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Abstract

Reduction of energy use in buildings is an important measure to achieve climate changes of mitigation. It is essential to minimize
heat losses when designing energy efficient buildings. For energy efficient building in a cold climate, a large part of the space heating
demand is caused by transmission losses through the building envelope. In compliance with the today's trend of designing sustainable
and energy-saving architecture, it is necessary firstly to solve the factors influencing the energy balance. This year the subsidy
for houses has been valued at € 8,000. The condition is that the building is classified in the energy class A0 according to the Energy
Performance Act. Energy class AO characterizes nearly zero energy buildings. The main concern is for the public to become interested
in such buildings. The subsidy is designed to reward and promote those buildings that their heat and technical characteristics and
modern technical equipment that meet energy class. In addition to a good plan to raise the profile of such buildings, there has been
a lot of speculation to help make buildings in energy class AQ. They are mainly owners of family houses where there is no gasification
and are forced to have electricity as a source of heat and hot water. Electricity has a high primary energy factor, which means that

buildings do not have to be approved.

Keywords

fireplace heating, energy efficiency of buildings, building energy class, flow simulation

1 Introduction

Act no. 300/2012 Coll. [1] stipulates that from 1.1.2021
all buildings need to be designed with nearly zero con-
sumption [2, 3]. A near-zero energy building is classi-
fied as energy class A0 for the global indicator of primary
energy in terms of the energy performance of build-
ings. To achieve this category of buildings it is necessary
to improve the envelope from the heat-technical point of
view. To find an optimal solution that will ensure a bal-
ance between the costs of progressive materials, technical
equipment of buildings and overall reduced energy inten-
sity. One of the factors is the configuration of the enve-
lope on which the energy savings depend. Significant
impact on thermal protection envelope has a lot of factors.
For example, envelope accumulation [4], moisture proper-
ties, thermal bridges [5], the use of passive solar gains [6].
In addition to thermal properties of building envelope,
which is part of the thermal protection of buildings has
a significant impact on energy class of residential buildings
and the selected source of heat for heating and hot water.

In this paper we analyze a fireplace equipment impact
on the energy performance of the building and particular-
lyan impact on the energy class in a selected family house.
During analyzing we combine different heat sources and
we monitor their impact on the global indicator.

1.1 Description of analyzed family house — bungalow

For the analysis a family house with one residential floor
and garage was selected. The ground plan of the house is
18.5 x 8.5 m and the specific area is 123 m?, the built-up
volume is 390 m?, the average height of the heated floors
is 3.17 m and the building shape factor is 1.00 1/m.
The garage is not included in the total measuring area,
as it is a space only with temperature control and not
a full-fledged heating. The shape and layout of the building
reflects the current demand of simple and modern build-
ings. The individual packaging structures (ceiling, perim-
eter wall, floor on the ground and transparent structures)
were designed from the thermo-technical point of view
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so that they meet the criterion of recommended values,
which are set in the standard STN 73 0540-2: 2012 [7].
The heat transfer coefficient of the ceiling under the loft,
walls, openings and the floor on the ground is calculated
according to the actual built-in materials. The ceiling
under the loft is defined U = 0.14 W/(m?K), the perim-
eter wall U = 0.180 W/(m?K), transparent structures
U = 0.80 to 0.99 W/(m?K) (depending on the propor-
tion of the values of the glazing U,= 0.60 and the frame
U, = 110 W/(m?*K)) [8].
the floor on the terrain is given by the R value of the floor
is 2.63 m*K/W (after conversion U = 0.220 W/(m?K)).
The total solar transmittance of the used triple glaz-

The thermal resistance of

ing is given by the value of g = 0.5. Thermal bridges
are counted as a flat rate value and the standard value is
AU = 0.02 W/(m?K) [9]. The analyzed house is shown
in the following figures (Figs. 1 and 2).

1.2 Calculation of the heat demand for different variants
Calculation of the heat demand for heating in the analyzed
building was determined for two variants. The first vari-

ant is characterized by the need to heat the heating without

Fig. 1 A real view of the house
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Fig. 2 Geometry and layout of analyzed family house

considering ventilation with heat recovery air and the other
option considered ventilation with heat recovery and air
with 95 % efficiency heat recovery equipment [10]. Table 1
shows complex results for both variants. As it can be seen
from Table 1, the calculated heat demand for variant no. 2
(variant with recuperation) is almost 50 % smaller than
for variant no. 1 (variant without heat recovery).

2 Assessing the energy performance of buildings

In the analyzed family house, underfloor heating with a wet
system is realized. The individual branches of the underfloor
heating circuits are connected via a zone-controlled distribu-
tor for each room in the house. The Beretta Exclusive Green
condensing boiler is the heat source. The standard utiliza-
tion rate is 102 %. Installed electric power is 67 W/230 V.
The equithermal regulation of the boiler is solved. The hot
water is prepared in the Drazice storage tank with a capacity
of 125 liters installed under the boiler.

2.1 Classification of the house into the energy class

Every building that has been approved has to submit
an energy certificate of the building. The analyzed fam-
ily house was classified into the energy class according
to the real values and the real geometry of the building.
The global primary energy indicator is for the family
house in energy class Al. That in this case means that such
object is not entitled to remuneration in the form of a sub-
sidy of € 8000. There are many such cases and the ques-
tion arises in what form this subsidy can be obtained and
what forms of adjustment can be applied to the object.
Many homeowners consider the idea of having a solid fuel
source such as a fireplace, stove, or other in a building
to reach the AO primary energy class. Therefore, Table 2
shows the analysis using the fireplace body placed in the
building and in the living room. The calculation is divided
according to the percentage use of the fireplace for the
energy need for heating. The distribution is for 30 % use

Table 1 A comprehensive overview for both variants

Variant Variant  Variant

-1 -2
Total heat exchange area 390 390 m?
Heat loss of heat transfer 87.85 87.85 W/K
Ventilation heat loss 51.48 4.37 W/K
Total heat loss 147.13  100.02 W/K
Total gains 38253 38253 kWh
Energy need for heating 8371.3 45772 kWh/a
Specific heat energy demand O, 68.06 3721  kWh/m?a




Table 2 Classificationof individual variants into the energy class
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Description of the heat

. Air Energy for heating . Energy need for heating  Energy use for hot water Primary  Energy
Variant R source for heating and the X .
recovery in kWh/m?a . in kWh/m?a in kWh/m?a energy class
proportion of use
V1A No 68.06 Gas — 100 % 71.6 19.9 100.7 Al
V 2A Yes 37.21 Gas — 100 % 39.2 19.9 65 Al
Gas —70 %
V_ 1B No 68.06 79.3 19.9 77.6 Al
- Wood - 30 %
Gas — 70 %
V 2B Yes * 37.21 434 19.9 52.4 A0
- Wood - 30 %
Gas—50 %
V. 1C No 68.06 84.4 19.9 62.3 Al
- Wood - 50 %
Gas — 50 %
VvV 2C Yes * 37.21 46.2 19.9 44.0 A0
- Wood - 50 %
Gas—0%
V_1D No 68.06 97.2 19.9 23.8 A0
- Wood — 100 %
Gas—0%
V 2D Yes 37.21 53.2 19.9 23.0 A0

Wood - 100 %

* We do not consider that air recovery and air distribution will mix the air from the living room and distribute it to the building

of the fireplace, which means heating only for the liv-
ing room. Furthermore, for 50 % use of the fireplace,
this means heating of the living room and hallway. And the
last one for full, 100 % use of the fireplace body, which
means heating of the whole house with this fireplace.

2.2 Simulation analysis of the fireplace in the analyzed
family house — FLOVENT
Table 2 shows that if we consider the need for energy
to heat a fireplace, we can reach the energy class A0 for the
given object. This means that if the object had a fireplace,
it could get a state subsidy. The question is, whether it is
possible to heat the whole building with a fireplace without
hot air distribution. Since it is most speculative in practice
to use a fireplace without hot air distribution as the pri-
mary source, this case was simulated using the CFD pro-
gram. Figs. 3 and 4 show a family house model in CFD [11].
Figs. 5 and 6 show the temperature distribution for a given
object in two variants. A variant is considering building
heating by the fireplace located in the living room (output
5.75 kW) and open interior doors in all rooms. Variant B
considers the closed interior doors in the whole building.

The air exchange considered is 0.5 in both vari-
ants. The range of temperatures in each zone is shown
in Figs. 5 and 6.

Figs. 7 and 8 show the interaction of internal tempera-
tures for individual rooms of the family house.

Fireplace in living room

Fig. 3 3D model of analyzed family house

Fig. 4 Zone division in CFD
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Fig. 5 Outputs from CFD simulation of family house — variant A

(open interior doors in all rooms)

Fig. 6 Outputs from CFD simulation of family house — variant B

(closed interior doors in all rooms)
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Fig. 7 Iteration of indoor temperature in individual rooms — variant A

(open interior doors in all rooms)

Figs. 9 and 10 show the interaction of pressure for indi-
vidual rooms of the family house.

The calculation is made for the standard winter bound-
ary condition of —11 °C. The temperature of the soil is
+5 °C. Figs. 7 to 10 are iterative calculations of tempera-
ture and pressure variables at selected points (air) across
a building defined horizontally and vertically. Iteration
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Fig. 8 Iteration of indoor temperature in individual rooms — variant B
(closed interior doors in all rooms)
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Fig. 9 Iteration of pressure in individual rooms — variant A

(open interior doors in all rooms)

in computing is the technique marking out of a block of
statements within a computer program for a defined num-
ber of repetitions. Another use of iteration in mathematics
is in iterative methods that are used to create approximate
numerical solutions to certain mathematical problems.

3 Conclusions

As can be seen from the previous results, considering
the fireplace in energy classification has a significant
impact on the global indicator — primary energy. As you
can see from the temperature distribution in the house, it is



325
3 i
2754
257
225
'2—-
L MP_01 ==
£ 15 ——wmrP_o2
[
2 1259 WP_03
2 g d—wre
e —— MP_05
25 .
0.75 WP_06
05— wr_o7
0.25 MP_09
- —— MP_09
02547 MP_10
PPE bl L
—— MP_12
-0.73 T 1 T 1 1 T T L
] J0E3 40E3 GOEI H0EI 10E4 12E4 14E
FIoVENT Iteration
Fig. 10 Iteration of pressure in individual rooms — variant B
(closed interior doors in all rooms)
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not possible to consider a fireplace as a primary heat source
without hot air distribution. Quite often this variant is real
but unsuitable in practice, especially when there is electric
heating in the building. Electric heating has a significant
impact on emissions production and on the increase of pri-
mary energy. The results indicate that there is a lack of
legislative guidance for considering the fireplace in energy
certification and classification into energy class.
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