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ABSTRACT

Romaniacurrently undergoes adevelopment of the
software used in assessing Buildings Energy
Performance. In order to grant the free movement
of the products and servicesin the European space,
the Buildings Energy Performance software cannot
be subjected to a certain design algorithm based
on aregularized mathematical model. Thereforeit
is necessary to develop a pattern which should
provide the possibility of testing the commercial
software using different design and structuring
algorithms. A maximum|eve of the necessary input
data is settled as well as a minimum level of the
data resulted from calculations. The assessment
of the software is based on a synthetic report
including the input data and the values provided
by calculations, for a variable number of testing
sheets. The software used in assessing the similar
commercial products must be based on
experimentally validated calculation methods. The
dynamic calculation mathematical models
included in the structure of the Validation
software do not mark the difference between the
seasons (hot-cold) and may be adapted to any
initial conditions operating as input data.
According to the validation procedure, the
mathematical models substantiating the
calculation methods specific to the Standard
Validation / Attesting Software (PCVE) are
experimentally validated by long-term
measurements performed on full-scale models, in
a controlled microclimate. The development of
the patterns of validating the cal culation methods
and the software offers a new approach of the
Buildings Energy Performance Calculation
Methodology focusing the regulated contents on
the EPB quantification methodological principles,
phenomenologically substantiated as well as on
providing the calculation support by software
attested by the procedure of inter-validation in
terms of the Standard Validation Software,
experimentally validated. The new approach may
represent a determining step forward in
harmonizing the EPB calculation methodologies

REZUMAT

In prezent, Tn Romania se dezvolti o piatd a
programelor de calcul destinate evaluarii
Performantei Energetice a Cladirilor. Tn scopul
asigurarii liberei circulatii a produselor i serviciilor
in spatiul european, programelor de calcul al
Performantei Energetice a Cladirilor nuli seimpune
un anumit algoritm de calcul bazat pe un model
matematic reglementat. Ca urmare este necesara
crearea unei scheme care sd ofere posibilitatea
testarii programelor de calcul comerciale care
utilizeaza algoritmi de calcul si de structurare diferiti.
Este definit un nivel maxim a datelor de intrare
necesare, precum si un nivel minim al datelor
rezultate din calcule. Evaluarea programelor de
calcul se bazeaza pe un raport sintetic care cuprinde
datele de intrare si valorile rezultate din calcul,
pentru un numadr variabil de fise de testare.
Programele de calcul utilizate Tn scopul validarii
produselor similare comerciale trebuie sa fie
elaborate pe baza unor metode de calcul validate
experimental. Modelele matematice de calcul
dinamic care sunt incluse Tn structura
Programelor de calcul de validare, nu fac
diferenta intre sezoane (cald-rece) §i sunt
adaptabile oricaror conditii initiale cu valoare
de date de intrare. Conform procedurii de
validare, modelele matematice care

fundamenteaza metodele de calcul proprii

Programului de Calcul de Validare / Atestare
Etalon (PCVE), sunt validate experimental prin
masurari de lunga duratd, efectuate pe modele la
scard naturald, cu microclimat controlat. Aparitia
schemelor de validare a metodelor de calcul si a
programelor de calcul automat, genereaza
posibilitatea unel noi abordari aMetodologiei de
calcul a Performantei Energetice a Cladirilor, in
sensul concentrérii continutului reglementat asupra
principiilor metodologice de cuantificare a EPB,
fundamentate fenomenologic, si asigurarii
suportului decalcul prin programe de calcul atestate
prin procedura de intervalidare in raport cu
Programul de Calcul de Validare Etalon, validat
experimental. Noua abordare poate constitui un
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and in providing ahighly accurate computer based
management of the EPBD implementation national
strategies. This article presents the phases in
preparing and finalizing the national pattern of
validating the software to be used in drafting CPEA
according to the Romanian legislation.

Key-word: mathematical models, experimental
validation, standard validation software (PCVE),
validation criteria, apartment energy performance
certificate, validation sheets

|. GENERAL PRESENTATION

The European Union issued, through the
European Parliament, the Directivefor Buildings
Energy Performance (EPB) (2002 / 91/ EC) in
order to obtain thereduction of the carbon dioxide
emissions by increasing the buildings energy
performance. This Directive was adopted in the
Romanian legislation as Law 372/ 2005 and
together with the necessity of certifying new and
existing EPB entail ed the gppearance onthe market
of EPB assessment software. Theresultsof using
such software have not been evaluated so far in
termsof truthfulnessor convergence, which alows
anumber of discrepancies between the results,
obtained and may causethelossof theexperts' trust
inthesecdculaioninstruments.

In May 2010 (19.05.2010) the European
Directive 2010/ 31 / EU was published (further
caled EPBD) whichimpaosesincreased exigencies
for EPB mainly by introducing the compulsiveness
of erecting buildingswith anenergy consumptionvery
close to zero starting with the year 2018. The
approach of solutions with a very high energy
effidency leedsto theuse of sophigticated cdculation
instruments structured according to the dynamic of
the heat and masstransfer processes specifictothe
buildingscomponents.

Inthisline, the European Directive2010/ 31/
EU insists in chapter 3 on devising calculation
methodsmeeting theexigencies, methodswhichwill
beincluded inthe Cd culation methodol ogiesto be
adopted at anational or regiona level. INCERC
Bucharest completedin 2009 aresearch programme
financed by MDRL (currently MDRT —Ministry of

pas determinant catre armonizarea metodologiilor
de calcul al EPB precum si de realizare a unui
management informatic cu grad ridicat de precizie
al strategiilor nationale de implementare a EPBD.
Lucrarea prezintd etapele de pregatire si de
definitivare a schemei nationale de validare a
programelor de calcul destinate elaborarii CPEA,
in concordanta cu legislatia autohtona.

Cuvinte cheie: modele matematice, validare
experimentala, program decalcul devdidare etalon
(PCVE), criterii de validare, certificat de perfor-
manta energetica pe apartament, fise de validare

Regiond Devel opment and Toursim) which revesled
theerrorsgenerated by the use of certain European
standards (SR EN 13770, SR EN 13790, SR EN
13791, SR EN 13792) in terms of the measured
vauesof themain physica dimensionscontributing
inthe EPB assessment.

As concerns the practical use of certain
advanced cal cul ation methods, their usein hand
calculation is excluded (they may even generate
errors), thereforeanumber of software should be
devised and used. Both targetsof the existing and
new buildings energy-related audit arethus met,
namely thehigh accuracy of thecdculationsandthe
reduced time necessary in providing the results.
Moreor lesscomplete procedures aredecided both
at the European and a theinternationd leve for the
vaidation of the softwarefocused on EPB; they are
based on dynamic calculation software
experimentaly validated on modulesand aswholes
aswell.

To resume the idea of what we call a new
approach of the EPB Cd culation methodology, we
consider that the currently used form of certain
calculation relations, most often taken from
European standards and subjected to errors, either
because of editing or of conception and therefore
generating errors, should be replaced by a
phenomenological presentation of the processes,
clearly defining theinput and output dataaswell as
their degree of accuracy in terms of the type of
application the calcul ation methods address. The
actual calculationwill be performed by using the
softwarewhich have been validated and nationaly
attested by an expert committee coordinated by the
centrd authority in chargewith theimplementation
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of EPBD (in Romania, MDRT through DTC).
Therefore, the Vaidation Software should beissued
asaStandard, whichwill beused by theVaidation
committeein order tovalidateand attest the software
productsto be used inthe quantitative assessments
specificto the new and existing buildings energy
auditing.

Another advantage of thisnew approachisthe
considerable reduction of the number of technical
regulations and the ssmplification of the practical
application. The dynamic cal culation mathema-
tical models do not mark the difference between
seasons (hot-cold) and are adaptable to any
initial conditions working as input data.
According to the validation procedure, the
mathematical models substantiating the
calculation methods specific to the Sandard
Validation / Attesting Software (PCVE) are
experimentally validated by long-term
measurements performed on full-scale modelsin
acontrolled microclimate. PCVE isthen used as
a validation / attesting software of any
commercial software to be used on the market
inthe new and existing buildingsauditing. PCVE
isnot a commercial software product.

Theregulated ca culation methodol ogiesindude
exigendiesimposed by thetargets, including nationd
parameters concerning buildings microclimate,
accordingtotheir specificity and concerningthezond
climate. Based ontheregulated cal culation principles,
by using someof the proper provisonsof thenationd
and European standards, and followingthevalidetion
and attesting by comparisonto theresults provided
by the Standard Vaidation Software, according to
thenationa validation procedures, the EPB software
will turninto commercia softwaretobeappliedin
different waysaccordingto thetargetsthey were
issued for (e.g. buildings heating, heating of
apartmentsinabuilding, new or existing buildings,
buildings equipped with unconventional energy
sources, air conditioning, condominiums, public
buildings, etc.) aswell asto the accuracy category
of theresults provided, mentioned in thetechnical
regulaionsstructure.

The previoudy described dementsprefigurea
new structuring of the Technical regulationsina
European lineby usngthe softwareinstrumentsand
the targeting on the system of exigencies and

performance criteriato be met by buildings so as
to become real exponents of the Sustainable
Development concept. By adopting the MDRT
Minister’sOrder 1271 / 2010 on the setting up of
the committeein charge of validating the Software
necessary in issuing the Apartments Energy
Performance Certificate (CPEA) for the gpartment
buildings, Romaniajoinsthe countries gpproaching
thismodern procedure of performing the buildings
energy audit (for building componentsaswell).

A first step (simple, both in terms of social
implications and of those associated to EPBD
implementation) in thismodern line of harmonized
attesting at anational level the EPB assessment
calculation instrumentswasthe validation of the
softwareto be used inissuing CPEsfor apartments
in condominiums. The issuers of the software
vaidation/ attesting procedures mentioned, anong
other things, that certain calculation algorithmsare
not imposed inthevalidation / attesting software,
but (rigorous) restrictions related to the results
accuracy are. Therequired rigorousnessrepresents
atedting of theloca market, and not only, concerning
the devising of quick and accurate calculation
ingruments

Therefore, the interest of the technical
regulations moves from devising operating
cdculation reations, rather smple (manud or table-
form ca culation) to be used by energy auditorswith
arather heterogeneouseducationinthefield (from
the hydrotechni csengineer to the building systems
engineer), which sgnificantly reducesthecal culation
accuracy, to defining the exigencies and most
diversified performance criteriaand to the use of
attested commercial software in quantifying the
dimens ons defined by the national regulations. In
fact the adopting of the concept also solves the
problem of regiona or European harmonizing of the
calculation methodologies, as all the PCVE are
granted by the experimental validation in the
previously mentioned conditions. The step of
regional and European inter-validation
of national PCVE will facilitate the issuing of
the European Validation Software with national
clones used in validating the commercial
software.

As examples of a European approach, the
European sdandardsarebriefly presented which settle
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the hypotheses, boundary conditionsand procedures
of validating the dynamic cal culation methodsfor
determining theannual energy demand for heating
or coolingabuilding or apart of it. Thereason why
thisanalys sonthe EPB cd culation methodsattesting
includesthe presentation of these standardsisthe
paralld that may betraces between the cal culation
methods validation and the software attesting
process. The European standards under andysisdo
not imposeacertain calcul ation method or gorithm.
But anumber of recommendations and minimum
requirements are expressed in order to rend the
calculation methods acceptable; a number of
validation tests and criteria are also defined. In
general, these standards provide the elements
necessary in validating the cal cul ation methods and
areexamplesof European approachesof thisissue.

The committeein charge with the Software
vaidationisastructurecurrently being set up and it
will haveto operate similarly with an excellence
network so asto be ableto ensure the connection
to the software validation European system (e.g.
PASSY S 1986 — 1993 project) and, most
important, to benefit fromaPCVE produced localy
based onlocd research, or by purchasing an efficient
program (whichinvolvesacertain degreeof rigidity
infunctiona adapting and limited operation granted
by thelicense), or by performing ahybrid product
by experimentally validating the local dynamic
calculation M odel sand by adopting the modular
structure of the efficient software products. Inthis
case, the participation on inter-validation
programmeswithin internationally recommended
programmesisrecommended.

Similarly, asan example of good international
practice, theanaysisof theNatHERS (Nationwide
House Energy Rating Scheme—Audtraia) software
attesting pattern provesthat no settled mathematical
modd or cal culaionagorithmisimposed, therefore
the possibility to attest the softwareusing their own
EPB assessment dgorithms.

The structure of the Romanian procedure used
invaidatingthe CPEA devising software observes
amilar principlesandincludesasenstivity andysis
pattern entailing asignificant s mplification of the
PCVA structure, but within very restraint limits of
deviation compared to the hourly pace basic
cdculationmodd.

[1.INTERNATIONAL BENCHMARKS

Internationally, thereareacond derable number
of software productsfor thesimulation of buildings
dynamic behaviour. These software are validated
either experimentally in the form of empirical
validation, or by inter-validations based on
sandardslikeASHRAE Standard 140/ 2001, NBL
BESTEST — 1995, CIBSE (Standard Test for the
Assessment of Building Service Design Software).
Theproject TREES—IEEPcontr. EIE/05/110/
S12.420021 provides, in section 2 devoted to
Thermal Simulation Moddl s, apresentation of the
results obtained by using the BLAST, ENERGY
PLUS, ESP-r, COMFIE, SIMBAD software,
observingthe BESTEST vaidation procedure.

A numerica experiment corroborated with
detailed measurementsispresentedin report [1] —
5 software (VA114, ESP-r, TRNSYS, IDA
ICE 3.0 and Bsim weretested inthe simulation of
the dynamic response of double skinfacades). The
results obtained were rather highly inaccuratein
terms of the experiment and, moreover, provethat
asconcernsthesmulation of buildingscharacterigtics
transfer processes, theadoption of amplified modds
not representing at least theinter-validation type
result compared to the experimentally validated
product turnsinto asource of errorsby providing
resultswith an unacceptabl edegree of deviationfrom
the phenomenologicd redity.

The calculation relations specific to the
experimentdly vaidated dynamic models, adapted
to the exigencies of aimmediately applicable
cal culation methodol ogy generate the calcul ation
instrument called Slandar d Validation Software
(PCVE) intermsof whichmay bevaidated, by the
inter-validation procedure, commercial software
observing thevalidation criteriaexigencies. This
article proposes a new approach of the EPB
Cadlculation methodol ogy, whichwill haveto update
the Mc 001-2006 calculation methodol ogy
accordingto Directive31/ 2010/ EU, meaning to
wavetheincluding of caculation relations (taken
either from European standards or from Romanian
technicd regulations), usualy smplified and adapted
to highly inaccuratemanual caculations. They will
be replaced by software validated and attested
based on theinter-validation procedure, using the
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Standard Vdidation Software (PCVE) asareference
point; thedevising of PCVE iscoordinated by the
Committeefor thevalidation of softwaremeant for
the assessment of thenew and existing EPB.

At the CA2 project Ljubljana reunion
(September 2010), the report of the committeein
charge of revising the European standards adopted
anumber of recommendationsamong whichisfound
thedevising of ca culation methodsaccordingtothe
physical reality, a recommendation expressly
requested by Romania and included in the
recommendations package addressed to CEN.

Inview of providing ageneral picture of the
international situation concerningthe moddity of
attesting the software referring to the Energy
Performance and the necessary procedures, the
current Situationin countrieswith atraditioninthe
fidd of EPB wasandyzed. Wefurther briefly present
theattesting schemesunder useand the experience
of these countries in implementing the requests
concerning EPB of the European Directives.

[1.1.UNITED KINGDOM: SAP/RdSAP
software approval process

SAPistheacronym of Standard Assessment
Procedure and RdSAPisthesmplified version of
the assessment scheme, usable exclusively for
assessngexigingresdentia buildings.

SAP is a nationally addressed scheme /
procedure, approved at the government level for
the assessment of the energy efficiency and of the
impact on the environment of new buildings. The
certification schemes based on SAP are currently
used in England and Wales; adecisonwill betaken
at thelocd level onther useinlreland and Scotland.

[1.2. AUSTRALIA: accreditation
of software within the national
assessment scheme for the energy
consumed in dwelling buildings

Thethermal assessment programmes, which
may beused in assessing theenergy consumptionin
dwelling buildings, werefrequently usedin providing
information of the design quality or to test the
complianceto the construction standards.

The national scheme of energy-related
assessing dwelling buildings — NatHERS is a
governmenta Audtrdian proceduremeant tofecilitate
theimprovement of lodgingsthermal performance,
toincreasethe efficiency of software productsin
thesector andto promotetheir useby theAustraian
industry.

There are separate but interconnected
protocolsmeant to facilitate the use of the software
productsin regulationsin the construction sector
(ABCB protocol - Austrdian Building CodesBoard
—for software productsused in assessing theenergy
used in dwelling buildings) and for associations
accrediting energy auditors.

[1.3. SR EN 15265:2005 — Buildings
thermal performance. Calculation of
the energy demand for rooms heating
and cooling. General criteria and
validation procedures

The European standard definesthe hypotheses,
boundary conditions as well as the validation
procedures of the dynamic calculation methods
for determining the annual energy demand for the
hesting or cooling of abuilding or of apart of it.

The standard does not impose amethod or a
calculation algorithm. A number of minimum
requirements are expressed so that the cal culation
methods should be acceptable and anumber of tests
andvalidation criteriaare defined. In general, the
standard provides the elements necessary in
vaidating thevalidation of the cal cul ation methods
for theannua energy demand for hesting and cooling
and represents an exampl e of European approach
onthisissue.

The SR EN 15265 European standard does
not imposeany specific ca culation techniquefor the
room heating and cooling energy demand or for a
roomindoor temperature.

Validation tests

8vdidaiontestsareddfined, withdifferent initid
parameters.

Validation criteria

Theresultson heating, Q,, .and for cooling,
Qg (expressed in kWh) reefr to the whole year
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and are compared to the reference values as
follows

rQ| NG abs (Q| NC QI NC, ref) / QTOTAL, ref
rQR = abs (QR - QR, ref) / QTOTAL, ref

whereabs(....) istheabsolutevalue.

Theresults obtained may correspond to three
accuracy levels: A, B, C. Thevaidation testsare
observed if for eachtest:

LevelA:rQ, . £0.05andrQ_£ 0.05;

Level B:rQ, .£0.10andrQ_£ 0.10;

Level C:rQ, .£0.15andrQ_£ 0.15.

INC
INC
INC

The reference results are indicated in the
standard for each test.

I1.4. SREN SO 13791 : 2005 — Buildings
thermal performance. I ndoor
temperature calculation of a room
with no air conditioningin summer.
General criteria and validation
procedures

Thisdocument does not impose any specific
method in cal cul ating theindoor temperature of a
room. Theannexespresent methodsfor calculating
the parameters necessary in determining theindoor
temperature, according to the hypothesesincluded
inthisdocument.

Theresultsobtained usng any numerica solution
model should rangeinthefield indicated for each
test. Thevalidation proceduresrefer both to each
corresponding thermal transfer processandto the
wholesolving modd.

[l.DRAWING UPOFTHE PCVA

SOFTWARE

In the conditionsof EPB software appearing
on the market, the results of which have not been
assesad intermsof validity or convergence, onone
hand and on complianceto the national legislation
imposingtheissuing of CPEA inthecaseof any red
estatetransaction, on the other hand, it isobvious
that the validation of the previously mentioned
software products is necessary. This activity is
regulated by the Minister’s Order no. 1.217/
31.03.2010.

The setting up of the Committee for the
vaidation of the software concerning theissuing of
a CPE for the Apartments in the condominiums
by MDRT — DTC represents a very significant
experiment asit isasigna of normalizing and
rendering moreefficient theenergy audit activity for
the buildings in Romania. The success of this
experiment will alow the approach, in the near
future, of the vaidation of most complex software
products, withamodular structure, meant for the
dwelling and public buildings energy audit, by
expanding the competences of the validation
committee. Besidesthetesting of the procedura
€lements, which they themsdvesarenovelty, taking
into account the confidential nature of thevaidation
activity, thetesting of the software products market
representsan important chalenge.

Intheline of the compul sory exigenciesinthe
caseof thevalidation of any product, thevalidation
committeefinalized the PCVA structure and issued
amodular mathematical model to meet the high
accuracy exigenciesimposed by the Order of the
Minister of theMinistry for Regional Devel opment
and Tourism no. 1217/ 31.03.2010 (in terms of
the European validation standards, the 5%
deviation is the maximum exigency — class A).
Even if at first sight the high level of accuracy
imposed to an activity which in fact does not
immediately addressthebuildingsenergy efficiency
increase, but only theinformation of the buildings
userson the energy characteristics of the occupied
or purchased apartments surprises, the target is
strongly educationd and, moreover, representsatest
of capability for thelocal expertsin providing high
quality IT productsmeant for the energy upgrading
of al typesof buildings.

An approach shared by all the standards used
as standard documents in validating ssimplified
calculation methodsisthe analytical or numerical
approach on the characteristicstransfer processes
at thelevel of the thermodynamic outline which
defines the occupied spaces and the envelope
adjoining both the occupi ed spaces and the natural
environment, without imposing a calculation
method. I nfor matively, some European standards
recommend certain numerical solvingmodes(e.g.
SR EN 15255 : 2005 — Buildings thermal
performance—determination of thesensitivecooling
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load —Generd criteriaand vaidation procedures),
but very importantly emphasizing that theindi cated
methods (Annex A) refer to asimplified approach
onthecalculations.

The INCERC researches performed in the
period 1972-2009 generated experimentally
vaidated dynamic cdculationrdations, includedin
the INVAR (1993) dynamic software and in the
Dynamic Calculation Model [2] experimentally
validated on thebuildingsoperating aslaboratories
CS1 Campina, CS3 Bucharest and CE INCERC
Bucharest plus Block M 28 (44 apartments). The
dimensiona diversity of the buildingsrepresentsan
additional credibility argument. The building
dimensions are a condition of the experimental
validation inthe case of large spacesof the class of
atriumsor buildingswith envel opes characterized
by special processes of the natural / forced
convection type[1]. Inthe previously mentioned
cases, theuse of criterion-based equationsin view
of determining the convection heat transfer
coefficientsmay generate significant errorswhich,
evenif they do not Sgnificantly influencethebuildings
thermal response, they influencetheair velocity fidd
and at the sametimethe variation of the noxious
substances concentration in permanently or
temporarily occupied spaces. They represent specid
cases but are not excepted by the structure of the
modular mathematical model, but areincluded
inspecia calculation modul es connectableto the
mathematica model basic structure.

The experimental validation of the above
mentioned cal culation mathematical models[2]
covered two stages, asfollows:

- validation of the calculation sub-
models concerning the characteristicstransfer
processes, mainly inthe case of theconduction
heat transfer and of the heat transfer by short
waveradiation heat transfer (visible spectrum)
and by long waveradiation (remoteinfrared
spectrum) and of natura or forced convection
hest transfer;

- validation of theglobal empirical type,
referring to the comparison of thehourly or sub-
hourly values of theintensive and extensive
thermodynami c parameters (temperaturesand
thermal flows) by using the average statistic

indicators, the square mean deviation (RMDS)
and the standard square mean deviation (CV-
RMSD) asamaximumadmissiblevauespecific
to any of the quantified parameters.

The phases covered in order to validate the
Romanian dynamic ca culation mode sarefurther
briefly presented:

The main sub-model which was tested and
experimentaly validated isthat of the conduction
heat transfer through over-ground and underground
flat building components (building-soil boundary)
which are or not affected by thermal bridge type
disturbances. The calculation model devel oped by
INCERC istheUnitary Therma Response (RTU)
[2] of homogeneous and composite structuresto
Diracimpulsetypeloads. The composing mode of
therandomred loadswith RTU isconvolutiond and
was tested by long-term experiments on real
buildings, starting with the CS1 CampinaPassive
Solar House (1974-1978) [3] and further on the
CS3 Solar House of Bucharest (1982-1988) [4],
Block M28-4 Aleea Arinii Dornel, Bucharest
(1993-1998) [5], [6] and on the CE INCERC
Bucharest Experimenta Building (2003-2009) [ 7],
[8],[9], [10]. The sub-model of the conduction
heat transfer was tested in parallel by the inter-
vaidation procedureusingtheANSY SNumerical
software (2003-2009) [2]. The results of the
experimentd vaidationaswel asthenumerica inter-
validation attest the assessment accuracy by using
the RTU model, both of the temperaturefieldin
compositeflat structureswith linear or non-linear
material characteristics and of the thermal flow
density. Based onthe RTU method, implementedin
the INVAR software, the real thermophysical
parameters val ues of the envel ope structuresfor
Block M 28 and of the CE INCERC Bucharest and
ANVINTEX Bucharest buildingswereidentified,
based on the use of the reversed modelling
procedure[11].

Theresultsobtained are used asinput datain
the structure of the spacesthermal balance sub-
modd whichincludestheinside energy variation of
theing debuilding componentsunder the control of
theBi =f (Fo) function, withreferencetothevariation
in time of the thermal wave which modifies the
building components inside energy [12]. The
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emphadzingof avirtud dimatic parameter, thevirtua
outdoor temperature specific to the structures as
wholes[2] dlowed the devel opment of thethermal
balance sub-model of spaces in controlled
microclimate conditionsaswell asin conditions of
free variation of the air indoor temperature and
implicitly of theresulting indoor temperature, air
conditioning lacking. A significant methodol ogical
advantage is the virtual outdoor temperature
invariant in termsof the variation of theresulting
indoor temperature, associated to the use of the
model s specificto the steady-state heat transfer in
processes characterizing thetransient heat transfer.

The use of similitudemodelling allowed the
devising, experimentally validated, of aheat one-
phase heat transfer sub-model at the building-
soil boundary aswell asthe phenomenologically
based determination of the design outdoor
temperature, specific to buildings systemsdimen-
sioning, both transposed in applied technical
regulations (Mc 001/1-2006 and SR 1907/ 1 —
1997).

The fourth sub-model tested and
experimentally validated is that of composite
heat transfer at the outside boundary of flat
structures adjoining the natural environment
intheform of third rank boundary conditions (short/
long wavethermd radiation and convectionin open
spaces). Calculation relations of the equivalent
outdoor temperatures were devised and the
smplified sub-mode wasvalidated; thelatter was
characterized by adaily mean sunlight coefficient

wherethe ¢, daily mean valuemay be used instead

of function [y (t), z(t)] definedinspaceandtime,
in view of assessing the equivalent outdoor
temperature hourly val ues specific to the opague,
respectively glazed aress.

Another sub-mode extensively usablemainly
inthecaseof using air asaspaceair conditioning
vector is that concerning spaces convective
correspondence characterized by air different
temperature. A semi-empirica calculationrelation
was devised, based on the scale analysis used for
the Prandtl equations of the thermal and
hydrodynamic boundary layers devel oped at the
surface — indoor air boundary, which offers the
possibility of quantifying theintensity of the heat

transfer between convectivey corresponding spaces,
accordingtotherooms' geometric characteristics
and tothetemperauredifferencebetweenthem. The
calculation relation profits by the experimental
validation on the support of CS3 Bucharest Solar
House[13]. Thesub-modd of the spacesconvective
correspondence solvesthe problem of theinfluence
of architecturally solving the issue of the air-
conditioned spaces where cooling convective
systemsare used.

The use of the sub-models validated
experimentally and by the numerical inter-
validation procedure dlowed thetransition to the
global calculation model for the occupied
space, based on the empirical experimental
validation procedure [8], [9], [14]. The
experimenta support of thefull-scalephysica mode
typeand the buildingsgeometrica diversity grants
credibility totheresultsprovided by thegloba modd.
Moreover, it is considered that the experimental
validation on a full-scale model in a controlled
microclimate represents the maximum possible
vdidationfor anenginesring cdculation method[15].
Weconsder that thethreeexperimenta buildingsin
the INCERC Bucharest patrimony (CS1 Campina,
CS3 Bucharest and CE INCERC Bucharest) plus
the Block M 28 (44 apartments) monitoredinthe
heating thermal system andin four apartmentson
different floorsof thebuilding provided, intheperiod
1972-2009, data that facilitated the empirical
validation of the cal culation sub-modelsaswell as
of theintegral modd.

The question rises naturally, if asimplified
gpproach may becomeamethod of vdidating certain
alternative calculation methods; the answer is
negative. An examplemay bethe cooling degrees—
days method which generates significant errors
compared to theresults provided by measurements
and by using the hourly pace detailed calculation
mode [16]. Thereforewecondder that the approach
onthevalidation of the software meant for the new
and existing EPB assessment should cover afew
phases, asfollows:

- toissueadetailed cd culation model with
hourly and sub-hourly time pace, on
phenomenological bases(called preliminary
caculation model —MPC);

- to experimentally test theresults provided
by the preliminary ca culation modd (MCP) by

10
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long-term measurementsonafull-scaephysica
model and in conditions of free and / or
controlled microclimate — results accuracy
assessment by thevaidation Satisticindicators
M —mean, RM SD —mean standard deviation
and CV-RMSD - standard mean square
deviaion;

- to comparethe statisticindicatorsresulting
from the dynamic model simulation to those
resulting from messurementsintermsof certain
accuracy degrees imposed to the deviation
betweenthe previoudy mentioned parameters,

- to adapt the mathematical model
(correctionsmainly of the coefficientsoperating
as material properties or of the material
characteristics—thermophysical parameters
withalinear or non-linear responseintermsof
temperature) and to generate the adapted
caculationmode (MCA);

- to experimentally test theresultsprovided
by the adapted calcul ation model (MCA) by
long-term measurementson afull-scalephysca
model and in conditions of free and / or
controlled microclimate — assessment of the
accuracy of theresultsintermsof thevadidation
statisticindicatorsM —mean, RMSD —mean
standard deviation and CV-RM SD —standard
mean squaredevidion;

- to adopt the standard validation
calculation modd (MCVE)?;

- to definethe maximum admissible error
classes according to the exigencies of the
technica regulations;

- based on the results provided by the
sengtivity anaysisgppliedto thedetailled multi-
parametric models, the simplified calculation
models may be devised; they must be
limitedly applicablein well defined sectors
according to the regulated errors classes
(MC9). Thesesmplified calculationmodd sdo
not operate as validation calculation
models.

As concerns the calculation models imple-
mented in the software so far issued in Romania
(according totheproducers' statementsin public
presentation materials[17], they all aresmplified

models structured according to the technical
regulationsinforce (either NP 048-2000 or Mc 001-
2006). Thevalidation of thecd culation mode sand
implicitly of the software should refer to classes of
test solutions specific to the heat transfer dynamic
processesin the occupi ed spaces. From the point
of view of thedementspresentedin thisarticle, and
especially of the accuracy degreeimposed to the
results by the law, the probability for a current
software devised in Romania, with no minimum
methodol ogical adaptations, to passthevalidation
tests is extremely low. In order to raise the
possibilities of promoting thefirst softwarefor the
EPB accurate assessment, an additional simplified
calculation model (MCS) was devised, which
represents the phase of the sensitivity analysis,
further called MVO0. This model was structured
based on the regulations in force, but with
adaptations applied to both cal culation models.
This additional processing of the Model of
Calculating the Validation and of generating the
Vaidation Softwarefor Apartments (PCVA) ensures
that theexigenciesrequired by thelaw aremet. Itis
thusactually created apossibility that the software
becomedigiblefromthetechnica point of view by
adapting the cal culation model saccording to the
indicationsin the document presented by theweb
page of the Validation Committee (http://
www.incerc2004.ro/Comisie_Validare/
Comisie_validare.htm) and by the INCERC
Bucharest web page (www.incerc2004.ro)

Taking into account the considerations above,
thefirst two phases necessary in working out the
PCVA werecovered asfollows:

- the comparative analysis of PEA onthe
support of gpartmentsof different architectura
and constructive configurations, using the
regul ated ca culation methods;

- theanalysisof theresultsconcerning the
experimental validation of the detailed
calculation methods carried out within the
research projectsfinanced by MDRL (currently
MDRT —Minigtry of regiond development and
tourism) intheyears 2008-2009 and by ANCS
in the years 2007-2010 by the PNCDI 2
national research programme aswell as by
means of the Core Programme (2007-2009).

) Theimposed MCVE characteristic deviations in terms of the measured values are under 3%.
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A strong confirmation of this methodol ogical
approach isrepresented by the conclusions of the
fina report of the CA 2 meetingin May 2010in
Ljubljana, concerning recast of European standards,
subject of EPB. We emphasi ze that the empirical
vaidation of ca culation methods, isthethird option
of atotal of 15 options with a positive score of
+ 5,40, based on the responses of 25 Member
States. Thefollowings arethe conclusions of the
mentioned fina report, with referencetothisissue
[18].

[11.1. Characteristics of the regulated
calculation methods

The compared analysis of the regulated
cd culation methodsispresented, emphasizing their
defining characteristicsand the differencesbetween
them.

[11.1.1. Mc 001 / 4-2009 and the
Calculation and the Calculation
abstract (Mc 001/ 5-2009) —
continuous heating

a. The calculation model is one-zonal
seasonal, with no correction of the operating
temper ature according to the normal conditions
of the heat in occupied spaces and approachesa
two step procedure as follows:

al. Thefirgtisapreliminary step based on
the conventional assumption of defining the
heating season, according to SR 4839 /97,
which providesthepreliminary duration of the
hesting season;

a.2. The second step defines the actual
duration of the heating season in terms of
meeting condition (1.23) chapter 11.1.5.11.2 of
Mc 001 / 2-2006;

Q6: If the standards were to he revised, please say whether you would agree or disagree with the following
propositions

Disagreement/agreement with propositions (-10 to +10)

+5.8

Technical review of each standard for range, scope, relevance, gaps,

overlaps, inconsistencies

Changes required should be drawn up by a steering group representing

the MSs

+1.6 Alternatively, the changes should be decided by TCs of CEN 0

+4.6

Before public enquiry and final vote, revised standards to be subjected to a 5

set of acceptance criteria

+4.2

Standards should include step-by-step procedures so they can be adopted s

directly

-15 Standards should not offer alternative methods -

-0.6

f a single method adopted, it should be restricted to the simplest

necessary for the Directive

+1.7

Standards should be written explicitly for the EPBD, mindful of level of

accuracy, costs, and benefits

5.6 | Standards should contain explicit provisions for existing buildings =

+3.3

Standards should be re-aligned more closely to the activities needed for

the Directive

+2.2

Harmonisation is a desirable aim and will eventually prove to be more cost
= 4

effective than retaining national methods

+0.6

Pan-European software would influence a decision about national v.

European calculation methods

+1.4

No need for public pan-European software (should remain in the private

domain)

+2.8 CEN validation standards for accreditation of software are needed

n.

+2.3

t is too early to contemplate harmonisation by restriction to a single

method

6 -4 -2 0 +2 +4 +6

Results from the calculation methods should be comfirmed as realistic

and close to measured energy consumption

12
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b. Determination of the seasonal heat
demand of the occupied space, by using a few
amplificationsasfollows:

b.1. The equality between the air mean
temperature and the operating indoor
temperatureisadmitted (thishypothes smight
be admittedin the case of spaceswith adiabatic
envelope);

b.2. Assessment of theintensity of the heat
transfer to the building secondary spacesonly
in the case of a difference of at least 4K
between the occupied space mean indoor
temperature and the temperature in the
secondary spaces zones,

b.3. Limiting of thesolar radiationinfluence
on the heat consumption specific to the
occupied spaces by considering the energy
inputsexclusively through the glazed areasand
by using correction coefficientstaken from the
EN 13790 standard;

b.4. Theinfluenceof thecumulated energy
inputs (sun and indoor activities) on the heat
consumption of the occupied spaces is
congderedintheca culationsby introducing the
“heat inputsusing factor” based on smplified,
semi-empiricagorithms;

b.5. The simplification represented by the
fact that condition (1.23) chapter 11.1.5.11.2
of Mc 001/ 2-2006 isadopted; it representsa
thermal balancerelation specificto aperiod of
24 hourswritten according to the steady-state
thermal conditions, whichleadsto significant
deviationsfromthe phenomenol ogica redlity;

b.6. Thethermal balance of the envelope
and of the secondary zones spaces (useful in
applying thesimplifying hypothesisb.2) isof
the steady-state type, integrated by linear
overlapping of thediss pated heet quantitieswith
the energy input type ones, for an (undefined)
period of the heating season, and thereference
outdoor temperature is the outdoor air
temperature, namely the temperature of the
environments adjoining the occupied spaceif
condition (1.23) is not met. This approach
requirestheiterativeca culation for determining
the heating season duration;

b.7. Thecd culaion methodisnot completed
by proving the convergence and stability of the
iterativesolution.

c. The thermal conditions of the secondary
zones spaces (technical basement, staircase) area
consequence of using the relations specific to
SR EN 13770: 2003 and C 107 / 5-2005 which
overlook the effect of the heat sources in the
previoudy mentioned spaces and use steady-state
thermal balancerelationswhich areimproper for
environments of the soil type, characterized by a
considerableand variabletherma capacity interms
of thetherma flow “lines’.

d. The seasonal heat demand of the occupied
spaces of a building (or of apart of abuilding) is
determined according to the annua mean val ues of
the outdoor temperature and of theindoor one, to
theva ueof thefactor of heat inputsuseandto the
hesting season duretion.

e. Thegloba energy-related effect specificto
the heating systems equipping the building is
presented (in chapter 11.1.6, Mc 001 / 2-2006) in
the form of additional heat consumptions of the
systems, asfollows:

- effect of the heating system emission
characteridtic;

- effect of the heat supply adjusting
characteridtic;

- effect of thedidtribution characteridtic; itis
associated to the heat carrier ling

- effect of the heat source characteristic.

f. The annual heat demand (consumption)
of thebuildingisdetermined asthe sum of the heat
demand specific to the occupi ed spacesand of the
so-called “ heat losses’ of the heating system.

[11.1.2. NP 048-2000 — continuous heating

a. The calculation model is multi-seasonal
with monthly and sub-monthly time pace, but not
shorter than 5 consecutive days and covers two
successive phases, asfollows:

al. Todeterminethetemperatures specific
totheindoor environment corresponding to the
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main zone and to the outdoor environment of
the occupied space main zone, asfollows:

a.1.1. Reduced indoor temperature
including the thermal effect of the heat
indoor inputs on the resulting indoor
temperatures,;

a.1.2. Thevolumemean temperature
of theair in the occupied space, different
from theresulting indoor temperatureand
determined from thecondition of achieving
thestandard resulting indoor temperature
va ue (different from the operating tempe-
rature used inthe European standards) in
any conditionsof performing theenvelope
of themain zone space;

a.1.3. Equivalent mean outdoor
temperatures specific to the opaque /
glazed components of the envelope and
whichincludethesolar radiation effect;

a.1.4. Reference outdoor tempera-
ture, which dependson theintensity of the
heat transfer by transmission through the
opaque and transparent envelope
components (including that to the
secondary zones, regardless of their
temperature compared to the mean
resultingindoor temperature).

a.2. To determine the heating season
duration, based on the equality of the
temperatures mentioned by itemsa.1.1. and
al.4. and on the value of the degree-days
Corrected Number (by integratingintimethe
function generated by the difference between
thetwo temperatures) of the occupied space
mainzone,

a.3. To determine the main zone annual
heat demand according to the degree-days
Corrected Number and by adopting certain
correction coefficientswhich takeinto account
thefollowingdements:

a.3.1. Thenormal conditionsof heat
supply totheoccupied space (by adopting
acorrection function specificto lowering
theresultingindoor temperatureduring the
night);

a.3.2. The effect of adopting the
steady-state heat transfer through the
envel ope opague components (correction

proper for short periodsof time, under 120
consecutive hours, but improper for
monthly cal cul ation periods (namely, over
120 consecutive hours));

a.3.3. Existence of open baconiesin
thebuildingmainzone(intheunitsforming
thebuilding).

b. The heating systems efficiency values are
presented inthefoll owing sequence:
- heat supply adjustment efficiency;
- digtribution efficiency associated to the heet
carierflowling
- heat sourceefficiency.

NOTE: Theemission efficiency (mentioned in regulation
Mc 001-2006) is used in correspondence with a
whole number numerical coefficient (f_> 1) the
function of which is to correct the indoor
temperature in terms of the space thermal
gradient in the occupied spaces, which is a
consequence of the operation of different indoor
heating systems. The numerical coefficient also
corrects the value of the air volume mean
temperature and therefore the value of the
resulting indoor mean temperature.

c.Accordingto theannua heat demand and to
the heating system efficiency, the annual heat
consumption for spaces heating and EPB are
determined (for thewhole building or for parts of
the building, namely agpartments).

I11.2. Conclusions of the pre-standardizing
research programme

1. The main target of the research activity
performed by INCERC Bucharest in the period
2008-2009 [8] was to test and experimentally
vaidatethe detailed ca culation model with hourly
pace, whichisthereferencemodd. Thecdculation
mode testing and validation were performed in
a period of 57 days (06.01-04.03.2009) by
measurements on the CE INCERC Bucharest
building. The heat demand hourly values provided
by the measurements attest the accuracy of the
hourly cal culation model. The mean deviation of
1.45 % between the measured values and those
cdculaedvdidatesthehourly calculationmodd. This
article presentsaphenomenol ogica anaysisof the
heat transfer functions synthesized as functions

14
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t_ (t), which attests their phenomenological
objectivity at themacroaswell asat thehourly level.

2. The next target is represented by the
experimental validation and testing, on the support
of the CE INCERC Bucharest experimental
building, by comparing the monthly / seasond
cdculation modd sto thehourly timepaceca culation
model and to the values resulted from measure-
ments, in order to assess the occupied spaces heat
demand in the cold season (resulted from the
sengitivity analysisapplied tothehourly pacemodd).

3. The monthly pace mathematical model
(NP 048-20001Y) isbased on the structure of the
NP 048-2000 cd culationmethod with modifications
according to the method presented as alternative
calculation method, revised, in the calculation
methodol ogy of EPB Mc 001 / 2-2006, chap. 11.5.

4. The seasonal pace calculation method,
specifictoregulationMc 001 / 2-2006 cannot be
adapted to the operational conditions of CE
INCERC Bucharest because the building is
equipped withaventilated solar spaceand theabove
mentioned regulation does not refer to such
equipmentsof thebuildings.

5. The calculation error per season between
themeasured heat demand and the one calcul ated
by the NP 048-20001" monthly pace method was
of 0.61%, ava ue confirming theaccuracy and the
phenomenological nature of the NP 048-2000
method.

6. The second phase was meant to complete
theanalysisby numerica case studiesfocused on
the condominium type conventional block and an
office building with North and South directed
facades, completely glazed. The glazing is heat
insulating with sel ective properties (low-€) and the
geometry of thetwo buildingsisidenticd. Thehourly
pace cal culation methods (reference calculation
method), the monthly pace cal culation method,
NP 048-2000" and the seasonal pace calculation
method Mc 001/ 2-2006 wereusedin pardld (the
test buildings are not equi pped with elements not
alowingtheuseof thesemethods).

7. Thecdculation synthesisispresentedintable
1, with reference to the annual heat demand /
consumption values of the apartment building
(block).

8. Theconclusionof item 7isasovalidinthe
caseof theofficebuilding. Theresultsfor thiscase
arefurther synthetically presented (table 2).

9. Thesmulaionmathematicd mode sspecific
to ventilated solar spaceswerevalidated; they are
used in calculating the hourly variation of thefree
temperature in the occupied spaces (hot season,
natural ventilation and controlled mechanical
ventilation; themathematical model for calculating
theartificial cooling in conditions on controlled
mechanica ventilationwasaso vaidated.

Table 1.
INCERC Calculation g :
Dimension calculation NP 048Y- Deviation | Calculation Diff. Deviation [%]
e [%] Mc 001
hourly pace validation

Dz [days] 216.0 199.3 -167| -77% 220.8% 4.8 22%
Sinc [m2] 1858.0 1858.0 -00% 2393.8% 535.8 28.8 %
Vinc [m?] 5016.0 5016.0 -0.0% 6 409.0% 1 393.0 27.8 %
Qinc [MWhlyear] 1715 165.9 -33% 228.3% 56.8 33.1 %
Qs_inc [MWhiyear] 192.2 186.0 -32% 272.2%) 80.1 41.7 %

D Compared to the revised calculation model, the following modifications were operated, which generate the Monthly pace

calculation method:

- the correction coefficient generated by the use of the steady-state conditions of heat transfer (0.96) through opaque
building components, was waved and its value so becomes unitary;

- the coefficient of correcting the volume mean temperature value f_>1 was waved and the heating units emission
efficiency was adopted (determined according to Mc 001/2-2006).

2 The one-zone cal culation model (Mc 001/2-2006, chapter 11.1.5.11.2) are used following the verification of the conditions mentioned

in Mc 001/2-2006, chapter 11.1.5.3.2.1.
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Table 2.

Dimension clal\lﬁllza’?icc):n CNalli’Cgljgg-n Diff. Deviation | Calculation Diff. Deviation
hourly pace validation Pl Mc 001 Pl

Dz [days] 214.0 179.6 -344 | —161% 184.6% -294 | -138%
Sinc [m?] 1858.0 1858.0 0.0 0.0 % 2393.87 535.8 28.8%
Vinc [m?] 5016.0 5016.0 0.0 0.0% 6 409.0% 1393.0 27.8%
Qinc [MWh/year] 165.4 166.2 0.9 0.5 % 204.3% 39.0| 236%
Qs_inc [MWh/year] 184.9 185.9 1.0 0.6 % 243.0% 582 | 315%

Thethird phasecondstedindevisngasmplified
software based on hypothesesverified by numerica
tests, repeated and significant both quantitatively
(number of tests) and quditatively (3% maximum
accepted error) by comparison to the results
provided by the experimental ly validated detailed
calculation methods. The calculation methods
worked out following theexperimentd vaidationon
the support of alaboratory building and of anumber
of blocks of flats are hourly or sub-hourly pace
detailed methods and entirely meet the extremely
severe validation criteriaimposed by the square
standard deviation values (RM SD criterion) and of
the standardized deviation (CV-RM SD) between
theva uesof themeasured and cal culated parameters
(temperaturesand therma flows). It isemphasized
that the cal cul ation methodsdo not refer toacertain
configuraion of thebuildingor toanoperaiond time.
These are methods meant for any type of building
andtotheentire operationd year (winter-summer).

Thedetailed cal culation methods represented
models of validating simplified models with an
applicability limited to thetarget requested by the
Minister’s Order of the Ministry for Regional
Development and Tourism no. 1217/ 31.03.2010,
but within theerror limitsimposed by thisorder. In
fact themgor amplificationwasthecaculaiontime
pace, and theverdict, theerror of the seasonal EPB
compared to the similar value resulted from the
integration of the hourly values provided by the
detailed method, inthe vaidation period.

In the case of the apartments (and of certain
typesof buildingsaswell) asmplified calculation
maodel with monthly and sub-monthly time pace (not
shorter than 120 consecutive hours) resulted. It
results, fromtheprevioudy presented e ements, that
the cdl culation method proper to the determination
of PEA.Inc isthe monthly or sub-monthly pace
calculation method (NP 048-2000%) which
becomes the MV0O method, in the case of
apartments, experimentally validated. Wehaveto
emphasi ze that the use of method MV Oin specia
conditionsof buildingsenergy-rel ated configuration
or in climatic conditions different from those of
Romaniamay generateerrors, inwhich caseeither
the hourly pace cal cul ation method will be used, or
an dternativemethod, resulted from the use of the
vaidation procedure of amethod resulted from the
sengitivity analysis proper to the new application
conditions. Inall thestuations, thebasic caculation
mode with hourly pace, experimentally validated is
fundamentd.

Wed so mention that themgjor probleminthe
caseof buildingsisEPB associated to the occupied
gpacesair conditioning. Theuseof hot water and of
the power necessary for the occupied spaceslighting,
inthe case of apartments, profit, from the point of
view of determining the associated EPB, of the
current regulations provisions (Mc 001-2006), as
they areactivitieshighly subjectivefromthe users
point of view. In this case as well as in that of
buildingsair conditioning (but toamuch lower effect

D Compared to the revised calculation model, the following modifications were operated, which generate the M onthly pace

calculation method:

- the correction coefficient generated by the use of the steady-state conditions of heat transfer (0.96) through opaque
building components, was waved and its value so becomes unitary;

- the coefficient of correcting the volume mean temperature value f_>1 was waved and the heating units emission
efficiency was adopted (determined according to Mc 001/2-2006).

2 The one-zone cal cul ation mode! (Mc 001/2-2006, chapter 11.1.5.11.2) are used following the verification of the conditions mentioned

in Mc 001/2-2006, chapter 11.1.5.3.2.1.
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on EPB), the calculation of PE iscompared to a
normal situation which in the case of apartments
leadsto significant smplificationsaccordingtothe
provisionsof theprevioudy mentioned document.
Referring againto thefirst phaseof theandyss
comparing theresultsprovided by the calcul ation
methodsworked out intimeand currently regul ated,
aswel| astheseresultsand MV 0, acase study was
carried out in order to emphasizethe differences
occurring following the use of the regulated
cal culation methods and the cal culation method
proposed and included inthe MV 0 structure. The
support of the case study isablock of apartments
in Bucharest. Theblock has 36 gpartmentsidenticd
intermsof volumetry. Theanalyssrefersto 11 cases
withthefollowing differences:
- location of the apartment interms of the
buildingfloors;
- location of the apartment interms of the
facadescardind direction;
- location of the gpartment inthe middle of
thefacadeor inthe corner;
- congtructive sol ution of the starcase space;
- constructive solution of the technical
basement;
- quality of the heat insulation of the heat

carrier pipes.

Thepartid resultssubstantiating thevaidation/
invalidation decision of the Software (inthis case of
the calculation model used) refer to thefollowing
dements

- The deviation of the PEA values
(Apartment Energy Performance), expressed
in kWh / m?year, determined by using the
regulated calculationmodd sinforce(Mc 001/
4-2009 and NP 048-2000), but not
experimentaly vaidated, intermsof thevadues
determined by using the PCVA calculation
model, experimentally validated, compared
to the reference deviation imposed by order
1217/31.03.2010, item 3, of maximum 5%

- The deviation of the mean corrected
therma Resistanceof thegpartmentsenvel ope,
expressed in m?K / W, determined by using
the regulated calculation models in force
(Mc 001/4-2009 and NP 048-2000), but not
experimentaly vaidated, intermsof thevaues

determined by using the PCVA calculation
model, experimentally validated, compared
to the reference deviation imposed by order
1217/31.03.2010, item 3, of maximum 5%.

Thefinal result refer to thewhol e package of
validation sheetsand isdetermined asafunction
formed of the previoudy mentioned partia results,
by thefollowing relation:

i=11giz2 o
| V.packagemethod = §OI.\/.JI
i=1 &j=1 7

wherei isnumber of thevaidationsheet (j T[1,11]),
j —tested physica dimension, namely:

j =1—PEA [KWh / m?year];

j=2— R.mean. [m?K / W];

and .V, isvaueof thevalidationindex for each of
thetwo tested physical dimensions(thevalidation
index hasabinary value, Oor 1).

Thesynthesisof theresultsobtainedispresented
intable3.

Thefollowing symbolsareused inidentifying
the gpartment’ s position: P—ground floor (above
thetechnical basement); EC —commonfloor; UE—
highest floor (under theterrace); M —middleof the
facade; C —corner.

These symbols are accompanied by the
indication onthevertical facadescardina direction,
accordingtotheclassical symbols(N, NE. E, SE,
S, SV (W), V, NV).

Table 3 presents the deviations resulting
following theuseof thecd culation modd smentioned
inthestructure of theregulated cal cul ation methods
without the adaptationspresented in thevalidation
procedure, deviationswhich automatically lead to
the non-attesting of the software.

Thevauesintable 3 confirmagainthemain
reasonsfor theinaccuracies generated by thetwo
cd culation methods, namely:

- the existence of correction numerical
coeffidents, unconfirmed experimentaly, inthe
case of the NP 048-2000 Method,;

- the restrictive use of the solar radiation
influenceexclusively onthe glazed aress, the
improper use of the adiabatic surfacedecision
if thetemperature difference of 4K between
the occupied space and the secondary zonesis
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Table 3.
Synthetic table of the PEA.Inc. validation sheets
Sheet [ Posion | ... | Physical | Dev.NP | Dev.Mc | Dif.dev. | DIf.dev. V. V. Mc 001/4-
no. apart. dimension [%] [%] NP [%] Mc [%] NP 048-2000 2009
g.inc.
6.269 17.006 1.269 12.006 0 0
1 EC-M s [kV\Fleh/mr;.an]
.med.
[Mp.K/W] 0000 | 68443 | -5.000 63.443 1 0
g.inc.
6.612 27.589 1.612 22.589 0 0
2 EC-M N [kV\éh/mF;an]
.med.
[mp.KW] 0.000 67.024 | -5.000 62.024 1 0
g.inc.
6.656 16.064 1.656 11.064 0 0
3 EC-C sy [kV\éh/mp()j.an]
.med.
[mp.KW] 0.000 55.955 | -5.000 50.955 1 0
g.inc.
6.692 41915 1.692 36.915 0 0
4 P-C SE [kV\éh/mz.an]
.med.
[Mp.K/W] 0.000 | 108.395 | -5.000 103.395 1 0
g.inc.
6.746 15.989 1.746 10.989 0 0
5 P-M S [kV\éh/mp;.an]
.med.
[Mp.K/W] 0.000 46.165 | -5.000 41.165 1 0
Jinc.
[kW?w /Imp an] 6.784 9.848 1.784 4.848 0 0
6 P-C SE - d
.med.
[Mp.KW] 0.000 46.080 | -5.000 41.080 1 0
g.inc.
[kWh/mp.an] 6.404 39.542 1.404 34.452 0 0
! Pee > R.med.[
mp.KIW] 0.000 | 108.395 | -5.000 103.395 1 0
g.inc.
[kWh/mp.an] 6.654 12.854 1.654 7.854 0 0
° Pee > R.med
[mp.KW] 0.000 39.202 | -5.000 34.202 1 0
g.inc.
[kWh/mp.an] 6.736 13.167 1.736 8.167 0 0
? Feec > R.med
[mp.KW] 0.000 56.250 | -5.000 51.250 1 0
.inc.
[kW?] /mp.an] 6.900 4.970 1.900 -0.030 0 0
10 UE-C SE . med‘
[mp.KW] 0.000 43799 | -5.000 38.799 1 0
g.inc.
[kWh/mp.an] 6.772 5.192 1.772 0.192 0 0
11 UE-M S 2 med
.med.
[mp.K/W] 0.000 53.432 | -5.000 48.432 1 0
Reference I.V.NP - LV.Mc -
deviation [%) S pacgage paclgage
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not exceeded, theoverl ooking of thedifference
between the indoor temperature and the indoor air
temperature and the adopting of a seasonal
calculation model, not confirmed experimentally, for
Method Mc 001 / 4-2009.

NOTE:

The comparison of the results provided by the two
calculation methods includes an inconsistency, assumed
by the authors, referring to the different temperatures of
the occupied spaces, with referenceto the normal situation
of using heat in apartments, when the Mc 001/4-2009
calculation method does not include the adopting of the
day-night differentiated thermal conditions, asit is used
in the NP048-2000 model. The achieving of the identical
indoor thermal conditions is reflected in the lowering of
the consumptions determined by using the Mc 001/4-2006
method as a result of using the correction coefficient
C,. < 1. Theresult of the comparative analysis, which also
includesthe equalizing of the occupied spacestemperature
level, is presented in table 4 and in the diagram in fig.1.
The influence of the successive simplifications which
affects the calculation model included in Mc 001/4-2006
methodology and especially, in this case, the overlooking
of the solar radiation impact on the heat transfer through
the envel ope opague components are emphasized.

The analysis of the results presented in table 3
emphasizes the error generated by admitting the
simplification to consider adiabatic a surface dividing two
environments characterized by temperaturesthe difference
of whichis lower than 4K. Cases 4 and 8, marked in the
tablerefer to two situations of considering the floor above
the basement, namely not thermally insulated (case 4) and
thermally insulated (case 8). In case 4, the temperature
difference between the occupied space and the basement
isof 2.6°C, which leads, according to Mc 001 / 2006, to
the annulment of the thermal flow dissipated through the
floor to the basement and, therefore, to a high energy
performance, specific to the analyzed apartment
(91.6 kWh/ n?). In case 8, the temperature difference
between the occupied space and the basement is of 4.4°C
which leads to considering the thermal flow dissipated
through the floor to the basement and, consequently, to
an energy performance lower than that of the apartment
incase4 (114.59 kWh / m?). The paradox of the conclusion
comes from its correlation to the condition of the floor

above the basement. The error generated by assuming a
simplification proposition which is phenomenologically
unacceptable is more than obvious.

Thefollowing e ementswere emphasi zed:

- unacceptable deviations between the
results provided by NP 048-2000 and Mc
001 / 4-2006 (structured based on Mc 001 /
2-2006 method whichinfact takesthemethods
of the European standardsissued until 2005);

- unacceptable? deviations between the
results provided by each of the previously
mentioned methods and the results provided
by MVO.

Takinginto account thisconclusion and thefact
that the potential producers of software products
meant for the CPEA issuingwill probably befocused
onthecd culation methodsregulated asca culation
modd s (whilethisisnot an obligation of performing
and atesting thesoftware products), thepossibilities
of shortly adapting the cal cul ation mode sincluded
intheregulated methodswere anayzed and, by the
validation procedure, an easily usable guide for
adapting theregulated methodsis proposed. By this
minimum i ntervention on the cal culation a gorithm
aready known, thequalification of al the software
productsdevisedinthislineisensured.

Thecriteriaof adapting the calculation models
specifictothetechnical regulationsinforcearethe
following:

- thesquarestandard deviation (RMSD) in

termsof al theanayzed case studies (11);

- the standardized value of the square
standard deviation (CV-RMSD) for al the
analyzed casestudies(11).

If thetheoretical standardized valueisequal to
0, asingleadapting coefficient may begpplied, which
leadstothecdibrated cal culation modd. Themore

Table 4.
Statistic index NP 048-2000 | Mc 001/4-2009 | Mc. 001 /4-2009 (cor.)
Deviations mean [%)] 6.6567 18.5578 22.5404
RMSD [%] 0.05396 8.965 14.7954
CV-RMSD [-] 0.008106 0.48307 0.65040

D |n terms of the maximum admitted errors based on the Mi nistry of Regional Development and Tourism no. 1217 / 31.03.2010.
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Fig. 1. Errors module variation in terms PCVA

the CV-RM SD value deviates from value O, the
moredifficult thecaibration of amodel isand the
procedure of adapting the “ closest” model is
adopted, with referenceto the statistic validation
criteria. Theresultsof theandysisarepresentedin
table4andinfig.1:

It results that an immediately adaptable
calculation modé, by adopting certain coefficients
from the M c 001-2006 technical regulation aswell,
isthat of the NP 048-2000 Technical regulation
which, by the adaptations performed, becomes
PCVA.

Thelast test, of find vaidation, wasrepresented
by the compared anadysisof theresultsobtained by
applying PCVA and theinitial validation model,
MVO. The result attests the accuracy of the
calibration by using themean vaueof the0.021 %
deviation and by using the CV-RMSD val ue of
0.00000208, both actualy insignificant. Therefore,
the PCVA model wasadopted, whichresulted from
adapting themodels of theregulationsinforce, in
terms of whichtheresults provided by the software
subj ected to vaidation and attesting are analyzed.

Thediagraminfig.2 presentsthelogica diagram
of the procedure used in adopting the calculation
model included in the PCVA structure (with
referenceto occupied spaces heating).

By this activity, one of the targets of proper
andimpartid functioningof theVaidation Committee
isaccomplished, namely thedevising and useof a
calculation model which does not favour any
regulated cd culation method and which alowsthe
rapid adaptation on one of theregul ated methods
to theaccuracy exigenciesspecifictovalidating the
softwaremeant for CPEA issuing, by taking certain
physical dimensionsuseful for the other regul ated
method aswell.

IV.CHARACTERISTICSOFTHE (PCVA)
SOFTWARE FORVALIDATINGTHE
SOFTWARE MEANT FORISSUING
THE ENERGY PERFORMANCE
CERTIFICATEOFTHE
APARTMENTSINAPARTMENT
BUILDINGS

IV.1.Aim

The exclusive assessment of the Energy
Performance of an Apartment (PEA) locatedina
block of flats (apartment building) and, based on
theresulted va ue, theissuing of theA partment Energy
and Environment Energy Performance Certificate
(CPEA).
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Model NP 048
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Fig. 2. Logical diagram of the PCVA. Inc. structure determining procedure
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IV.2. Target
IV.2.1. Main target

PEA assessment on componentsasfollows:

IV.2.1.1. Dwelled spaceshesating

IV.2.1.2. Domestic hot water preparation and
use

IV.2.1.3. Dwelled spaceslighting

IV.2.2. Related targets

IV.2.2.1. Apartment belonging to an energy
class(A...G) according to theenergy consumption
vauesper utilities, accordingtoitemIV.2.1.

IV.2.2.2. Apartment belonging to an energy
class(A...G) according to the sum of the energy
consumption determined accordingtoitem IV.2.1.

1V.2.2.3. Pendtiesevduation

IV.2.2.4. Energy-related mark (grade) of the
gpartment (20...100)

IV.2.2.5. CPEAissuing

IV.3. Limit of use: only for thetarget
mentionedin item I V.1.

IV.4. PCVAstructure

IV.4.1. PEA assessment for apartments
heat supply (PEAINC):

IV.4.1.1. Input data (maximum necessary);

IV.4.1.2. Cdculaion sectionfor determining the
geometric characteristics of the apartment and of
the envel ope components adjoining the natural
environment andthebuilt environment inthebuilding
secondary zones (areasand volumes);

IV.4.1.3. Cdculaion sectionfor determining the
real thermal characteristics (thermal coupling
coefficients, ventilationrate, significant indoor and
outdoor temperatures, thermd flow indoor rel eases)
of thegpartment;

IV.4.1.4. Cdculaion sectionfor determining the
geometric characteristicsof the building secondary
zones (staircase, technical basement, attic) and of

the envelope components adjoining the natural
outdoor environment, thebuilt environment of the
main and secondary zonesaswell asof the building
(areasand volumes);

IV.4.1.5. Cdculaionsectionfor determining the
real thermal characteristics (thermal coupling
coefficients, ventilationrate, sgnificant indoor and
outdoor temperatures, thermd flow indoor rel eases)
of thesecondary zones;

IV.4.1.6. Cdculaion sectionfor determining the
indoor temperatures of the secondary zones
(staircase, technica basement, attic);

IV.4.1.7. Cdculaion sectionfor determining the
thermal flow diss pated in the secondary zones space
because of theequipmentsflowing hot fluids;

IV.4.1.8. Cdculaion sectionfor determining the
corrected significant temperatures of the indoor
environment (reduced indoor temperature) and of
the outdoor environment (reference outdoor
temperature) of the apartment;

IV.4.1.9. Cdculaion sectionfor determining the
apartment heat demand (monthly mean value or
during at least 5 consecutive days);

[V.4.1.10. Cdculation section for determining
the apartment heating season duration;

IV.4.1.11. Cdculation section for determining
the apartment seasonal heat demand,;

IVV4.1.12. Cal culation section for determining
theefficiency of thesystem/indoor heating system
and thetotd efficiency of thesystem/indoor hegting
system;

IV.4.1.13. Cdculation section for determining
the seasonal heat consumption for the gpartment
heeting;

[V.4.1.14. Cdculation section for determining
PEAINC.

1V.4.2. Assessment of PEA for apartments
domestic hot water preparation
and supply (PEAAcc)

According to the provisions of Mc 001/ 2-
2006 chapter 11/ 3, withthe s mplificationsindicated
asspecificto theapartments.
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IV.4.3. Assessment of PEA for apartments
lighting (PEAII)

According to the provisions of Mc 001/ 2-
2006 chapter 11/4, with the s mplificationsindicated
asspecificto theapartments.

IV.5. Section for the software validation

IV.5.1. Comparison between the value of
the mean thermal resistance of the
apartment envelope components
according to PCVA and to the
software subjected to the attesting
procedure (attesting procedure
according to order 1217/
31.03.2010)

IV.5.2. Comparison between the apartment
PEAINnc value, according to PCVA
and according to the software
subjected to the attesting procedure
(attesting criterion according to
order 1217/31.03.2010)

1V.5.3. Comparison between the apartment
PEAAcc value, according to PCVA

and to the software subjected to the
attesting procedure (attesting
criterion according to order
1217/31.03.2010)

IV.5.4. Comparison between the apartment
PEAII value, according to PCVA and
to the software subjected to the
attesting procedure (attesting
criterion according to order
1217/31.03.2010)

IV.5.5. Comparison between the apartment
PEA value, according to PCVA and
to the software subjected to the
attesting procedure (attesting
criterion according to order
1217/31.03.2010, item 3)

IV.5.6. Issuing of the compared analysis
sheet (Table 5)

IV.5.6.1. Determination of the absolutevaue
of the percentage deviation between the value
determined according to PCVA and the value
determined according to the software subjected to
thevdidation procedure

Table 5.
Deviation
maximum
Value | e Deviation absolute admissible Deviation value Validation
No. Physical dimension acc 1 ace to value, VAA absolute u index
to PC value, [%] v
PCVA VAAG)
[%]

0 1 2 3 4 5 6 7
1 R[M2K/W] Vecva Vee Vecva ~Vec|y100 : VAA-VAKR EO 1
Veeva VAA-VAA) >0 0
2 | e [KWhmZar] T Voo || s | vaa-vayso | o

3 kWh/m?an PCVA [V x100
Gncel ) A Veowa 5 | VAA-VAR>O0 | o

4 KWhm2 PCVA |\, x100
ai [kwh/m“an] PC Vocua 5 VAA-VAA >0 0

5 kKWh/m?Zan PCVA |V, x100
Ororac [ ] PC Vecun 5 VAA- VA4 > 0 0

" Valuesaccording to order 1217/31.03.2010, item 3.
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IV.5.6.2. Drawing up of thecompared analysis
gynthetictable

1\VV.5.6.3. Determination of thel.V. vaidation
index
IV.5.6.4. PC vdidation (col.7):

i=5
&V, =5 —vaidated software

i=1

igS

alV; <5 —not validated software
i=1

V.CONCLUSONS

1. In order to ensure the free circulation of
productsand services, the softwarefor the Energy
Performance of Buildings (EPB) do not have to
observeacertain caculation algorithm based ona
regulated mathematical model. Therefore, it is
necessary to deviseadiagram/schemewhich should
providethe possibility of testing the commercial
softwareusing different ca cul ation and Structuring
agorithms. A maximum leve of thenecessary input
dataisdefined, aswell asaminimumlevel of the
data provided by the calculations. The software
assessment isbased on asyntheticreport including
theinput dataand thevauesprovided by cdculation,
for avariablenumber of testing sheets.

2. Andternativevariantisto providethesdf-
validation sheets. They may be structured so that to
help the software producer inidentifying the error
sources in the software structure (e.g. SR EN
15265:2008 allowing alocalizing of theerrorsin
thecd culaionmode concerningthethermd inertia,
indoor inputs, and solar inputscalculation).

3. Theaccepted errorsdiffer according to the
adopted validation scheme. Therefore, NatHERS
requestsfor the buildings heating / coolingload a
statistic assignment of 95 % of theresultswitha
tolerance of 5% or 10 % according to the object of
the analysis. SR EN 15265 concerning “EPB —
calculation of theenergy demand for roomshesting
and cooling. General criteria and validation
procedures’ specificto three degreesof accuracy:
A (5 % tolerance for the heat / cold demand), B
(10 % tolerance) and C (15 % tolerance). PCVA

according to the Minister’s Order of MDRT
12471/ 2010 imposesthesingleerror of 5%to all
thephysica dimensionsunder testing.

4. In al cases the software validation and
attestingisin charge of national bodies appointed
by the central authorities (in Romania's case, by
MDRT, by DTC). It is recommended to turn the
Validation committee into a PCVE issuing
coordination body in the form of a network /
excellence center meant to coordinate and manage
the preliminary phasesinissuing PCVE, including
theregulation of thevalidation activity by adopting
and adapting the most modern systems used in
Europeand all over theworld.

5.Adigtinctionismade betweentheca culation
methods validation schemes and the software
vaidation schemes. thecd culaionmethodsvdidetion
based on experimentally validated dynamic
mathematica modelsdoesnot imply thevalidation
of thesoftwarewhich arehighly complex interms
of the operational characteristics and those
concerning thefina information providing. For this
reason, thevalidation committee newly setupin
Romaniamay fdl intothefirst category of cdculation
methods validation. The committee will haveto
involve computer expertswhenthenext vaidation
phaseisapproached, with referenceto the highly
complex software, useful intheenergy audit of public
or commercia buildings with very low energy
consumption and useful in the design of the new
buildingsenergy configuration.

6. The appearance of the cal culation methods
validation schemesand of the softwaregeneratethe
possibility of a new approach of the Buildings
Energy Performance calculation Methodology,
meaning thefocusing of the regul ated contentson
the EPB quantification methodological principles,
phenomenol ogically substantiated, on indicating
certain coefficientsand thermophysical parameters,
climate and microclimate parameters, according to
the buildings use conditions, air quality
characterization, transparent and opague envelope
components, energy referentia's, values specificto
the economic efficiency analysison the building
lifetime, etc. Asconcernsthe cal cul ation as such of
the energy and economic performanceindicators, it
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profits of the validated and attested Commercial
software.

7. Thisnew approachwill providethefollowing
advantages compared to the current one:

- volume reduction and increase of the
technical regulationsrate of use;

- reduced working timefor cal culationsand
longer time for the expert analysis of the
technical solutionsspecifictothenew buildings
or totheupgrading of existing buildings;

- the proper use of thetechnical reguletions
will depend toasmall extent on the degree of
technical education of the buildings energy
auditors;

- thetraining coursesfor thebuildingsenergy
auditorsand their attesting examination will be
restructured inthelineof improving the degree
of useof thelearning and examination computer
methods;

- the degree of transparency and objectivity
of theprofessond trainingand examinationwill
increase by promoting onthemarket thetraining
software products,

- the products of architecture, buildings
energy designdisciplinewill beimposed, asone
of themain beneficiariesof EPB quantification
computerization;

- the costs of the buildings certification
documentation and of the energy audit report
will bereduced.

8. Thenew approach may beasignificant step
toward the harmoni zation of the EPB calculation
methodologies and towards a computerized
management with ahigh degree of accuracy of the
EPBD implementation nationd strategies.

9. Thenew approach leadsto themodification
of the specificity of thetraining and specializing
courses addressed to the applicants (who want to
become professionals), namely to the updating of
theknowledgeleve of thebuildingsenergy auditors.

10. This article presents the phases in the
preparation and completion of thenationa scheme
of vaidation of the software meant for the CPEA
Issuing, according tothe Romanian legidation.
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