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Abstract

Restaurants are a category of commercial buildings highly sensitive to dynamic changes in
ambient parameters, such as thermal, internal air quality, luminous, and acoustic conditions.
These fluctuations in environmental comfort yield distinct energy, ecological, and economic
implications, posing a significant challenge to understanding building behavior, particularly
during the cooling season. The subject of this case study is a restaurant building featuring
an atrium space located in Kragujevac (Central Serbia). Its unique architectural form,
which aligns with national energy efficiency principles, combined with favorable local
parameters characteristic of a moderate continental climate, enables the implementation
of bioclimatic measures for the passive reduction of final energy consumption during
the cooling season. Therefore, using Google SketchUp 8 and EnergyPlus 7.1 software,
eight bioclimatic measures, classified into three groups, were investigated: horizontal
overhangs, horizontal pergolas, and deciduous plants. The numerical simulations show
that using V. coignetiae as a roof covering for restaurant buildings is optimal across all
the criteria. It achieves a one-season payback period, with seasonal specific metrics of
58.2 kWh/(m?season) for total final energy consumption, 145.5 kWh/(m?season) for total
primary energy consumption, and 77.11 kg/(m?season) for total CO, emissions. In addition,
a moderate continental climate suits green architecture and passive solar systems. This
study confirms that the bioclimatic measures achieve energy, ecological, and economic
justification solely through an integrated approach and a detailed analysis. Integrating
these measures during architectural design maximizes their positive effects, ensuring
optimal building performance throughout its entire operational life.

Keywords: atrium space; bioclimatic design; case study; CO, emissions; energy consump-
tion; restaurant building; Serbia; simulation; thermal comfort

1. Introduction

Restaurant buildings (RBs) [1] are commercial and hospitality places where food
and drinks are prepared and served, and then delivered to guests, with the main goal of
satisfying their needs. According to the current Decree on the classification of activities of
the Republic of Serbia [2], RBs belong to sector [—accommodation and catering services, and
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more precisely to group 56.10—activities of restaurant buildings and mobile catering facilities.
Depending on the type, level, and method of service, i.e., on the applied concept, the
following types of RBs are distinguished [1-3]: classic, luxury, casual, family, fast food,
takeaway, self-service, themed, and integrated (within other units such as hotels, bars,
cafes, etc.).

The Rulebook on Energy Efficiency of Buildings [4] defines the criteria that existing and
new buildings intended for hospitality and tourism (including RBs) must satisfy within
the territory of the Republic of Serbia to be classified as energy class C. These criteria en-
compass the annual specific final energy consumption for space heating ej,.,; [kWh/(m?a)],
the annual specific final energy consumption for electric equipment e.; [kWh/(m?a)],
and the annual specific final energy consumption for water heating e,; [kWh/(m?a)].
For existing RBs, the limit values are ey, = 100 kWh/ (mZa), eeqg = 30 kWh/ (mZa), and
ewn = 60 kWh/(m?a), whereas for new RBs, the prescribed values are ej,,; = 90 kWh/ (mZa),
eeq = 30 kWh/ (m?a), and e, = 60 kWh/(m?a). Based on the mentioned values, it can be
concluded that the cumulative upper limit ey, + eeq + €, amounts to 180 kWh/ (m?a) and
190 kWh/(m2a)—depending on the date of construction. In practice, the annual specific
total final energy consumption ero; [kKWh/(m?a)] is significantly higher because RBs are fre-
quently equipped with additional thermo-technical systems (such as air conditioning e.;
[kWh/(m?a)], mechanical ventilation ey, [kKWh/(m?a)], artificial lighting e,; [kWh/(m?a)],
etc.), as indicated by numerous European examples: between 300-400 kWh/(m?a) [5]
(302.1 kWh/(m?a)—Malta example, 314.3 kWh/(m?a)—UK example, 391 kWh/(m?a)—
France example, and 396.8 kWh/(m?a)—Greek example), between 650-1140 kWh/(m?a) [6-8],
and even above 2000 kWh/(m?a) [9]. In the percentage structure of the e, the sum of ej,0
+ o0l + Emw + €4 is usually in second place (25-33% [10,11] in the EU), but in some cases, it
can be in the first place (50%—Serbian Rulebook example [4]).

To reduce the mentioned sum in the first place, as well as ey, various active and
passive energy efficiency measures are implemented in RBs. Their positive effects have
been verified in the scientific literature and widely accepted as a standard of efficient
practice; some of them are presented below.

e  Active measures (temperature monitoring [12], responsive use of equipment [13],
waste heat recovery in the ventilation systems [14], integration of photovoltaic (PV)
systems for self-production of electricity [15], and implementation of advanced venti-
lation strategies [16], etc.);

e  Passive measures (optimizing the thermo-physical characteristics of the building enve-
lope [17,18], natural ventilation strategies [19], implementation of external elements
for shading glass surfaces [20], integration of green roofs [21], maximization of the
contribution of natural lighting [22], etc.).

The implementation of passive energy efficiency measures in RBs is inextricably linked
to the architectural design of the interior and exterior, which frequently presents a major
design challenge due to prevailing aesthetic requirements. Overcoming the potential
conflicts between functionality and aesthetics is found in bioclimatic design—an integral
concept that serves as a platform for the synergy of different disciplines: architecture,
urbanism, construction, engineering and design. This holistic approach makes it possible
to find the optimal compromise through a multidisciplinary view of the problem, where
the common denominator is the maximum exploitation of the microlocation parameters.
Considering that RBs by their very nature represent “polygons for a high degree of creative
expression”, the space for innovative solutions is huge.

However, the concept of bioclimatic design for the purpose of space cooling in RBs,
although globally recognized and supported, as evidenced by the extensive scientific litera-
ture investigating various passive cooling measures (shading systems [23-27], deciduous
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vegetation [28-30], optimal building orientation [31], innovative insulation materials [32],
window-to-wall ratio WW [33], atrium spaces [34-36], etc.), has not been sufficiently im-
plemented in the practice of the Republic of Serbia due to serious legislative, professional,
and methodological barriers. The first and basic barrier is represented by the current
Rulebook [4], which determines the building energy class based on ey, while e, remains
outside the scope of this categorization. This rigid legislative framework directly disincen-
tivizes the application of passive cooling measures because it ignores the fact that due to
global climate change and prolonged summer heat waves, e, is progressively increasing
and slowly approaching ey, [37]. Consequently, due to the lack of official guidelines and
instruments for reference comparison (benchmarking) of energy performance during the
summer season, the awareness of the real benefits of this concept remains at a very low level.
The second key obstacle lies in the chronic deficit of scientific studies and quantitative data
regarding the energy aspects of passive cooling measures within the domestic hospitality
and tourism sector. In practice, only isolated cases of the application of passive cooling
measures are recorded; these are observed and implemented solely through an aesthetic
lens, rather than as components of an integrated bioclimatic system capable of delivering
measurable energy savings. Finally, the absence of comprehensive research linking the
architectural and engineering aspects, the passive cooling measures, the microclimatic
location parameters, the specific characteristics of hospitality facilities, and the national
regulatory framework prevents the creation of precise and applicable design models.

Overcoming these barriers through scientific grounding and the quantification of
bioclimatic design effects at the national level represents a critical step forward. This would
bridge the gap between theory and practice, provide a sustainable framework for the design
of hospitality facilities, and substantially align the domestic construction sector with the
contemporary European standards of green and sustainable architecture.

Based on the parameters discussed above, this paper numerically investigates the
aspects of implementing bioclimatic design for space cooling within atrium-type RBs in
the Serbian moderate continental climate zone. In the first phase, a reference model of a
single-story RB located in Kragujevac (Central Serbia) was developed in compliance with
the current national energy efficiency standards [4]. Simulations were conducted for the
heating season (from 15 October to 15 April) utilizing both the national software package
(NSP), i.e., URSA 1.0-0.50 [38] and EnergyPlus 7.1, with the primary objective of validating
the EnergyPlus model by verifying the energy class and the heating energy indicator
€heqt- In the second phase, the numerical investigation was expanded to systematically
evaluate and quantify the energy, ecological, and economic performance of eight specific
passive cooling strategies operating during the cooling season (from 15 April to 15 October).
Unlike previous studies, these bioclimatic measures (systematized as horizontal overhangs,
horizontal pergolas, and deciduous plants) were implemented directly within the central
open atrium. The geometric boundary conditions were defined using Google SketchUp 8,
ensuring full compatibility with the EnergyPlus simulation environment.

By investigating (numerically in this case) bioclimatic design for space cooling us-
ing various passive cooling measures, this study aims to enhance the national reference
framework for future scientific and professional research in the field of building energy
efficiency (encompassing both residential and non-residential buildings) through systemic
integration during the cooling season. Consequently, this will support the scientific and
professional community in more effectively addressing emerging challenges within the
building sector.
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2. Materials and Methods
2.1. Research Subject

A 3D view of the analyzed non-residential building (with characteristic dimensions) is
presented in Figure 1. A cross-sectional view of the same building (with room layouts and
an appropriate description) is shown in Figure 2.

>~

ARB =626 II12
frep=0.91m!
Vieg= 1878 md3
WWpg = 0.402

v

Figure 1. Isometric view of the restaurant building. Legend: Agp [m?] is the total floor area of the
restaurant building; frp [m~1] is the form factor of the restaurant building; Vrp [m?] is the total
volume of the restaurant building; WWgg [-] is the window-wall ratio of the restaurant building.

T1 (20 m?)

DA (506 m?)

Figure 2. Cross-sectional view of the restaurant building. Legend: DA is the dining area; H1 is the
hall 1; H2 is the hall 2; K is the kitchen; T1 is the toilet 1; T2 is the toilet 2.

From Figures 1 and 2, it can be easily concluded that the RB is an atrium-type building
characterized by a rectangular base, an open core (courtyard) in the central part in a square
shape, and an exposed south facade wall with an entrance door. The atrium space, as an
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architectural concept, combines aesthetic value and functionality through the optimal use
of daylight (through the depth of the building), as well as natural ventilation (chimney
effect), while at the same time providing a temperature buffer, acoustic peace (by separation
from the environment), a feeling of warmth, and a spacious connection with the interior
and exterior.

2.2. Boundary Conditions

The external construction elements of the RB (external walls, external floors, flat
roofs, external windows, external door, Figures 1 and 2) are synchronized with the Serbian
Rulebook on Energy Efficiency of New Buildings [4]. This means that the values of the heat
transfer coefficient U [W/(m?K)] for all the mentioned building elements are within the
permitted limits (Table 1).

Table 1. Heat transfer coefficients of the restaurant building thermal envelope [4].

. . . . u Umux
External Building Element Description [W/(m2K)] [W/(m2K)]
External walls Expanded polystyrene 12 cm 0.27 03
External floors Extruded polystyrene 10 cm 0.266 :
Flat roofs Cotton 25 cm 0.147 1.15
External windows SHGC =0.6
1.5 1.5
Balcony

External doors Transparent 16 16

Non-transparent

Legend: U,.x [W/ (m2K)] is the maximum allowed value of the heat transfer coefficient; SHGC [-] is the solar heat
gain coefficient.

The Rulebook from [4], among other things, defines the maximum permissible values of
internal heat gains for all building types. Accordingly, the following Table (Table 2) shows
the limit values for RBs. Based on these parameters, the number of people, the technical
characteristics of the internal lighting, the electric equipment, and the water heating for all
zones are presented in Table 3, while the hourly usage schedules are presented in Table 4.

Table 2. Limit values of the internal heat gains for restaurant buildings [4].

Parameter Value
teoor [°C] 26
) [m2/ per] 5
Ipl [W/per] 100
Ty [h] 3
eeq [kWh/ (mZa)] 30
Nair [h_l] 0.5
ewn [KWh/(m?a)] 60

Legend: ¢y, [°C] is the cooling set temperature in the restaurant building; a,; [m?/per] is the specific people
occupancy in the restaurant building; g, [W/per] is the specific heat gain from one person in the restaurant

building; 7, [h] is the people occupancy during the day in the restaurant building; e [kWh/ (mZa)] is the annual

specific final energy consumption for electric equipment in the restaurant building; 1,;, [h 1] is the characteristic
number of air changes in the restaurant building; e,,, [kWh/ (m2a)] is the annual specific final energy consumption
for water heating in the restaurant building.

To provide internal artificial lighting, all zones are equipped with luminous and
louvered ceiling lighting [40,41]: the fraction radiant is FR = 0.37, the fraction visible is
FV =0.18, the return air fraction is RAF = 0, and the convective heat gain is CHG = 0.45. Due
to the existence of the atrium space, the RB from Figure 1 is also equipped with external
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lighting with a total power of Q. = 40 W. Its engagement is time-controlled in accordance
with the time of day, i.e., by the intensity of daylight.

Table 3. Energy performances of the restaurant building zones [4,39].

Indicator Parameter DA H1 H2 K T1 T2
People Ny max [per] 101 3 10 4
Internal artificial Galin [W/m?] 2
lighting L1 in [lux] (Figure 3) 150 100 500 200
Electric equipment Geq [W/m?] 27.398
Water heating Qui [W] 4500 2000

Legend: Ny ., [per] is the maximum number of the people in the restaurant building; g, [W/ m?] is the
specific power of the internal artificial lighting in the restaurant building; L, ;, [lux] is the internal desired level of
illumination in the restaurant building; 4., [W/m?] is the specific power of the electric equipment in the restaurant
building; Qy,, [W] is the power of the water heating in the restaurant building.

-

s

)

Reference pomt

>

. W

Figure 3. Position of reference points in toilet 2 for measuring the intensity of internal daylight in the
restaurant building.

Table 4. Hourly usage schedules of the restaurant building.

T [h] Fpl [-] Fal,in [-] Peq [-] th [-] Pair [-]
00:00-08:00 0
08:00-09:00 1
09:00-14:00 0
14:00-15:00 1 1
15:00-20:00 0
20:00-21:00 1
21:00-24:00 0

Legend: F; [-] is the fraction of the people occupancy in the restaurant building; Fy i, [-] is the fraction of the
internal artificial lighting used in the restaurant building; F,; [-] is the fraction of the electric equipment used in
the restaurant building; F,;, [] is the fraction of the fresh air changes used in the restaurant building; Fy, [-] is the
fraction of the water heating used in the restaurant building.

The reference points (Figure 3) for measuring the intensity of internal daylight (based
on which the percentage engagement of the luminous and louvered ceiling lighting in the
RB is estimated) are located at a height of 0.8 m from the middle of the floor in each zone.
Only the DA zone is equipped with two internal daylight sensors, due to its specific shape.
Within the defined working framework (Table 4), if the intensity of internal daylight is lower
than the L, ;, values (Table 3), it is supplemented by engaging internal artificial lighting.

2.3. Space Cooling System

The space cooling system does not allow the temperature in the RB to be t,,, > 26 °C
(tcoo1 = 26 °C is the cooling set value, Table 2). Each zone is equipped with its own air-
conditioning system (ACS). The ACSs are used to maintain thermal comfort during the
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cooling season (from 15 April to 15 October). The technical characteristics of the selected
space cooling system in the RB are described in Table 5, and the operation scheme is shown
graphically in Figure 4.

Table 5. Technical characteristics of the space cooling system in the restaurant building [4].

Parameter DA H1 H2 K T1 T2
Qoo W] 25,080.71 74497 2483.24 993.3
COPycs [-1 3.5 2.6

Legend: Q.o [W] is the heat load of the restaurant building during the cooling season; COP4¢s [] is the coefficient
of performance of the air-conditioning system.

ACS
Zone
Sun rays L
[. oo

N E— — —

$3%2 $3% $3%

Window l ______ _:

26°C

Figure 4. Operation scheme of the space cooling system in the restaurant building.

2.4. Location Parameters

The city of Kragujevac is the economic, administrative, educational, health, cultural
and sports center of the éumadija administrative district (Figure 5). It is located at the
intersection of the main state roads and highways, right next to the railway and road
corridor 10 that connects Kragujevac with the rest of Serbia.

Kragujevac is 140 km south of Belgrade and 150 km north of Nis. It covers an area of
835 km?. It was built on the banks of Lepenica, in the Kragujevac basin, where it touches the
extreme branches of the éumadija mountains: Rudnik, Crni Vrh, and Gledié¢. The climate is
moderate continental (Table 6).

The summer season in a moderate continental climate is clearly defined (Table 6).
Summers are hot, with temperatures exceeding t,;, = 35 °C on some days (for example,
9 August). Solar radiation is the most intense during June, July, and August (average
monthly values of the Iy, are higher than 240 W/m?).
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4 =20.92°E
¢ = 44.02°N
H=185m

7Z=+1h

Figure 5. City of Kragujevac. Legend: A [°E] is the longitude; ¢ [°N] is the latitude; H [m] is the
elevation; TZ [h] is the time zone.

Table 6. Meteorological data for the city of Kragujevac [42].

Month Cwq [m/s] da [°] Tpeam [WIm?1 L4y [W/m?]  p, [bar] t,ir [°Cl P air [%]
April 1.09 177.11 314.33 63.39 0.9977 16.69 55
May 1.73 211.34 213.88 84.29 0.9938 16.64 72.95
June 2.18 232.16 241.83 85.07 0.9935 20.81 66.44
July 1.68 215.98 266.77 77.38 0.9941 22.83 66.8

August 1.73 205.57 257.56 65.9 0.9942 23.19 59.35

September 191 204.22 196.95 59.22 0.9969 18.46 64.8

October 2.38 207.29 112.5 52.6 0.9913 15.37 76.49

Legend: c,,; [m/s] is the wind speed; d,; [°] is the wind direction; I, [W/ m?] is the beam solar irradiance
on a horizontal plane; Ly [W/ m?] is the diffuse solar irradiance on a horizontal plane; py;, [bar] is the external
atmospheric pressure; f,;, [°C] is the external air temperature; ¢, [%] is the external relative humidity.

2.5. Mathematical Model
2.5.1. Energy Indicators

The main energy indicators for analyzing energy flow in the RB during the summer
(cooling) season are the seasonal final Eg;,, [kWh/season] Equation (1) and the primary Ep,y,
[kWh/season] Equation (2) energy consumptions:

Efin = Eal,in + Eal,ex + Ecool + Eeq + Ewh (1)

Epry = Ry Efin 2)

where E;; ;, [kWh/season] is the seasonal final energy consumption for internal artificial
lighting in the restaurant building; E;j .« [kWh/season] is the seasonal final energy con-
sumption for external artificial lighting in the restaurant building; E.,,; [kWh/season]
is the seasonal final energy consumption for space cooling in the restaurant building;
Eeq [kWh/season] is the seasonal final energy consumption for electric equipment in the
restaurant building; E,;, [kWh/season] is the seasonal final energy consumption for water
heating in the restaurant building; and R, [-] is the primary conversion factor for electricity
(R = 2.5 [4]).
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2.5.2. Ecological Indicators

The main ecological indicator, in this case, is CO, emissions at the seasonal level, Mco2
[kg/season]. This indicator can be determined using Equation (3):

Mcoz = gCOZEpry 3)

where gco2 [kg/kWh] is the specific emissions of greenhouse gases in the restaurant
building (gcoz = 0.53 kg/kWh [4]).

2.5.3. Economic Indicators

Payback period PB [season] is present as Equation (4):

1.5Ysm + Yop

PB =
Yeroef — Yel,aft

(4)
where Ypgp [€/season] is the total cost of the bioclimatic measure installation in the restau-
rant building; Y, [€/season] is the seasonal bioclimatic measure maintenance costs in the
restaurant building (it is assumed that they represent 25% of the Ypys value); Y, jr [€/sea-
son] is the seasonal electricity cost before implementation of the bioclimatic measure in the
restaurant building; Y 44 [€/season] is the seasonal electricity cost after implementation of
the bioclimatic measure in the restaurant building.

Seasonal electricity costs before (Y, pr [€/season]) and after (Y, 44 [€/season]) the
installation of the bioclimatic measures were determined based on monthly bills (Y,;,mth
[€/month]) using the official application [43] of the Electro Distribution Serbia, and which
can be mathematically described by Equations (5) and (6):

7
Yel = ZYel,mth (5)
1

Yei,mtn = Eel ntYelnt + EejtPetit + Eel tx (6)

where E,; j; [kWh/month] is the monthly electricity consumption in higher energy tariff
for the restaurant building; v,; ;; [€/kWHh] is the monthly specific electricity price in higher
energy tariff for the restaurant building (v, 5 = 0.115 €/kWh [43]); E,; ;; [KWh/month]
is the monthly electricity consumption in lower energy tariff for the restaurant building;
Yer it [€/kWh] is the monthly specific electricity price in lower energy tariff for the restau-
rant building (y,; ; = 0.038 €/kWh [43]); and E, t» [€/month] is the monthly fees for the
restaurant building.

Considering the adopted operating mode of the observed RB, as well as the accom-
panying profiles of equipment use and internal heat gains (Table 4), the entire Eg, in
Equation (1) during the analyzed period (from 15 April to 15 October) is consumed exclu-
sively during the higher daily energy tariff period, which, for the geographical zone of
Central Serbia (also applies to Kragujevac), lasts from 06:00 h to 22:00 h. Consequently, the
share of consumption in the lower daily energy tariff is zero, allowing further simplification
of Equation (6).

From the economic aspect, fixed and variable fees within the tariff system (E,
[€/month], Equation (6)) depend on the approved (engaged) power of the building, as
well as on its purpose and voltage level. Since the RB belongs to the service sector (non-
residential /commercial buildings), it is classified in the power system as a commercial
low-voltage customer. This categorization directly conditions the application of specific
tariff rates for engaged power and the calculation of energy, which was taken into account
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in detail during the formation of an economic model for evaluating the justification of the
application of passive cooling measures.

3. Bioclimatic Measures

To improve the energy performance of the RB (Figures 1 and 2), this paper considered
eight bioclimatic measures, classified into three basic categories: horizontal overhangs
(Table 7), horizontal pergolas (Table 8), and deciduous vegetation (Table 9).

Table 7. Simulation scenario of installing wooden horizontal overhangs in the atrium space of the

restaurant building.
Simulation Bioclimatic Graphical P
. e .. erformance
Scenario Measure Description
Orientation: N+ E+S+ W
DBM =1m
Npy =4
S1.1 Fulfla i;f’i:“d Agps = 36 m?
mpm = 345.6 kg
Vim = 0.864 m°®
Ypum = 283.392 €/season
Orientation: NE + SW
DBM =5m
Checkerboard Npp =2
S1.2 facade Apy = 50 m?
(type 1) mpp = 480 kg
VBM =12 m3
Ym = 393.6 €/season
Orientation: NW + SE
DBM =5m
Checkerboard Npp =2
S1.3 Facade Agp =50 m?
(type 2) mpp =480 kg
Vem =12 m?

Ym = 393.6 €/season

Legend: Dpy [m] is the characteristic dimension (deep for overhangs, width for pergolas, and height for trees) of
the implemented bioclimatic measure in the restaurant building; Ny [-] is the number of elements used in the
bioclimatic measure in the restaurant building; Agm [m?] is the area of the implemented bioclimatic measure in
the restaurant building; mpp [kg] is the mass of the implemented bioclimatic measure in the restaurant building;
Vaum [m?] is the volume of the implemented bioclimatic measure in the restaurant building.

All the considered measures were created by the combined application of architectural,
urban planning, construction, and engineering techniques on the external side of the
building, more precisely in the atrium space. The main goal was to passively use the
local climate conditions, i.e., the microlocation parameters (such as the Sun, wind, and
vegetation), so that during the summer season, i.e., the cooling season (from 15 April to 15
October) final and primary energy consumption for space cooling would be reduced, as
well as CO, emissions, while maintaining optimal conditions for comfort and convenience.
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Table 8. Simulation scenario of installing wooden horizontal pergolas in the atrium space of the
restaurant building.

Simulation
Scenario

Bioclimatic Graphical

.. Performance
Measure Description

52.1

Orientation: EW
DBM =02m
lBM =04m
Npp =24
ABM =48 m2
mppm = 460.8 kg
Vaum = 1.152 m°
Ygm = 377.856 €/season

One-directional
(type 1)

522

Orientation: NS

DBM =02m

lBM =04 m

Nppy =24

ABM =48 m2
mpm = 460.8 kg
Vam = 1.152 m°

Ypm = 377.856 € /season

One-directional
(type 2)

52.3

Orientation: NS + EW
DBM =02m
lBM =04m
Npp =48
Agpt =96 m?
mpp = 921.6 kg
Vium = 2.304 m?
Ypm = 755.712 € /season

Egg crate

Legend: Ipy; [m] is the distance between the wooden boards in the construction of the pergolas in the restaurant
building.

Table 9. Simulation scenario of installing deciduous vegetation in the atrium space of the restaurant
building.

Simulation
Scenario

Bioclimatic Grap.h 1c'al Performance [44,45]
Description
Measure

S3.1

DBM =10.21m
trgpm = 0.69 (April)
trpym = 0.31 (May)
trgp = 0.19 (June)
f”BM =0.14 (]uly)

trppm = 0.09 (August)
trpp = 0.21 (September)
trgp = 0.49 (October)
Ygm =N/A

Oak

S3.2

Apy = 100 m?
trgp = 0.57 (April)
trpym = 0.39 (May)
trgp = 0.16 (June)
t”BM =0.12 (]uly)
trpp = 0.13 (August)
trpp = 0.14 (September)
trgpr = 0.5 (October)
Ygm = 377.856 € /season *

V. coignetiae

Legend: frgy [-] is the transmittance coefficient of the implemented deciduous vegetation in the restaurant
building. * If one-directional wooden horizontal pergolas from Table 8 were used.
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In accordance with the principles of sustainable and green architecture, horizontal
overhangs and pergolas are made of wooden boards. The thickness, density, and specific
price of this construction material are [46] dpp1 = 0.024 m, pppr = 400 kg/ m3, and YBm ~ 328
€/(m3season).

All modified RBs equipped with bioclimatic measures were compared with the initial
RB model (Figures 1 and 2). The initial model was not equipped with any bioclimatic
measure, so it represents the reference sample (simulation scenario S0).

4. Results
4.1. Verification of the Initial Numerical Model

The verification of the EnergyPlus numerical model of the RB using the NSP [38] can
be carried out through a comparative analysis of the e},.,; [kKWh/(m?a)] calculation and the
building’s energy class. The similarity lies in the fact that both software use the same input
data (Table 10) and an official methodology for calculating ey,.,; [kWh/(m?a)]. Based on
this, the building is assigned an energy class (from A+ to G), according to the Rulebook on
Energy Efficiency of Buildings [4] (Table 11).

Table 10. Boundary conditions for the restaurant building.

Input Data Parameter EnergyPlus NSP
Agp [m?] 626
Building far [m™1] 0.91
geometry Wgg [m?] 1878
WWpr [-] 0.402
External walls 0.27 0.626
U-values External floors 0.266 0.271
Flat roofs 0.147
of the )
External windows
thermal Balcony door 15
2
envelope [W/(mK)] Transparent external door 16
Non-transparent external door :
Internal gpi [W/per] 100
heat gains ¢eq [kWh/a] 30
ewn [kWh/a] 60
Location Kragujevac
Meteorological data Run period Heating season
& HD [°Cdays] 180
HDD [°Cdays] 2595 2610
Space ventilation system Hgir [h71] 0.5
Space heating Radiators Electric
system

Legend: HD [days] is the heating days for Kragujevac; HDD [°Cdays] is the heating degree days for Kragujevac.

On the other side, EnergyPlus and the NSP differ in their approach. Namely, the NSP
is a stationary or quasi-stationary monthly tool intended for legal certification and energy
passporting, while EnergyPlus is a dynamic software that simulates a building’s thermal
behavior on an hourly basis, accounting for complex internal gains, thermal inertia, and
transient regimes.

When the similarities and differences between the EnergyPlus and the NSP software
are taken into account (Tables 10 and 11), based on the obtained results, it can be concluded
that they are mutually complementary and compatible, as well as equally applicable in
practice. The NSP can be used to quickly determine the base state and the legal energy
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class, while EnergyPlus is used for more detailed calculations, optimization, and testing of
complex thermo-technical systems.

Table 11. Verification of the EnergyPlus model of the restaurant building [4].

Input Data Parameter EnergyPlus NSP
E,; [kWh/season] 6750 6760.8
P

nternal heat E.q [KWh/season] 9261.37

& E,1, [KWh/season] 18,522.74
With shading 36.13

2 *
heat [KWh/(m7a)] Without shading 3493 33.57
Building From A+ to G B

energy class

Legend: £, [kWh/season] is the seasonal internal heat gain from people in the restaurant building; * EnergyPlus
software communicates directly with Google SketchUp (via the OpenStudio plug-in), thanks to which the influence
of surrounding shading is automatically and precisely integrated into the simulation model itself.

4.2. Energy Consumption and Greenhouse Emissions

The diagram in Figure 6 shows the seasonal final and primary energy consumption,
as well as the CO, emissions, in the RB, depending on the simulation scenarios, i.e., the
implemented bioclimatic measures classified into three groups, as described in detail in
Tables 7-9.

—O—Final —O—Primary Emission

110,000 54,000
=l
g O\O—Q—M
390,000 - - 52,500 2
= 2
= g
= 70,000 - - 51,000 2
&) 8
oS S
S 50,000 A - 49,500
S 0——o0—o0——o0—0—o0—0—0—1

30,000 48,000

SO S1.1 S1.2 S1.3 S2.1 S2.2 S2.3 S3.1 S3.2
Scenario

Figure 6. Seasonal energy and ecological indicators for the restaurant building, depending on the
simulation scenario.

At the beginning, in the case of the reference building model (scenario S0, Figure 6), the
seasonal final energy consumption (for all needs Equation (1)) is Eg, = 39,985.12 kWh/season
(ein = 63.87 kWh/ (m?season)), the seasonal primary energy consumption is
Epry = 99,962.8 kWh/season (ery = 159.68 kWh/ (m?season)), and the seasonal CO, emis-
sions are mcpy = 52,980.28 kg /season (84.63 kg/(m?season)).

In the first group of bioclimatic measures (horizontal overhangs, Table 7, Figure 6), the
Efy, consumption ranged between 37,985.21 kWh/season (for type 2 of the checkerboard
facade, scenario S1.3) and 38,168.78 kWh /season (for the full-around facade, scenario S1.1),
with another type of the checkerboard facade (scenario S1.2) not deviating much from the
best result from this group (37,990.53 kWh/season). In accordance with the above results,
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the remaining indicators (Ep, = 94,963.03 kWh/season and mco, = 50,330.4 kg/season) are
on the side of scenario S1.3.

The numerical analysis shows that there is no space for improvisation when installing
horizontal pergolas. Given that the RB has a specific atrium shape, the wrong orientation
of these bioclimatic elements can significantly disrupt the energy balance and the internal
thermal comfort (Table 8, Figure 6). In the EW direction, Eﬁn = 38,833.16 kWh/season,
Epry = 97,0829 kWh/season, and mcpy = 51,453.94 kg/season; in the NS direction,
Eg, =37,616.73 kWh/season, E,y = 94,041.83 kWh/season, and mco, = 49,842.17 kg/season;
and in the combined NS + EW directions, Egy, = 37,185.61 kWh/season, Epr, = 92,964.03
kWh/season, and mcpy = 49,270.93 kg/season. In other words, in comparison with the
first group of bioclimatic measures, the energy and ecological indicators from scenario 52.1
achieve lower results, and scenarios S52.2 and S2.3 achieve better results.

In the case of the third group of bioclimatic measures (deciduous vegetation, Table 9,
Figure 6), the same situation is present in comparison with the first group. If an oak tree
were planted in the atrium space, with its full development, the seasonal final energy
consumption during the cooling season (from 15 April to 15 October) would be reduced
to Eg, = 38,366.39 kWh/season, which is more than the consumption in scenarios S1.1,
51.2, and S1.3. In the case of using V. coignetiae, a deciduous climber, the atrium space
could be completely covered. This would create a shadow that would reduce the yield of
solar radiation (primarily beam solar radiation, Table 6) on the transparent RB elements
that form the atrium space, tending to achieve the best results in comparison with all the
analyzed cases (Figure 6): Eﬁn =36,432.64 kWh/season, Epry =91,081.6 kWh/season, and
mcop = 48,273.25 kg /season.

The seasonal balance of the final energy consumption (defined in Equation (1)) affects
several indicators, divided into two groups (fixed (Eex, Eeq, and Eyy,) and variable (E, i,
and E.,,) parameters). Due to the nature of the investigation, the following diagram
(Figure 7) shows the seasonal final energy consumption for space cooling and interior
lighting (Epo1 + Egin) for the eight analyzed cases that are directly compared with the
reference model of the RB.

E After BM B Before BM

11,800
)
2 10,600 17.33% 10.01%
3 10,600 14.06%
§ 15.78% 17.38% 20.58%
= 9,400 1 24.32%
= 30.87%
8,200 -
LQU
7,000 — T T T T T T T
SI.I S12 S13 S2.1 S22 S23 S3.1 832
Scenario

Figure 7. Seasonal final energy consumption for space cooling, interior lighting, and percentage
energy savings in the restaurant building, depending on the simulation scenario.

Namely, the parameters E,ex, Eoy, and E, are omitted from the graphic analysis
(Figure 7) because they retain constant values throughout all the simulation scenarios
(their influence is of reactive origin). Their immutability stems from the fact that they are
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defined based on the capacity of the RB and the recommendations from the Rulebook [4]—
not based on the weather data and the influence of shading effects. By removing these
fixed values, a clearer representation of the actual contribution of the bioclimatic measures
is achieved, which is particularly important for this type of analysis in the commercial
(non-residential) sector.

Taking into account all of the above, a savings of less than 15% is achieved in scenarios
52.1 (horizontal pergolas in EW direction) and S3.1 (oak as deciduous vegetation). Savings
between 15 and 20% are achieved in scenarios from the (whole) first groups: S1.1 (full-
around facade horizontal overhangs), S1.2 (NE + SW horizontal overhangs), and S1.3
(NW + SE horizontal overhangs). Savings between 20 and 25% are achieved in the 52.2
(20.28%) and S2.3 (24.32%) scenarios. Savings greater than 25% are achieved only in scenario
53.2 (V. coignetiae as deciduous climber), which means that it is also the best option (30.87%)
in terms of energy (Figures 6 and 7).

4.3. Economic Analysis

The diagram presented in Figure 8 shows the total cost of the materials Yy [€/season]
with installation, seasonal electricity costs (Y, yr [€/season] and Y, 44 [€/season]), and
seasonal maintenance costs Y, [€/season] sublimated in the PB indicator in Equation (4)
for implementing the bioclimatic measures in the RB.

3.5

LS2.1

&
2.8 S1.2 S3.1 has great potential

S
- o

0.5

T
Q
Z
220 "|s1.1T“|sz.2 513 S2.31
8

200 300 400 500 600 700 800
Ypu [€/season]

Figure 8. Seasonal economic indicators for the restaurant building, depending on the simulation
scenario.

Taking into account the specificities of costs from Tables 7-9, as well as Equation (4),
the economic analysis shows that the measure proposed in scenario S3.2 has a tendency to
pay off the fastest (PB = one season). For example, the bioclimatic measure from scenario
52.1 needs more than 3.09 summer seasons to achieve the same effect.

Generally speaking, the payback period of the invested funds, even in the worst case
(scenario S2.1), is not long considering the purpose of the building. It should be noted here
that there are almost no direct financial investments due to the planting of oak (scenario
53.1) or V. coignetiae (scenario S3.3). Direct funds in the case of deciduous climbers exist
because of the need to install supports in order for the adopted type of plant to develop
smoothly (Table 9). If this is taken into account, deciduous vegetation is certainly one of the
bioclimatic measures with the greatest application potential, in terms of energy, ecology,
and economy.
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4.4. Thermal Comfort

The thermal comfort achieved in the central zone of the RB was taken into considera-
tion. Accordingly, the last figures show the hourly mean radiant tpy ;.9 [°C] (Figure 9), the
mean air fpy 4 [°C] (Figure 10), and the operative tpg oper [°C] (Figure 11) temperatures in
the dining area (DA, Figure 2) for the whole season (summer period) and for two critical
cases: the first case is the reference building model—scenario S0, and the second case is the
building with deciduous climbers—scenario S3.2.

~——S0 ——8S3.2

31.0

28.5

'pa.raa [°C]
()
(@)
o

23.5

2]..0 T T T T T T T T T
04/15 05/16 05/27 06/17 07/09 07/30 08/20 09/10 10/02

Date

Figure 9. Hourly mean radiant temperature in the dining area during the summer season for the
restaurant building without and with deciduous climbers.

S0 ——83.2
29.0
26.5
o
75240
3
21.5
19.0 T T T T T T T T T
04/15 05/16 0527 06/17 07/09 07/30 08/20 09/10 10/02

Date

Figure 10. Hourly mean air temperature in the dining area during the summer season for the
restaurant building without and with deciduous climbers.
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Figure 11. Hourly operative temperature in the dining area during the summer season for the
restaurant building without and with deciduous climbers.

From the attachment (Figures 9-11), it can be clearly seen that the bioclimatic measures
(in this particular case, deciduous climbers) contribute to the improvement of temperature
comfort in the dining area, especially by narrowing the discontinuous area of tpa 144, tDA airs
and tpeper- Better control of the internal temperature is best observed based on the
parameter tpa iy

In both cases, lower ambient temperatures (Figures 9-11) are characteristic of two
sub-periods. The first one is the beginning of the summer season (the second half of April),
and the second one is the end of the summer season (the second half of September and the
first half of October). It should be emphasized that the thermal comfort in these sub-periods
remains within the acceptable limits, as it does not drop below 19 °C, so the engagement of
the heating system in this case is not mandatory.

The average seasonal values of the characteristic temperatures for scenario SO are
as follows (Figures 9-11): tpa 4 = 27.19 °C, tpa by = 24.92 °C, and tpy eper = 26.05 °C.
For the same time frame, the characteristic temperature parameters in scenario S3.2
are (Figures 9-11) tpy yuq = 26.39 °C, tpa iy = 24.87 °C, and tpa,gper = 25.63 °C. At the
height of the cooling season, in the RB without bioclimatic measures, there are mo-
ments when tpg ;4 = 30.34 °C, tpa 4ir = 28.42 °C, and tpa eper = 29.03 °C, which deciduous
climbers can significantly improve, in accordance with the measured (calculated) values
tpA rad = 28.81 °C, tpa 4iy = 27.84 °C, and tpA,oper = 28.21 °C.

These are direct indicators that with the application of bioclimatic measures, the
microclimatic conditions inside the building, and also in its immediate surroundings, are
significantly improved, especially in the form of lowering the mean radiant temperature by
more than 1.5 °C. It should be emphasized that the buildings are thus protected from both
structural and mechanical defects, such as thermal stress, which increases their working
capacity, i.e., service life.

5. Discussion and Study Limitations

The basic idea of this paper is the affirmation of the commercial application of biocli-
matic design in the Serbian climate zone—a concept that is currently most often viewed in
the literature exclusively through an aesthetic prism, despite its enormous energy potential.
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This paper focuses on the application of bioclimatic measures within an atrium space as a
strategic zone to improve the energy, ecological, and economic efficiency of commercial
buildings. At the same time, it is important to note that extending these measures to the rest
of the building’s outer shell would yield even more significant positive effects. In addition
to energy savings, the justification of this design is reflected in the direct contribution to the
fight against climate change; the use of vegetation for the purpose of passive cooling enables
the efficient absorption of CO,, which significantly reduces the total carbon footprint of a
building. When it comes to economic sustainability, this case study analyzes the investment
return period through the prism of the summer season, which is an approach based on a
realistic model of seasonal restaurant business in the climatic conditions of Serbia. With
RBs operating all year round, the fixed shading elements could increase heating costs in
the winter to some extent and thus extend the PB. However, using mobile (tracking) of the
bioclimatic elements, which allows for seasonal installation and removal, the PB remains
optimized and identical to that of the scenario focused solely on the cooling season.

Due to the specific nature of the investigation itself and the complexity of numerically
defining bioclimatic factors, detailed explanations regarding the applied constraints and
set parameters are not only a formal framework but also a key element for the proper
understanding and interpretation of the obtained results. Therefore, the following list
defines the key constraints used in creating the methodology, with clear explanations that
provide a solid basis for the analysis of energy flows. It also serves as a reference starting
point for future investigations in the field of sustainable architecture within the hospitality
and tourism sector.

1. Load and capacity regime—In accordance with the recommendations in Table 2, it
was assumed that the RB works at full capacity for three hours a day, divided into
three equal intervals covering breakfast, lunch, and dinner. Although real scenarios
in catering practice often imply much longer periods of maximum occupancy, this
averaged approximation was necessary for the standardization of the numerical
simulation. It is important to emphasize that extended operation at full capacity
would result in greater internal heat gains, which would directly require a greater
installed capacity of cooling systems and affect their more intense engagement during
the cooling season.

2. Operational time frame—Although the recommendation for a three-hour operating
mode (Table 4) has been followed, in practice it shows that the schedule of using
this framework significantly affects energy consumption in the RB. From the point of
view of energy efficiency, the effect is not the same when the three hours of operation
are evenly distributed (one hour for each meal) or when the system for space heat-
ing/cooling is used continuously for three hours (for example, during the period of
the most intense solar radiation or in the evening hours). Given that the NSP does
not have the ability to conduct such dynamic analyses, the use of the EnergyPlus
software in these situations proves to be necessary and extremely useful for obtaining
accurate results.

3. Ventilation and air comfort—The occupancy patterns directly dictate the need for
fresh air to maintain optimal air comfort. In this paper, the value n,;, = 0.5 h~! was
applied throughout the day, strictly following the current Regulation [4] for new
RBs. However, this constant value did not follow the dynamic changes in restaurant
occupancy, which is a significant limitation. In practical engineering and design, the
1,4 value must simultaneously satisfy several different criteria (maximum number of
people, total room volume, and maximum permissible pollutant concentrations in the
space), with the highest value being adopted. The inability of the current regulations
to flexibly adapt to these daily variations poses a major methodological challenge,
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as the actual ventilation needs in commercial spaces differ significantly in practice
compared to the rigid assumptions of the Regulation.

4. Energetics and infrastructure—It was assumed that the facility meets all its energy
needs exclusively through electricity, which is fully harmonized with the current
Rulebook [4]. However, it should be borne in mind that in reality, RBs in Serbia
often rely on alternative sources (such as natural gas, wood, pellets, etc.) to achieve
a specific gastronomic concept. In a realistic scenario, the introduction of several
different energy sources would further complicate the energy and economic balance
of the building.

5. Waste management and economic impacts—The issue of solid waste and food scraps,
which represents a significant item in the economic operations of every catering
establishment, is left out of the scope of this paper. Although waste emissions have
a direct impact on the financial sustainability and ecological footprint of RBs, the
focus of this study remained primarily on the analysis of energy flows and bioclimatic
measures in the atrium space.

6.  Shading effect—In the context of the presented RB, the NSP defines building shad-
ing through static, predefined reduction coefficients, which represent an extremely
rough approximation of reality. Conversely, EnergyPlus overcomes these limitations
by utilizing dynamic geometric modeling. However, since this numerical analysis
applies strictly to Kragujevac (Central Serbia), the benefits of the simulated biocli-
matic features are highly climate-dependent. Selecting shading solutions requires
careful optimization, as a vast number of available options yield significantly different
energetic effects depending on the local microclimate.

7. Deciduous vegetation—Integrating deciduous vegetation, such as oak trees and V.
coignetiae, into restaurant exteriors presents specific operational and safety challenges.
Dense greenery naturally attracts insects, potentially compromising hospitality hy-
giene standards and guest comfort on outdoor terraces. Furthermore, deciduous
climbers demand continuous maintenance to prevent structural damage, while oaks
require decades to mature (a limitation only bypassed by selecting sites with pre-
existing trees). Additionally, dense vegetation complicates moisture management, as
deciduous climbers trap humidity against walls while tree roots can disrupt founda-
tion stability. Finally, mature trees near the facility pose significant hazards during
severe weather, particularly from lightning strikes or falling branches. Nonetheless,
these challenges are not insurmountable obstacles that justify abandoning bioclimatic
measures; rather, they emphasize the need for rigorous, context-specific engineering
and maintenance planning to fully harness their ecological benefits.

6. Conclusions

RBs represent highly dynamic energy systems within the non-residential /commercial
sector, characterized by fluctuating occupancy profiles and rigorous internal environmental
comfort requirements. Modern building regulations, such as the Serbian Rulebook on Energy
Efficiency of Buildings, establish rigid benchmarking criteria based almost exclusively on
the seasonal heating energy indicator ey,,;, while completely omitting the progressively
increasing cooling demands, e, induced by global climate change. This legislative
and methodological gap creates a severe mismatch between regulatory class compliance
and real-world operational energy profiles. In architectural practice, this limitation often
disincentivizes the integration of passive solar solutions, leaving the growing cooling loads
to be managed by energy-intensive active thermo-technical systems.

To overcome these limitations and establish an improved national reference framework
that also accounts for the e, parameter, this study applied an integrated, multidisciplinary
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numerical approach. A reference model of a single-story RB with a central open atrium in
Kragujevac (Central Serbia) was geometrically defined in Google SketchUp. Internal heat
gains (from people, electrical equipment, and artificial lighting), air infiltration, systems for
space heating and cooling, and climatic data for the selected location were defined using
the EnergyPlus software. The complete investigation is structured in two distinct phases:
(1) comparative validation for the heating season (from 15 October to 15 April) to align the
EnergyPlus parameters with the NSP, and (2) dynamic parametric analysis for the cooling
season (from 15 April to 15 October) to assess the energy, environmental, economic and
thermal impacts of eight specific passive cooling strategies implemented directly within
the central atrium zone.

The numerical simulations demonstrated a clear hierarchy among the proposed inter-
ventions compared to the unshaded baseline (scenario S0), which exhibited a seasonal final
energy consumption of Eg, = 39,985.12 kWh/season (e, = 63.87 kWh/ (m2Zseason)). While
checkerboard overhangs (scenario S1.3) and combined NS + EW pergolas (scenario S2.3)
provided moderate reductions, the deciduous climber V. coignetiae (scenario S3.2) emerged
as the absolute optimal solution. By completely shading the open atrium, it achieved a peak
energy savings of 30.87%, optimizing the seasonal metrics to ¢5, = 58.2 kWh/ (m2season),
epry = 145.5 kWh/ (m2season), and mcpy = 77.11 kg /(m?season). Economically, scenario S3.2
demonstrated the fastest financial return, achieving a payback period of just one summer
season (PB = one season), whereas the least efficient pergola layout (scenario S2.1) required
more than 3.09 seasons to achieve amortization. Furthermore, the thermal microclimate
analysis confirmed that scenario S3.2 lowered the average seasonal radiant temperature
by over 1.5 °C, successfully suppressing the peak summer radiant extremes from 30.34 °C
down to a comfortable 28.81 °C.

A critical synthesis of these thermodynamic and financial results highlights the multi-
faceted benefits of microclimate-responsive architecture. Isolating fixed, reactive electrical
loads (electric equipment and water heating) from weather-dependent indicators reveals
that biological shading drastically reduces zone internal temperatures. This reduction not
only elevates internal air comfort but also fundamentally shields the building envelope
from structural and mechanical defects induced by thermal stress, thereby extending its
service life. Crucially, while structural installations demand noticeable capital expenditures,
deciduous vegetation minimizes upfront investments. Planting an oak tree involves virtu-
ally zero direct financial deployment, while the costs for V. coignetiae are strictly limited to
installing wire supports. These practical advantages must be balanced against operational
realities, such as long-term risks from storms, moisture retention along structural walls, root
interference with foundations, or insect attraction that threatens dining hygiene. However,
these factors merely underscore that biological shading must be accompanied by precise
maintenance and intentional site optimization (such as building around pre-existing trees
or using mobile, trackable bioclimatic elements to prevent winter heating penalties) to fully
unlock its triple-bottom-line benefits.

Building upon the insights gained from this case study, future investigation trajecto-
ries should focus on expanding the scope of dynamic building energy modeling within
the domestic non-residential /commercial sector. First, upcoming studies must replace
rigid, fixed ventilation assumptions with dynamic, demand-controlled ventilation mod-
els driven by real-time CO, sensors and variable occupancy schedules in EnergyPlus.
Second, the single-location analysis should be scaled into a multiclimatic micro-regional
matrix to evaluate how these specific shading configurations behave under different lo-
calized climate zones across the Balkan Peninsula. Finally, the boundaries of this research
should expand to investigate the overall outer building shell and integrate comprehensive
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solid food waste management systems and automated tracking elements into the broader
microclimatic balance.

Ultimately, this investigation confirms that incorporating an integrated bioclimatic
design during the initial architectural phase provides a highly justifiable, economically
viable, and ecologically sustainable path toward achieving true decarbonization in non-
residential /commercial architecture.
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Nomenclature

A Area, [m?]

a Specific area, [m?/per]

c Speed, [m/s]

CHG Convective heat gain, [-]

cor Coefficient of performance, [-]

D Characteristic dimension, [m]

d Direction, [°]

E Energy consumption, [kWh/a] or [kWh/season]
e Specific energy, [kWh/ m?] or [kWh/(mZa)]
F Fraction, [-]

f Form factor, [-]

FR Fraction radiant, [-]

FV Fraction visible, [-]

g Specific emission, [kg/kWh]

H Elevation, [m]

HD Heating days, [days]

HDD Heating degree days, [°Cdays]
Solar irradiance on a horizontal plane, [W/ m?]
Illumination level, [lux]

Distance, [m]

Emission, [kg/a] or [kg/season]
Mass, [kg]

Number, [per]

Number of air changes, 1
Atmospheric pressure, [Pa]
Payback period, [a] or [season]
Power, [W] or [W/season]

Specific power, [W/per] or [W/ m?]
Primary conversion factor, [-]

ZRSOgT Iz g O

!

Return air fraction, [-]
SHGC  Solar heat gain coefficient, [-]
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t Temperature, [°C]

tr Transmittance, [-]

TZ Time zone, [h]

u Heat transfer coefficient, [W/(m?K)]
%4 Volume, [m?]

WW Window-wall ratio, [-]

Y Cost, [€/a] or [€/season]

Yy Specific cost, [€/ (m3season)] or [€/kWh]
Greek letters

A Longitude, [°E]

1) Thickness, [m]

1Y Density, [kg/m3]

T Time, [h]

@ Latitude, [°N]

P Relative humidity, [%]
Subscripts

air External air or zone mean air temperature
aft After

al Artificial lighting

beam Beam

bef Before

BM Bioclimatic measure

cool Cooling

diff Diffuse

el Electricity

eq Electric equipment

ex External

fin Final

heat Heating

ht Higher energy tariff

in Internal

It Lower energy tariff

max Maximum

mo Mechanical ventilation
mth Monthly

op Operative

oper Zone operative temperature
pl People

pry Primary

rad Zone mean radiant temperature
tot Total

tx Fees

wd Wind

wh Water heating
Abbreviations

ACS Air-conditioning system
CO, Greenhouse gas

DA Dining area

H Hall

K Kitchen

NSP National software package
PV Photovoltaic

RB Restaurant building

T Toilet
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