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PREDGOVOR

48. medunarodni kongres i izlozba o
grejanju, hladenju i klimatizaciji

Za prilaz zdravim, odrZivim i rezilijentnim zgradama,
naseljima i gradovima nula emisije CO,

Beograd, 6-8. XII 2017.

Ovogodisnji skup je planiran da bude u duhu tema koje danas
obuhvataju aktuelne zadatke svetske energetike i ocuvanja Zivotnog
prostora i da okupi sve profile ucesnika u gradnji zgrada i njihovom
energetskom opremanju: energeticare, arhitekte kao i gradevince
koji ujedinjenim naporima stvaraju objekte, posebno one koji u
buducnosti treba da budu nula energije. Rukovodeci se naglasenim
potrebama za saradnjom svih ucesnika u projektovanju i gradenju
zgrada, u Organizacionom odboru su predstavnici vise struka.

Spisak tema je Sirok kako bi se podstakle sve institucije, obrazovne,
projektantske, montazerske, kao i one administrativno-pravnog
profila, da svojim nastupom, svaka u svojoj specijalnost, upotpune
celokupnu problematiku energetike koja se odnosi na gradevinske
objekte. Predviden je i poseban program za studente
visokoSkolskih i univerzitetskih institucija.

Kongres i ove godine prati izlozba uredaja, sistema, aparata,
opreme, koji se ugraduju i koriste u gradevinskim objektima, kao i
odgovarajucih instrumenata, materijala i softverskih programa,
koji su u vezi sa energetskim potrebama stambenih,

Jjavnih i industrijskih zgrada.

U Beogradu, UREDNIK
novembra 2017.
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USTEDA ENERGIJE U SRPSKOJ PORODICNOJ KUCI SA
HORIZONTALNIM NADSTRESNICAMA

ENERGY SAVING IN SERBIAN FAMILY HOUSE WITH
HORIZONTAL OVERHANGS

Slobedan PORPEVIC, Danijela NIKOLIC', ]
Jasmina SKERLIC, Jasna RADULOVIC, Dragan CVETKOVIC,
Faculty of engineering, University at Kragujevac, Kragujevac, Serbia

U ovom radu odredivane su dimenzije horizontalnih betonskih nadstresnica
da bi se minimizovala godisnja potrosnja primarne energije za grejanje, hladenje i
rasvetu u porodicnoj zgradi. Takode je proracunom uzeta u obzir i energija
utrosena za izgradnju samih nadstresnica (sopstvena energija). Simulacije su
sprovedene za zgradu lociranu u Beogradu, Srbija, tokom cele godine. Nadstresnice
su postavljene horizontalno, tako da zasence sve spoljne zidove i prozore zgrade. Da
bi se napravio model zgrade, koriscen je softverski paket za energetske simulacije
zgrada EnergyPlus. Velic¢ina nadstresnice je optimizovana pomocu HookeJeeves
algoritma i GenOpt programa.

Simulacioni rezultati pokazuju da kuca sa optimalnom velicinom nadstrsnica
trosi 5.2 % manje primarne energije za grejanje, hladenje i osvetljavanje u poreden-
Jju sa kucom bez nadstresnica.

Kljuéne reci: nadstresnica, primarna energija, zgrada, simulacija, optimi-
zacija

In this paper, dimensions of concrete horizontal roof overhangs were deter-
mined in order to minimize the annual consumption of primary energy for heating,
cooling, and lighting in a residential building. Also, the energy used for building
overhangs (embodied energy) was taken into account in the calculation. The simula-
tions were carried out for the building located in Belgrade, Serbia, throughout the
year. The overhangs were placed horizontally to provide shading for all exterior
walls and windows of the building. To create the model, the building energy simula-
tion software package EnergyPlus was used. The overhang size optimization was
performed by using HookeJeeves algorithm and plug-in GenOpt program.

The simulation results show that the house with optimally sized overhangs
consumed 5.20% of primary energy less for heating, cooling, and lighting than the
building without overhangs.

Key words: roof overhangs, primary energy, building, simulation, optimiza-
tion

" Corresponding author’s e-mail: danijelan@kg.ac.rs
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1. Introduction

Today, question of energy security and stability has become the cardinal
question of the entire world economy, economic and social system. EU in addition
to its high level of development and evolution of its own relationship to the energy
efficiency and energy security, are also faced with a problem of reducing the global
warming due to the growing use of fossil fuels. In the energy sector, the most im-
portant mechanisms for the fight against climate change are generally known - in-
creasing energy efficiency and the introduction of renewable energy sources in the
production, transmission, distribution and satisfying energy needs.

Nowadays, building sector consumes about 40 % of the consumed energy. In
Serbia, building sector consumes more than 50 % of the consumed energy. In total
building energy consumption, more than three-quarters of the energy is spent on
heating, cooling and lighting, while the rest is spent on household electrical equip-
ment. The cooling loads due to solar heat gains represent about a half of the cooling
loads for residential and non-residential buildings. It is very important to decrease
cooling loads in order to conserve energy. Role of the heat gains in the energy bal-
ance of a building is becoming more and more important. The advances in build-
ings’ constructions, which greatly reduce thermal losses and air infiltrations, in-
crease the thermal losses.

In this paper, the effect of shadowing by horizontal roof overhangs was inves-
tigated on the primary energy consumption for heating, cooling and lighting at the
Serbian family house, through the year. Optimization is performed with the simulta-
neous operation of the program EnergyPlus and GenOpt to determine the optimal size
of horizontal roof overhangs placed over all four walls (east, west, north and south).
This is performed with respect to the primary energy consumption for heating, cool-
ing and lighting, and at the same time takes into account the energy spent for the
construction of concrete horizontal roof overhangs (embodied energy) [1].

2. House Model in EnergyPlus Software

An investigated one-store family house had the total floor area of 92 m?, of
which 86 m? were air-conditioned, heated and lighting. The model of the house in
EnergyPlus software is shown in Fig. 1.

To ensure adequate thermal comfort in winter, electric heaters was used.
Heating thermostat is used to set the appropriate temperature in winter mode. In
summer mode to maintain proper thermal comfort in rooms is used room air condi-
tioners with the appropriate thermostat. Room air conditioners are also supplied with
electricity. To maintain an appropriate light level the combined impact of daylight
and electric lighting, using Day Lighting Controls function (this function is imple-
mented in EnergyPlus), which is available by entering the appropriate parameters set
dimmer room in a given time interval [2].

306 ¢ 48. INTERNATIONAL HVAC&R CONGRESS AND EXHIBITION



Figure 1. Modeled house
in EnergyPlus
software

3. Location and Climate

Investigated house is located in Kragujevac, Serbia. The time zone for Kragu-
jevac is GMT + 1.0 h. In the city of Kragujevac summers are very warm and humid,
with temperatures as high as 37°C. The winters are cool, and snowy, with tempera-
tures as low as -12 °C. The EnergyPlus uses weather data from its own database file,
which contains data (hourly or half-hourly) for a lot of parameters (pressure, air
temperature, relative air humidity, direct solar radiation, diffuse solar radiation, wind
speed...) and, also, for percipitations. Figure 2 shows the weather data (average
minimum and maximum air temperature and relative humidity) for Kragujevac,
obtained from EnergyPlus weather file [3].

Building energy consumption depends on the building location. Input file in
EnergyPlus contains a large variety of parameters for solar radiation calculating for
every day in the year. Daily average solar radiation for Serbia is different in different
parts of country — it is about 1,1 kWh/m? at the north of Serbia and 1,7 kWh/m? at
the south of Serbia in January; in July it is about 5,9 kWh/m? at the north and 6,6
kWh/m? at the south of Serbia. Annually average solar radiation in Serbia is from 1
200 kWh/m? for north-west to 1 800 kWh/m? at the south of Serbia, while in Central
Serbia, where the analyzed house is located, this value is 1550 kWh/m? [3]. Solar
radiation doesn't depend only on latitude and longitude, it is also depends on climate
and relief.

Figure 3 represents average values of solar radiation (direct, diffuse and
global) by month for Kragujevac, obtained from EnergyPlus own weather file [3].

4. Energy Consumption and Energy Saving

4.1. Primary energy consumption

Primary energy consumption of the analyzed object is calculated by the fol-
lowing equation:

Eprim = ( Eac +Eeh +Eeq +Eel )Kec (1)
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E ac
E eh
Eq
E el
Kec

ere:

—stand for electricity consumption in the indoor air conditioners,

—electricity consumption of the electric heating,
—electricity consumption for the electric equipment,
—electricity consumption for lighting and

—primary energy factor (PEF).
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Figure 2. Monthly weather data for Kragujevac, from EnergyPlus weather file
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Figure 3. Solar radiation for Kragujevac, from EnergyPlus weather file
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Primary energy factor is defined as the ratio of total primary energy con-
sumption by energy sources (hydro, coal, oil, heavy oil and natural gas) and the total
supplied electricity when not taking into account the imported electricity. For Serbia,
the value of manufactured and supplied electricity amounts Kec= 3.04 [4] (this value
varies from year to year and depends on the season hydrological situation)

4.2. Embodied energy
Embodied energy for horizontal roof overhangs depends on size and type of
material, given in the next equation
AEE = p 0 l hseo/fa (2)

The optimization was performed in respect to the length of the exhaust hori-
zontal roof overhangs h, where p stand for material density for roof overhangs (con-
crete, p = 2150 kg/m3), [ stand for the width of the roof overhangs that relies on the
buildings wall (10.8 m), J thick of roof overhangs (0.18 m), 4 length of roof over-
hangs, s,. roof overhangs specific embodied energy (1.924 MJ/kg) [5], f, roof over-
hangs lifecycle (20 years) [6].

4.3. Primary energy consumption

The total energy consumption is equal to the sum of the primary energy and
embodied energy as shown in Equation (3)

Etot = Eprim + AEE (3)
This equation is the objective function for optimization in GenOpt.

4.4. The achieved energy saving

Realized savings of primary energy for heating, cooling and lighting is calcu-
lated for the house with the roof overhangs set in relation to an object without roof
overhangs [7].

epsav =100 (EpO - Ep,min) /EpO (4)

where
€psav  — achieved primary operating energy savings in %,

Epmin — primary operating energy consumed in house after installation the roof
overhangs,
Ey  —primary operating energy consumed in a facility without roof overhangs.

5. Results

5.1. Case 1 — house without overhangs

Annual energy balance for the house without overhangs is shown in Fig 4
and Table 1.

Results show that in the house without overhangs, electricity consumption of
the electric heating is 25.59 MJ, electricity consumption in the indoor air condition-
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ers is 23.28 MJ, electricity consumption for lighting is 8.91 MJ and electricity con-
sumption for the electric equipment is 18.46 MJ annually. Total energy consumption
in the house without overhangs is 86.02 MJ and total primary energy consumption is
261.49 MJ.

(kWh/m2), 11.63 Heating
(kWh/m2), 30.47

Electric
equipment
(kWh/m2), 21.98

o Cooling
Lighting (kWh/m2), 27.73

(kWh/m2), 10.61

Figure 4. Energy balance for the house without overhangs

Table 1. Annual energy balance for the house without overhangs

Een [MJ] | Eoe [MJ] | Ea[MJ] | Eeq [MJ] | Ey [MJ] | Equm [MJ] | E, [MJ]

25.59 23.28 8.91 18.46 9.77 86.02 261.49

Case 1
kWh kWh kWh kWh kWh kWh kWh

7109.0 6467.8 2475.6 5128.2 2713.0 | 23893.6 | 72636.6

5.2. Case 2 — House with horizontal overhangs

When taking into account the impact of the energy for heating, cooling and
lighting, the optimal depths of the horizontal overhangs are shown in Table 2.

Table 2. Depth of horizontal overhangs

Case 2 Depth of horizontal roof overhangs
East (hg) [m] South (hg) [m] | West (hy) [m] | North (hy) [m]
Roof overhangs 2.1 0.95 1.9 0.2
Balcony overhangs 2.6 0.7 2.4 0.4

Annual energy balance for the house with overhangs is shown in Table 3 and
Fig 5.
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Table 3. Annual energy balance for variant 2

Een [MJ] | Eoc [MI] | Eq [MJ] | Eeq [MJ] | By [MJ] | Equm [MI] | E, [MJ]
32.28 11.67 9.36 18.46 9.77 81.54 247.90
Case 2
kWh kWh kWh kWh kWh kWh kWh
8968.0 3242.3 2599.8 5128.3 2713.0 22651.3 68859.8
€psavl Y0] -26.14 49.87 -5.05 0.00 0.00 5.21 5.20
DHW

(kWh/m2), 11.63

Heating
Electric (kWh/m?2), 38.44
equipment

(kWh/m2), 21.98

Cooling

Lighting (kWh/m2),13.9

(kWh/m2), 11.14

Figure 5. Energy balance for Case 2 — house with horizontal overhangs

Results show that in the house without overhangs, electricity consumption of
the electric heating is 32.28 MJ, electricity consumption in the indoor air condition-
ers is 11.67 MJ, electricity consumption for lighting is 9.36 MJ and electricity con-
sumption for the electric equipment is 18.46 MJ annually. Total energy consumption
in the house with optimized horizontal overhangs is 81.54 MJ and total primary
energy consumption is 247.9 MJ, annually.

In all calculations, the intensity of infiltration and ventilation in the house
was 0.7 air changes per hour.

When we consider the influence of shadowing by horizontal roof overhangs,
the primary energy consumption for heating, cooling and lighting decreased 5.20 %
compared to the primary energy consumption of the house without overhangs. Then,
the house reduced energy consumption for cooling by 49.87 %, while the energy
consumption for heating increased by 26.14%, and the energy consumption for light-
ing increased by 5.05%.

The horizontal roof overhangs reduce solar radiation that passes through the
windows for a 48% annually.
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6. Conclusion

By placing the horizontal roof overhangs reduces the influence of solar radia-
tion that passes through the windows by 48% per annum, given that the effect is
much less pronounced in winter than in summer in the geographical area of Kragu-
jevac. Optimal marquee dimensions are: eastern 2.01 m, southern 0.61 m, western
2.11 m and north 0.51 m. By reducing the heat gains due to solar radiation, reduces
the energy consumption for cooling for 49.87 %, while increasing the consumption
of energy for heating and lighting is 26.14 % and 5.05 %, respectively. Total prima-
ry energy consumption is reduced by 5.2 %.
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