Ingraficul dinfig. 15 se prezinta variatia Q (t)
pentru sezonul rece, in cazul cladirii de tip bloc de
locuinte. Valoarea maxima a necesarului de caldura
se inregistreaza in ziua de 19.01, la ora 8% si are
valoareaQ__ = 101,45 kW (t = -15,70°C) —de
mentionat faptul cat . =-16,80°Claoral0®a
aceleiasi zile, dar nu se asociazacu Q__ .

Durata sezonului de incalzire (Q > 0) estede
216zile.

Ingraficul dinfig. 16 se prezinta necesarul lunar
de caldura al zonei principale specific Blocului
Conventional (pe baza valorilor orare Q (t)).

Necesarul de energie anual pentru incélzirea
spatiilor (la nivelul zonei principale —apartamente)
este de 165.403 kWh / an, respectiv necesarul
specific obtinut prin raportare la aria utild a spatiilor
incalzite de 89,06 kWh / m2an.

5.3. Calculul necesarului de energie
pentru incalzirea spatiilor conform
modelului de calcul lunar (NP 048-
2006)

Calculul de efectueaza in conformitate cu
metoda alternativa cuprinsa in Mc 001-2006,
respectiv metodaNP 048-2006, prin determinarea
numarului corectat de grade-zile din diagrama
termica a cladirii, iar temperaturile zonelor secundare
(casa scarilor si subsolul blocului) determinate prin
bilantul termic lunar al spatiilor mentionate, conform
cap. 1.10din Mc 001 / 1-2006.

Rezultatele calculului se prezinta in cele ce
urmeaza (fig. 17):

— Consumul anual de caldura pentru
incalzire, la nivelul spatiilor incalzite este

o = 159,67 MWh/ an.

- Consumul anual de caldura pentru incalzire,
lanivelul racordului lasstemul dedimentarecu
caldura este Qg: . =18597MWh/an.

- Consumul specific anual de caldura pentru
incalzirea spatiilor cladirii, la nivelul spatiilor
incdlzite ¢, = 89,3kWh/mzan.

- Consumul specific anual de caldura pentru
incalzirea spatiilor cladirii, la nivelul sursei de
caldura (racordul la reteaua de termoficare) ese

qg:C =100,1 KWh/ m?2an.
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Fig. 15. Heat demand for the block heating — Bucharest, representative year

(Necesarul de caldura pentru incalzirea cladirii de tip bloc — Bucuresti, an reprezentativ)
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Fig. 16. Specific heat demand for the main zone heating — conventional block — Bucharest, representative year

(Necesarul specific de caldura pentru incalzirea zonei principale — bloc conventional —
Bucuresti an reprezentativ)
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Fig. 17. Building thermal diagram [11] — conventional block — Bucharest, representative year
(Diagrama termica a cladirii [11] — bloc conventional — Bucuresti an reprezentativ)
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Fig. 18. Building thermal diagram — conventional block — Bucharest, representative year
(Diagrama termica a cladirii — bloc conventional — Bucuresti an reprezentativ)
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5.4. Calculation of the space heating
energy demand according to the
model in the heating period
(Mc 001-2006)

Thecalculation isperformed according to the
seasond cdculationmethod of [12], by preiminarily
determining the heat |osses and inputsbased on the
standardized extent of the heating season and by
determining the heating season corrected duration.
The secondary zonestemperatures (staircase and
basement) are determined by the monthly thermal
balance of these spaces, according to Mc 001 /
1-2006.

Thefind thermd diagram pedifictothebuilding
under analysisispresentedinthediagramof Fig. 18.

Theca culation resultsarethefollowing:

- Theannual heat consumption for heating
inthe heated spaces (gpartmentsand staircase)
isQ,=228.32 MWh/ year.

- Theannual heat consumption for heating
at the connection to the heat supply systemis
Q,,=272.24 MWh/ year.

5.5. Compared analysis of theresults
obtained

The synthetic results of using the three
cd culation methods—INCERC method with hourly
pace, seasond cal culation method of Mc 001-2006
and aternative method of Mc 001 2006 (NP 048-
2006) —arepresented in Table 4.

According to thehourly pace INCERC model
and to the NP 048-2006 model, the main heated
zone includes apartments while the staircase is
considered a secondary zone together with the

5.4. Calculul necesarului de energie
pentru incalzirea spatiilor conform
modelului pe perioada de incalzire
(Mc 001-2006)

Calculul de efectueaza in conformitate cu
metodadecalcul sezonier din[12], prindeterminarea
preliminard a pierderilor si a aporturilor de caldura
pe baza duratei standardizate a sezonului de incélzire
si determinarea duratei corectate a sezonului de
incalzire. Temperaturile zonelor secundare (casa
scarilor si subsolul blocului) se determina prin
bilantul termic lunar al spatiilor mentionate, conform
Mc 001/1-2006

Diagrama termica final proprie cladirii analizate
se prezintd in graficul din fig. 18.

Rezultatele calculului se prezinta in cele ce
urmeaza:

- Consumul anual de céaldura pentru incal-
zire, lanivelul spatiilor Incalzite (apartamente si
casa scdrilor) este Q, =228,32 MWh/ an.

- Consumul anual de cdldurd pentru
incalzire, la nivelul racordului la sistemul
de alimentare cu cdldurd este Q, =
=272,24 MWh/ an.

5.5. Analiza comparata a rezultatelor
obtinute

Rezultatele sintetice ale aplicarii celor trel
metode de calcul —metodalNCERC cu pasorar,
metoda de calcul sezonier din Mc 001-2006 si
metoda alternativa din Mc 001-2006 (NP 048-
2006) —sunt prezentatein tabelul 4.

Tnmodelul INCERC cu pas orar si in modelul
NP 048-2006 zona principald Incalzitd este formata
din apartamente, iar zona casei scarilor este

CONSTRUCTII —Nr. 1/ 2010

Table 4.
INCERC L Mc 001/ L.
Unit calculation - | NP 0482006 | 1y, | Deviation |75 5504 piff. | Deviation
calculation [%] - [%]
hourly pace calculation
Dz [days] 216,0 199,3 -16,7 -7,7% 220,8 4,8 2,2%
Sinc [m2] 1.858,0 1.858,0 0,0 0,0% 2.393,8 535,8 28,8%
Vinc [m2] 5.016,0 5.016,0 0,0 0,0% 6.409,0 1.393,0 27,8%
Q_loc [MWh / year] 165,4 159,7 -5,7 -3,4%
Qinc [MWh /year] 1715 165,9 -5,6 -3,3% 228,3 56,8 33,1%
Qs_inc [MWh / year] 192,2 186,0 -6,2 -3,2% 272,2 80,1 41,7%
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technica basement of thebuilding. Inthefirst modd,
the heat demandinthemain zoneisdetermined by
dynamic calculation (hourly pace). Thenext stepis
theintegrationinmonthly timeunits Theheat demand
in the staircase space is determined by using the
model specificto secondary sub-zones, which aso
providesthethermal flow dissipatedinthetechnical
basement. The second model (NP 048-2006 with
monthly pace) provides the heat demand in the
goartmentsaswd | asin thesa rcase secondary zone
inthe previoudy described form. Inthethird model
(Mc 001 2006), the main heated zoneincludesthe
staircaseaswell and itstemperatureis determined
by thermal balance. Thereforethe annual energy
consumption vauesprovided by thesemethodsare
comparabl e, but the specific consumption values
cannot be compared as they are based on two
different useful aress.

Theresults obtained confirm the proper use
of the NP 048-2006 monthly cal culation model
(—3.3%error compared to thehourly pacetransent
model), namely inadmissible deflections of the
seasonal calculation model, Mc 001 / 2 — 2006,
compared to thetransent modd (33 %and 41.7 %

respectively).

6. CASESTUDY —DETERMINATION OF
AN OFFICE BUILDING HEAT
DEMAND

Theapproachissimilar to that concerning the
block of flats theonly differencesrefer tothebuilding
glazing rate, the ventilation conditions and the
occupation rate. Thischapter presentsthe synthetic
resultsinFigures19...21 andin Table5.

The space heating annual energy demand,
determined by the hourly pace INCERC method
(buildingintegra eguation) isof 159,532 kWh/ yesr,
namely the specific demand in termsof the heated
spaces useful area, 85.86 kWh/ m?year.

Theresultsobtained confirm the accurate use
of the monthly calculation model (0.5% error
compared to the transient model), namely
inadmissible deflections of the seasond cal culation
model compared to thetransent model (24%inthe

consideratd zona secundard alaturi de subsolul tehnic
al cladirii. In primul model se determina necesarul
de caldura la nivelul zonei principale prin calcul
dinamic (pas orar). Pasul urmator este acela de
integrare lanivel de unitati de timp lunar. Necesarul
de caldura la nivelul casei scarilor se determina prin
aplicareamodel ului propriu subzone or secundare,
model care furnizeaza si fluxul termic disipat lanivelul
subsolului tehnic al cladirii. in cel de-al doilea model
(NP 048-2006 cu pas lunar) rezulta necesarul de
caldura atat la nivelul apartamentelor, cat si la nivelul
zonei secundare a casei scarilor sub forma
susmentionati. In cel de-al treileamodel analizat
(Mc 001-2006) zona principala incélzita contine si
casa scarilor, a carei temperaturd se determind prin
bilant termic. Prin urmare valorile consumurilor
anual e de energie sunt comparabileintre metode,
dar valorile consumurilor specifice nu pot fi
comparate deoarece acestea rezulta prin raportare
la doud suprafete utilediferite.

Rezultatele obtinute atesta corecta utilizare
amodelului de calcul lunar NP 048-2006 (eroare
de—3,3 % fata de modelul nestationar cu pasorar),
respectiv abateri inadmisibileademodd ului deca cul
sezonier, Mc 001 / 2-2006, Tn raport cu modelul
nestationar (33 % respectiv 41,7%).

6.STUDIUDE CAZ -DETERMINAREA
NECESARULUIDE CALDURA AL
UNEI CLADIRI DE BIROURI

Abordarea este similara cu cea proprie blocului
de locuinte cu singurele diferente legate de
modificarea raportului de vitrare al cladirii, regimul
de ventilare si de ocupare al cladirii. In acest capitol
se prezinta rezultatele sub forma sintetica in cadrul
figurilor 19...21, respectiv tabelul 5.

Necesarul de energie anual pentru incélzirea
spatiilor, determinat prin metoda INCERC cu pas
orar de timp (ecuatia integrald a caldurii) este de
159.532 kWh / an, respectiv necesarul specific
obtinut prin raportare la aria utila a spatiilor incalzite
de 85,86 kWh/ m?an.

Rezultatele obtinute atesta corecta utilizare a
modelului decalcul lunar (eroarede0,5 % fata de
modelul nestationar), respectiv abateri inadmisibile
ademoddului deca cul sezonier inrgport cumodd ul
nestationar (24 % la nivelul spatiilor incalzite,
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Fig. 19. Specific monthly heat demand for the office building heating — Bucharest, representative year
(based on Q (t) hourly values)

(Necesarul lunar specific de caldura pentru incalzirea cladirii birouri —
Bucuresti an reprezentativ (pe baza valorilor orare Q (t)))
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Fig. 20. Building thermal diagram (NP 048-2006) — office building — Bucharest, representative year
(Diagrama termica a cladirii (NP 048-2006) — cladire birouri — Bucuresti, an reprezentativ)
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Variatia temperaturii exterioare medii lunare
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Fig. 21.

(Diagrama termica finala a cladirii (Mc 001 / 2-2006) — bloc conventional — Bucuresti, an reprezentativ)

Table 5.
Sinteza rezultatelor
Calcul Calcul Calcul
Marime INCERC | NPodg- | Dif. | AP%e™® | wcoor/2- | pif. | Abatere
pas orar 2006 (%] 2006 [%]
Dz [zile] 214,0 179,6 34,4 | -16,1% 184,6 29,4 -13,8%
Sinc [m?] 1.858,0 1.858,0 0,0 0,0% 2.393,8 535,8 28,8%
vinc [m2] 5.016,0 5.016,0 0,0 0,0% 6.409,0 1.393,0 27,8%
Q_loc [MWh / an] 159,5 160,4 0,8 0,5% - -

Qinc [MWh /an] 165,4 166,2 0,9 0,5% 204,3 39,0 23,6%
Qs_inc [MWh / an] 184,9 185,9 1,0 0,6% 243,0 58,2 31,5%

heated spaces and 31.5% at the connection to the

therma energy source).

7.CONCLUSONS

1. Theaim of thereport isto experimentally
test, on the support of the CE INCERC Bucharest
experimentd building, thecd culaion mode sknown
sofar, in order to assess the occupied spaces heat
demand inthe cold season.

2. CEINCERC Bucharestisoperationa since
2004 (the solar space is operational since 2005)

respectiv 31,5 % lanivelul racordului lasursade
energie termica).

7.CONCLUZII

1. Scopul lucrarii a fost acela de a testa
experimental, pe suportul cladirii experimentale CE
INCERC Bucuresti, modelele de calcul cunoscute
pana in prezent, pentru evaluarea necesarului de
caldura al spatiilor ocupate in sezonul rece.

2. CE INCERC Bucuresti este in functiune din
anul 2004 (cu functionarea spatiului solar din 2005)
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and functions as a full-scale laboratory for the
experimenta anaysisof the characteristic processes
of transfer from the occupied spaces.

3. Thebuildingand thethermd / cooling sysems
are equipped with sensors for taking over the
intensive and extensive parametersaswell aswith
dataprimary storage and processi ng equi pment.

4. The heating of CE INCERC Bucharestis
performed from an e ectrical sourcewhich allows
the accurate metering of the heat supplied to the
building.

5. The climatic parameters are continuously
measured (1,1 ,t).

6. Inorder to test themonthly pace calculation
modd, thecd culationingtrument specificto NP 048-
2006 was used; it was useful inthe calculation for
periodsof T > 5 consecutivedays, in determining
the heat demand for the 2008-2009 cold season.

7. The calculation error for the season (153
days of measurement) between the measured and
calculated heat demand was of 0.61%, an
exceptiona va ueconfirming the phenomenol ogical
nature of the INCERC method, NP 048-2006.

8. Taking into account the CE INCERC
equipping with a ventilated solar space (V =
=102.1 m?/ h,namdy 0.61 exch/ h),afurther concern
wasthemodding of the dynamic processes specific
totheheet transfer through the building components,
including the use of the pre-heated air exhausted in
thebuilding. A model specific to the hourly pace
heat transfer variable conditionswas carried out.

9. Theexperimenta vaidationtestscovered a
period of 57 days, anumber sufficient to statisticaly
vdidaetheresults,

10. Thisreport presentsthemathematica moddl
concerning the analysis of the building dynamic
thermal responsein current heating conditions, with
referencetotheevolutionintimeof theheat demand
and of the significant indoor temperatures. The
calculation pace will be 1 hour. The model is
recurrent —decisiond with aternative paces.

11. Theexperimentd vdidation on the support
of the period of 57 days (06.01-04.03.2009), by

si indeplineste rolul de laborator la scard naturala
pentru analiza experimentald a proceselor de transfer
de proprietate din spatii ocupate.

3. Cladirea si instalatiile termice / de racire sunt
echipate cu senzori pentru prel uareaparametrilor
intensivi i extensivi si cu echipament de stocare si
prelucrare primara a datelor.

4. Incilzirea CE INCERC Bucuresti se
realizeaza cu o sursa electrica, ceea ce permite
contorizarea exactd a cantitatii de caldurd furnizata
cladirii.

5. Parametrii climatici sunt masurati continuu
(I 1,t).

6. In scopul testirii modelului de calcul cu pas
detimp lunar, s-autilizat instrumentul de calcul
propriu NP 048-2006, util calculului peduratede
timp T > 5 zile consecutive, pentru determinarea
necesarului de caldurd in sezonul rece 2008-2009.

7. Eroareadecalcul lanivelul sezonului (153
de zile de masurari) intre necesarul de caldura
masurat si cel calculat a fost de 0,61 %, valoare

exceptionald care confirma caracterul fenomeno-
logic a metodei INCERC, NP 048-2006.

8. Data fiind dotarea CE INCERC cu spatiu
solar ventilat (V = 102,1 m3/ h, respectiv 0,61 sch/
h), o a doua preocupare s-a axat pe modelarea
proceselor dinamice proprii transferului de caldura
prin elementele componente ale cladirii, inclusiv a
utilizarii aerului preincalzit refulat in cladire. S-a
elaborat un model propriu regimului variabil de
transfer de caldura cu pas orar.

9. Testele de validare experimentald au cuprins
un interval de timp de 57 zile, numar suficient pentru
avaidagatigticrezultatele.

10. Lucrarea prezintd modelului matematic de
analiza a raspunsului termic dinamic al cladirii in
conditii curente de incalzire, cu referire la evolutia
temporala a necesarului de caldurd si al
temperaturilor interioare semnificative. Pasul de
calcul se va considera de 1 ord. Modelul este unul
de tip recurent-decizional cu pasi alternativi.

11. Validarea experimentald pe suportul
intervalului de57 dezile (06.01-04.03.2009) prin
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the measurements performed on the CE INCERC
Bucharest building attest the accuracy of the hourly
caculation mode compared to theva ues provided
by measurements and to those provided by the
monthly calculation (NP048-2006). Thedeflections
of 1.45 %, and 2.2 % respectively vaidatethe hourly
calculation model asthey have no actual physical
ggnificance. Thisreport presentsaphenomenologicd
andydgsof thebuildingtransfer functionssynthesi zed
asfunctionst, (t), whichattest their macroand aso
hourly phenomenologica objectivity.

12. Thecasestudiesarefocused onthesimul-
taneous use of the hourly pace INCERC model,
experimental ly validated in the cold season 2008-
2009 onthe support of the CE INCERC Bucharest
experimentd building, of the NP 048-2006 monthly
pacedternativeca culationmodd (updated interms
of heat trandfer at the building-ground-underground
heet transfer and of the determination of thethermo-
dynamic parametersspecificto thebuilding secondary
zonesin terms of the NP 048-2000 mode!) and of
theca culation modd specifictotheMc 001/ 2-2006
methodol ogy by implementingthe provisonsof the
European standards (SR EN 13790).

13. Thesynthesisof thecd culaionsperformed
on thesupport of the conventional block of flats
emphasizesthedifferenceof only 3.3% betweenthe
resultsprovided by theINCERC hourly calculation
model and the NP 048-2006 (INCERC) model on
one hand and, on the other hand, the unacceptable
difference between the results of the INCERC
dynamic cdculationmodd andtheMc 001/ 2-2006
calculation method (according to the European
standards) of 33.1% concerning the consumption
specific to heated spaces and of 3.2% and 41.7%
respectively, concerning the heat consumption at the
building connection to the heating system. We
emphasizethat thewitness—thedynamiccd culation
mode —isexperimentdly vaidated.

14. As concerns the analysis of the office
building, it usesthesamealgorithmin comparing
the results, namely the INCERC hourly pace
dynamic model, NP 048-2006 — updated,
(INCERC) and Mc 001/ 2-2006.

15. The synthesis of the calculations on the
support of the office building emphasizes the
difference of only 0.5 % between the results

masurarile efectuate in cladirea CE INCERC
Bucuresti atesta corectitudinea modelului de calcul
orar prin comparare cu valorile rezultate din masurari
si cu cele rezultate din calculul lunar (NP 048-2006).
Abaterilede 1,45 %, respectiv de 2,2 %, valideaza
modelul orar de calcul, neavand practic nici o
semnificatie fizica. Lucrarea prezinta o analiza
fenomenologica a functiilor de transfer ale cladirii
sintetizate sub forma functiilor t, (1), care atesta
obiectivitatea fenomenologica a acestora la nivel
macro, dar si lanivel orar.

12. Studiile de caz vizeaza aplicarea in paralel
amodelului INCERC cu pasorar, validat experi-
mental Tn sezonul rece 2008-2009 pe suportul
cladirii experimentale CE INCERC Bucuresti, cu
modelul decalcul dternativ cu pas|unar NP 048-
2006 (cu actualizari in ceea ce priveste transferul
de caldura la frontiera cladire-sol / subsol si
determinareaparametrilor termodinamici proprii
zonelor secundare ale cladirii in raport cu modelul
NP 048-2000) si cu modelul de calcul propriu
metodologiei Mc 001 / 2-2006 prin preluarea
prevederilor standardelor europene (SR EN
13790).

13. Sintezacalculélor pe suportul cladirii de
tip bloc conventional releva diferenta de numai
3,3 % dintre rezultatele furnizate de Modelul de
calcul orar INCERC si modelul NP 048-2006
(INCERC) si diferenta inacceptabila dintre
rezultatele modelului de calcul dinamic INCERC si
metoda de calcul Mc 001 / 2-2006 (conform
standardelor europene) de 33,1 %, cu privire la
consumul propriu spatiilor incalzite si de 3,2 %
respectiv 41,7 % cu privirelaconsumul de caldura
lanivel deracord al instalatiei de incalzire a cladirii.
Se mentioneaza faptul cd martorul — modelul de
cacul dinamic—estevdidat experimental.

14. In ceea ce priveste analiza care vizeaza
cladirea de birouri aceasta utilizeaza acelasi
algoritm de comparare a rezultatelor, respectiv
modelul dinamic cu pas orar INCERC, NP 048-
2006 actualizat (INCERC) si Mc 001 / 2-2006.

15. Sintezacaculdor pe suportul cladirii de
tip birouri releva diferenta de numai 0,5%dintre
rezultatele furnizate de Modelul de calcul orar
INCERC si modelul NP 048-2006 (INCERC) si
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provided by theINCERC hourly ca culation model
and the NP 048-2006 (INCERC) model on one
hand and, on the other hand, the unacceptable
difference between the results of the INCERC
dynamic cdculationmodd andtheMc 001/ 2-2006
calculation method (according to the European
standards) of 23.6 % referring to the heated spaces
specific consumption and that of 0.6 % and 31.5%
respectively, referring to the heat consumption
at the building heating system connection. The
witness—thedynamic ca cul ation mode —isexperi-
mentaly vaidated.

16. The main conclusion drawn from the
completion of the research study is that the
ca culation model includedin Mc 001/2-2006 and
in the European standardsis unacceptablein the
case of the PEC (Building Energy Performance)
analysis. The Mc 001-2006 regulation should be
updated based on theresultsof thisresearch activity.
Atthesametime, itisnecessary to use adetailed
cal culation model specificto the PEC assessment
inthe case of new and existing buildings, experi-
mentally vaidated, asaninstrument used a anationd
level to harmonizeall the aternative calculation
methods, by instating the Validation Cal culation
Model (MCV), structured in terms of the hourly
pacemodel and with dternating decisional steps.
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