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Abstract: Purpose of the presented research is to define the parameters for insulation envelope for NZEB. The study subjects related to
designing of NZEB. This article focuses on the comparison of requirements in normative documents of different countries. Based on the
results of this comparison and the information of the heat losses of building, the main parameters of insulation design of biosoursed
materials are determined. In addition, the influence of these parameters on the building envelope were investigated. Methodology. We
used the estimation of the annual heat losses that is presented in national normative documents [18,19]. Findings. The results of calculating
of the necessary insulation based on organic materials for a passive building were obtained. As well, it was established that the conditions
of the materials application plays an important role in the using of the biosourced insulation materials. Originality. Analysis of factors
affecting heat losses in the building has been realized. Determination of the main parameters for the design of NZEB of local biosourced
materials have been received. Practical value. The article presents data that can be used for designing the insulation thickness, depending
on the used biosources material and the element of insolation envelope.
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AHoTamisi:. MeTa nmpeacTaBJIeHOro JOCTiTKeHHsI - BU3HAYUTH mapamerpy i3oisinii konBepra mis NZEB. Ilpeamer mocitimkeHHs
IOB'A3aHUI 3 NPOEKTYBaHHIM OM3bKMX 10 Hyis eHeprii OyniBens (BHEB). V naniii crarTi ocHOBHY yBary HaJlaHO MOpIBHSHHIO BUMOT
HOPMaTHBHHUX JOKYMEHTIB Pi3HUX KpaiH. Ha mizcraBi pe3ynbTaTiB bOr0 MOPiBHAHHSA Ta JIaHUX TEIUIOBUX BTPAT OyaiBIli, BUABIICHI OCHOBHI
napameTpH i30/ALiHHOI 0OONOHKH, IO MarTh BpaxoByBaTHcs npu KoHcrpyroBaHHi BHEB. Kpim Toro, BImMB nux mnapamerpiB Ha
OropoJUKyBallbHI KOHCTPYKLT Oyiu ociipkeHi. Merogosorisa. My BUKOPUCTOBYBaJIM OLIHKY PIYHMX BTPAaT TEIUIa, SIKi NPEe/ICTaBlIEH] B
HaLllOHAJILHUX HOPMaTHBHMX JIOKyMeHTax [18,19]. Pe3braTn. Bynu orpumani pe3yabraTti po3paxyHKy HEOOXiJHOI i30JsLil Ha OCHOBI
opraniunux Matepianis 111 BHEB. Kpim Toro, 6yio BcTaHOBIICHO, 1110 YMOBH BUKOPHCTAHHSI BiIIrPatOTh BaXJIMBY POJIb IIPU BUKOPUCTAHHI
GiopecypcHUX i3oisiLiiiHuX MarepianiB. OpuriHajabHicTh. BukoHaHo anani3 ¢akropis, 10 BIUIMBAIOTh HA BTPATH Teluia B OyxiBii 3
akuenroMm Ha BHED. BusHaueHHs1 OCHOBHUX IapamMeTpiB s npoektyBanHs o6ononku BHED 3 BukopucranssaM 6iopecypcHUX MaTepialiB.
IIpakTuyHa wiHHicTB. Y CTAaTTi NpeCTaBIIeH] 3BO/IHI JIaHi, 110 MOXKYTh OyTH BUKOPUCTAHHI JUIsl IPOEKTYBaHHS TOBILIMHY TEILIOI 30T
B 3aJIS)KHOCTI BiJl 0iopecypCHOro Marepiairy, [0 BUKOPUCTOBYETHCS Ta €JIEMEHTY OrOpPOJDKEHHSI.

Knrowuosi cnosa: enepeemuuna eghpexkmughicms, cmanuii po36umox, O1uU36Ko Hyib enepeii 0yo0ieni, NueHUuYHa ConoMa, KOCMpa KOHONeb,
ouepem, conoma iboHy
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AnHotaums:. Ilenp mpeacTaB/ICHHOTO HCCJIEIOBAHUS - ONPEIEIUTh IapaMeTpsl M30SLMOHHON obonouku mis NZEB. Ilpenmer
HCCIIEIOBAaHMS CBSI3aH C MPOSKTUpOBaHKMEM Onm3Kkux K Hymo sHepruu 3xanuii (BHEB). B nanHoii ctatbe OCHOBHOE BHHMaHUE YIEICHO
CpaBHEHHMIO TpeOOBaHMII HOPMATHBHBIX JOKYMEHTOB DAa3MYHBIX CTpaH. Ha OCHOBaHMM pe3ylbTaToOB 3TOr0 CPaBHEHHS M JIAHHBIX
TEIUIOBBIX TIOTEPh 3/IaHHUS, YCTAHOBJIEHBI OCHOBHBIE ITapaMeTphbl N30JISIIMOHHON 000JIOUKH, JIOJKHBI YIUTHIBATHCS IIPH KOHCTPYHPOBAHUT
BHEB. Kpome Toro, BiusiHiE 3THX NapaMeTpOB Ha OrpakIaolie KOHCTPYKIMH ObLIM KccieoBanbl. MeTononorus. Mbl HCTIONB30BAIN
OLIEHKY T'OJIOBBIX IIOTEph TEIUIA, KOTOpbIE MPEICTAaBICHbl B HAIMOHAJIbHBIX HOPMATHUBHBIX JoKyMeHTax [18,19]. PesyabraThl. bouin
MIONYdEeHBl PE3yJbTaThl pacueTa HEoOXOAMMOHW H3OJIAIMH Ha OCHOBe opranmdeckux matepuanoB mist BHEB. Kpome Ttoro, Gwuto
YCTaHOBJIEHO, YTO NPH HCIIOIb30BAHUM HWIPAIOT BAXKHYIO POJIb IPHU HCIOIB30BAHHU OWOPECYPCHBIX H3OJSIIMOHHBIX MaTEpHaJIOB.
OpuruHaabHOCTD. BhinonHeH ananu3 GakTopoB, BIMSIONINX HA IIOTEPH TeIuia B 31aHuu ¢ akienToM Ha BHEB. Onpenenenne ocHOBHBIX
napameTpoB 11t mpoektrpoBanust odonouku BHED ¢ ncnons3oBannem 6uopecypcHeix Matepuaiio. [Ipaktnyeckast neHHOCTh. B cTathe
TIPE/ICTaBIICHbI CBOJHBIE TaHHbIE, KOTOPBIE MOTYT OBITH UCHOJIB30BAHBI ISl TPOSKTHPOBAHUS TOIIIMHBI TEIUION3OJISAIMN B 3aBUCUMOCTH
0T OMOPECYPCHOr0 UCTIONB3YEMOr0 MaTepHalla, ¥ HJIEMEHTa OrPasKICHHUSI.

Knrouesvie cnosa: snepeemuueckas sgppexmusnocms, ycmotivusoe pasgumue, OIUKOe HYIb dHepauu 30anue, NUEHUUHAs CONOMA,
KOCMpa KOHONJU, KaAMbIUL, TbHAHAS CONOMA

1. Introduction One of the areas of architectural, structural, and
technological systems in low-rise construction is the use of

An important strategic task for Ukraine is to solve  traditional local practices based on the materials of organic
urgent problems in the housing sector due to the generallack  origin in accordance with modern requirements for energy
of housing, lack of architectural and structural construction efficiency, economy and ecological housing. Today there

systems of low-rise affordable housing, low-energy are wood-frame house-building experience in our country,
buildings and insufficient implementation of international but there is a luck of research aimed at scientific justification
experience of sustainable development in the construction.
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construction of low-rise residential
renewable materials of organic origin.

Obviously, buildings make a great influence
on greenhouse gas emissions, and can significantly affect
reduction and energy saving goals if energy-efficiency
design strategies are employed during the conception. In the
Table 1, heat losses of different parts of the building are
represented. As we can see, walls represent just about 30%
of the losses and to decrease the quantity of heat losses we
should to be interested not only by the insulation of walls
but also by the complex decisions for all the parts of the
building and the system of HVAC (Heating, ventilation and
air conditioning).

buildings using

Table 1. Heat losses in buildings”

Structural part Ratio of heat losses
Roof 25 %
Walls 35 %
Windows, doors, 25 %
ventilation
Floor 15 %

"Note: Represents heat loss from the building envelope of
an average home. This may very greatly depending on the
homes design and construction. Sources: DOE, DEFRA,
various.

During the last few years, many studies were interested
by the question of designing of the energy-efficient
buildings and of the creation of parameters, which are the
most influential. One of the concepts, which let achieve the
goal of energy efficiency, is the concept of net-zero energy
building (NZEB). The increasing number of ZEB
demonstration projects [1-7] and research interest in the
field [8—11] internationally highlights the growing attention
given to ZEBs. Even though there is a general understanding
towards the NZEB idea, a widely agreed definition that can
be consistent with the principles behind the practice of
designing and constructing NZEBs internationally is still
lacking. [12]. Recent research towards the definition of
NZEB extends its concept to include the consideration of
the building’s embodied energy and components, thus
integrating life cycle energy balance into “net energy”
concept [13]. In this way, it is possible to acquire the true
environmental influence that the building has exerted based
on the evaluation of both its operating energy use and the
energy, which is embodied in its structure, materials, and
technical installations [14]. In this concept, the main idea is
to make buildings meet all their energy requirements by
using low-cost, locally available, nonpolluting, renewable
sources [15]. For example in the work of Ajla Aksamijaa it
was emphasized that the main parameters for the net-zero
energy building to develop are:

Passive design strategies;

Building massing and envelope;
HVAC systems

Using of renewable energy systems
[16]
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In this work, we explored applicable passive design
approaches that can be integrated to achieve energy savings.
We have determined the most important parameters and
based on these parameters developed the primary numbers
database for the applying the conception of a net-zero
energy low-rise residential buildings using renewable
materials of organic origin in practice.

2. Methodology and choice of the parameters

The project of the building that was chosen, as the target
for this research is a wood frame four-story building (Fig.1).

Figure 1. Plan of the first floor of the studied building

We estimated thermal losses of the project and
practically got the results for different types of wall
insulation of organic origin. The building of three blocks has
rectangular shape with the dimensions of 66x16m and the
total height of 15,175 m. As all the porous materials, the
biosourced ones represent the property of the absorption of
the atmospheric humidity because of the saturation of the
pores. Due to this effect, there is the difference in the
thermal and mechanical performance. The properties of the
organic insulation materials was taken from the result of the
previous research realized in PSACEA [17], and are given
in the table 2.

Involvement of passive design strategies plays an
important role in achieving energy savings. Passive design
strategies improve energy consumption by designing the
building form that responds to the environment, thus making
it possible that to achieve high interior environmental
quality and low-energy demand at the same time. Building
envelope performance improves the exterior wall insulation
property to control the heat, air, and moisture transfer
between the wall assemblies and the exterior environment.
Organic thermal insulation, air barrier, and vapor retarder
help the building acquire improved insulating and air
sealing performance, and at the same time, ensure that the
moisture problem can be addressed adequately.
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Table 2. Values of the thermal conductivity of different
biosourced materials at volumetric humidity of 0, 5 and 10
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For determination of the thermal losses, we have used the
national norms [18, 19]. Using this project we have
determined the different areas that are used after for
estimation of the heat losses of the building (Table 3).

Table 3. Areas of the studied building

Type Area (m?)
1.Total area of the external walls 2508,1
1.1. Area of externals walls 1964
1.2. Area of the windows and 530,4

balcony doors
1.3. Entrance doors and gates 13,7

1.4. Covering 1056
1.5. Floor on the ground 1056
2. Area of heated premises 3819
3. Areaof 11V}ng quarters and 22382
kitchens
4. Heating volume 11457

The results of the calculations made with the values of
the areas and discussion of them is presented in the next
chapter. Overall methodology is presented in the Fig. 2

ISSN 2415-7031

Variative compatative analize of
different materials for eco NZEB

Reference data for NZEB
envelope design of
biosourced materials

Figure 2. Methodology of the presented research

3. Results and discussions

For the calculation, we took the climatic conditions of
Dnipro in Ukraine with estimated value of the temperature
in the building of 20°C and estimated value of the external
temperature — -27°C. Duration of the heating season is 172
days. [18] In the building the recuperative ventilation
system with the efficiency of 80% was applied which is the
case for systems this time. For the values of the thermal
resistance for windows and doors we took 1 and 0,83 kW/m?
as the parameters of the installations. We have been
interested with the estimation of the thickness of the
insulation for each type of studied organic material.

For achieving the gain of the net-zero energy building,
we should firstly improve the building envelope to get the
losses as small as possible. According to energy
performance of buildings directive [20] the passive house is
the building with the need of heating less than 15 kW/m?
As we understand that in real life in our country to get the
net-zero building is connected with grand financial
investments for installation and the further development of
the reglementations, so we decided during the estimation to
fix the value of the need of the heating about 5 kW/m?. This
result together with others values let us determine the values
for the necessary thermal resistance. We compare these
results with national norm and norms from different
countries (Table 4).
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Table 4. Comparison of the values of the thermal

ISSN 2415-7031

Table 6. Minimal thicknesses multiples of 5 cm of
the insulation of the floor with the value of
thermal resistance 8 m?. K/W

. Minimal thickness of the insulation (cm) for
Material . s .
each type of the organic material in function
source of . e o
of the volumetric humidity (%)
straw
0 5 10
Hemp 40 50 60
Wheat 45 60 75
Flax 40 50 70
Reed 55 70 85

Table 7. Minimal thicknesses multiples of 5 cm of
the insulation of the roof with the value of thermal
resistance 7 m>2.K/W

. Minimal thickness of the insulation (cm) for
Material . s .
each type of the organic material in function
source of . o
of the volumetric humidity (%)
straw
0 5 10
Hemp 30 40 50
Wheat 40 50 60
Flax 35 40 55
Reed 45 60 70
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** _ energy-plus-house.

After this we select the thickness of the insulation of
organic materials in the structures (walls, floors and roofs)
using the values of the thermal conductivity (W/m*C) for
studied materials for different value of the volumetric
humidity (%). The results of the estimation for the wall, the
floor and the roof are represented in the tables 5, 6, 7
consequently.

Table 5. Minimal thicknesses multiples of 5 cm of
the insulation of the wall with the value of
thermal resistance 10 m?>.K/W

) Minimal thickness of the insulation (cm) for
Material | o, cp type of the organic material in function
source of of the volumetric humidity (%)

straw
0 5 10
Hemp 45 60 75
Wheat 55 75 90
Flax 45 60 80
Reed 65 85 1

The results shows that there is the difference in the
thermic performance of the materials in function of the
conditions of the use (volumetric humidity). It provokes the
increase of the thickness of the necessary insulation. The
organic insulation of walls of more than 50 cm gives us
another problem of the constructive decision and of the use
like dew point and others. In the same time, the changes of
the conditions provoke the dimensional variations in
biosourced materials that could provoke the degradation of
the structure.

4. Conclusion

In this work, we have made the estimation of
the thicknesses of the insulation of different structures
(walls, flour, roof) for the project of four-story wood frame
building of the area of 1056 m? in Dnipro, Ukraine. The
analysis of the literature have been made that have
confirmed that we have made the project that has a good
value of the energy consumption (less than 5 kWh/m?) and
is in agreement with the most of the normative documents.
As the studied materials were used four biosourced ones
which have a good thermic performance. So these materials
could be used for the insulation of buildings. The results
emphasized the increase of the thickness of the insulation in
function of the volumetric humidity. In addition, it showed
the necessity of the control of the conditions of the use of
biosourced materials in the structures of the buildings. This
study provides the literature and the future works with the
values of the thickness of the wall, flour and roof insulation
of four organic materials (wheat, hemp, flax and reed) in
function of the volumetric humidity and shows the necessity
of applying of special protections against the variations of
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the atmospheric conditions like humidity. The results have practical value for the envelope design for net-zero
presented in this study could be used to understand the energy buildings.

feasibility of the projects of the buildings of local

biosourced materials and the presented summarized tables
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