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ABSTRACT
The motivation of the investigation was to find
respectable answers for energy performance
improvement of current inefficient office buildings in
Serbia. The paper analyzes a B+Gf+9 reference
office building in a period for three months in order
to assess and evaluate its heating energy performance
in a temperate climate. A comparative analysis was
performed among the monitored heating consumption
and simulated values from the multi-zone model
calibrated in EnergyPlus engine. The investigation
includes an improved WWR determination from an
annual daylight simulation in Radiance, and presents
the influence of glazing type on the heating energy
performance, respectively. Findings were evaluated
in order to offer a reasonable and effective treatment
method for rehabilitation.

INTRODUCTION
Building energy performance simulation gives the
possibility of detailed analysis in an effort of
evaluation and enhancement of the energy
performance and HVAC system efficiency in
buildings. Numerous researches have been devoted in
order to investigate the energy performance of
buildings in the commercial sector (Sartori et al.,
2007; Fumo et al., 2010; Yua et al., 2012) Building
energy efficiency and building performance topics
were elaborated via investigations of existing office
buildings and computational building models
respectively (Schlueter, 2009; Andjelković, 2012)

The secondary goal was to find reasonable
interventions for energy performance improvement
by increasing the quality of the building skin
performance and reduce the Window to Wall Ratio
(WWR).
The aim is to determine the heating energy demand
for a comfortable and healthy environment in order to
offer reasonable and effective treatment methods for
rehabilitation, and outline the importance of energy
performance improvement.

ENERGY CONSUMPTION
MONITORING
Location and climate data
The location and climate data were imported from the
global climatological database Meteonorm 7
(Meteonorm, 2014). The location of the building is
Novi Sad, Latitude = 45.333°, Longitude = 19.850°,
Altitude = 84 m and Climatic zone = III, 3. The
improted data are the following:
Radiation model = Default (hour); Temperature
model = Default (hour), Tilt radiation model =
Default (hour) (Perez), Radiation: New period =
1986-2005, Temperature: New period = 2000-2009.
The monthly average values are shown in Table 1.

The admission of numerous aspects interpretation
plays a key role in energy performance assessment. A
detailed energy simulation requires all phases of the
project to be designed carefully and precisely, so the
integrated parameters create an environment
approximated to natural conditions.
The motivation of the investigation was to find
respectable answers for energy performance
improvement of current inefficient office buildings in
Serbia.
The primary goal of the investigation was to monitor
and analyze the heating energy performance of a
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Table 1:
Average values
Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sept
Oct
Nov
Dec
Sum

Ta
0.4
2.3
7.3
12.7
18.0
20.8
22.4
22.2
16.9
12.6
7.1
1.7
12.0

G-Gh
46.3
84.5
137.7
191.0
241.8
258.8
268.8
226.8
161.5
107.5
63.0
38.7
152.2

G-Dh
26.0
41.1
60.5
93.5
105.5
118.4
100.2
98.3
77.1
58.8
35.0
23.2
69.9

SD
70
89
145
180
230
251
289
269
207
170
87
60
2047

RH
81.9
76.8
65.0
62.7
63.3
65.9
64.2
63.3
68.6
73.6
78.7
83.8
70.7
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Building orientation is 30° counterclockwise from
North axes. The orientation with the annual sun path
are shown in Figure 1.

N

Unusually high energy consumption, above 3 MWh,
was recorded from 26.01. to 06.02.2014. The outdoor
temperature in this period reached the maximum of 12 °C during night and -3 °C during day. For this
reason the monthly heating energy costs were
collected from the previous year 2013, in order to
compare the recorded values. Table 2, shows the
monthly heating energy values for the last year.

30˚
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While the air temperature was measured in offices,
incoming heating energy amount and intensity were
recorded in the sub-station of the building. Daily
heating energy consumption is shown in the
appendix, Figure 3, on the last page.

Table 2:
Monthly heating energy, year 2013
no.
Month
1
Jan
2
Feb
3
Mar
4
Apr
5
May
6
Jun
7
Jul
8
Aug
9
Sept
10
Oct
11
Nov
12
Dec
Annual Sum

S
Figure 1: Building orientation and annual sun-path
Monitoring
The energy consumption monitoring was performed
from the 15th of January until the 15th of March 2014.
The heating energy amount and heating intensity
were recorded in the office building’s sub-station in
intervals of 24 hours. The office building is equipped
with district heating which receives hot water from
the power plant. Thus, heating energy is rejected
through radiators beneath the windows. In contrary
the cooling is manually operated since each office has
separate electric air-conditioning units. Since the
building consists of basement, ground level and 9
floors, therefore indoor air temperature oscillation
was monitored on 3 levels for heights of 1.2 m.
Digital thermometers have monitored air temperature
ocsillations on the ground level, 5th and 9th floor, as
presented in Figure 2.

Heating [kWh]
115993
63473
42323
1415
District heating is
turned off in period
from 15.04. until
15.10.
9551
45003
61030
338788

The annaul heating energy consumption per square
meter of floor area is 98.77 kWh.

MODELLING AND SIMULATION
Modelling and energy simulation engine
According to the investigation phases and complexity
of the model and simulation processes, five programs
were applied for this study, which are the following:
1. Autodesk Revit Architecture 2011 – 3D
model design (Autodesk Revit Arch., 2011)
2. Autodesk Ecotect Analysis and Desktop
Radiance – Solar analysis, advanced
daylighting simulation (Autodesk Ecotect
Analysis, 2013; Desktop Radiance, 2013)
3. Sketchup Make – Multi-zone thermal model
construction (Sketchup, 2013)
4. Open Studio – Integration of multi-zone
thermal model properties; construction,
materials, internal loads and schedules
(Open Studio, 2013)

Figure 2: Air temperatire monitoring, instrument
position

5. EnergyPlus – dynamic energy simulation
(EnergyPlus, 2013)
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Modelling methodology

Daylight simulation and WWR

The paper presents a parametric study of an office
building, B+Gf+9 located in Novi Sad, Serbia. In
order to determine the heating and the cooling loads a
multi-zone thermal model was constructed. Each
thermal zone was assigned with internal load
properties typical for a large office building. The
thermal zones were formed and named according to
their function and position in the building.

In the first phase of the daylight simulation a single
3D building level was modelled in Autodesk Revit
Architecture, as show in Figure 3. Three models were
created with WWR values of 50 %, 30 % and 20 %.
Table 3, shows the adopted window surface,
dimensions and WWR.

Zone-temperature set points were included and ideal
air loads were assigned for the multi-zone building
model. The HVAC system was not simulated in this
investigation, while the aim was to determine the
amount of heating and cooling energy requirements
for preferable microclimatic conditions.
The scope of this study is to assess the influence of
improvement on the annual heating and cooling
energy requirement of a specific concrete structure
inefficient office building with 37.5 % transparent
envelope. The energy performance improvement is
explored through the following steps:

Figure 3: Single building level
Table 3:
Single office WWR, glazing surface and geometry

1. exploring the interior daylight intensity in
the function of luminance comfort, resulting
in WWR reduction,

WWR
[%]

2. develop a simulation base 3D model with the
new WWR envelope and assign properties
to multiple thermal zones,
3. export the 3D model to Open Studio in order
to implement construction type and
envelope, material properties, thermal zone
properties and typical interior loads for
offices,
4. selection of insulation materials for exterior
walls including glazing properties with
calculation of thermal transmittance
(U-value),
5. run multiple simulations on annual basis
using Novi Sad climate data and calculate
zone heating and cooling demands.
Monitored and simulated results are analyzed and
compared in terms of annual energy demands. Since
the building was constructed between 1960 and 1970
no data was available for the mechanical system. The
inefficiency of the system is demonstrated through
the recorded data from the sub-station. Rather, the
annual heating and cooling energy requirements are
calculated for an ideal air load environment with
improved building envelope. The monitored and
simulated results are compared in terms of energy
specific intensity kWh and kWh/m2.

20
30
50

Glazing
surface
[m2]
1.79
2.68
4.48

Single
window
Dimensions [m]
surface [m2]
0.89
Square 0.94 x 0.94
1.34
Square 1.16 x 1.16
2.24
1.4 x 1.6

In the second phase the 3D Revit building model was
converted into geometry analysis data with .DXL
extension and was imported into Ecotect Analysis.
Location-, orientation-, and climate-data were
imported and building material properties were
assigned to the 3D geometry analysis model. The
lighting intensity assessment was conducted via the
advanced simulation method for detailed analysis.
Model properties and lighting environment were set
up in Desktop Radiance control panel. Numerous
simulations were run according to the orientation, sky
condition, date and time. The simulation was
performed for the middle period of three months:
January, March, and September. The implemented
sky condition for January was cloudy sky, for March
was intermediate sky and for September sunny sky
parameters were used. The simulation was conducted
within intervals of 4 h for weekdays to determine the
daylight intensity in offices at 8.00 h, 12.00 h and
16.00 h. WWR analysis was performed in accordance
with visual comfort / lighting intensity boundaries in
office buildings. Visual comfort is satisfied if the
lighting intensity holds a constant value between 350
and 500 lx throughout the occupied working
schedule, which in this study is set from 8.00 to 16.00
h. The lighting quality is demonstrated through
daylighing intensity analysis, where the luminance
scale was set from 0-1000 lx, as shown in Figure 4.
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Only selected South camera views and luminance
intensity dispersion outputs are presented in Table 4.

Figure 4: Luminance intensity scale

Window frames were disregarded in this simulation.
All simulation outputs as camera views of office
interior daylighting were comparatively analyzed and
the 30 % WWR had shown the best dispersion
performance. In correlation with its luminance
performance, the demand for heating and cooling
energy compared with the base case presents an
effective solution. The base case 50 % WWR had in
most orientations higher interior lighting intensity
than the upper limit of 500 lx which is inadequate for
a working environment. Finally, the 20 % WWR
presented a lighting intensity lower than the
demanded 350 lx in most of the simulated
orientations.

Table 4:
Daylight and WWR – luminance intensity and 3D dispersion for South orientation
Date/time

WWR [20 %]

WWR [30 %]

WWR [50 %] (Base Case)

March
15th
8.00 h

March
15th
12.00 h

March
15th
16.00 h

September
15th
8.00 h

September
15th
12.00 h

September
15th
16.00 h

Building construction properties and internal
loads
The building envelope construction was improved in
order to reduce the heat transfer coefficient, U-value.
The U-value of the existing office building’s exterior
walls is 2.32 W/m2K, since the walls are constructed

from 25 cm clay brick, without insulation.
Furthermore it was recorded that the 50 % glazing
also has a high U-value, 5.89 W/m2K. The modified
envelope construction compared to the existing is
presented in Table 5 below.
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Table 5:
Envelope construction and material properties
EXISTING
Exterior
Material
wall
properties

10 mm
Cement
mortar

U=1.73W/m2K

d = 0,1016 m
250 mm
c = 0,89W/mK
Fired Clay
ρ = 1920kg/m3
Brick
Q = 790 J/kgK

MODIFIED
Modified
Material
exterior wall properties
10 mm
Cement
mortar

U=0.93W/m2K

120 mm
Fired Clay
Brick

d = 0,1016 m
c = 0,89 W/mK
ρ = 1920 kg/m3
Q = 790 J/kgK

100 mm
Insulation

d = 0,1016 m
c = 0,03 W/mK
ρ = 43 kg/m3
Q = 1210 J/kgK

250 mm
Fired Clay
Brick

d = 0,1016m
c = 0,89 W/mK
ρ = 1920kg/m3
Q = 790 J/kgK

EXISTING
Material
Windows
properties

MODIFIED
Modified
Material
windows
properties
TYPE 1
Double
glazing

U-value
5.89 W/m2K
SHGC
4 mm Glass
0.860
single panel
Visible
transmittance
0.890

TYPE 2
Double
Glazing

U-value
2.6 W/m2K
SHGC
0.62
Visible
transmittance
0.80
U-value
1.8 W/m2K
SHGC
0.53
Visible
transmittance
0.78

U-value
0.8 W/m2K
SHGC
0.41
Tripple
Visible
Glazing
transmittance
0.72
U1 = 2.6 W/m2K
U2 = 1.8 W/m2K
U3 = 0.8 W/m2K

TYPE 3
5 mm
Cement
mortar

U=1.73W/m2K

5 mm
Cement
mortar

U=1.73W/m2K

U = 2.32 W/m2K (with film) U = 0.28 W/m2K (with film)
U = 3.56 W/m2K (no film) U = 0.29 W/m2K (no film)

For the existing building envelope the WWR is
37.5 %. The simulations were performed for the
modified building envelope where offices have 30 %
transparent surface, exeptions are corner offices with
two orientations where the 30 % glazing was applied
for only one orientation; South and North oriented
exterior walls were left without glazing, Figure 5. The
total WWR for the building is 15.43 %, as shown in
Figure 5.
Properties:
Gross envelope area,
2336.4 m2
Glazing area,
360.6 m2

U = 5.86 W/m2K

The obtained results for the heating energy loads
were compared with the heating energy amount from
the energy bills, collected for the previous year. The
simulated results present a drastic reduction of energy
requirements for annual heating energy. The annual
heating and cooling loads are presented and
compared between three modified glazing types with
identical 15.43 % WWR, and the existing glazing, as
shown previously in Table 5.
Findings indicate that the heating load can be reduced
drastically, as shown in Table 6.
In case of window Type 1, double glazing with air
filling, 4+16+4 mm, without low-E layer and U-value
of 2.6 W/m2K, the heating load is reduced
approximately 7.7 times.

Office WWR,
30 %
Corner office WWR,
5.98 %
Total WWR
15.43 %

For window Type 2, double glazing with Argon
filling of 4+12+4 mm, with low-E layer and U-value
of 1.8 W/m2K, the heating load is reduced
approximately 9 times.
Finally window Type 3 manifested the highest
performance with triple insulated Argon filled
glazing, 4+12+4+12+4 mm, with low-E layer and Uvalue of 0.8 W/m2K. For this case the heating load
was reduced approximately 15.7 times.

Figure 5: Modified building envelope with 15.43 %
WWR
RESULTS AND DISCUSSION
Simulations were performed for a period of one year,
8760 hours, with hourly time steps.
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Table 6:
Simulated and monitored annual heating loads for glazing types
Simulated heating loads for 15.43 % WWR [kWh]
Months

January
February
March
April
May
June
July
August
September
October
November
December
SUM
kWh/m2

Glazing type 1
2.6 [W/m2K]
15854
10100
1565
12
0
0
0
0
0
95
2607
13795
44031
12.84

Glazing type 2
1.8 [W/m2K]
13667
8774
1326
11
0
0
0
0
0
60
1937
11739
37522
10.93

The indoor air temperature for monitored and
simulated environment was comparatively analyzed
in order to determine indoor air temperature
oscillation limits. The monitored and simulated air
temperature oscillations are presented and compared
for a period of three months, when the monitoring
took place. The following Figures 6. and 7. present a
period of two weeks from 20.01. to 13.02.2014. for
the ground floor. In the study the air temperature
oscillations were compared for all three levels where
the measuremenst took place. Monitored values show
an oscillation for this period between 25 ˚C and
14.5 ˚C. However, the simulated results with
modified envelope and glazing show a harmonized
oscillation with a deviation of 2 ˚C on working days
and 5 ˚C on weekends. The monitored values show a
drastic declination of temperature in January in a
period of 12 hours during heating system dysfunction.
Since the existing envelope’s WWR is 37.5 % with a
U-value of 5.86 W/m2K and the exterior wall has a
U-value of 2.32 W/m2K, the indoor air temperature

Glazing type 3
0.8 [W/m2K]
8561
5189
360
6
0
0
0
0
0
21
546
6798
21482
6.26

Heating amount
for 37.5 % WWR,
2013 [kWh]
Existing glazing
5.86 [W/m2K]
115993
63473
42323
1415
0
0
0
0
0
9551
45003
61030
338788
98.77

resulted in 10 ˚C declination during this period. The
simulated results did not record neither high
oscilations nor declinations, only a 4 ˚C limit, during
the weekend period when heating is turned off, since
the building is not in use.

SUMMARY
This study presented an example of the building
envelope’s significance on the decrement of annual
heating energy demand.
The WWR can be analyzed from the aspect of
luminance intensity distribution in the function of
window surface decrement. The WWR per single
office was decreased from 50 % to 30 % per exterior
wall area. From the study, the influence of the glazing
type was also concluded for the annual heating
energy loads. The findings have presented a
decrement of close to half, 48 %, of annual heating
demand, if the windows’ U-value is reduced from
2.6 W/m2K to 0.8 W/m2K.

Figure 6: Monitored air temperature oscillation 20.01.-03.02.2014., ground floor
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Figure 7: Simulated air temperature oscillation 20.01.-03.02.2014., ground floor
Following the improvement of the building
envelope’s efficiency, indoor air temperature
oscillation was simulated for the ground- , 5th- and 9th
floor to assess the oscillation trajectory and compare
it with the monitored values.
Further investigation directions of the envelope
construction refer to the analysis of window
geometry, WWR with 5 % steps and insulation
thickness. Thermal comfort parameters have an
important role, respectively, in the further directions
of investigation in the function of minimizing annual
heating and cooling loads, yet maintaining a
comfortable indoor environment.

[°C]

G_Gh: Mean irradiance of global
radiation horizontal

RH: Relative humidity

[%]

SD: Sunshine duration

[h/day]

WWR: Window to wall ratio

[%]
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APPENDIX

Above 3MWh

Figure 3: Heating energy consumption, daily values
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