496 Micmobyoysanna ma mepumopianvbHe niaHy8aHHs.

MDT M. Kusnir, 4ssist. prof., Ing., PhD.
Technical University of Kosice, Faculty of Civil Engineering, Kosice, Slovakia
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Abstract: Sustainable building technologies, designed to create an indoor
environment that uses fewer resources and generates less waste, can also be used to
retrofit existing buildings to be more efficient in terms of energy and water. This
paper deals with renewable energy sources based on current technology system
environments made of advanced materials with the use of modern terminal and
distribution elements for smart buildings within smart cities. The synergy between
these technologies in a specially made full-scale experimental laboratory aims to
achieve a zero-net-energy balance and provide experimental data on energy storage,
optimization and occupant behaviour. It proposes the application of computer and
telematics tools with automation organized systems and passive bioclimatic
strategies, to achieve a socio-technical management of smart buildings that are
energy efficient and environmentally sustainable.
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Introduction.

The word ‘passive’ is often associated with negative social conations and
although passive homes are far better than conventional homes, the concept is still
inferior to that of sustainable, active zero net energy homes. Contrary to widespread
opinion, insulation and energy efficiency are not the only factors required to achieve
a synergy between zero net energy buildings and renewable energy sources. Most of
the overall energy use in residential buildings is for low temperature heat (cooking,
bathing, washing etc.) which from a thermodynamic point of view is a degraded form
of energy with low potential to be converted back into work. This residual energy,
which is produced by appliances, people and the environment together with solar
gains can either increase cooling loads for buildings or be harnessed by thermal mass
and active storage devices to maintain thermal stability by delaying and attenuating
peak temperatures.

The consumer model.

The purposely built 55 m2 consumer model is representative of a family
residence and is built in what shall be a full-sized laboratory climate chamber. The
project named VUKONZE is under development by the Technical University of
Kosice. Half of the model features walls that are made from externally insulated
rammed earth while the diametrically opposite walls are made of externally insulated
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fired brick, both with thermal transmittances of 0,15 W/m?2.K fulfilling passive house
requirements. The materials for the walls were selected as a source of heat sink for
diurnal fluctuations of temperature. The typology of the building is near symmetrical
so that the performance of the two envelopes may be compared to see if the
hygrothermal and vapour diffusion properties of rammed earth are more capable of
maintaining a stable environment than fired brick. The building envelope features
triple glazing in the windows and doors 250 mm of mineral wool insulation in the
walls. The internal floor is raised by 965 mm above ground level and is ventilated.
The floor and lightweight flat roof are both insulated with 400 mm of thermal
insulation. Figures 1 and 2 depict views and details of the consumer model.

Figure 1: The consumer model showing the heat pumps for the climate chamber (not-shown)
External shading devices can be adjusted by smart control systems, HVAC is

solved using radiant wall, floor and ceiling systems, traditional hot water radiators,
fan coils and split AC systems and a recuperation system that also humidifies or
dehumidifies fresh air. The HVAC system must respond to a variety of conditions
inside and outside the building (including weather, time of day, different heating
zones in a building and occupancy), while simultaneously optimizing its operations
and related energy usage.

Smart building control and climate chamber.

Smart building technology generally refers to the integration of four systems: a
Building Automation System (BAS), a Telecommunications System (TS), an Office
Automation System (OAS), and a Computer Aided Facility Management System
(CAFMNS). In smart building design, the building envelope constitutes the boundary,
as opposed to the barrier, between the internal and external environments. The
building envelope is therefore adjusting gains and losses to and from the interior
either inherently, through static elements such as building mass or cohesively through
automatic response or control.
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Figure 2: Left: Floor/wall celing heating and cooling and fan coil; Right: hot water radiator
experiment

The climate chamber currently under construction, is designed to operate within a
temperature range of -15 to 50 °C; a relative humidity range of 10 to 95 %; a wind
speed of 0,1 to 15 m/s and atmospheric pressure range of 700 to 1085 hPa simulating
an altitude range of below sea-level to approximately 3000 m above sea level. With
modifications, the chamber can function as a multi-zoned entity to emulate cardinal
environments. As a result, the consumer model is transposable to a range of climates
to provide a comprehensive study of building performance using a single test subject.
The multivalent laboratory will constantly monitor the building envelope, building
environment, storage devices and service systems using temperature, pressure and
heat sensors. Currently, the next evolutionary step is being considered with the
concept of smart materials which can be separated into two groups: passive smart
materials which only perceive changes in the environment and active smart materials
which exhibit the properties of passive ones and additionally react to stimuli and have
also the actuator.
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Figure 3: Partially transparent climate chamber that can regulate temperature, humidity, and
pressure
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The R&D of intelligent buildings service systems is focused on achieving a
zero-net energy balance by implementing the strategy illustrated in Figure 4. The
consumer model is situated in a climate chamber. At a later stage an identical
reference building has been proposed for the external environment for verification of
the research experiment. Eleven forms of renewable energy sources will provide a
constant supply of energy to operate the module. The output and efficiency of each
source will be monitored year-round to see which combination is the most effective
and consistent for the Slovak climate. Energy derived from the renewable sources
will be used to produce various forms of work. The entire system is over dimensioned
so that there will always be excess energy which will be accumulated two short term
storage tanks and three larger long term storage tanks. The heat sources provide heat
for the administrative part of the building climate chamber hall and consumer model
and electricity sources will provide energy for the consumer model.
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Figure 4: Schematic diagram depicting the symbiosis between renewable energy sources

Results.

The total annual thermal capacity of the permanent storage tanks is 290 GJ or 87
MWh. The peak performances of the individual renewable sources of energy are
presented in the table below. Manipulation of these energy resources will be
accessible via a cloud computing network so that registered institutions may conduct
experiments for their desired climatic conditions remotely.
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Table 1: Peak output of the renewable energy sources

Source Heat Electricity
(kW] (kW]
Solar Collector 128m2 90 0
Hot Air Collector 3 0
Photovoltaic 0 5
Hydrogen 3 3
Wind turbine 0 1.5
Bio gas 90 0
Natural gas 25 0
cogeneration 37 30
Heat pump water/water 43 0
Heat pump air/water 15 0
Heat pump air/air 3.5 0
Total 312.5 39.5
Conclusion.

The practical implications of the applied research and development of
intelligent building service systems is the creation of a platform to research the
efficiency and interoperability of components and renewable energy technologies
which will be based on experimental analysis. It will involve:

(1). The management, distribution and consumption of all multivalent sources used in
the system, auxiliary pumps regulatory nodes etc.

(2). The optimum use of energy produced in relation to its potential temperature, and
researching principles of short and long term storage of energy

(3) Examining the principles of temperature stratification in the tank (soil
characteristics, depth, the influence of humidity and temperature gradient at different
timescales)

(4). In situ simulation and testing conditions of energy and process controls subjected
to dynamic environmental conditions

(5). The creation of a computer cloud where it is possible with remote supervision to
simulate and test the interoperability of physical connections with heat sink surfaces
such as rammed and fired brick walls.
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AHOTaWLIA:

Criiiki Oy/aiBeNbHI TEXHOJIOTIi, MpU3HAYEH1 JJIi CTBOPEHHS BHYTPIIITHBOTO
CepelIoBHINLA, SIKE BUKOPHUCTOBYE MEHIIIE PECYpCiB 1 CTBOPIOE MEHIIE BIAXOJIB, a
TaKOXX MO)Xe OyTH BHUKOpHCTaHa JJisi MOJEpHI3allil iICHylouuX OyaiBesb, 1100 OyTH
Outbil eHeproeeKTUBHUMHU 3 TOYKH 30py eHeprii 1 Boau. Ll crarts crocyeThes
MOHOBIIOBAHUX JDKEPEJI EHEeprii, 3aCHOBaHMX Ha Cy4YaCHUX Marepiajgax 3
BUKOPUCTAHHAM TEPMIHAJIB 1 PO3MOAUILHUX EJIIEMEHTIB JJisl 1HTEJIEKTyaIbHUX
OyaiBelb B MEXKax PO3YMHHX MICT, IO 3a0€3Meuyl0Th €KCIEPUMEHTAIbHI JaHl 110
30epiranHio eHeprii, ontuMizaiii. Cucrema MpoNoOHy€e 3aCTOCYBAaHHS KOMITHOTEPHUX
3aco0iB 3 aBTOMATH3AIlIEI0 OPraHi30BAaHUX CHUCTEM 1 IMACHUBHUX OlOKJIIMATHYHHUX
CTpaTeriii sl JTOCATHEHHS COIlaIbHO-TEXHIYHOTO YMPABIIHHSA 1HTEICKTYyaIbHUMHU
OyliBEJISIMHU, K1 € EHEProe(PEKTUBHUMHM 1 €KOJIOTTYHO CTIMKHUMH.

KirodoBi cioBa: ytabopaTopii, TOHOBJIIOBAH1 JKepesa eHeprii, TOCTiHKEHHS 1
PO3pOOKH

AHHOTALMSA:

VYcToiunBhIe CTPOUTENBHBIC TEXHOJIOTHH, MPEAHA3HAYCHHBIC ISl CO3MaHUS
BHYTPEHHEH Cpelibl, KOTOPOE HCIOJIb3YeT MEHBIIE PECypCOB U CO3JACT MEHBIIE
OTXOJIOB, @ TAaKXXE€ MOXET OBbITh HCIOJIb30BaHA JJII MOJECPHHU3ALUHU 3aHUM, YTOOBI
ObITh Oosiee PHEPTrodh(HEKTUBHBIMU C TOUYKH 3PEHHUS DHEPTUU M BOJABL. JTa CTaThA
KacaeTcsi BO30OOHOBIISIEMBIX HMCTOYHUKOB JHEPTHH, OCHOBAHHBIX HAa COBPEMEHHBIX
MaTepuagax ¢ MCIOJIb30BaHUEM TEPMHUHAIOB M PACIPEACTUTEIBHBIX dJICMEHTOB JJIs
WHTEIJICKTYallbHBIX 3JaHUNA B TpenelaX pasyMHBIX TOpPOJOB, 0O0ECTIeYMBAIOIINX
OKCIIEPUMCHTAJILHBIC JaHHBIC TI0 XPaHEHWIO JHEpruu, onTumusanuu. CHcrema
mpenjaraeT — IPUMEHEHHWE  KOMIBIOTEPHBIX  CPEACTB C  aBTOMAaTH3alMen
OPTaHU30BAaHHBIX CHCTEM MW TIACCUBHBIX OWOKIMMATHYCCKUX CTpAaTeTUH JUIs
JTOCTHKCHHSI COIMAIbHO-TEXHUYECKOTO YIPABICHUS WHTEIUICKTYyalbHBIX 37aHUH,
KOTOPBIE SBISIOTCS YHEPT03()PEKTUBHBIMU 1 IKOJIOTUIECKH YCTOMUNBBIMH.

KitoueBbie cnoBa: nabopatopuu, BO30OHOBJISIEMble HCTOYHUKU HHEPIHH,
UCCJIEIOBaHMSI U pa3pabOTKU



