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Abstract

It is widely known that commercial buildings contribute
to a large proportion of energy consumption nationally
and across Europe. Hotels are typically ranked amongst
the top five energy consumers in the tertiary sector.
However, energy saving potential within the hotel
industry is also significant. The aim of the present study
is to analyse the energy performance of a hotel design and
potential retrofit measures for a Croatian Hotel Project.
Energy Plus Computational Simulation is used to assess
the energy performance of the building and potential
retrofit scenarios. The model includes data collection on
local climate, design typology, occupancy patterns,
building materials and HVAC system to generate a finite-
element simulation model. A set of scenarios including
different glazing typologies of the fully transparent
building facade design is examined to assess the
respective thermal and energy performance.

Introduction

Energy consumption in public and commercial buildings
in Europe reaches an estimated 40% of the total energy
(Jensen et al 2018). Energy efficient buildings design is
deemed essential to improve the situation (Belba and
Dervishi 2018, Brecani et al. 2020) and evaluate possible
scenarios for energy improvement (Dervishi and
Karamani 2020, Resuli and Dervishi 2015).

In the field of tourism, hotels are the largest demanding
energy facilities. They represent a very challenging case
of energy conservation due to their complexity system.
The most widely used indicator for measuring energy
efficiency in hotel buildings is the total average energy
use intensity index measured in KWh/m2 year (Arriola et
al 2021). Hotels are responsible for 2% of total world’s
CO2 emissions (Farrou 2012), consuming 200-400
kWh/m2/year. They have the potential to release an
intense quantity of greenhouses. Energy costs make up the
largest part of the general operating costs of the hotel,
right after personnel costs (Horng 2017). Numerous
studies have investigated the energy performance of
hotels. Their work show that hotels consume around 200-
400 kWh/m2 of energy per year and almost half of it
(48%) is reserved for HVAC (Zanki-Alujevi¢ and Galaso,
2005, Farrou et al. 2012). From the collected data, the
calculated annual energy consumption reaches up to 273
kw/m?. Said et al. (2017) represented the energy
efficiency guidelines and energy benchmarking for hotels,
and Farrou et al (2012) derives energy benchmarks to

enable classification of hotels in Greece based on
operational energy use in terms of electricity and oil.

Deng and Burnett (2000) reported on 16 hotels in Hong
Kong. The breakdown of energy use showed that
electricity dominated total energy consumption. Wang
(2012) studied the energy performance of hotel buildings
in Taiwan, collecting data from Taiwanese International
hotels. The annual energy consumption reaches up to
143.6 kW/m2, respectively. Goncalves et al. (2012)
evaluated energy performance and the energy users of a
hotel in Coimbra, Portugal. The energy performance (EP)
indicator was estimated as 446 kW/mz2.

Alhuwayil et al. (2019) analysed the energy saving
potential and economics of incorporating external shading
devices with self-shading envelope for a multi-story hotel
building in hot-humid climate of Saudi Arabia. The study
showed a reduction of 20.5% of the annual energy
consumption. Tovarovi¢ (2017) explores the glazing
impact on the energy reduction in hotels. The proposed
solution evaluates the improved thermal comfort achieved
by replacing the existing facade with double and triple
glazed units.

On the other side, the energy performance of a building is
highly dependent on the building envelope, especially the
window. Lee et al. (2013) reported his research on the
impact of the window as responsible for 20-40% wasted
energy in a building. Window glazing selection is one of
the crucial issues in designing window. Shakouri et al.
(2011) compared the thermal performance of double-
glazed and triple-glazed windows. Different window sizes
and orientations were taken into account in his study as
well. Sadrzadehrafiei et al. (2011) had also conducted an
examination on triple-glazing and its benefits towards
cooling energy in tropical climates such as Malaysia.
Whereas previous researches have provided significant
insight on different topics related to energy performance
of hotels, there is a lack of quantitative analyses providing
close examination of the role of glazing fagade on thermal
performance and energy consumption evaluation of the
hotels.

As such, this paper analyses the impact of the glazing on
the annual energy and thermal performance, of a selected
hotel building in Zagreb, Croatia. The objective is to
examine the impact of different glazing scenarios on the
hotel building’s energy demands for space heating and
cooling.
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Methodology

Integrated approach through numerical simulations that
include Zagreb climate data and thermal comfort
parameters are explored. Building energy simulation is
carried out using Design Builder coupled with Energy
Plus simulation engine, as a basic tool in the process of
building energy optimization. The methodological
approach includes numerical simulation of energy
performances for several design alternatives of the
glazing, and comparative analysis of the obtained results.
The aim of this research is to show that the glazing
typology contributes to the heating and cooling energy
savings, as well as the estimation of indoor temperature.

Climate characteristics

The city of Zagreb lies on 130m above sea level. Zagreb
has an oceanic climate with hot, dry summer and cold
winters.  This location is classified as Cfb
(Temperate oceanic climate) by Kdéppen and Geiger.
Based on Climate-Data source, the average winter
temperature is 1 °C and in summer is 20 °C. The mean
average high temperature fluctuating from 3.7 °C in
January to 27.6 °C in July. The mean low temperature
fluctuates from -3 °C in January to 14.7 °C in July. Figure
1 illustrates the annual temperature of Zagreb. The
average annual temperature is 11.0 °C and precipitation is
about 930 mm per year. Figure 2 shows the annual
average daily sunshine hours for the city of Zagreb.
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Figure 2: Annual average daily sunshine hours for the
city of Zagreb.

Hotel description

The hotel is located in Zagreb, Croatia. It is positioned
towards East (see fig.3) along main street Praska. The
hotel is selected based on its full transparency, rarely
found in Zagreb. This building is being constructed. It is
composed of seven levels (basement + 6 floors). Figure 4
shows the street view elevation of the hotel. Figure 5

shows the street views of the hotel. Table 1 illustrates the
hotel construction details and associated U-values.
Building footprint is 2810 m?, total building heated floor
area is 2726 m? while the volume of the building is 9884
mé. The Above Ground Gross Wall Area is 3014 m?and
underground Gross Wall Area is 319 m2 The Building
Envelope Window Glass Area is 1162 m? and Building
Envelope Opening Area including windows and walls is
1251 m? The above ground Window-Wall Ratio is
relatively high (34.8%), and the East facade has the
highest WWR (68 %), followed by the West Facade (32
%). The heated area to volume ratio is 0.27. Table 2
illustrate the main features of the building envelope and
window to wall ratio WWR (for each orientation). Figure
6 illustrates the glazing areas of the hotel. Figure 7
illustrates the plan layout with the selected rooms. Two
rooms are selected to explore the impact of orientation on
indoor air temperatures in glazing facades. Respectively
Room-01 facing East with Window Glass Area 17m? and
Room-02 facing South with Window Glass Area 26m?.

e

Figure 3: Site Plan

© ivanisiri-kabashi Architectural Studioflo ivanisin-kabashi-Architectural Studio

Figure 5: Street views of the hotel.
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Figure 6: Glazing areas of the hotel Figure 7: Plan layout with the selected rooms for the

prediction of indoor temperatures in order to evaluate
the thermal performance.

Table 1: Hotel construction details and layers, with associated Conductivity (W/m-K), Specific Heat (J/kg-k),
Density (kg/m3) anf U-values (W/m2-K)

Conducti ~ Specific ~ Density  Package

Model Nr  Construction Layers vity Heat (kg/m3  U-value
(Wim-K) (J/kg-k) ) (W/mz2-K)
o a flat sheet leaf foil 0.06m 160 880 2800
* wooden boards 0.02m 0.04 1888 160
« wool panels 0.24m 0.038 840 40
1 ¢asteam dam, 0.004m 70 680 2500 U=0.144
o profiled steel 0.08m 50 450 7800
e steel carrier construction 50 560 5700
e aluminum slabs on substructure 160 880 2800
© gypsum boards 0.02m 0.4 1000 1000
o block of bricks 0.19m 1.63 1000 2300
2 o polymer bonds 0.04m 0.23 1000 1100
« mineral wool 0.12m 0.035 1000 30 U=0.176
« waterproof polymers 0.03m 0.03 840 20
o reinforced concrete panels 0.1m 011 896 2800
e stone floor 0.06m 1.2 840 2000
e screed 0.05m 14 650 2100
« roof waterproofing strip 0.04m  0.03 840 20
3 ethermal insulation 0.16m 0.038 840 40 U=0.224
o steam dam 0.004m 70 680 2500
o reinforced concrete slab 0.2m 25 1000 2400
© gypsum solid plates 0.4 1000 1000
o plastered wall surf 0.015m 0.04 1888 160
4 eblock of bricks 0.19m 0.39 840 1340 U=0.216
e double gypsum board 0.03m 0.4 1000 1000
« final flooring - carpet 0.01m 0.06 1360 186.3
e screed 0.08m 15 2085 1500
5 efoam 0.01m 0.04 1400 30 U=0.301
o reinforced concrete slab 0.2m 2.5 1000 2400
(N « aluminium plates 160 880 2800
i
. « stone floor 0.06m 12 840 2000
6  efoam 0.05cm 0.04 1400 30 U=0.693
Hotel Sectiom © ivanisin-kabashi Architectural Studio * eps200 boards 0.2m 0.035 1400 25
Graphical illustration (Belba 2021) o concrete ceiling panel 0.26m 0.11 896 2800
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Table 2: the main features of the building envelope and window to wall ratio WWR for each orientation, respectively
West (315 to 45 deg), North (45 to 135 deg), East (135 to 225 deg) and South (225 to 315 deg)

Total West (315 to 45 North (45t0 135  East(135to South (225 to 315
deg) deg) 225 deg) deg)
Gross Wall Area [m2] 3333.94 747.79 913.46 726.48 946.21
Above Ground Wall Area [m2] 3014.98 668.52 834.53 647.26 864,67
Window Opening Area [m2] 1162.61 239.58 211.55 494.02 217.46
Gross Window-Wall Ratio [%] 34.87 32.04 23.16 68.00 22.98
Above Ground Window-Wall Ratio [%] 38.56 35.84 25.35 76.32 25.15

Thermal performance simulation
Simulation software

The energy simulations are carried out with Design
Builder, a software tool used to perform building energy,
lighting, and comfort performance (Tindale 2005). It has
been developed to simplify the process of building,
modelling, and simulation for maximum productivity, by
allowing users to rapidly compare the function and
performance of building designs, different scenarios, and
deliver results quickly and easily. The calculation model
takes into consideration the climatic zone of the building,
use, internal gains, occupancy, ventilation regimes and
construction characteristics of materials, among other
data. Fan Coil Unit (4-Pipe) with District Heating +
Cooling is used. METEONORM 7.0. is used to generate
the local weather file. Simulation models are generated
based on collected geometry and construction data.

Simulations are conducted over a period of one year
(2019). The whole building is modelled to analyse its
effects on the total energy performance.

The collected geometry and the construction data are used
to generate the base case (BC) simulation model.
Simulation assumptions regarding actual construction
data are summarized in table 1.

Table 3 illustrates the assumptions including the average
occupancy (%), area(m2), heating and cooling set point
(C) and lighting (lux). To run the simulations, weather
files were generated based on the Meteonorm 7.

Optimization Scenarios

To illustrate the effect of the facade interventions on the
thermal performance of the hotel, a set of twelve scenarios
were established for a parametric study (see Table 4). The
first six scenarios represent the use of Double Glazing
LoE (DG-01- DG-06) while the other six scenarios
represent Triple Glazing Low E (TG-01- TG-06) with
different thickness of the glass, air gap and type of the air
between the panes. Table 4 illustrates the glazing
scenarios with associated SHGC (Total Solar
transmission) and U values.

Table 3: Hotel activity details: area (m2), Avg. Occupancy (%), Heating and Coolin Set Point and Lighting (lux)

Activity Area (m2) Avg Occupancy (%) Heating set point (°C) Cooling set point (°C) Lighting (lux)
Reception, Cafeteria 350 30 20-12 25-28 300
Hotel 1600 60 22-12 25-28 250
Restaurant 360 75 20-12 25-28 400

Table 4: Description of the glazing simulation - and scenarios (DG and TG) with associated SHGC (Total Solar
transmission) and U-value

Glazing description Code Scenario SHGC U-value (W/m?-K)
BC Base Case Scenario BC 6mm- 6mm (Air)- 6 mm 0.487 U=3.157
DG Double Glazing LoE DG-01  6mm- 13mm (Air)- 6 mm 0.136 U=1.664
DG-02  6mm- 13mm (Argon)- 6mm 0.127 U=1.382
DG-03  8mm- 13mm (Air)- 8mm 0.124 U= 1.650
DG-04  8mm- 13mm (Argon)- 8mm 0.114 U=1.372
DG-05  8mm- 16mm (Argon)- 8mm 0.106 U=1414
DG-06  8mm- 20 mm (Argon)- 8mm 0.107 U=1.459
TG Triple Glazing LoE TG-01  6mm- 13mm (Air)- 6 mm - 13mm (Air)- 6 mm 0.150 U=1.199
TG-02  6mm- 13mm (Argon)- 6mm-13mm (Argon)- 6mm 0.148 U= 0.992
TG-03  8mm- 13mm (Air)- 8mm- 13mm (Air)- 8mm 0.075 U= 0.862
TG-04  8mm- 13mm (Argon)- 8mm- 13mm (Argon)- 8mm 0.069 U= 0.656
TG-05  8mm- 16mm (Argon)- 8mm- 16mm (Argon)- 8mm 0.067 U= 0.656
TG-06  8mm-20 mm (Argon)- 8mm-20 mm (Argon)- 8mm 0.070 U= 0.683
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Results and Discussion

This section explores the energy demand of the hotel for
an acceptable thermal comfort level. The study presents
and analyses the energy use for heating, cooling and
estimation of indoor temperature of two rooms placed in
two different orientations.

Base Case Scenario (BC)

To explore the energy and indoor thermal comfort of the
hotel, two rooms (room 01 in East and room 02 in South
orientation) are selected to compute the hourly indoor air
temperature in passive mode in order to explore the
thermal behaviour of the buildings without the use of the
HVAC system for the base case (figure 8 and 9) and for
the optimization scenarios (Figure 12-15)

Figure 8 and 9 illustrate a comparison of computed hourly
indoor air temperature (°C) in passive mode (free running
system) vs measured outdoor air temperature of the rooms
for two reference days in January (14" and 15" of
January) and July (14™ and 15™ of July).

As figures 6 illustrates, the high transparency (Window-
Wall Ratio %) of the hotel facade impacts the thermal
comfort of the room. Both rooms result in low indoor
temperature (in January). The room in the south facade
(courtyard faced) shows lower indoor temperature
(Average temperature of the day 6 °C) compared with the
room in the east (main street faced) where average
temperature of the day 8.95°C

Figure 10 illustrates the calculated monthly energy
demand for heating and cooling for the whole building.
Figure 11 illustrates the calculated yearly energy demand
for heating and cooling for the whole building. As
expected, the required energy use for heating and cooling
is high reaching 54370kWh (heating) and 46700 kWh
(cooling) with an overall energy demand of 101070 kWh.
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Figure 8: Comparison of the simulated indoor
temperatures (2 rooms) together with the external
temperature data from the weather file (14th and 15th of
January, 2020).
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Figure 9: Comparison of the simulated indoor
temperatures (2 rooms) together with the external
temperature data from the weather file (14th and 15th of
July, 2019).
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Figure 10: Comparison of simulated monthly energy
demand (kWh/m2) for heating and cooling
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Figure 11: Comparison of simulated yearly energy
demand (kWh/m2) for heating and cooling

Optimization scenarios

Figure 12-15 introduce an overview of the thermal
conditions of Room 1, in the selected scenarios based on
two reference days in January and July. Specifically,
figure 12-13 compare the first six scenarios (DG1-DGS6,
use of double glazing Low-E) with base case (BC) of the
hourly indoor air temperature (°C) in passive mode vs
measured outdoor air temperature of the rooms for two
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reference days in January (14" and 15" of January) and
July (14" and 15" of July). Figure 14-15 compare the
other six scenarios (TG-01-TG-06) use of triple glazing
Low-E) with base case (BC) of the hourly indoor air
temperature (°C) in passive mode vs measured outdoor air
temperature of the rooms for two reference days in
January (14" and 15" of January) and July (14" and 15t
of July). As depicted, the scenarios establish an increase
of the temperature during winter days and a reduction
during summer days.

Specifically, the use of double-glazing scenarios shows an
increase of the temperature (14" and 15" of January) of
17.44 °C (DG-01) t019.45°C to (DG-06) and a decrease
of the temperature (14" and 15" of July) of 35.3 °C (DG-
01) to 33.3°C to (DG-06).

The use of triple glazing scenarios shows an increase of
the temperature (14" and 15™ of January) of 17.93°C (TG
01) to 24.36 °C to (TG 06) and also an increase of the
temperature (14" and 15™ of July) of 26.33 °C (TG 01) to
27 °C to (TG 06).

Table 5 illustrate the average day and night simulated
indoor temperatures for both winter reference days (14™
and 15" of July) and summer reference days (14" and 13t
of June).

Figure 16 illustrates the calculated monthly energy
demand for heating and cooling for the whole building
using double glazing Low-E (DG1-DG6). As illustrated,
scenario DG-05 shows the best performance with a total
energy reduction (cooling and heating) of 65.5% kWH/Y.
Figure 17 illustrates the calculated monthly energy
demand for heating and cooling for the whole building
using triple glazing LowE (TG1-TG6). Scenario TG-05
shows the highest performance with a total energy
reduction of 72.8%.

Table 6 illustrate comparison in percentage of BC (base
case) and simulated yearly energy for all activity
scenarios (DG-01, DG-02, DG-03, DG-04, DG-05 DG-
06, TG-01, TG-02, TG-03, TG-04, TG-05 TG-06).
Scenario TG-05 shows the best performance with a
reduction of 72.8 % kWh/Y in total, for both heating and
cooling.

22

S e ——
17
12
© B S LEE PR L S R
v 7
=}
=1
o
o 2
a
€ OO0 0000000000000 0000 00099
3 9999999090909 90809899088899979
= G T 8. HSWE BRSNS AT O RSANY G DG
------- e B I ] R R I B B B B oV A o)
PR L
13
------ BC DG-01 DG-02
DG-03 DG-04 DG-05
DG-06 = eecccccese Outer Temp.

Figure 12: Comparison of the simulated indoor
temperature (Room 1) of the activity scenarios (DG-01,
DG-02, DG-03, DG-04, DG-05 DG-06) together with

the external temperature data from the weather file (14th
and 15th of January, 2019).
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Figure 13: Comparison of the simulated indoor
temperature (Room 1) of the activity scenarios (DG-01,
DG-02, DG-03, DG-04, DG-05 DG-06) together with the
external temperature data from the weather file (14th and
15th of July, 2019).
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Figure 14: Comparison of the simulated indoor
temperature (Room 1) of the activity scenarios (TG-01,
TG-02, TG-03, TG-04, TG-05 TG-06) together with the
external temperature data from the weather file (14th and
15th of January, 2019).
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Figure 15: Comparison of the simulated indoor
temperature (Room 1) of the activity scenarios (TG-01,
TG-02, TG-03, TG-04, TG-05 TG-06) together with the
external temperature data from the weather file (14th and
15th of July, 2019).
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Figure 16: Comparison of simulated yearly energy
demand (kwh) for all activity scenarios (DG-01, DG-02,
DG-03, DG-04, DG-05 DG-06).
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Figure 17: Comparison of simulated yearly energy
demand (kWh) for all activity scenarios (TG-01, TG-02,
TG-03, TG-04, TG-05 TG-06)

Table 5: Avarage day and night simulated indoor temperatures for both winter and summer season(14th -15th of

January and 14th -

15th of July).

Code Average temp during day Average temp during night Average temp during day Average temp during night
(Winter) (Winter) (Summer) (Summer)
BC 8.95 8.92 44.23 39.33
DG-01 17.44 17.56 35.30 33.19
DG-02 19.13 19.26 34.62 32.73
DG-03 17.47 17.60 34.77 32.75
DG-04 16.15 19.30 33.69 31.80
DG-05 19.62 19.75 33.26 31.60
DG-06 19.45 19.57 33.33 33.33
TG-01 17.93 17.64 26.33 27.65
TG-02 20.10 19.84 31.47 33.23
TG-03 21.88 21.70 28.35 29.67
TG-04 23.74 23.60 27.49 28.63
TG-05 24.34 24.17 27.03 28.12
TG-06 24.36 24.20 27.00 28.08

Table 6: Comparison in percentage of BC (base case) and simulated yearly energy for all activity scenarios (DG-01,
DG-02, DG-03, DG-04, DG-05 DG-06, TG-01, TG-02, TG-03, TG-04, TG-05 TG-06).

Code Heating (%) Cooling (%) Total (%)
BC 100 100 100
DG-01 19.8 66.8 415
DG-02 12.4 66.0 37.2
DG-03 19.9 63.8 40.2
DG-04 12.5 62.6 35.7
DG-05 11.0 61.5 34.2
DG-06 111 61.9 345
TG-01 16.6 59.2 36.3
TG-02 9.8 62.3 34.0
TG-03 7.2 52.7 28.2
TG-04 5.7 525 273
TG-05 48 52.9 27.0
TG-06 45 535 27.2
Conclusion taking in consideration the thermal preservation

The paper presents a study on the energy performance
evaluation and estimation of indoor temperature of a hotel
building in Zagreb, Croatia. Computational Simulation is
used to analyse thermal performance of the selected
typology and predict the consequences of alternative
thermal retrofit measures. The scenarios were tested

requirements of the hotel. Certain combinations of
improvement measures (e.g., use of Double-Glazing and
Triple Glazing scenarios) could improve the thermal
performance of the buildings. The impact of scenario DG-
05 (8mm-16mmArgon-8mm) and scenario TG-05 (8mm-
16mm Argon-8mm-16mmArgon-8mm) in building fabric
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has significantly reduced the energy consumption up to
65.5% and 72.8% respectively. As the results showed,
while exploring energy performance of buildings with
high glazing transparency, the impact of glazing
thickness, air gap and type of the air between the panes
plays a crucial role. However, a detailed investigation of
glazing selection in terms of the cost, needs to be explored
to optimize the retrofitting scenarios.
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