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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. Rukovode(i se naglasenim
potrebama za saradnjom svih ucesnika u projektovanju i gradenju
zgrada, u Organizacionom odboru su predstavnici vise struka.
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celokupnu problematiku energetike koja se odnosi na gradevinske
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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,
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POTROSNJA FINALNE ENERGIJE ZA GREJANJE
PASIVNE KUCE (SLUCAJ KRAGUJEVAC)

FINAL ENERGY CONSUMPTION FOR HEATING A
PASSIVE HOUSE (CASE OF KRAGUJEVAC)

Aleksandar NESOVIC®, Neboj$a LUKIC, Novak NIKOLIC,
Katedra za energetiku 1 procesnu tehniku Fakulteta tehnickih nauka
Univerziteta u Kragujevcu, Kragujevac, Srbija

U cilju minimiziranja potrosnje finalne energije za grejanje objekata, pasiv-
na kuca je prepoznata kao pravac u kom treba da se razvija zgradarstvo. Medutim,
u Srbiji je sproveden mali broj istrazivanja koji se odnosi na ispitivanje performansi
pasivnih kuéa. U okviru ovog rada ispitano je kako rad rekuperatora toplote otpad-
nog vazduha utice na potrosnju finalne energije u pasivnoj kuci. Od aktivnih sistema
grejanja, pasivna kuca koristi podne panele koji su u sprezi sa geotermalnom toplo-
tnom pumpom. Analizirana zgrada se nalazi u Kragujevcu, Srbija. IstraZivanje je
sprovedeno softverski, tj. simulacijom pomocu programa EnergyPlus. Rezultati
pokazuju da se tokom grejne sezone mogu ostvariti ustede od 56,41%.

Kljucne reci: pasivna kuca, rekuperator toplote, toplotna pumpa, simulacija,
EnergyPlus

In order to minimize the consumption of final energy for heating, the passive
house is recognized as the direction in which buildings should be developed.
However, in Serbia few investigations related to the testing of passive house perfor-
mance have been conducted. This paper investigates how the operation of a heat
recovery exchanger affects the consumption of final energy in a passive house. The
investigated passive house has a heating system that includes floor heating panels and
a geothermal heat pump. The analyzed building is located in Kragujevac, Serbia. The
research has been conducted by simulations in software EnergyPlus. The results show
that energy savings of 56.41% can be achieved during the heating season.

Key words: passive house, ERV, GSHP, simulation, EnergyPlus

1. Introduction

The basic idea of a passive house is the heat recovery of a ventilation air. The
supply air entering the conditioned area is heated by the exhaust air living the same,
in order to minimize the required amount of energy for heating the object.

According to the Passivhaus Institut, it has to meet the following criteria [1]:

— final energy consumption for heating during the heating season does not
exceed 15 kWh/m® of net residential space;

* . . . .
Corresponding author’s e-mail: aca.nesovic@gmail.com
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— the total energy consumption must not exceed 120 kWh per square meter
per year;

— a maximum of 0.6 air changes per hour at 50 Pa pressure, as verified with a
blower door test;

—not more than 10% of the hours in a given year over 25°C.

To achieve Passive House criteria, building designers must consider as
mandatory the following principles: thermal bridge free design, superior windows,
ventilation with heat recovery, quality insulation and airtight construction [2].

A number of standards have been developed worldwide to improve the
energy efficiency of new buildings [3]. There is also a large number of passive hou-
ses in the world and in Europe whose performance has been tested and certified [4].

However, there are few data related to the testing of performance of a passive
houses on the territory of Serbia. Pukhkal and others analyzed the moisture conden-
sation in the outer walls of the passive house in Ni$ in [5] and gave recommendati-
ons for making door insulation. Bajc et al. [6] numerically examined how the Trom-
be wall influences the energy performance of a passive house.

The aim of this paper is related to that how the waste air heat recovery system
affects the final energy consumption of the heat pump compressor.

2. Description of the analyzed building

2.1. Building constructions

According to the rules on classification of objects, the subject of investigation
is a house with two apartments with a total area less than 400 m®. The classification
number of this type of building is 11211 [7].

Figure 2.1. Analyzed building

The passive house (Fig. 2.1) has two floors (ground floor and first floor). On
each floor there is one apartment with identical arrangement of rooms (Fig. 2.2). The
entrance doors are oriented towards the west. Each apartment accomodates a four-
member family. Total useful (net) area of the passive house is 198.39 m” (99.195 m*
per apartment).
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Figure 2.2. Arrangement of the rooms on the ground floor of the passive house

The total surface of the building envelope is 416.79 m”. The surface of all
transparent elements is 39.12 m” while the surface of non-transparent elements is
377.67 m* (for the exterior walls 179.28 m?, for the ground floor 99.195 m* and for
the flat roof above the heated area 99.195 m?). The total ratio of the transparent
surfaces to the exterior walls is 19.83%. The thermal characteristics of the building
constructions are shown in Table below (Table 2.1).

Table 2.1. Thermal characteristics of the building constructions

Construction Layer U [W/m’K]
Ground floor stone (25 cm), gravel (5 cm), concrete (15 cm), reinforced con-
crete (4 cm), cement screed (4 cm), expanded polystyrene foam
0.203
(12 cm),
concrete (15 cm), cement screed (4 cm), ceramic tile (1.5 cm)
Interior ceiling lime mortar (2.5 cm), reinforced concrete (4 cm), expanded poly-
S 0.226
styrene foam (12 cm), cement screed (4 cm), ceramic tile (1.5 cm)
Roof gravel (5 cm), waterproofing (0.2 cm), vapor barrier (0.2 cm),
cotton (10 cm), vapor barrier (0.2 cm), concrete (5 cm), 0.312
cement screed (4 cm), concrete (16 cm), lime mortar (2.5 cm)
Exterior wall brick (12 c¢cm), air (5 cm), expanded polystyrene foam (20 cm), 0.172
clay block (25 c¢cm), lime mortar (2.5 cm) )
Exterior door wood (3.5 cm) 4
Window glass (4 cm), krypton (8 cm), glass (4 cm), krypton (8 cm), glass (4 1574

cm)
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2.2. Location of the building

To simulate weather conditions of the city of Kragujevac (latitude of
44.02°N, longitude of 20.92°E, the average height above sea level of 209 m) the
EnergyPlus weather file was used [8]. Kragujevac (with the time zone of GMT+1 h)
is characterized by moderate continental climate with pronounced seasons. The
years are hot and humid, with temperatures reaching +37°C. On the other hand,
winters are cold (temperature below -12°C) and with snow. The meteorological data
for the city of Kragujevac are shown in Table 2.2.

Table 2.2. Thermal characteristics of the building constructions

Month Dry bulb Wet bulb Diffuse Direct Relative Wind Wind
temperature | temperature solar solar humidity | Direction | speed
radiation | radiation

[°C] [°C] [Wm’] | [W/m’] (%] [deg] [m/s]

January -0.24 -1.44 33.30 63.63 79.92 213.17 2.1
February 0.88 -0.46 49.39 86.66 79.82 210.60 2.02
March 5.57 3.29 77.08 106.12 72.06 207.98 2.35
April 10.87 7.74 92.65 149.02 67.92 209.06 227
May 16.06 12.18 113.30 176.45 66.57 210.08 1.77
June 18.85 14.99 109.50 208.94 69.42 209.51 1.69
July 20.78 16.04 110.60 228.12 64.49 198.04 1.62
August 20.38 15.69 96.25 215.40 64.05 211.45 1.51
September 16.68 13.30 75.54 166.92 71.21 203.79 1.68
October 11.18 8.83 57.34 119.43 76.40 222.28 1.69
November 6.08 4.45 39.83 64.51 79.80 210.38 2.06
December 1.13 0.09 28.66 58.86 83.51 208.33 1.87

3. Description of the heating system

For the heating of the analyzed house, a geothermal heat pump (ground-
water) is selected. It is connected to the floor heating panels. Also, the heating
system includes the waste air heat recovery system (energy recovery ventilator
(ERV)).

3.1. Energy Recovery Ventilator

In order to control the quality of air in the building, each room is equipped
with an ERV. The basic elements of ERV are [9]:
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— supply air fan (fan 1, Fig. 3.1);

— exhaust air fan (fan 2, Fig. 3.1);

— air to air plate heat exchanger;

— controller.

During each simulation step, the mass flow rate of air passing through the
ERV depends on the defined schedule of its operation and is calculated as follows
(eq. 3.1 and 3.2) [9]:

= py -V, (3.1)
iy = py -V, (32)

where: my, m, — is the mass flow rate of the supply and exhaust air [kg/s]; p;, p,
— is the density of the supply and exhaust air [kg/m’]; ¥;, V,— is the volumetric
flow rate of the supply and exhaust air [m’/s], respectively.

The sensible heat transfer rate to the zone by the ERV is calculated by using
the eq. 3.3 and the total heat transfer rate by the eq. 3.4. The latent heat transfer rate
is determined as the difference between the total and the sensible heat transfer rate

(eq. 3.5) [9]:

Qsens = ml ’ (hlb - h2a )sens (33)
onz =my - (hy = hy,) (3.4)
Qlat = Qtot - Qsens (35)

where: Qsens , Q,at , onz — is the sensible heat transfer rate, latent and total heat
transfer rate [W]; (fy, —hy, )., — 15 the difference of the enthalpy of the air being
supplied to the zone and enthalpy of the air being exhausted from the zone through
the ventilator (at a constant humidity ratio) [J/kg]; (A, —h,,) — is the difference of
the enthalpy of the air being supplied to the zone and enthalpy of the air being
exhausted from the zone through the ventilator (at a given conditions) [J/kg],
respectively.

The amount of heat exchanged during the heating season (15" of October to
15™ of April), which simultaneously represents the realized heat energy savings, is
determined by the eq. 3.6 [9]:

ststot = th - TimeStepSys - 3600 (3.6)

where: ststot — 1s the total heat transfer during the heating season [J]; TimeStepSys

— HVAC system simulation time step.
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Figure 3.1. Schematic of the ERV [9]

3.2. Geothermal heat pump

The functional scheme of the analyzed heating system is shown in the Fig.
3.2.
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Figure 3.2. Analyzed heating system; 1, 13 — circulation pump;
2, 8, 14, 19 — splitter; 3 — ground heat exchanger; 4, 10, 15, 21 — bypass branch;
5,11, 16, 22 — mixer, 6, 12, 17, 23 — outlet pipe; 7, 18 — inlet pipe;
9 — heat pump; 20 — conditioned zones

Based on the calculation of the thermal losses of the analyzed building, a heat
pump REHAU GEO 7 was adopted [10]. The technical characteristics of this heat

pump are given in Table 3.1.
The parameters of the ground heat exchanger used in the EnergyPlus

software were taken from [11] (Table 3.2).
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Table 3.1— Technical characteristics of the heat pump (REHAU GEO 7) [10]

Parameter Unit Value
Rated heating capacity [W] 7300
COP [-] 4.1
Rated heating power consumption [W] 1600
Minimum water flow rate (heating) [/h] 1100
Minimum brine flow rate [kg/h] 1300

Table 3.2 — Parameters of the vertical geothermal probe [10] [11]

Parameter Unit Value
Number of bore holes [-] 2
Bore hole lenght [m] 73.2
Bore hole radius [m] 0.0889
Pipe out diameter [m] 0.04
Pipe thickness [m] 0.0037
U-tube distance [m] 0.03
Ground thermal conductivity [W/mK] 2.08
Grout thermal conductivity [W/mK] 1.47
Pipe thermal conductivity [W/mK] 0.39
Ground temperature [°C] 13.37
Working fluid water and antifreeze
Maximum flow rate [m’/s] 0.00036
Fluid heat capacity [J/kgK] 4066
Fluid thermal conductivity [W/mK] 0.513
Fluid density [kg/m’] 1016

4. Results

In the Fig. 4.1, the consumption of final (electric) energy for heating a passi-
ve house for the two analyzed cases is shown. In the first case there is no heat
recovery of ventilation air. For the second case the ERV operates. The value of air
changes per hour is the same in both cases and amounts 0.5 h™ for each room.
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The final energy consumption during the heating season amounts: 1987.6
kWh (without heat recovery) and 866.38 kWh (with heat recovery). The achieved
energy savings would be 56.41%. The monthly savings are shown in the Fig. 4.2.

The highest savings are achieved in October, November, March and April,
because of the higher outdoor temperature in these months. In relation to that, the
lowest savings are achieved in December, January and February. The average
energy savings for entire heating season amounts 56.41%.
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Figure 4.1. Final energy consumption for heating the passive house
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Figure 4.2. Monthly percentage savings for heating the passive house
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5. Conclusions

In order to meet passive house criteria, building designers must consider the
following: thermal bridge free design, superior windows, ventilation with heat
recovery, quality insulation and airtight construction.

The simulation results show that a passive house consumes 1987.6 kWh
(10.01 kWh/m® of the heated area) during the heating season if there is no heat
recovery. On the other side, when the ERV operates, the final energy consumption
during the heating season is 866.38 kWh (4.37 kWh/m” of the heated area).

The lowest energy savings are achieved in December (48.64%). The average
energy savings for entire heating season amounts 56.41%.
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