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Tepmin “ eneproomaanuii Oy1uHok” ay:ke 100pe BifoMuii iH:keHepaM i apxiTekTopam y
BCbOMY CBIiTi. ¥ wacu MiHimi3anii eHepreTHYHHMX HABAHTA)KeHb i HEraTUBHMX BUKHU/IB
eHeproegekTHBHHMI OyIUHOK € OJHUM 3 KpalIuX cNOco0iB o3HAlOMUTHCH 3 €BpONeEicCbKUMH
norpedamu  “20-20-20°. OmnucaHo MeTOOH CHOPYM:KEHHS 30BHIIIHIX  Oropoi:KeHb
OHOPOAUHHOTO €HEeProolaaHoro OyIMHKY, po3TamoBaHoro y CiaoBaubkiii PecmyOJtimi.
OnHopoauHHUIT OyIMHOK PpO3p00JieHO i3 BpaxXyBaHHAM apXiTeKTYPHHUX, €KOJOTiYHHX i
KOHCTPYKTHBHMX BHMMOI YMHHHMX €BPONEHCHKMX AHPEKTHB, CHPSIMOBAHUX HA e€HEPreTHYHY
epekTUBHiCTb Ta edeKTHBHICTL BHKOpPHUCTaHHS eHeprii. EHeproomagnicte OyIuHKY
OI[iHIOBAJIM 3a JONOMOIO0I0 OJXHOBMMIPHOrO Temyio(i3HYHOr0 NPOrpaMHOro 3ade3meyeHHS
TEPLO. [IacuBHUii OyTHHOK He € eHEPreTUHYHHM CTAHJAAPTOM, a € iHTErPOBAHOI0 KOHUENII€H0
3a0e3neyeHHs BUCOKOI0 piBHA KOMGOpPTY, AKHH MOKHA BUKOPUCTATH i I €HepProomagHux
OyaiBeanb. KoHuenmuisi macuBHOro OyIMHKY He MICTUTh OyAb-fIKMX YHCJIOBUX 3HAYeHb i
npuaaTHa s BceiX KIIMAaTHYHUX YMOB. YJIbTpaHM3bKOeHepreTudHi OyaiBjai He O0yJio
“BuHaiiieHo” OyAb-KUM: Hacmpasii Heil npuHOun 0yao po3podjeno. TensoBoro xomgpopry
JAOCSITal0Th 3aBJSIKM NACHBHHM 3axoxam (i3oasimisi, pexkymepamisi Temia, TmacHBHe
BHKOPUCTAHHSI COHSIYHOI eHeprii Ta BHYTpPIIHIX JKepen Ttemuia). HaBeneHo 4umcioBi Ta
rpadgiuni pe3yabTaTH AOCTIIKEHHS NMPoeKTy. MeTa MOCTiIKeHb Mojsrajga y BHU3HAYeHHi
€HEePreTHYHOro Ta eKOJIOTiYHOr0 BIJIMBY CIPOEKTOBaHOI OyIiBJIi Ha AOBKINIA, 30KpeMa Aas
MOKJUBOCTI NMPOrHO3YBaHHA Ta MiHiMi3alii eKOJOriYHOr0 HABaHTa)KEHHS Ha mNpupoay i
CyCHijIbCTBO B pa3i peaJizailii eHeproomagHoro OyaAmHKy.

Karo4oBi cioBa: yJbTpa-HM3bKOEHEPreTHYHMI OAHOPOIMHHNNA OYIMHOK, e(peKTUBHICTH
BUKOPHCTAHHSA eHeprii, oropomxeHHs: OyaiBIi.

Ultra-low-energy house is a term known very well to engineers and ar chitects all over
the world. In these times of minimizing an energy loads and negative emissions, energy
efficient houses are one of the best ways to meet European “ 20-20-20” targets. The main topic
of this paper isto create a building envelope assessment of an ultra-low-energy family house
designed for Slovak Republic climate. Family house was designed taking in account
ar chitectural, environmental and constructional requirements of today’s European directives
focusing on energy performance and energy efficiency. Ultra-low-energy house was evaluated
in one dimensional thermo-physical software TEPLO. The Passive House is not an energy
standard but an integrated concept assuring the highest level of comfort. The integrated
concept doesn't contain any numerical values and is valid for all climates. This definition
shows that the Passive House is a fundamental concept and not a random standard. Ultra-low-
energy building have not been “invented” by anyone — in fact, this principle was discovered.
Thermal comfort is achieved to a maximum extent through passive measures (insulation, heat
recovery, passive use of solar energy and internal heat sources). Results of this project are
displayed in numbers as well asin graphic figures. Our goal was to find out how the desighed
building will perform energetically and environmentally so we could predict and minimize
environmental load on nature and society in case of its actual realization.

Key words: ultra-low-energy family house, energy efficiency, building envelope.
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Introduction. In Europe, 30—40 % of the current total energy demand and approximately 44 % of
the total material use are due to the building sector which is a significant percentage of the total
environmental load of human activities. That is why the European Union and its members agreed on
lowering overall energy consumption in each sector by the law. Construction sector and buildings are
responsible for 40 % of energy consumption and 36 % of CO, emissions in the EU. Currently, about 35 %
of the EU's buildings are over 50 years old. By improving the energy efficiency of buildings, we could
reduce total EU energy consumption by 5 % to 6 % and lower CO, emissions by about 5 %. Word
“energy” gained a strong meaning over the last few years. Energy is among the principal factors of the
social and economic development of our society, dealing with important issues, such as palitics and the
environment [1]. An increasing interest in many aspects related to buildings energy efficiency hasled to a
growing amount of research and studies. Some of these aim at investigating the economic and financial
feasibility of energy efficiency measures currently applied in the building sector, as well as deepening to
what extent the energy performance of buildings could be able to affect the market price or the rent of real
estate units [2]. One of the basic way of saving heat loses is sufficient building envelope insulation,
however, efficiency of thermal insulation has its limits. One study [3] deals with the optimum thickness of
adding insulation. Results indicate that adding insulation is not always beneficial, and thus in particular in
the regions of Mediterranean climate as susceptible to anti-insulation behavior [3].

Ultra-low-ener gy family house envelope specification

|

Fig. 1. Real view at ultra-low family house

Housethat is being evaluated is located in Kosice, Slovak Republic. City of Kosice lies at an altitude
of 206 meters above sea level and covers an area of 242.77 square kilometers. It is located in eastern
Slovakia, about 20 kilometers from the Hungarian borders, 80 kilometers from the Ukrainian borders, and
90 kilometers from the Polish borders (Fig. 2). It is about 400 kilometers east of Slovakias capital
Bratislava. Kasice city is situated on the Hornad River in the Kosice Basin, at the easternmost reaches of
the Slovak Ore Mountains. More precisdy it is a subdivision of theCierna horaMountains in the
northwest and Volovské vrchy Mountains in the southwest. The basin is met on the east by the Slanské
vrchy Mountains [4]
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Fig. 2. Locality of the ultra-low-energy family house
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Fig. 3. Project views of the ultra-low-family house

Evaluated ultra-low-energy house has its building envelope constructed using ECOB panels with flat
roof system. In cross-section the panels are “puzzle-like” to achieve better connection between individual
pands. Fig. 3 shows schematic illustration of external wall compasition and scheme of cut A and B.

Table 1
Building envelope wall composition —cut A
d A c p m
[m] [W/m.K] [Jkg.K] [kg/m’] [kg/m?]
Gypsum plaster 0.005 0.570 1000.0 1300.0 10.0
RFC 0.070 1.580 1020.0 2400.0 29.0
Neopor insulation 0.330 0.031 1250.0 18.0 45.0
Adhesive mortar 0.005 0.800 920.0 1300.0 18.0
Silicon render 0.003 0.700 920.0 1700.0 37.0
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Fig. 4. Wall layout view and schemes of cut A and B of external wall
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Table 2
Building envelope wall composition —cut B
d A c p m
[m] [W/m.K] [Jkg.K] [kg/m?] [kg/m?]
Gypsum plaster 0.005 0.570 1000.0 1300.0 10.0
RFC 0.150 1.580 1020.0 2400.0 29.0
Neopor insulation 0.250 0.031 1250.0 18.0 45.0
Adhesive mortar 0.005 0.800 920.0 1300.0 18.0
Silicon render 0.003 0.700 920.0 1700.0 37.0
Tables| and Il describe thermo-physical parameters for external wall compositions:
d thickness [m]; A thermal conductivity coefficient [W/(m.K)]
c specific heat capacity [J(kg.K)]; p  density [kg/m’]; m  areaweight [kg/m?]
(D
o=
=
N (1)
Fig. 5. Floor on the ground
Table 3
Thermo-physical parameters for material composition of floor on the ground
d A c p m
[m] [W/m.K] [Jkg.K] [kg/m?] [kg/m?]
Ceramictiles 0.010 1.010 840.0 2000.0 200.0
Concrete 0.090 1.300 1020.0 2200.0 20.0
RFC dab 0.250 1.580 1020.0 2400.0 27.0
EPSNEO 0.200 0.031 1250.0 18.0 45.0
Stud membrane 0.0005 0.140 1100.0 1200.0 50000
Sand layer 0.050 0.950 960.0 1750.0 4
Gravel 0.400 0.650 800.0 1650.0 15
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Fig. 6. Roof composition

Table 4
Thermo-physical parameters for material composition of roof
d A c p m

[m] [W/m.K] [Jkg.K] [kg/m?] [kg/m?]
Gypsum plagter 0.005 0.570 1000 1300 10.0
RFC 0.200 1.580 1020 2400 29.0
Vapor barrier 0.004 0.170 1470 1300 375000
EPS Stabil 150 0.300 0.039 1250 19.0 40.0
Water- proofing 0.0015 0.350 1470 1313 24000
Grave 0.100 0.650 800 1650 15.0

Openings and HVAC systems. All family house openings such as windows, entrance door and
doors to backyard at ground floor with “balcony door” at the first floor, were designed according to STN
EN 73 0540 — 2:2012. Windows are used as triple-glazed window with 7-chambers frame SCHUCO ALU
INSIDE. Entrance door is used as SCHUCO ADS 112.IC.

HVAC systems. All HVAC systems are being secured by one compact unit NILAN Compact K.
Heating is provided by floor heating system. First floor is being heated by ceiling infrared panels. These
panels are made from matt white carbon fiber with an aluminum frame, the simple design blends well on
most ceilings or can also be fitted high on the wall like a picture. Panels have a long 3 meters flex which
we recommend is wired to a programmer or thermostat by an eectrician [5]. Ground and first floor are
being air-cooled by ventilation system connected to heat recovery unit of energy source NILAN Compact
K. Heat pump based on air-water principle, part of NILAN Compact K. Forced ventilation in installed to
the whole house securing optimum and healthy indoor environment connected on heat recovery unit.

Methods of determination of energy aspects. Thermo-physical parameters were calculated
according to STN EN 730540: 2012 for following climatic conditions [25]:

8 outdoor air temperature 6e =-13 °C;

§ indoor air temperature 6i = 21 °C;

8  rdative humidity outdoors Rhe = 84 %;

§  reative humidity indoors Rhi = 55 %.

For determination of heat transfer coefficient and temperature distribution were used software
AREA 2010 and TEPL O 2010 from the Svoboda Software package.

Results. In Table 5 are presented values of heat transfer coefficient U for all constructions of

building envelope and compared with recommended values for ultra-low energy buildings according to
STN EN 730540: 2012.
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Table 5
Ther mo-physical results (U, R)

Calculated Recommended U [W/m?.K] valid
U [W/m” K] 31.12.2020 01.01.2021
External wall - cut A 0.089 0.22 0.15
External wall - cut B 0.12 0.22 0.15
Roof 0.123 0.10 0.10
Window 0.66 1.00 0.60
Door 0.1 0.1
Calculated R [m*.K/W] Recommended R [m?.K/W]
Floor on the ground 7.98 2.50 | 2.50

Fig. 6 illustrates temperature distribution in constructions of building envelope wall type A and type B.
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Fig. 7. Cut A and cut B temperature distributions using 1-D software TEPLO
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Fig. 8. Floor onterrain and roof temperature distribution using 1-D software TEPLO

Conclusion. Outer local climate and indoor conditions were used in this analysis according to
European and National directives. Family house, designed and constructed in Kosice, Slovakia was studied
from energy performance point of view. The abjective of this case study was to analyze whether the
criteria for ultra-low-energy class were fulfilled from the building envelope thermo-physical side.
According to PHPP software the primary energy demand in evaluated family house achieved value of
53 kWh/m?a. Thus this house fulfills " AQ" category and can be considered as ultra-low-energy house.
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