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1. INTRODUCERE

Directivele europene [1], [2] care au ca obiect PEC

ABSTRACT

The energy footprint of a building is an operational

characteristic specific to the building structure as

well as to the energy-related operational conditions

of the building. This paper presents the experi-

mental programme carried out on the support of

the CE INCERC Bucharest experimental building in

the 2008-2009 cold season and the results obtained

in the form of the building energy footprint. At the

same time, the building energy footprint before the

energy-related upgrading (2003-2004 cold season)

are presented, as well as those subsequent to the

energy-related upgrading (thermal protection,

equipping with a ventilated solar space and heating

system replacement). The character natural laws

of the energy footprint is emphasized. This paper

presents a theoretical substantiation of the use

of the energy footprint method in the case of

condominiums in the form of the operational

method, which is useful in settling the functional

characteristic in any climatic conditions and in any

operational conditions.

Key-words: building energy footprint, energy

performance of  buildings, climatic loads, anthropic

loads, real operational conditions

1. INTRODUCTION

The assessment of the Building Energy

Performance (PEC) in real operational conditions is

one of the issues still debated by the scientific and

technical circles. The European Directives [1], [2]

focused on PEC mention the operational methods

as possible ones, but still alternative. The comparison

at a local, regional, national and European level of

the PEC specific to various types of buildings and

mainly of the global results is actually impossible as

long as a methodology useful in the acquisition and

processing of certain data representative for the

building and for the climate of the location of the

building and to the conversion of the operational

characteristic by reference to a climate and a stan-

dard operational regime specific to the representative

types of buildings has not yet been developed [3].

The authors approach these two aspects in terms of

proving the objective nature of the building energy
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2. PRESENTATION OFTHE INCERC

EXPERIMENTAL BUILDING

EQUIPPED WITH AVENTILATED

SOLAR SPACE (CE)

The experimental building within the precinct

of INCERC Bucharest is an individual one-storey

dwelling building, with a sloping roof and no

basement, originally designed and performed as an

experimental building for BCA (autoclaved

lightweight concrete) structural and closing elements.

Currently the building includes one apartment: one

living room, two bedrooms, one kitchen, one

bathroom, one vestibule, one hall and a porch.

The front façade of the building, covering the

main entrance and the porch, is West – directed.

The opposite façade, East-directed, covers the

secondary entrance in the building. It is moderately

sheltered. The INCERC experimental building has

been subjected to considerable improvements of the

original energy performance, during several research

projects, by the heat insulation of the perimetral

opaque building elements, the equipping with heat

insulating windows and doors and with an automatic

power-operated thermal station unit as well as with

a ventilated solar space adjoining the South-directed

wall. The indoor microclimate is controlled in the

cold season by means of thermostatic valves

equipping the heating units.

The building main structure is made of BCA

blocks masonry structural walls, 29 cm thick, with

mortar and no reinforced concrete columns; it is

however equipped on the upper side with a

reinforced concrete continous belt. The outside heat

insulation is made of 6 cm expanded polystyrene

and decorative coating finishing. The floor above

the ground floor is made of  20 cm thick BCA

reinforced strips, interlocked by an 8 cm thick

reinforced concrete slab. The roof is plated on the

surface of the sloping roof with a glass wool layer

stuck to the ceiling, with an anti-vapour barrier

towards the indoor space, protected by gypsum

cardboard plates fixed on a system of metallic

profiles anchored to the ceiling by metallic clamps.

The system of the solar space type was included

in order to use the environmental exergy.

2. PREZENTAREA

EXPERIMENTALE INCERC

DOTA

VENTILAT (CE)

C

sas, hol, pridvor.

cadrul unor proiecte de cercetare, prin termoizolarea

elementelor constructive perimetrale opace, dotarea

ventilat adicent peretelui orientat Sud. Microclimatul

interior în sezonul rece este controlat prin intermediul

robinetelor cu cap termostatic cu care sunt dotate

BCA, de

Gipscarton prinse pe un sistem de profile metalice

ancorate  de tavan prin clipsuri metalice.

footprint and of substantiating the method of

generating the operational characteristic as well as

the method of conversing the resulted values,

according to reference climatic and operational

characteristics.

H. Petran, D. Constantinescu
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The solar space follows the entire opaque wall

on the South side of the building (7.95 m); on the

vertical it is closed under the existing concrete double

overhang. The solar space width was limited to 70

cm – necessary for assembly and maintenance. The

geometric characteristics of the experimental building

are presented in Figure 1.

Fig. 1. 

The inside structural walls of the building are

made of 25 (24) cm thick BCA masonry; the inside

non-structural walls are made of 15 cm thick BCA

masonry.

The processing of the data measured in the

experimental building, focused on the structural

elements, provided a value of the BCA thermal

conductivity, λ
BCA (M)

 = 0,16 W/(m
.

K). Considering

grosime.

termice a BCA de λ
BCA (M)

 = 0,16 W/(m
.

Existing buildings energy footprint (EF)
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the dimensions of the BCA blocks that were used

(60 × 25 × 29 cm) and the masonry joints thickness,

the resulting design thermal conductivity of the BCA

masonry is λ
BCA (ZID)

 = 0.1985 W/(m ⋅ K). The

recalculated thermal resistance values of the vertical

opaque structural elements are the following, taking

into account the previously mentioned design

conductivity and the thermal bridges:

– thermal resistance in current field:  R
0

 =

= 3.020 m
2

K / W,

– adjusted thermal resistance: R
0

′ =

= 1.85 m
2

K / W.

The outside joinery is made of PVC; the frame

and the sash have three inner tubes (U
f

 = 1,7 W /

(m
2

K)) and the glazing is of double heat insulating

glass. In terms of the characteristics of the heat

insulating glazing, the windows are distanced by the

space between the window panes, the inside gas

and the treating of one of the inside surfaces; the

thermal resistances range between 0.42 m
2

K / W

and 0.64 m
2

K / W. The joinery adjusted mean

resistance for the whole building is the following:

R
Fm0

 = R′
Fm0

 = 0,516 m
2

K / W.

The thermal characteristics of the roof platform

are the following:

– thermal resistance in current field:  R
0

 =

= 2,978 m
2

K / W;

– adjusted thermal resistance: R
0

′ =

= 2,311 m
2

K / W.

Table 1 introduces the thermal characteristics of the

envelope.

seama de dimensiunile blocurilor din BCA utilizate

(60 × 25 ×

din BCA λ
BCA (ZID)

 = 0,1985 W/(m ⋅ K

R
0

 =

= 3,020 m
2

K / W,

R
0

′ =

=1,85 m
2

K / W.

U
f

 = 1,7 W /

(m
2

Din punct de vedere al caracteristicilor vitrajului

cuprinse intre 0,42 m
2 2

K / W.

R
Fm0

 = R′
Fm0

 = 0,516 m
2

K / W.

R
0

 =

= 2,978 m
2

K / W;

R
0

′ =

= 2,311 m
2

K / W.

Caracteristicile termice ale anvelopei sunt

prezentate în tabelul nr. 1.

S R r1 R′

No. Structural element

m

2

m

2

K/W – m

2

K/W

1 North 17,20

2 South 20,24

3 East 16,06

4

Outside walls

West 23,10

76,60 3,020 0,614 1,85

5 North 2,34

6 South –

7 East 3,60

8

Outside joinery

West 5,46

11,40 0,516 1,0 0,516

9 Roof slope 25 % Horizontal 66,80 2,978 0,768 2,311

10 Floor on soil – 64,80 – – –

Table 1.

H. Petran, D. Constantinescu
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The indoor heating system uses cast-iron static

units supplied with water as a heat carrier. The energy

source for heating is an ACV electric boiler, ETX09

brand, with a rated capacity of 8.4 kW. The heating

units are equipped with thermostatic adjustment

valves. In addition, the thermal load adjustment is

performed according to the representative indoor

temperature of the building by a room thermostat

(in order to protect the flowing pump). The

operational diagram of the heating system is

presented in Figure 2.

cu robinete de reglare cu cap termostatic.

3. PRESENTATION OFTHE

MEASUREMENT CHAIN –

COLD SEASON

The INCERC experimental building monitoring

is performed by means of a complex data collecting

system in view of assessing the thermodynamic

parameters necessary in evaluating the energy

performance in real operational conditions, by long-

term measurements, as follows:

– air temperature in the heated spaces of

the experimental building;

– temperature of the air exhausted from the

collecting greenhouse;

– temperature values of the inlet and outlet

heat carrier in the indoor heating system, at the

heat source;

Fig. 2.  Measurement points location – INCERC experimental building

(

3. PREZENTAREA

RECE

- temperatura aerului refulat din sera

captatoare;

- temperaturile agentului termic de ducere

Existing buildings energy footprint (EF)
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- temperature of the solar radiation collecting

element (on surface and in depth);

- thermal gradient of the air in the collecting

greenhouse (vertical and horizontal gradient);

- glazed area temperature;

- outdoor temperature;

- solar radiation total and diffuse intensity

measured horizontally;

- volume flow-rate of the air exhausted in

the dwelling space;

- heat flow supplied by the building heating

system;

- heat flow on the SOUTH wall measured

on the inside surface of this wall;

- temperature on the inside surface of the

SOUTH wall;

- infrared exploration:

inside: Outside Walls, heating units, air

exhaustion slots;

outside: Outside Walls, greenhouse.

The measurement chain that is used includes

three data acquisition systems: the first one is used

in monitoring the thermodynamic parameters specific

to the heated space, the second in monitoring the

operational parameters of the indoor heating system

and the third in measuring the relevant climatic

parameters.

The measurements performed on the INCERC

experimental house lead to the following values:

A. Monitoring system – indoor heating system:

ü Pe(τ) – electric power at the energy source for

space heating [W];

ü E (τ) – power consumption in the time-lag

between two successive readings of the

energy source [kWh];

ü G
S

(τ) – heat carrier volume flow-rate of the

heating energy source [m
3 

/ h];

ü t
ac1 

(τ) – air indoor temperature in the living room

(sitting room) [°C];

ü t
ac2 

(τ) – air indoor temperature in the NW

bedroom [°C];

ü t
ac3 

(τ) – air indoor temperature in the SW

bedroom [°C];

ü t
ac4 

(τ) – air indoor temperature in the kitchen

[°C].

- temperatura elementului de captare a

- gradientul termic al aerului în sera

în plan orizontal;

locuit;

peretelui SUD;

interior: 

exterior:

monitorizarea parametrilor termodinamici caracte-

ü Pe (τ

üE (τ

de energie [kWh];

üG
S 

(τ) – debitul volumic de agent termic la nivelul

3 

/ h];

ü tac
1

 (τ

camera de zi (sufragerie) [°C];

ü t
ac2 

(τ

dormitorul NV [°C];

ü t
ac3 

(τ

dormitorul SV [°C];

ü t
ac4 

(τ

°C].

H. Petran, D. Constantinescu
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B.  Solar radiation measurement system:

ü IG (τ) – global solar radiation (total, horizontally)

[W / m²];

ü IdH (τ) – diffuse solar radiation, horizontally

[W / m²];

ü t
e 

(τ) – outdoor air temperature [°C].

The equipment used for measurements is the

following:

A.  Monitoring system – indoor heating system:

§ Automatic data recorder with DataTaker

50 processor;

§ Aquametro, PMG Dn 32 turbine flow-

meter with RH impulse transmitter;

§  TPM-79 electronic transducer for electric

power measurement;

§ Sauter EGT 420 indoor air temperature

probes with PT 100 sensors, error  ± 0.12 %

– for measuring the temperatures t
ac1

, t
ac2

, t
ac3

and t
ac4

;

§ E-type thermocouples for measuring the

inlet / outlet heat carrier temperatures at the

heat source level.

B. Solar radiation measurement system:

§ Automatic data recorder with DataTaker

505 processor;

§ 2 CMP6 pyranometers for measuring the

hemispheric solar radiation;

§ CM 121B shading ring to be fixed on

the CMP6 pyranometer;

§ Pt100 thermal resistance for measuring

the outdoor temperature in a screened ventilated

box (weather shelter type).

Figure 2 presents the assemblies used in recor-

ding the measured parameters. The temperatures

are read every 5 seconds and are averaged every

5 minutes; the heat carrier flow-rate is determined

as a mean value in a time-lag of 5 min. according to

the number of impulses emitted by the flow-meter

(1 l / imp.). The averaged values are recorded on

the memory cards of the DataTaker 50, Data

Taker 500 and DataTaker 505 devices respectively

and then saved in the memory of a notebook

computer.

ü IG (τ

orizontal) [W / m
2

];

ü IdO (τ

[W / m
2

];

ü t
e

 (τ) – temperatura aerului exterior [°C].

§ Înregistrator automat de date cu procesor

DataTaker 50;

§ Aquametro,

§ Traductor electronic TPM-79 pentru

§

Sauter EGT 420 cu senzori PT 100, eroare

±

t
ac1

, t
ac2

, t
ac3

t
ac4

;

§

temperaturilor agentului termic tur / retur la

§Înregistrator automat de date cu procesor

DataTaker 505;

§

§Inel de umbrire CM 121B pentru montare

pe piranometru CMP6;

§

Valorile mediate sunt înregistrate pe cartelele de

preluate în memoria unui calculator portabil tip

„notebook”.

Existing buildings energy footprint (EF)
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4. PROCESSING OF MEASURED

DATA

The measurements were performed in the 2008-

2009 cold season starting in September 2008 until

the end of March 2009.

The building operates in microclimate

thermostatic conditions. The inlet heat carrier

temperature at the heat source was settled at 45°C

and the heat supply adjustment was performed for

each heated room by means of the thermostat valves

by reducing the heat carrier flow-rate flown in the

heating units. The mobile elements (windows, doors)

are not opened and the ventilation is ensured in

conditions of steady-state air flow-rate which is

G = 102,9 m
3 

/ h for 24 h / day, by the ventilated

solar space. In order to determine the building energy

footprint, 153 days were selected, including

sequences of at least 5 consecutive days. The

permanently measured data (solar radiation

temperatures and intensities) were processed as

daily mean values and values specific to the monthly

tile-lags.

The processing of measured data is based on

determining the daily and monthly mean values (or

sub-month time-lags longer than 5 consecutive days)

of the determining parameters, namely: t
e

, t
aer int.

,

t
aer sera

, t
Perete captator

, heat consumption [kWh /

 month], greenhouse air flow-rate [m
3 

/ h], solar

radiation intensity.

These values are presented in Table 2.

4. PRELUCRAREA  DATELOR

TE

la finele lunii martie 2009.

a microclimatului. Temperatura de tur a agentului

valoarea de 45°

robinetelor cu cap termostatic prin reducerea

debitului de agent termic vehiculat prin corpurile de

constant de aer G = 102,9 m
3 

/ h pe durata de

specifice intervalelor lunare.

intervale sublunare mai lungi de 5 zile consecutive)

t
e

, t
aer.int

,

t
aer sera

, t
Perete captator

3 

tabelul 2.

Month

Number 

days / 

month

Q measured 

[kWh]

Outdoor 

temp.

tPEabs. 

measured

tVENT 

measured

Indoor 

air temp.

IT-

horiz 

[W/m²]

Id-

horiz 

[W/m²]

IT-S 

[W/m²]

IX 5 72,8 13,7 21,6 21,1 23,4 105,4 67,8 86,4

X 9 43,3 16,0 27,9 27,2 23,8 134,8 56,0 136,1

XI 23 916,4 5,1 14,3 13,5 23,1 57,3 32,0 82,0

XII 31 1.489,1 3,2 10,2 9,7 22,8 34,6 19,4 55,1

I 31 1.705,1 0,7 8,7 8,1 22,5 44,8 25,3 68,3

II 28 1.283,5 3,8 13,9 13,1 22,7 78,7 45,7 87,8

III 26 843,0 8,4 21,0 20,3 23,2 147,8 73,9 128,9

TOTAL

Mean 

value

6353,20 5,6

Table 2.

Parameters measured in the experimental building (season 2008-2009)

H. Petran, D. Constantinescu
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The power consumption values for heating,

integrated on time-lags of 1 day, 5 and 7 consecutive

days respectively, were correlated with the average

outdoor temperature specific to the period under

analysis and the results are presented in Figures 3,

4 and 5.

Fig. 3. Power consumption for heating DE [kWh / day] – daily mean values (01.09.2008-29.03.2009)

(

(01.09.2008-29.03.2009))

Fig. 4. Daily average power consumption for heating DE [kWh / day] – mean values for 5 consecutive days

(01.09.2008-29.03.2009) (

valori medii pe 5 zile consecutive (01.09.2008-29.03.2009))

Existing buildings energy footprint (EF)
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Fig. 5. Daily average power consumption for heating DE [kWh/day] –  mean values for 7 consecutive days

(01.09.2008-29.03.2009) (

valori medii pe 7 zile consecutive (01.09.2008-29.03.2009))

The curves obtained by interpolating the values

of the heat consumption for heating according to

the average outdoor temperature may represent, in

certain conditions, building energy footprints. Taking

into account the minimum duration of the time-lag

of averaging the measured values for which the

conditions may be considered as of steady-state heat

transfer, of 5-7 consecutive days, the curves in figures

4 and 5 may represent building energy footprints

for space heating, influenced by the occupation rate

and use of the heated spaces (mainly in terms of the

heat inputs and the ventilation heat-flow). The heating

heat consumption curve according to the average

outdoor temperature, for a time-lag of 7 consecutive

days is the following:

56,241662,393450,05087–

2

+⋅−⋅=
eezi

ttQ , [kWh/zi] (1)

(R
2

 = 0,964)

,

interne reduse, cca. 3 W / m rata de ventilare

The building power consumption curve

represented by the relation above is specific to the

conditions of the measurements performance,

namely unoccupied heated spaces (low indoor

inputs, about 3 W / m²) and a ventilation rate of

about 0.6 exchanges / h. Therefore, if an “objective”

energy footprint is desired, specific to normal

operational conditions of the building, the

consumption regression curve depending on the

H. Petran, D. Constantinescu
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outdoor temperature (1) will be modified by using

the reference values of the indoor heat inputs

(occupants, domestic electric devices, food

preparation, etc.) of about 8 W / m², as well as of

the ventilation rate necessary for ensuring the

physiological comfort, 0.5-0.6 exch. / h.

Therefore, the daily average consumption of

heat for heating is written, for time-lags of at least 7

consecutive days for which the average indoor and

outdoor temperatures are known,  
)(M

a
t  and 

)(M

e
t

respectively, according to relation (2):

electrocasnice, prepararea hranei etc.) de cca. 8 W /

asigurarea confortului fiziologic, de 0,5-0,6 sch / h.

consecutive pentru care se cunosc temperaturile

interioare medii 
)(M

a
t

)(M

e
t ,

( ) ( )












⋅−−⋅⋅⋅+−⋅











⋅=
înc

M

e

M

aînca

M

e

M

i

C

M

zi
SattVntt

R

S

Q

)()()()()(

334,0024,0
(2)

where: 

C
R

S













 is the thermal characteristic of the

building envelope [W / K], 
înc

V  = 167.8 m³ is the

building heated volume and 
înc

S  = 59.96 m² is the

building heated space useful area.

The values of the resulting indoor temperatures,

)(M

i
t , may be calculated in terms of the indoor air

temperatures and outdoor average temperatures

using relation:

[ ]
)()(

1

)()( M

e

M

a

M

e

M

i
ttBtt −⋅+= (3)

Coefficient B
1

 is determined according to the

geometric and heat engineering characteristics of the

building and for the experimental building and its

value is 1.07.

Therefore values 

)(M

zi
Q provided by relation

(1), by the relation defining the daily heat

consumption (2) are used in determining the thermal

characteristic of the experimental building envelope:

în care: 

C
R

S













înc
V  = 167,8 m

3

 este volumul

înc
S  = 59,96 m

2

Valorile temperaturilor interioare rezultante,

)(M

i
t

[ ]
)()(

1

)()( M

e

M

a

M

e

M

i
ttBtt −⋅+= (3)

Coeficientul B
1

1,07.

Prin urmare, cu valorile 

)(M

zi
Q  cunoscute din

( )

)(

334,0

024,0

)()(

)()(

)(

M

e

M

i

înc

M

e

M

aînca

M

zi

C
tt

SattVn

Q

R

S

−

⋅+−⋅⋅⋅−

=










(4)

în tabelul 3.

Table 3 shows the values of the building

envelope thermal characteristic for the entire period

of measurements.

[ ]
)()(

1

)()( M

e

M

a

M

e

M

i
ttBtt −⋅+=            (3)

Existing buildings energy footprint (EF)
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Per

Qday (M)

[kWh/day]

te

[°C]

tac (M)

[°C]

Qe (te)

[kWh/zi]

tic med

[°C]

(S / R)
e

[W/K]

1 33,6 6,7 24,73 38,01 22,28 76,83

2 39,4 5,9 24,73 40,27 21,99 79,47

3 44,4 3,1 24,71 48,21 21,65 82,01

4 44,2 5,5 24,63 41,41 21,74 81,40

5 42,2 4,9 24,53 43,36 21,75 81,49

6 48,8 4,5 24,44 44,58 21,57 82,80

7 42,4 5,7 24,42 41,07 21,78 81,11

8 64,9 -4,0 24,38 65,07 20,64 80,86

9 57,7 0,3 24,38 55,43 21,00 84,22

10 44,9 5,6 24,40 41,28 21,54 82,87

11 46,7 3,7 24,44 46,60 21,39 83,91

12 37,8 7,7 24,48 34,80 21,90 78,61

13 42,7 3,2 24,52 47,95 21,51 82,94

14 53,1 1,7 24,45 51,93 21,17 84,34

15 45,6 3,8 24,38 46,33 21,53 82,97

16 31,5 9,1 24,32 30,18 22,29 73,00

17 35,3 7,0 24,26 37,14 22,07 78,12

18 27,9 9,3 24,22 29,59 22,39 71,77

Table 3.

                 Mean thermal characteristic of the building envelope

The mean value 48,80=











C
R

S

W / K results,

as well as the mean square deviation of the values

calculated in terms of the average value,

0106,0=σ .

  The energy footprint is assessed as an

objective function of the experimental building

considering the normal values of the resulting indoor

temperature t
i

 = 20°C, of the ventilation rate

n
a

 = 0,5 exch / h and of the flow resulted from the

indoor inputs, a = 8 W / m² and is represented in

fig. 6 as the mean daily power consumption for

heating, in fig. 7 as the mean heat flow necessary for

the energy source in space heating. The

experimentally settled curves in the season 2008-

2009 for the building equipped with a solar space

are represented together with the curves settled in

the season 2003-2004 (previous to the equipping

of the building with a ventilated solar space).

48,80=











C
R

S

W / K

raport cu valoarea medie 0106,0=σ .

valorile normale ale temperaturii interioare rezultante

t
i

 = 20° n
a

 

fluxului datorat aporturilor interne, a = 8 W/m
2

sub forma fluxului termic mediu necesar la nivelul

Curbele determinate experimental în sezonul

H. Petran, D. Constantinescu
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Fig. 6. Experimental building energy footprint – Q
day

 [kWh / day] – for time-lags of at least 7 consecutive days

(mean daily heat consumption) ( Q
zi

 [kWh / zi] –

Fig. 7. Experimental building energy footprint – Q
&

 [W] –  for time-lags of at least 7 consecutive days

(mean heat flow) Q
&

 [W] – pentru perioade

de minim 7 zile consecutive (flux termic mediu))

Existing buildings energy footprint (EF)
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5.  THEORETICAL SUBSTANTIATION

OF THE METHODOLOGY USED IN

PROCESSING THE DATA MEASURED

ON THE ENERGY MONITORING

SYSTEM OF CONDOMINIUMS –

EPB OPERATIONAL METHOD

FUNDAMENTALS

This method is based on the setting up of a

data base with two modules heaving the following

functions:

M1. Module for collecting the primary

measured data

The primary data are values of the heat carrier

inlet / outlet temperatures at the building connection,

of the heat consumption for the heating spaces,

of the temperatures of the building sub-areas

temperatures (technical basement, staircase, attics,

etc.) and of the outdoor temperature.

M2. Module for “Measured data primary

processing”

The primary processing means the assessing

of mean values for time-lags of at least 240 h, as

follows:

)0(

, kTM
t  – heat carrier mean temperature value at the

building inlet, in the k time-lag [°C];

)0(

, kRM
t  – heat carrier mean temperature at the

building outlet, in the k time-lag [°C];

kM
Q

,

&
 – mean heat flow-rate supplied to the building

[W];

ek
t    – outdoor mean temperature, [°C];

ksb
t

,
–  technical basement mean temperature, [°C];

kcs
t

,
 – mean temperature of the staircase space

(obtained as an average of three values

measured in three places on the height of the

staircase space, one of which is on the level

of the neutral axis of the building), [°C].

Subsequent to the subjective operations of

adjusting the temperature in the building main spaces,

the flow-rate of the heat carrier flown in the heating

units varies in time. If the secondary area represented

5. FUNDAMENTAREA A

METODOLOGIEI  DE

PRELUCRARE  A  DATELOR

TE  LA  NIVELUL

SISTEMULUI DE MONITORIZARE

ENERGETICA A

LOCUIT  DE  TIP  CONDOMINIU

M1. Modulul de culegere a datelor primare

Datele primare sunt valori ale temperaturilor de

ducere / întoarcere ale agentului termic la racordul

valorilor medii pe intervale de timp de minim 240 h,

)0(

, kTM
t  – temperatura medie a agentului termic la

k, [°C];

)0(

, kRM
t  – temperatura medie a agentului termic la

°C];

kM
Q

,

&

[W];

ek
t °C];

ksb
t

,
– temperatura medie a subsolului tehnic, [°C];

kcs
t

,

°C].

Ca urmare a manevrelor subiective de reglare

debitul de agent termic vehiculat în corpurile de

H. Petran, D. Constantinescu
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by the staircase is equipped with a heating system,

its specific heat carrier flow-rate is actually constant

and equal to the following value:

E

E

RT

cs

S

S

ctt

Q

G
cs

⋅

⋅−

=

)(
00

0

(5)

where: Q
0

 – building design heat demand, [W]; t
T0

,

t
R0

 – heat carrier design temperatures [°C]; c – heat

carrier mass specific heat, [J / kgK]; S
E

 – thermally

equivalent area of the building heating units, [m
2

];

cs
E

S – thermally equivalent area of the heating units

in the staircase space, [m
2

].

The resulting mean value for the k time-lag of

the heat carrier flow-rate flown in the main area

heating units is the mean of the values variable in

time, different from the rated value and is determined

by the following relation:

1

,,

1

,,

,,

,,

0,
)(

ln

−

+

−⋅





























−

−

−

⋅⋅=⋅
kRikTi

m

kakRi

kakTi

kRikTi

ZPkZP
tt

tt

tt

tt

QAcG
&

,            (6)

and the mean heat flow-rate specific to the main

area is determined by relation:

m

kakRi

kakTi

kRikTi

ZPkZP

tt

tt

tt

QAQ

+





























−

−

−

⋅⋅=

1

,,

,,

,,

0,

ln

&
&

    (7)

For a value a
k

 typical for dwelling, the mean

hourly value in the k time-lag, the mean ventilation

rate of the building main area is determined using

the heat balance equation:

+−⋅+−⋅⋅ρ⋅⋅+−⋅











⋅ )()()(
,, ksbik

PL

PL

ekkapaakekik

ZP

E

s
tt

R

S

ttcVntt

R

S

c

where the c
s

numeric coefficient is provided by the

analysis of the solar radiation on the dynamic thermal

response of the opaque and transparent closing

structures. According to [1]:

kZPLOCkkcsik

cs

cs

QSatt

R

S

,,
)(

&
=⋅−−⋅+

(8)

în care: Q
0

[W]; t
T0

, t
R0

 – temperaturile de calcul ale agentului

termic, [C]; c

termic, [J / kgK]; S
E

2

];           
cs

E
S –

2

].

k, a debitului de agent termic vehiculat prin corpurile

valorilor variabile in timp, diferite de valoarea

Pentru o valoare a
k

k

n
ak

în care coeficientul numeric c
s

transparente. Conform [1]:

Existing buildings energy footprint (EF)
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 F ig. II.1 . Indi cele de utilizare a radiat iei so lare - MR.
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where:

( ) 136,34213,01375,001517,0
,

2

,

3

,,
+⋅+⋅−⋅=

kekekeke
ttttf   (10)

The variation function: ( )
ke

kei

kT

tf

tt

I

,

,

,

=

−

 is

presented in the diagram in Figure 8.

în care:

( )
ke

kei

kT

tf

tt

I

,

,

,

=

−

 se

Fig. 8. Solar radiation index of use [1] (Solar radiation index of use [1])

It is noticed that for temperature °< 5
e

t C the

following single value may be used, with an

acceptable approximation degree:

6,3

,

,

≈

−
kei

kT

tt

I

Therefore the simplified relation for determining

the c
s

dimensionless coefficient becomes:

°< 5
e

t C

se poate utiliza, cu un grad acceptabil de aproximare,

:

6,3

,

,

≈

−
kei

kT

tt

I

coeficientului adimensional C
s

 devine:

FTPE

F

TPe

s

R

S

R

S

R

S

S

R

S

R

S
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(11)
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The mean monthly values of the heat carrier

temperatures at the connection between the

basement horizontal distribution and the columns

supplying heat to the over-ground zones, 
kTi

t
,

 and

kRi
t

,
 are obteined by the relations:

Valorile medii lunare ale temperaturilor agentului

zonelor supraterane, 
kTi

t
, kRi

t
,

















−

⋅⋅π−−+=
)0(

,

)0(

,

,

,

)0(

,,,
exp)(

kRMkTM

kM

ksbkTMksbkTi

tt

Q

Atttt

&

(12)

















−

⋅⋅π−+=
)0(

,

)0(

,

,

,

)0(

,,,
exp)(

kRMkTM

kM

ksbkRMksbkRi

tt

Q

Atttt

&

 (13)

where all the values are provided by measurements.

The mean air temperatures in the main area

spaces, 
ka

t
,

 are determined by relation:

1

,,

,

−

−⋅

=

k

kTikRik

ka

E

ttE

t (14)

where:

( )





































⋅⋅

⋅−=

+

−

m

R

kM

kRikTik

SqA

Q

ttE

1

1

0

,

,,
exp

&

  (15)

The mean resulting indoor temperature of the

main area, in the k time-lag is determined by the

following equation:

( ) ( )1
1

1

1,,

1

1,,
−⋅⋅+⋅=

−−

BBttBtt
kikevkaki

(16)

where:

R

F

B

cvi

Rr

⋅α⋅α

⋅α

+=1
1 (17)

The mean virtual outdoor temperature 
kev

t
,

 of

the main zone in the k time-lag is determined

according to the temperatures of the built

environments adjoining the main zone, 
kcs

t
,

, 
ksb

t
,

,

to the virtual outdoor temperature specific to the

natural environment, 
kev

t
,

 and to the thermal

coupling coefficients specific to the envelope of the

building main zone, with reference to the adjoining

areas, namely the staircase, the technical basement

and the outside envelope, opaque and transparent

elements. The following calculation relation results:

ka
t

,

în care:

principale, pe intervalul de timp k

kev
t

,
 a

zonei principale pe intervalul de timp k

adiacente zonei principale, 
kcs

t
,

, 
ksb

t
,

, de

exterior natural, 
kE

t
,

cu referire la zonele adiacente, respectiv casa

calcul:

în care:

Existing buildings energy footprint (EF)
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cs

cs

sb

sbE

kcs

cs

cs

ksb

sb

sb

kE

E

kev

R

S

R

S

R

S

t

R

S

t

R

S

t

R

S

t

++

⋅+⋅+⋅

=

,,,

,

(18)

where:

skeskikE
ctctt ⋅+−⋅=

,,,
)1( (19)

Therefore, as concerns the k time-lag, values

kM
Q

,

&
, 

ik
t , n

ak

, a
k

are known, which particularize

the building response to the climatic and anthropic

loads following the heating system intervention.

Values 
ik

t , 
ksb

t
,

, 
kcs

t
,

, n
ak

are specific to the

operation of the building – heating system assembly

in the climatic conditions specific to the k time-lag.

Additionally, the mean values of the mass flow-

rate / heat carrier volume 
kM

G
,

 [kg / s]; [m
3

 / s]

may also be taken over and determined. All this data

is stored in the MAP (Monitoring and Adjustment

Point) module Data Base equipping the connection

of the buildings heating systems.

The physical parameters useful in determining

the building energy footprint type characteristic are

processed in the M2.EI sub-module of M2 module.

M2.EI. Comparison and equating parameters

The assessment of EI and of EPB equating

value is an issue related to the one specific to MP 2

module and is represented by the assessment of the

Energy Performance of Buildings in the conditions

of a representative climate  (representative climatic

year [2]) for  k time-lag, namely 
)0(

ek
t , in order to

achieve the state parameters 
ik

t  and n
ak

assessed

by measurements. Therefore 

)0(

, ksb
t , 

)0(

, kcs
t  and 

)0(

k
Q

are assessed for the same value 

)0(

, kTM
t  (equal to the

measured one) and for value 

)0(

, kT
t  respectively,,

specific to the qualitative adjustment curve of the

building under analysis.

The unknown values are determined from the

heat balance equations specific to the spaces in the

în care:

Prin urmare pentru intervalul de timp k se cunosc

valorile 
kM

Q
,

&
, 

ik
t , n

ak

, a
k

Valorile 
ik

t , 
ksb

t
,

, 
kcs

t
,

, n
ak

climatice proprii intervalului k.

medii ale debitului masic / volumic de agent termic

kM
G

,
 [kg / s]; [m

3

 / s]. Toate aceste date se sto-

(Punct de M Reglare) din dotarea

în submodulul M2.AE al modulului M2.

k,

respectiv 
)0(

ek
t , pentru realizarea parametrilor de stare

ik
t n

ak

)0(

, ksb
t , 

)0(

, kcs
t

)0(

k
Q

)0(

, kTM
t

valoarea 

)0(

, kT
t  proprie curbei de reglaj calitativ a
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secondary zones in terms of the values that are

known [3]. The 

)0(

, kR
t  outlet temperature is provided

by the heat balance equation of the heating units in

the main zone of the building, associated with the

known value of the main zone heat demand.

Finally, an equation system with two unknown

values results: 
kZP

G
,

 and 

)0(

, kR
t , and 

)0(

k
Q

&
 is

determined, which represents a dimension quoted

in association with the representative climatic year.

The normal value 
nk

Q
,

 is similarly determined; it is

associated with the normal dwelling condition,

),(
00 ai

nt . All the resulted values allow conside-

rations / comparisons concerning the real energy

class of the building during the k time-lag and at the

heating system operational parameters, of the

occupied spaces respectively.

The software and the data base are specific to

each building and the output dimensions / values may

be accessed by an intranet secure system.

6. CONCLUSIONS

The measurements were carried out in the

2008-2009 cold season since September 2008 until

the end of March 2009 on the support of the CE

INCERC Bucharest experimental building.

The measurement chain consists of three data

acquisition systems: one for monitoring the

thermodynamic parameters specific to the heated

space, the second for monitoring the indoor heating

system operational parameters and the third for

measuring the relevant climatic parameters. The

INCERC experimental building is monitored by

means of a complex data acquisition system in view

of determining the thermodynamic parameters

necessary in the assessment of the energy

performance in real operational conditions, by long-

term measurements.

In order to determine the building energy

footprint, 153 days were selected, covering

sequences of at least 5 consecutive days. The data

continuously measured (temperatures and solar

radiation intensities) were processed as daily mean

values specific to monthly periods.

The measured data were processed based on

determining the daily and monthly mean / average

retur 

)0(

, kR
t

necunoscute: 
kZP

G
,

, respectiv 

)0(

, kR
t

)0(

k
Q

&

prin asociere cu anul climatic reprezentativ. În mod

nk
Q

,
,

),(
00 ai

nt .

k

accesate într-un sistem securizat de tip intranet.

6. CONCLUZII

torizarea parametrilor termodinamici caracteristici

Pentru determinarea amprentei energetice a

Existing buildings energy footprint (EF)
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intervale sublunare mai lungi de 5 zile consecutive)

t
e

, t
aer.int

,

t
aer sera

, t
Perete captator

3 

,

cca. 0,6 sch / h.

Pe baza rezultatului furnizat de prelucrare a
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values (or sub-monthly periods longer than 5

consecutive days) of the determining parameters,

namely: t
e

, t
aer. int

, t
aer sera

, t
Perete captator

, heat

consumption [kWh / month], greenhouse air flow-

rate [m
3 

/ h], solar radiation intensity. The curve of

the heat consumption for heating according to the

average outdoor temperature, for periods of 7

consecutive days is provided by relation (1); the high

correlation rate is noticed which confirms the natural

laws-bound nature of the function obtained.

The energy consumption curve of the building

represented by the relation above is specific to the

conditions in which the measurements were

performed, namely heated space non-occupation

(reduced indoor inputs, about 3 W/ m) and a

ventilation rate of about 0.6 exchanges / h.

The result provided by the measured data was

used in developing a measured data processing

method in view of obtaining the Energy Performance

Certificate of a condominium, if it is equipped with

a primary data acquisition system the structure of

which is presented in the report. This method is

supported by a data base with two modules meant

to the acquisition of the measured primary data and

to measured data processing respectively. This

report presents the theoretical substantiation of the

operational method that is developed.
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