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ABSTRACT: A combined building and energy system comprising the use of solar energy through an energy
roof, long-term heat accumulation in ground storage, and active thermal protection was comprehensively
evaluated on the basis of calculations and experimental measurements in the dissertation of Ing. Peter Janik,
PhD. titled: "Optimization of energy systems with long-term heat accumulation.” [13], (supervisor: Kalis), and
at the same time in the research project HZ PG 73/2011 titled: "Experimental measurements, analysis, and
determination of the optimal rate of use of renewable energy sources on a prototype of a family house EB2020
With nearly zero energy demand “[10], (vesponsible researcher: Kalus). This is probably the first building in
Slovakia with such a system, where long-term measurements took place. To date, no independent (non-
commercial) research is known from domestic or foreign sources with published output, based on long-term
measurements of all components of this system from heat recovery, through accumulation to supplying ATO.
This paper focuses on calculation and assessment of the experimental house EB2020 in terms of energy
efficiency of buildings, where experimental measurements took place in 2011 - 2013. Therefore, applicable
standards in force at that time are used in the calculations.
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l. INTRODUCTION

Combined building energy systems with active thermal protection (ATP) represent an optimal and most
comprehensive technical solution for buildings within the meaning of Directive 2018/844/EU [1] amending
Directive 2010/31/EU on the energy performance of buildings and Directive 2012/27/EU on energy efficiency,
which introduced a new concept of “nearly Zero Energy Building (nZEB)” into our legal system. The concept of
a technical solution of the experimental house EB2020 with applied active thermal protection (ATP) using solar
energy with long-term heat accumulation can be more effective than a concept with an ordinary solution with a
conventional heating system only with correct design and appropriate operation. Theoretical calculations,
experimental measurements, and analyses revealed facts that are necessary for the calculation, design, selection,
and assessment of nearly zero energy buildings. There is no template according to which it would be possible to
design an optimal combined building-energy system, and therefore it is necessary to assess each building
separately. In the given subject matter there is a possibility of various applications of building materials and
technical solutions of energy systems, especially those using RES. For these reasons, it is necessary to continue
further research and optimize technical solutions from the energy, economic, and environmental points of view.

I1. DESCRIPTION OF THE EXPERIMENTAL HOUSE EB2020

The experimental family house is located 17 km from Bratislava, at an altitude of 128 m above sea
level, in the village of Tomasov with a number of houses of about 700. It has a ground floor and the first floor,
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specific area of 187.4 m2, built-up volume of 590 m3, average construction height of 3.15 m Figure 1. Heat
transfer coefficients (U) of individual structures:

window 0.8 W/m?’K,
wall 0.15 W/m?K,
floor 0.15 W/m?’K,
roof 0.13 W/m?K.

The perimeter structure consists of internal plaster, aerated concrete block (375 mm, A = 0.104
W/m.K), adhesive mortar, facade polystyrene (100 mm, A = 0.035 W/m.K) and external plaster. The ATP is
formed by a plastic pipe between the aerated concrete masonry and the facade polystyrene and in the roof
structure, Figure 2.

Figure 1: View of the experimental house EB2020 (Photo archive: Kals) [10, 13]

In Figure 2 shows the temperature distribution in the perimeter structure without the use of ATP and
with an average heat transfer medium temperature in the layer of 14°C and 20°C (at an outdoor temperature of -
11°C). In the construction without ATP, the surface temperature will be 18.7°C and the temperature between the
aerated concrete block and the thermal insulation will be 2.5°C. When installing an ATP with a temperature in
its location layer of 14°C, the surface temperature will be 19.6°C.

ATO (20 °C)

:
, |

Figure 2: Sectional representation of a perimeter structure with temperature distribution without the use of ATP
and with an average heat transfer medium temperature in the ATP layer of 14°C and 20°C [10, 13]

Figure 3 shows the ground floor plan view, Figure 4 1st floor floor plan. Figure 5 shows views of the family
house.
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Figure 3: Floor plan of the ground floor of the family house [10, 13]
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Figure 5: Views of the family house [10, 13]
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1. CALCULATION AND ASSESSMENT OF HEATING NEEDS
EXPERIMENTAL HOUSE EB2020

The calculation and assessment of heat demand for heating was performed in the TERMO'09 program.
Heat recovery was considered in the calculation.

Specified boundary conditions:

Built-up volume of the building Vy: 587.60 m*
Total floor area of the building Ay 187.40 m?
Average construction height of individual floors  hy: 3.14m
Included effect of thermal bridges AU: 0.05 W/m*.K
Desired/adjusted temperature o 20.00 °C
Average outdoor temperature O: 3.86 °C
Duration of the calculation period t: 212.00 days
Number of climatic daily degrees Dt: 3422.00 K.day
Average intensity of air exchange n: 0.151/h

Heat output of internal heat sources i 4.00 W/m?
Climate conditions: Normalized

Basic time period: one month

Building category: Family house

Table 1: Thermal technical properties of structures and reduction factors [10, 13]

A U; bxi A;.U;.by Share
STRUCTURE > 5

[m7] [W/m°K] [l [W/K] [%]
Perimeter wall 198.23 0.16 1.00 31.72 31.92
Filling structures 40.23 0.80 1.00 32.18 32.39
Roof 1 3.00 0.25 1.00 0.75 0.75
Roof 2 37.52 0.13 1.00 488 491
Roof 3 73.83 0.08 1.00 5.91 5.94
Ceiling above exterior space 2.88 0.19 1.00 0.55 0.55
Floor on the terrain 97.39 0.24 1.00 23.37 23.53

Y (4;) = 453.08 m? Y (Ai.Ui.by) = 99.36 W/K

Calculation results:
Included effect of thermal bridges AHm: 22.65 W/IK
Specific heat loss by heat transfer H,: 122.01 W/K
Average heat transfer coefficient Un: 0.27 W/m2.K
Intended air exchange n: 0.151/h
Specific heat loss through aeration H.: 23.27 W/IK
Specific heat loss of the building H=H+H,: 145.28 W/K

Table 2: Normalized climate conditions and total heat loss [10, 13]

MONTH
QUANTITY

| I i IV X X Xl
t [day] 31 28 31 30 31 30 31
0e [°C] -1.8 0.4 4.6 9.9 9.8 4.3 -0.3
0, [°C] 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Q. [kWh] 2356.3 1913.5 16645 | 10565 | 11025 | 16422 | 2194.2
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Table 3: Internal, solar, and total heat gains [10, 13]

MONTH
QUANTITY
I I i v X XI XIl
Qi [kwh] 557.7 503.7 557.7 539.7 557.7 539.7 557.7
Qs [kWh] 169.1 253.9 387.3 493.8 326.8 180.7 149.4
Qq¢-Qi+ Qs [kWh] 726.8 757.6 945.0 1033.5 884.5 720.4 707.1
Table 4: Heat demand for heating [10, 13]
MONTH
QUANTITY
I I i v X XI Xl
Qn [kWh] 1631.0 1160.6 745.3 187.6 298.7 928.8 1488.8
Y Qn [kWh] 6440.8

Note: The value of the annual heat demand for heating SUM (Qp) is used to calculate the energy demand for
heating.

Specific heat demand for heating according to STN 730540/2002 (Values considered
according to validity in 2011 - 2013):

Specific heat demand for heating Ei: 11.07 kWh/m3.a
Specific heat demand for heating E.: 34.70 kWh/m®.a
Normalized specific heat demand Eqn: 29.87 kWh/m®.a
Normalized specific heat demand Eon: 83.65 kWh/m?.a
Building shape factor Ac/Vy: 0.77 1/m

Assessment of the energy criterion of the building:

E, = 34.7 kWh/m2.year <E,, = 83.6 kWh/m®.year — the building complies (currently according to STN 73
0540-2 + Z1 + Z2: 2019, [24], according to the building category "Family houses" maximum target value is 40.7
kWh/m?.year, recommended is 20.4 kWh/m?.year).

Balance of specific heat demand for heating:

Heat demand to cover heat losses by transfer: 53.45 kWh/m%a

- Perimeter wall 13.90 kWh/m?.a
- Roof 5.29 kWh/m2.a
- The floor 10.24 kWh/m?.a
- Filling structures 14.10 kWh/m?.a
- Thermal bridges 9.92 kWh/m%.a
Heat demand to cover heat losses by aeration: 10.19 kWh/m%a
Heat gains from internal sources 19.00 kWh/m?.a
Heat gains from solar radiation 9.94 kWh/m?.a

IV. CALCULATION OF ENERGY NEED FOR HEATING, DHW PREPARATION,
PRIMARY ENERGY, AND CO; EMISSIONS OF EXPERIMENTAL HOUSE EB2020

The calculation of energy demand for heating, hot water preparation, primary energy, and CO,
emissions for different combinations of operation of heat sources installed in the experimental house EB2020
are given in Table 5. The energy assessment was performed in accordance with Decree no. 35/2020 Coll., which
implements Act no. 555/2005 Coll. on energy efficiency of buildings in the Slovak Republic. [26]
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Table 5: Recapitulation of energy efficiency calculations of experimental house EB2020
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KWh/(m?.a) |kWh/(m®.a) |kKWh/(m®.a) ©) KWh/(m®.a) Q) KWh/(m?.2) ) KWh/(m®.a) Q) kg/(m*.a)
Low-temperature gas boiler 34.70 10.00 38.56 A 14.29 B 52.84 A 63.94 Al 11.35
Fireplace with awarm water 1 5 7, 10.00 43.38 A 1538 B 58.76 B 18.22 A0 24
heat exchanaer
Low-temperature gas boiler
) A -
(70%) +Fireplace with a 3470 | 1000 | 40.00 A 14.62 B 54.62 A 51.34 A0 8.78
warm water heat exchanger
boiler(30%)
Low-temperature gas
X o - .
boiler(50%) + Fireplace with | 5, 7, 10.00 40.97 A 14.84 B 55.80 B 4151 A0 6.81
a warm water heat exchanger
m (50%)
Low-temperature gas
X o - .
boiler(30%) +Fireplace witha | 5, 7, 10.00 41.93 A 155 B 56.98 B 30.69 A0 465
warm water heat exchanger
boiler(70%)
Low-temperature gas boiler+
30% RES 34.70 10.00 26.99 A 10.00 A 36.99 A 31.33 A0 5.56
Low-temperature gas boiler+
50% RES 34.70 10.00 19.28 A 7.14 A 26.42 A 22.38 A0 3.97
Low-temperature gas boiler+
70% RES 34.70 10.00 11.57 A 429 A 15.85 A 13.43 A0 2.29
Fireplace with a warm water
heat exchanger + 30% RES 34.70 10.00 30.36 A 10.77 A 41.13 A 8.3 A0 0.90
Fireplace with a warm water
heat exchanger + 50% RES 34.70 10.00 21.69 A 7.69 A 29.38 A 5.73 A0 0.64
Fireplace with a warm water
heat exchanger + 70% RES 34.70 10.00 131 A 4.62 A 17.63 A 3.44 A0 0.39

V. CONCLUSION

Based on the results of energy efficiency evaluation of the experimental house EB2020, it can be stated
that apart from the variant where the heat source for heating and DHW preparation is only a low-temperature
gas boiler, other variants meet the requirements of a nearly zero energy building, they are classified in the
primary energy class AQ. In terms of primary energy and CO2 emissions, the most advantageous combinations
are heat sources for wood using RES. The higher the share of wood and RES, the more energy efficient and
environmentally friendly is the experimental house EB2020 (generally all buildings). Combined building-energy
systems with active thermal protection (ATO) represent an optimal and most complex technical solution for
buildings as they actively influence the thermal-technical properties of building envelope structures and also
represent the end elements of energy systems, especially heating and cooling.

REFERENCES

[1].  Directive (EU) 2018/844 of the European Parliament and of the Council of 30 May 2018 amending Directive 2010/31/EU on the
energy performance of buildings and Directive 2012/27/EU on energy efficiency

[2].  Directive (EU) 2018/844 of the European Parliament and of the Council of 30 May 2018 amending Directive 2010/31/EU on the
energy performance of buildings and Directive 2012/27/EU on energy efficiency

[3]. KRECKE E.D .: PATENT SK 284 751: Energetické zariadenie budov. [Energy equipment of buildings.] Date of effectiveness of
the patent: 3.11.2005. In: Vestnik UPV SR & .: 11/2005, 10 p.

[4]. KALUS, D .: EUROPEAN PATENT EP 2 572 057 B1: Heat insulating panel with active regulation of heat transition. Date of
publication and mention of the grant of the patent: 15.10.2014 In: Bulletin 2014/42 European Patent Office, international application
number: PCT/SK2011/000004, international publication number: WO 2011/146025 (24.11.2011 Gazette 2011/47), 67 p.

[5]. KALUS, D .: UTILITY MODEL SK 5725 Y1 (UTILITY MODEL): Tepelnoizolacny panel pre systémy s aktivaym riadenim
prechodu tepla. [Thermal insulation panel for systems with active heat transfer control.] Date of entry into force of the utility model:
25.2.2011 In: Vestnik UPV SR No .: 4/2011, 63 p.

*Corresponding Author: Daniel KalUs 61 | Page



Combined Building-Energy Systems/Calculation and Assessment of the ..

6.

[71.

8.
9.

[10].

[11].

[12].

[13].
[14].
[15].
[16].
[17].
[18].
[19].
[20].
[21].
[22].
[23].

[24].

[25].

[26].

KALUS, D .: UTILITY MODEL SK 5729 Y1 (UTILITY MODEL): Samonosny tepelnoizolacny panel pre systémy s aktivnym
riadenim prechodu tepla. [Self-supporting thermal insulation panel for systems with active heat transfer control.] Date of entry into
force of the utility model: 28.2.2011 In: Vestnik UPV SR No .: 4/2011, 32 p.

KALUS, D .: UTILITY MODEL SK 5749 Y1 (UTILITY MODEL): Sposob prevadzky kombinovaného stavebno-energetického
systému budov a zariadenie. [Method of operation of a combined construction-energy system of buildings and equipment.] Date of
entry into force of the utility model: 1.4.2011 In: Vestnik UPV SR No .: 5/2011, 23 p.

KALUS, D. et al .: Research Project HZ 04-309-05 - Design of a passive house using solar and geothermic energy. K-TZB SvF STU
Bratislava, 2006.

KALUS, D. et al .: Research Project HZ 04-310-05 - Assessment of thermal comfort state in an experimental house. K-TZB SvF
STU Bratislava, 2006.

KALUS, D. et al .: Research Project HZ 04-142-07 - Assessment of thermal comfort state in an experimental house. K-TZB SvF
STU Bratislava, 2007.

KALUS, D. etal .: Research Project HZ PG73/2011 - Experimental measurements, analysis, and determination of the optimal rate of
use of renewable energy sources on a prototype of a family house EB2020 with nearly zero energy demand. K-TZB SvF STU
Bratislava, 2011-2013.

KALUS, D. et al .: Research Project HZ PR10/2015 - Analysis of energy, economic, environmental aspects and experimental
measurements of compact equipment of energy systems for the application of renewable energy sources. K-TZB SvF STU
Bratislava, 2015.

CVICELA, M .: Analysis of wall energy systems. Dissertation. Slovak University of Technology in Bratislava, Faculty of Civil
Engineering, Slovak Republic 2011, 119 pp., SVF-13422-17675.

JANIK, P .: Optimization of energy systems with long-term heat accumulation. Dissertation. Slovak University of Technology in
Bratislava, Faculty of Civil Engineering, Slovak Republic 2013, 185 pp., SvF-13422-16657.

SIMKO, M .: Energy efficiency in buildings with systems with active thermal protection. Dissertation. Slovak University of
Technology in Bratislava, Faculty of Civil Engineering, Slovak Republic 2017, 152 pp., SvF-13422-49350.

KUBICA, M .: Measurement and optimization of a compact heat station using renewable heat sources. Written part of the
dissertation exam. Slovak University of Technology in Bratislava, Faculty of Civil Engineering, Slovak Republic 2019.

ISOMAX. http://www.isomax.sk

www.isomax-terrasol.eu

GUINEA, D.: Gestion integral de la energia en un etorno habitacional, Propuesta Programa Cenit, presentacion Sistema geotérmico
solar y laboratorio de ensayo, Promociones Sadaba e Hijos, Logrofio, La Rioja

SCHULZ, H. V.: Teplo zo slnka a zeme, Staufen bei Freiburg, Verlag GmbH, 1999

PETRAS, D. a kol.: Nizkoteplotné vykurovanie a obnovitené zdroje energie, Jaga, Bratislava 2001

CHRISTLIEB, X. W..: Gestion térmica de una vivienda con minimo consumo de energia — Proyecto de fin de carrera, Universidad
Pontificia Comillas, 2007

CHMURNY, |. Tepelnd ochrana budov. Tepelnotechnické viastnosti stavebnych konstrukcii a budov. [Thermal protection of
buildings.] Bratislava: Jaga, 2003. ISBN 80-889-0527-3.

STN 730540-2 + Z1 + Z2: 2019 Tepelna ochrana budov. Tepelnotechnické vlastnosti stavebnych konstrukcii a budov. [Thermal
protection of buildings. Thermal technical properties of building structures and buildings.] Part 2: Functional requirements.
Consolidated text

STN EN 12831: 2019 Energetickd hospoddrnost budov. Metdda vypoctu projektovaného tepelného prikonu. [Energy performance of
buildings. Method of calculation of projected heat input.] Part 1: Heat input, Module M3-3

Vyhlagka & 35/2020 Z. z., ktorou sa meni a doplita vyhlaska Ministerstva dopravy, vystavby a regionalneho rozvoja Slovenskej
republiky ¢&. 364/2012 Z. z., ktorou sa vykonava zakon €. 555/2005 Z. z. o energetickej hospodarnosti budov a o zmene a doplneni
niektorych zdkonov v zneni neskor$ich predpisov v zneni vyhlasky ¢. 324/2016 Z. z.

*Corresponding Author: Daniel KalUs 62 | Page



