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Metoro po0OTH € eHepreTUYHMIl aHadi3 CHCTeMH BeHTWIAUIlI 3 BHKOPUCTAHHAM
e€HepreTUHYHOro MoTeHUiany nmpocropy aTpiymy. MeToro J0cailzkeHHS € aHATI3 eHepreTH4YHOro
NoTeHNiady mimirpiBy moBiTpsi B arpiymi 1Jisi #oro BHKOPHMCTAHHA B MeXaHi4Hiil cucremi
BeHTUsNIL. [[J1s1 BU3HAYEeHHs KUIBLKOCTI eHeprii 1Jis HArpiBaHHs MOBIiTps 0yJ10 po3paxoBaHO
HeoOXiTHM MOBITPOOOMIH cucTeMn MexaHiuHOi BeHTUWIslii. [IpoanasnizoBano crapy OyaiBJjiio
LIKOJIM, KA € 00 €KTOM peKOHCTpYyKUii. PexoHcTpyKuisi OyaiBJi opieHTOBaHA Ha CKOPOYEHHS
CIOKMBAHHSl eHeprii Ta NOKpalleHHA MapaMeTpiB BHYTPilIHbOro mnoBiTps. OaHuM i3
3alpONOHOBAHMX 3aX0/AiB € BCTAHOBJEHHS MeXaHIYHOI cHCTeMH BEHTWIANLIl 3 peKymnepaunicio
temia (KK TennooomMinHuka 65 %). ¥V 3B'I3KY 3i CKJIAAHICTIO €HEPreTHYHUX MOTOKIB Y
OynmiBJai 151 po3B’A3aHHA 3aJa4i MO/AEJIOBAHHSI eHepPreTUYHUX MOTOKIB 0yJ0 BHKOPHCTAHO
inctpyment Design Builder. CtBopeno reomeTrpuyHy Moneab OymiBJi IIKOJIM 3 aTpiymMoMm,
po3ramoBanoi B MicTi Komnue. PedyabTaTn eHepreTHyHoro aHajidy mokasajau NO3UTHBHMUI
BIUIMB CHCTEMH peKynepauii Ternja Ha CNOKUBAHHA TeNJia Uil ONAJeHHs] NPUMillleHb — BOHO
OyJsio 3Hm:keHe Ha 69 % Bix mouyaTkoBoro 3HavenHs (y cucreMi 0e3 pekymepanii Temia). Y
3alpONOHOBAHOMY aTPiyMi MOKHA JAOCATTH MiIBHIIEHHS TeMIIePATYPH CBiKOro MOBITpsl B
cepeanbomy Ha 4,0-7,0 K mpotsirom nusi. Bukopucranns migirpitoro moBitpst B aTpiymi ais
MeXaHiYHOI cHCTeMHM BEHTWIANI 3 peKymepani€lo Temja Moke NPHU3BECTH A0 3HUKEHHS
NMOTpedH y TemIoBiil eHeprii 1J1si onajieHHsl npuMimenb Ha 49 % Bix MOYaTKOBOIr0 3HAYEHHS
(y cucremi 0e3 pexynepauii Tema).

Karouosi cioBa: aTpiym, MexaHiyHa BeHTHJIALIsSA, cMcTeMa peKynepamnii TenJja, mpocTip
HAIAXO0/’KEeHHS TeNJI0BOI eHeprii.

The content of paper is energy analysis of ventilation system with using energy potential
of atrium space. The aim of case study is to analyze energy potential of air preheating in
atrium space and its utilisation in mechanical ventilation system. In order to energy analyse
the heat demand for space heating was calculated in relation to required air exchange by
mechanical ventilation. The analysis was done for old school building that is the object of
renovation. The building renovation is oriented on reducing of energy consumption and
improving the internal environment. The one of designed measurements is the installation of
mechanical ventilation system with heat recovery (heat exchanger efficiency 65 %). With
regard to complexity of energy flows in building it was used for problem solution the energy
simulation tool Design Builder. There was created geometric model of school building with
atrium space located in Kosice. The results of energy analyse have shown the positive impact
of heat recovery system on final heat demand for space heating that was reduced on 69 %
from starting value (without heat recovery system). In the proposed atrium is possible to
achieve the increase of supply fresh air temperature at average about 4.0 — 7.0 K during day.
The utilisation of preheated air in atrium space for mechanical ventilation system with heat
recovery can bring the reduction of heat demand for space heating on 49 % from starting
value (without heat recovery system).

Key words. atrium, mechanical ventilation, heat recovery system, space heating energy
demand.
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Introduction. The building sector has been identified as one of the key sectors to achieve the
20/20/20 targets of the EU. The 2010 Energy Performance of Buildings Directive and the 2012 Energy
Efficiency Directive are the EU's main legislation when it comes to reducing the energy consumption of
buildings. Under the Energy Performance of Buildings Directive all new buildings must be nearly zero
energy buildings by 31 December 2020 (public buildings by 31 December 2018). Under the Energy
Efficiency Directive all EU countries make energy efficient renovations to at least 3 % of buildings owned
and occupied by central government [1].

The increasing requirements on energy performance of building lead to an improvement of the
thermal properties of external building constructions what leads to the air tightness increase and to
reducing of air infiltration. The required air exchange must provide the effective mechanical
ventilation system. In terms of EPBD legislation the buildings with required air tightness and very
low energy demand (nearly zero energy buildings) must use the heat recovery system with energy
efficiency at least 60 % [2].

Utilisation of atrium space in buildings. Atrium spaces are very often used in newly-built public
buildings or for the refurbishment of existing buildings. Atria are large enclosed spaces attached to a building
with at least one transparent fagade which typically has significant height [3]. This space can fulfil various kinds
of function, bring daylight, enable more surfaces to be open to nature, circulation of people ec.

Thefour main reasons for including atriums in buildings were defined by Tofigh Tabesh and Begum
Sertyesilisik (2015) following:

— architectural function,

—  connection to outdoor environment,

— economic function, and

—  energy conservation.

The most advantage of atrium space is its energy potential as “buffer zone’ and “solar collector”
offering some positive benefits [4]. A lot of present studies are oriented on atrium space in term of its
utilisation for natural ventilation of buildings. The main advantage of utilization of natural ventilation in
building design is not only reducing energy consumption and cost but also providing acceptable,
comfortable, healthy and productive conditions. The difference in the pressures in the inside and outside
environments, resulting from factors such as wind and buoyancy driven forces, causes air movement
throughout the building [5].
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Fig. 1. The utilization of atrium space — passive heating and cooling, day lighting
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In case of buildings with mechanical ventilation system there is effort to reduce energy need for
heating of supply air by heat recovery system. Mechanical ventilation with heat recovery system provide
required air exchange in interior and use energy from exhaust air to preheat the fresh supply air.

The aim of case study is to analyze energy potential of air preheating in atrium space and its
utilisation in mechanical ventilation system. In order to energy analyse the heat demand for space heating
was calculated in relation to required air exchange by mechanical ventilation.

Case study. There was selected school building in order to energy analyse. In case of building
renovation there is thinking with improvement of thermal properties of external walls, roof, replacement of
external windows and increasing the air tightness of building. Therefore it is designed mechanical
ventilation system to achieve therequired air exchange by standard STN EN 15251.

With regard to complexity of energy flows in building it was used for problem solution the
energy simulation tool Design Builder. There was created geometric model of school building with
atrium space located in Kosice. Dimensions and thermal properties of all building construction were
defined. The boundary conditions of internal environment as occupancy, required illumination, and
minimum fresh air per person or minimal ventilation intensity in rooms were defined for individual
zones of analysed building. The heating system is operated in two modes with different requests in
order to assure operative temperature in internal spaces. In classrooms there was considered the
operative temperature in value 20 °C during teaching in time from 6:00 till 17:00, the operative
temperature in value 17 °C was considered in the rest time, during weekends and holidays. The
others rooms (corridors and toilets) are heated at operative temperature 15 °C. In such a way we
gained start state of analysed school building.

Fig. 2. The visualisation of proposed glass atriumin school building

In order to assure the required air exchange in individual classrooms the mechanical
ventilation system was proposed that is in operation during work days in time from 6:00 till 17:00
with total fresh air flow circa 12,000 m*h (fresh air rate 7.0 l/(s.person) [6]). In the rest time there
was considered with ventilation intensity 0.5 I/h. The heat demand for space heating was calculated
for three different states:

— 1¥ —mechanical ventilation system without heat recovery,

— 2" _ mechanical ventilation system with heat recovery (heat exchanger efficiency 65 %),
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— 3“_ mechanical ventilation system with hesat recovery (hest exchanger efficiency 65 %), completed
about using of supply fresh air preheating in space of glass arium (glass system U = 1.4 W/(n?.K), g = 0.72),
seeFig. 3.
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Fig. 3. Mechanical ventilation with heat recovery system and preheating of supply air in atrium

Results of energy analyse. Following utilisation of energy simulation tool there were gained results
about possible energy savings for variants under consideration. The gained results are shown on the
following graphs (Fig. 4 and Fig. 5). The results have shown the positive impact of heat recovery system
on final heat demand for space heating that was reduced on 69 % from starting value (without heat
recovery system).

The proposed glass atrium represents active exploited energy space in that it is possible to achieve
the increase of supply fresh air temperature at average about 4.0-7.0 K during day in dependence on solar
radiation and outside air temperature. During operation of mechanical ventilation system the fresh air with
required airflow (12,000 m¥h) is supplied into atrium. Out of ventilation system operation the atrium is
closed in order to avoid space cooling. The utilisation of preheated air in atrium space for mechanical
ventilation system with heat recovery can bring the reduction of heat demand for space heating on 49 %
from starting value (without heat recovery system).
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Fig. 4. The heat demand for space heating — monthly balance
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Fig. 5. The heat demand for space heating — heating period from October till April

Conclusion. The aim of case study was to analyze energy potential of air preheating in atrium space
and its utilisation in mechanical ventilation system. In order to energy analyse the heat demand for space
heating was calculated in relation to required air exchange by mechanical ventilation. From results is clear
energy gained from heat recovery system that is required in new and renovated energy efficiency buildings
nowadays. Energy efficiency of heat recovery system is depending on temperature gradient between
extract and outdoor air and on total airflow through system. Primary the atrium space is used as buffer zone
between external and internal environment what leads to energy savings. Energy analyse confirmed the
possibility to use the atrium space for preheating of supply air into mechanical ventilation system.
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