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ABSTRACT

The paper introduces the results of the simulations
performed on an original calculation model,
validated on the support of the INCERC full-scale
experimental model. The calculation model isuseful
in the dynamic analysis of the buildings thermal
behaviour as well as in assessing the heat /
(sengitive) cold demand in view of maintaining the
air-conditioned spaces at the required comfort
temperature. Themodel isalso ableto quantify the
effect of the modifications entailed by the facade
upgrading works on the indoor microclimate or on
the energy demand. The paper also includes
examples of data obtained based on this calculation
model used during the whole year or during the
cooling period, in a real climate and for the
dimensioning of thefacility, on the wholebuilding
as well as on precincts in various locations.

The mathematical model developed isuseful inthe
sensitivity analysis of the multi-parametric
functions describing the building — building
facilities system, in view of quantifying the
simplifying hypotheses that may lead to the
building energy performance (PEC) calculations
fluidization. The mathematical model may also be
used in buildings energy-related design
calculations, in view of implementing innovative
solutions involving improved energy efficiency
values, with improved performance values as
against the traditional solutions. The results of the
multi-parametric analyses presented in this paper
substantiate the necessity of the heat engineering
analyses in the phase of buildings design as well
as the transformation of the building — building
facilities system design into an energy-related
design interactive and convergent process
involving a bijective relationship between the
building members and the facilities maintaining the
thermal comfort.

REZUMAT

Sunt prezentate rezultatele simularilor pe un model
de calcul original, validat pe suportul modelelor
experimentale la scara naturala realizate de INCERC.
Modelul de calcul este util pentru analiza dinamica
a comportamentului termic al cladirilor si pentru
determinarea necesarului de cdldura / frig (sensibil)
in vederea mentinerii spatiilor climatizate la
temperatura de confort impusa. De asemenea,
modelul poate cuantifica modificarile pe care le
produc reabilitarile fatadei asupra microclimatului
interior sau asupra necesarului de energie. Sunt
prezentate exemple de date obtinute cu ajutorul
acestui model de calcul, aplicat pentru Tntregul an
sau pentru intervalul de racire, pe o clima reala si
pentru dimensionarea instalatiei, pe intreaga cladire
si pe incinte situate in diferite amplasari.

Modelul matematic dezvoltat este util inanalizade
sensibilitate a functiilor multiparametrice care
descriu ansamblul cladire — instalatii, in scopul
cuantificarii ipotezelor simplificatoare care pot
conduce la fluidizarea calculelor PEC. In acelasi
timp, model ul matematic este utilizabil in calculede
proiectare energeticd a cladirilor, in vederea
implementarii unor solutii inovatoare de eficientizare
energetica, cu performante imbunatétite fatd de
solutiile clasice. Rezultatul analizelor multipara-
metrice prezentate in acest articol fundamenteaza
necesitatea analizelor termotehnice Tn etapa de
proiectare a cladirilor si transformarea proiectarii
cladirii si a instalatiilor aferente intr-un proces
interactiv si convergent de proiectare energetica,
in care elementele de constructie si instalatiile de
mentinere a confortului termic sa aiba o relatie
biunivoca.

"National Building Research Institute— INCERC, Bucharest, Romania
“Technical University of Civil Engineering Bucharest, Faculty of Building Services, Departament of Termotechnics
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1. Introduction

Themathematica modd sdeve oped duringthe
few last yearswithin the Laboratory for Ingtdlations
and Efficient Use of Energy of INCERC Bucharest
emphasizetheimportanceof thesengtivity andyses
inrendering moreefficient theuse of energy andin
quantifying thesmplifying hypothesesimplemented
inthe methods of ca culating the Buildings Energy
Performance (PEC).

Infact theanalysismodd theresultsof which
arepresented in this paper arefocused both onthe
assessment of the condition of theexisting buildings
before the use of the energy-related upgrading
technical solutionsand after theimplementation of
these solutions. Thereforethedirect beneficiariesof
theresults presented in the paper arethe buildings
energy auditors as well as the design engineers
working on new buildings or on solutions of
upgrading theexisting ones.

Compared to the case of thebuildingsheating
where the monthly cal culation method provides
resultswhich arein very good correlation with the
dynamic mode using an hourly timepace[1], inthe
case of thebuildings partitionsanalysisduring the
hot season, theuseof themonthly calculationmodds
generatessignificant deviationsasagang thehourly
pace dynamic approach. Whilein the case of the
buildingsthe parameter called “ corrected number
of degrees-days’ hasa specid synthetic function
related to the variation of the heating time of the
occupi ed spaces, in the case of space cooling the
useof the*degrees-days’ parameter together with
themonthly calculation modd scancd two sgnificant
effects specific to the operation of the occupied
spaces, asfollows:

- damping and phase shift of the thermal
waves crossing the opaque building members
characterized by a thermal capacity and
structural perturbation caused by thethermal
bridges,

- disregard of thethermal “flywhed” effect
generated by the indoor building members
characterized by their own heat transmission
mode, thermal capacity of theactivezonesand
outline conditions connecting them to the
thermodynamic outlinefield of the occupied
spaces.

These smplifications associated to the model
of eectric analogy type used in the European
standardstaken over asnational standards, SREN
13791 and 13792 aswdll asinthebuildingsenergy
performance calculation methodology, Mc 001
2006, using the previoudy mentioned standardized
methods, generate unacceptableerrorsbothinthe
case of ng the variation of the significant
temperaturesin the occupied spacesand in that of
assessing their (sendtive) cooling demand. Boththe
temperatures variation and the variation of the
cooling demand represent theresult of theinteraction
between the natural outdoor environment, by the
significant climatic parameters, withthe occupied or
unoccupied indoor environment. Therandom nature
of thethermal |oad generated by thetimevariation
of the climatic parameters entailsaresponsewith
the same characteristic at thelevel of the space, a
response“filtered” by thetransfer function specific
to theenvel ope and associated to the second order
response of the indoor building members. The
transfer function can be described by the e ectric
ana ogue model only in the case of the model s of
the “regularly controlled thermal conditions —
Kondratiev” usedinsmplified andysesandwithwel
known limits[2]. Themethod used inthispaper is
based on the Unitary Thermal Response (R.T.U.)
of compositestructures|[3], [ 7] whichincludesthe
thermd bridgeseffect [4] aswdl. Thesmplification
included consistsin using the one dimension heat
transfer which, by the mediation of the surface
temperaturesand the generation of theisotherm heet
transfer surfacesintroduces an error of 2.6% &t the
most asagainst the heat transfer spacemodel. The
model of the convolution typebetween R.T.U. and
therea parametersof the adjoining environment
generatesavirtua parameter caled virtua outdoor
temperature [5], [6] which preserves its time
variation regardless of the resulting indoor
temperaturevariation ¢ (t). Thischaracterigtic offers
the possibility of analyticaly integrate the Kirchhoff
—Fourier heet trandfer equati on specifictotheindoor
building members, associated to the heat balance
algebraic equationsof theair and of the envel ope
components. Themodel described avoidstheuse
of a correction coefficient, at least debatable,
included in the European standardstaken over as
national standards, namely the heat losses using
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coefficient, based on asimplistic processing of the
monthly simplified model. In other words, this
coefficient corrects the situations when vaues
significantly over the set indoor temperature occur;
they arenot takeninto cons deration asahegt source
in the altering of the inside energy of the indoor
building members. Fromthe phenomenologica point
of view, the effect mentioned aboveisobtained by
interventionsof themechanica or naturd ventilation
type, which cannot be overlooked in the case of the
daily functiond profile of thespacesunder analysis.
The modelsdescribed inthe previoudy mentioned
papersexcessively usecertain “intuitive” eements
to the detriment of the analysis based on the heat
balance equations which always are balance
equationsat thehest flow leve, theresult being the
variation of theinside energy of asystem (first law
of the heat engineering). Theadoption of theenergy-
related model soverl ooksthefact that any energy-
related dimension represents a resultant of the
integration operation during finitetime lags that
cannot beapriori selected. Even theintention of
defining thetimelagsprovesthelack of consistency
of themode sadopted intheregulationsasthey are
based on the equality of theflows characterized as
heat inputsin connectionwith thoseidentified ashest
losses. Thishypothesissuggeststheinvarianceat a
certain moment of theinside energy and doesnot
define aseasonal integration lag end. Moreover the
methodol ogy presented in code NP 048-2000 and
takenover asa“smplified” methodin M ¢ 001-2006,
the spacesheating lag isdefined by equalizing the
reference reduced indoor and the outdoor
temperauresrepresentingtheadmissbleparameters
if amonthly cal culation modd isused. Inthecaseof
space cooling, such a condition defines only a
sequence of space cooling lags and not a seasonal

cooling period. The quas -steady-state model used
inthe European standardswill lead to cooling lags
inthewinter monthsaswell, eveninbuildingswitha
traditiona configuration (glazingrate< 0.30). The
elements described above, together with the
validation of themodel s conceived by theauthors
onthesupport of theINCERC experimental house
and, at thesametime, thelack of validation of the
calculation model s (referring to the experimental
validation) devel oped in the European standards
lead usto the conclusion that a phenomenol ogical
approach should be considered, backed up by the
support of an easily usable software.

2. Senditivity analysis with reference to
the impact of the architecture solution
on theenergy demand for maintaining
theindoor spacesat therequired
comfort parameters

A building structure representative for the
buildings of thecondominium typeisanayzed; the
characterigticsof thedosing membersare presented
intable 1.

Thecalculation isperformed in two glazing
vaiants.

- glazed surface and opaque surface
corresponding to the conventiona calculation
building— StructureA (basic structure);

- theentire surface of thevertica envelope
made of glazed building members, with very
high quality glazing and joinery (Rglazing =
=0,7 m?K/W, corresponding to ajoinery with
no thermal bridges, with three glaze shests,
low-etreated) — StructureD.

Table 1.
Structural characteristics of the building under analysis

Building member Th_ermal
resistance

Type Description m2 K/W
Outside wall 37.5 cm solid brick masonry with reinforced concrete floors 0.58
Outside window Double, no special sealing 0.31
Terrace 14 cm reinforced concrete slab + 25 cm expanded slag 111
Floor over basement Reinforced concrete slab with mosaic or linoleum floor 0.38
Wall towards staircase 25 c¢m solid brick masonry 0.56
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Inthefirg stagetheanaysisreferstotheentire
building, assessing the heat flow necessary for
preserving the inside spaces at the comfort
temperatureif thebuildingisar-conditioned. A red
climate, representativefor the Northern zonesof the
country isusedinthesmulation.

Figure 2.1 shows that during the hot season
therather low night temperaturesalow structureA
to preservean indoor comfort microclimatewithout

actudly usingtheair conditioning/ cooling systems.
Thegtuation changesinthecaseof thebuildingwith
aglazed vertica envelope (structure D), which has
a much larger quantity of energy for cooling.
Nevertheless, itisobviousthat eveninthe case of
structure D (fig. 2.2) acontinuouscooling lagisnot
possible, asthe heat engineering behaviour of the
building provesasequence of the cool demand lags
aternating with periods when the mechanical

Figure 2.1. Heat flow demand for air-conditioning according to the outdoor
temperature — structure A
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Figure 2.2. Heat flow demand for air conditioning according to the outdoor
temperature — structure D
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conditioning preserves a comfort indoor
temperature.

Figures 2.1 and 2.2 show the difference
between the curves of heat flow demand necessary
for preserving the occupi ed spaces at the comfort
temperature during the cold season, or in summer
respectively. Inthe cold seasonthereisapossibility
to defineanintegrationlag, noting that thislag results
fromthecd culation (for instanceit isdefined by the
intersection of thereduced indoor temperaturecurve
withthereference outdoor temperature curveinthe
NP048 mathematical mode and thosederived from

it). Butinthehot season thereisapossibility to use
night cooling asthe cold demand hasacharacteristic
of the Dirac type both in the case of the usual
envelope solutionsand in the caseof curtainwalls.
The characteristics of the cold demand that are
presented prove theinconsistency of the* degrees-
days’ methodsusedin ng the cold demand,
asthese methods have no physica support.
Itisinterestingto watch therate of correlation
between theheet / cold demand of thetwo structures
and the outdoor temperature—figures2.3, 2.4.

R2 = 0,7975
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Temperaturaexterioara [grd C]

Figure 2.3. Correlation of the air conditioning energy demand with the outdoor temperature — structure A
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Figure 2.4. Correlation of the air conditioning energy demand with the outdoor temperature — structure D
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The reduced correlation rate (0.66 + 0.79)
emphasizesthe inaccuracy of the use of the heat
steady-state conditionsin ng the buildings
heat / cold demand. Thisremark isalso valid, as
figure2.4 dearly shows, inthecaseof buildingswith
entirely glazed vertical envel ope, wherethe phase
lag is provided by the massiveness of the inside
building members, by the building terrace.

I mpact sensitivity analysis of the use of
night ventilation on PEC (building
ener gy per formance) and indoor
microclimate in occupied spaces

The use of night ventilation strategies or of
ventilationinexcess(intermsof theair demand for
physiologicd reasons) of occupied gpacesinthetime
lag when the outdoor air temperature alowsthe
cooling of theinsde building members; itisawell-
known technique of reducing the energy demand
usedinbuildingsair conditioning.

In terms of buildings energy performance,
naturd ventilationa night or during thetimelagwhen
the outdoor temperature va ueislower than that of
theindoor air isthemost recommendable solution.
Natural ventilation reducesthe energy demand for
air conditioning and isefficient, accordingto the
literaturein thefield, inroomsup to 6 metersdeep
(inthecaseof smpleventilaion, ensuredfor ingtance
by opening thewindowson thesamefacade). This
category includes most of the condominium
gpartmentsaswell asone- family buildings. Natura
ventilation may haveanincreased efficiency if the
system starting air flow by natural draught was
anayzed andimplemented Sncethebuilding design
phase. Therearevarioussuch solutions, fromthose
of atriumtypeusing chimney hoodsto systemsusing
hoods and ventilation shaftswith amore reduced
impact onthebuilding architectureasawhole.

Inthe case of buildingsin urban zones, issues
related to security and to air pollution sometimes
hinder buildings natural ventilation. It istherefore
necessary to usemechanical ventilation (air filtering
included), whichrequiresboth the assessment of the
benefits of ventilation in terms of cold demand
reduction and the energy consumption
corresponding to the ventil ation system operation.
Theeva uation of theventilation energy consumption

isirrdevantintheandyssof avirtua structuresuch
asthereference building because of the variables
that occur whoseimpact ishardly quantifiable. The
energy consumption necessary inthe ventilation of
abuilding may be assessed only based onadtatitical
study on the systems and technol ogies currently
used.

Moreover, the ventilation system should be
designed in severa variants and for each solution
theload lossesontheair trestment ssgments(filtering
for instance) as well as on the transport and
distribution segments. Only based on such an
analysis, which isnot the object of thispaper, itis
possi bleto determinetheventilators operating point,
the system efficiency and the energy necessary for
the operation of themechanica ventilation system.
Therefore, this paper anadyzesthe possibilities of
reducing the energy consumption required for air
conditioning, without takinginto account theenergy
necessary for the operation of the mechanical
ventilation system.

Figure 2.5 emphasizes the impact of night
ventilation on theindoor microclimate, by reducing
theresulting indoor temperature by about 2 degrees
inthe maximum temperatures|ag. Asthe energy-
related impact of using the night ventilation system,
itishighly interesting in terms of PEC (building
energy performance), wewill further analyzethe
response of the same building (structure of A type,
usual massiveness1x), air conditioned, if thenight
ventilation sysemisused, if theventilationiscongant
respectively, ensuring theair demand necessary for
the physiological comfort.

Figure2.6 presentsthevariation of theseindoor
temperatures. The modification of therefrigerating
system operating lag aswell asof the cold demand
isnoticed. By integrating the cold demand functions
duringoneday, itispossbletoobtaintheconditioning
demand, Q_, , = 424.4 [kWh/day] for aconstantly
ventilated buildingand Q_,, = 179.75 [KWh/day]
for areasonably ventilated building. Theresulting
energy savingisof 57.65 %.

Another very important aspect emphasized by
thetemperaturesvariation curvesisthe canceling of
theeffect of thebuildingmembersingdemassveness
Theconsequenceisan approx. 17% higher peak
load, which will be implicitly reflected in the
investment costs. Itisnecessary to noticethat this

10
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Figure 2.5. Indoor temperature and air temperature, in two situations of using the ventilation system:

constant ventilation and reasonable ventilation Structure A, massiveness 1x
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Figure 2.6. Relevant indoor temperatures and cold demand in two situations of using the ventilation
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load peak will befdtif theoutdoor climatedoesnot
favour the operation of the heat pumpsusing asan
enthal py sourcethe outdoor air, becauseit occurs
in the lag when the outdoor air temperature is
maximum andtheheat pumpsCOPwill beminimum.

Therefore, it isrecommendableto providea
cold storage either by using the inside building
members massiveness (by lowering at night the
conditioning temperature by 2-3 degreesunder the
limit set for the building use period), or by using
systems with phase change storage, if the night
ventilation cannot be ensured because of certain
conditions (outdoor air pollution, unfavourable
climate—the PEC cd cul ation emphasizesthe night
ventilation i nefficiency, excessive moi sture, indoor
spaces security conditions).

Sensitivity analysis of the influence
of the inside building members
massiveness on thetemperaturesin
the non-conditioned occupied spaces
and on thecold demand if they are
conditioned

Intermsof thebuilding heat engineeringissues,
theinside building members massiveness hasthe
following effectson thetemperaturevariationinthe
occupied spaces, during the hot season:

- ensuresanincreased inertia, perceivedin
theshortening of the conditioning lagandinthe
reducing of themaximum cold load;

- providesahigher efficiency of the night
ventilation by increasingthe heat Storage;

- improvesthetherma comfort by reducing
the amplitudes of the indoor temperature
resulted during anight-day cycle.

The paper further presentsthe results of the
simulationsfor theA typeusua buildinginthree
situations of considering the inside thermal
massiveness. Zero therma massivenessshould be
understood asthe overl ooking of theimpact of the
inside building members massivenessin the heat
engineering cal culaionsmeant to assessthethermal
comfort or the cold demand for conditioning the
occupied spaces.

Conditionsof very reduced therma massiveness,
closeto zero, may occur in the case of lightweight
structureslikelatticegirders, associated to partition
wallsmade of multi-layer plaster plates—minera
wool —plaster plates.

Figure 2.7 presentsthe extremely important
amplitudeof theindoor temperaturevariationif the
damping effect involved by thethermal balanceat
the level of the inside building members is
overlooked. Especialy for the massive structures,
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peratureaswell asof the

oor tem

Figure 2.9 emphasizes the reducing of the

refrigerating system operatinglag and thevariation

but at the same time the recorded temperatures
of theresultingind

increase (for instance in the case of the indoor
temperature of structureA massiveness 1x aplusof
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over 1.5°Cisrecorded).

Inthe case of constant ventilation (figure 2.8),

thetemperaturesamplitudeisconsiderably reduced,

theintersection of the air temperature curve with
the curve associated to theindoor temperatureis
noticed; thisisgenerated by the effect of theaverage

radiationtemperatureof theinsgdebuilding members,
namely of temperingtheresulted indoor temperature.
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Air conditioning associated to reasonable ventilation. Structure A

Figure 2.9. Indoor and air temperature in three variants of inside massiveness
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obtained. If theing debuilding membersmassveness
isoverlooked, the cold demand for conditioning
increases and therefrigerating sourceisoversized.

ar temperature, whilefigure 2.10 ad so presentsthe
cold demand for buildings conditioning. Thecold
demand variation curvesalow itsintegration during

one day and the values centralized in table 2 are
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Figure 2.10. Indoor temperature and cold demand in three variants of inside massiveness.

Air conditioning associated to reasonable ventilation. Structure A

Table 2.

A structure building conditioning — centralization of the PEC sensitivity analysis

under the variation of the inside building members massiveness
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Sensitivity analysis concerning the
location of the zones under analysisin
the building structure and the selection
of the calculation zonesin view of sizing
the conditioning system

The paper further presents the analysis of a
usual average gpartment (60 m? useful area) whose
geometry isbased onthereferencebuilding outline.
Theagpartment issuccessvely considered aslocated
ontheground floor and on the highest floor, in the
usua building (SructureA) and inthestructurewith
entirely glazed vertical envelope(structure D). The
apartment is considered air-conditioned and the
indoor comfort temperature considered is 27°C.
The anaysisisextremely interesting in terms of
buildings hest engineering; thetemperatureand cold
demand undergo important differencesat thelevel
of thezonesunder analysis, accordingtothelocation
of the apartment within the building structureand
theboundary conditionsto be undergoneresult as
well.

Figure 2.11 showsthat for theusua structure,
the reasonable ventilation of the space and the

therma masseffect of thesoil dlow thepreservation
of a thermal comfort temperature and the
intervention of the cooling systemisnot necessary.
Themechanical ventilation with alargenumber of
air exchangesalowsthe preservation of theindoor
space at the comfort temperaturein the morning.
Later, when the outdoor air temperature exceeds
thevaueof theair temperatureinthe precinct under
analysisthenumber of air exchangesdecreasesup
to the minimum number physiologically necessary.
The indoor heat releases, the outdoor inputs by
ventilation and theinputsthrough theenvelopeare
taken over by theins demassivebuilding members.
Butinthecaseof structure D, the same conditions
cannot ensureitsindependenceof thecooling system
—figure2.12.

Itisnoticed that in the case of structure D the
solar radiation received thanks to the generous
glazing generatesatherma input which cannot be
cancelled by themechanical ventilation of thespace
and reguirestheintervention of theair conditioning
system, especially during thefirst hours of the day
when the direct solar inputs are very important
because of the South exposure.
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Figure 2.11. Relevant indoor temperatures and cold demand for air conditioning — structure A,
apartment on ground floor, Eastward exposure
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Relevant indoor temperatures and cold demand for air conditioning — structure D,

apartment on ground floor, Eastward exposure

The sametype of apartment located thistime
on the highest floor, is characterized by cooling
demand in both types of structures. But thisis
consderably larger, intermsof amplitudeaswell as
of energy, inthe case of structureD (figures2.13,
2.14). Theload peak isof 2.5 kW (8,600 BTU/h)
for sructureA whilefor structure D the peek reeches
8kW (27,400 BTU/h) anditisactualy impossible
to haveit ensured by usua air conditioning systems
of thesplit type.

Another issue, moreimportant thantheway in
which this cold demand is ensured, is the high
temperatureof theradiant environments. Thisrenders
necessary avery reduced air temperatureinsidethe
precinct, inview of obtaining the necessary indoor
temperature. As figure 19 shows, the time lag
between 15h—17h requiresan air temperature of
21°C in order to provide a resulting indoor
temperatureof 27°C. Thislow temperature causes
inalong term health problemsto theusersof this
space, but it also may causeimmediate effects by
thethermal shock caused by sudden temperature
modifications.

The aspect of the cold demand curves and of
therelevant indoor temperaturesat thelevel of the

occupied spaces, asit resultsinfigures2.11—-2.14,
lead tothefollowing remarks:

- intermsof indoor comfort, the supply of
theair flow-raterequiredfor physologica rea-
sonsat thetemperature of 21°Cisaproblem;

-intermsof thedesign of theair conditioning
system, the refrigerating demand will be
different depending onthebuilding zoning and
on theway in which the zones are connected.
From thispoint of view thediagrams presented
in figures 2.12 and 2.14 are relevant; they
present the cold demand and the hourly lag
whenthedaily maximumisrecorded. Thus, the
refrigerating power will beminimuminthecase
of amodd mono-zoneandyss, inwhichdl the
occupied spacesaresimulated asasolemain
zone, thecold demand of certain zoneswill be
compensated by other orientations/ positions
of thegpartments. If theanayssisperformed
on small dimensions zones delimited by
adiabatic surfaces, the cold demand resulted
asasumof theindividua demandwill bemuch
higher, and the dispersion around the average
val ue (obtained by previousanaysis, inmono-
zoneconditions) will beinversdy proportiond
tothedimensonsof thesimulated zones.
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Figure 2.13. Relevant indoor temperatures and cold demand for air conditioning — structure A,

apartment on highest floor, Westward exposure
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Figure 2.14. Relevant indoor temperatures and cold demand for air conditioning — structure D,

apartment on highest floor, Westward exposure
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