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The dynamic modeling of the energy characteristics of building structures with the help of energy-saving
double-glazed windows was carried out in the work. The influence of different variants of windows replace-
ment on the heat energy state of a typical mass building for various glazing coefficients in dynamic grid
models created on the basis of the Energy Plus software product was analyzed. It is found that argon-filled
glass, selective-coated glass on the outer and inner glass can reduce the energy requirement for the building
by 8-10% compared to the double-glazed glass without selectively coating and filling the chambers with air.
The load on the heating system is significantly different for the orientations North and South. It is assumed
that the coefficient of glassy glass in the orientation of the South during the off-season (autumn / spring), less
heating (switched on / off later). For North and South orientations, energy-saving windows with selective
coating and / or filled up with inert gas cells have a different effect, which is explained by the coefficients of
solar heat transmission, which was obtained on the basis of the simulation model. In addition, current
standards in Ukraine do not provide all variants of the coefficients of optical transmittance characteristics of
solar heat gains. In this work, a dynamic hourly simulation of the building energy demand in heated space
for representative rooms N and S oriented for different glazing coefficients and window types has been car-
ried out. Range of PMV change, average radiating temperature and air temperature in the room for the
heating period were estimated. It was established that changing windows glazing can affect the PMV to
change almost two times, which indicates the need for an integrated approach to the assessment of thermal
comfort. Namely, the importance of taking into account the dynamic changes in the environment parameters
and possible thermo-modernization were detected.
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1. Introduction

Most buildings in Ukraine relate to high-rise
buildings of the 80's, the development of which focu-
ses on the cost of the construction, what means, mi-
nimization of capital expenditures and almost did not
take into account operating costs, so 80% of buildings
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do not meet the current requirements of energy effi-
ciency [1, 2]. The period from the 90s to the present,
is characterized by a steady increase in prices of ener-
gy sources, what is a delayed response to similar
trends in the world. Due to the gas crisis in Ukraine
since 2014, which has become urgent in the winter of
2017-2018, the issue of energy efficiency is one of the
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main directions of the country's development now.
2. Literature Review

Reducing the cost of energy for heating buildings
can be achieved in different ways. The one which is
the most common in Ukraine is using of modern heat-
insulating materials and technologies. The main refer-
ence point while implementing a complex of energy-
saving measures is to reduce energy consumption
while maintaining the normative internal temperature
of the air. Taking into account the world trends in op-
timization of energy demand and providing comfort-
table working conditions, the calculation of specific
energy need should be based on the operating tempe-
rature of the air, or if the PMV = 0 is reached. These
conditions of optimizing energy efficiency are the
next promising step to be used in Ukraine.

Thermal comfort is set by a number of standards
in Ukraine [3, 4]. The quality of thermal comfort is
determined from the numbers of PMV (predicted ave-
rage human heat perceptibility) and PPD (predicted
percentage of dissatisfied with the thermal environ-
ment). The detailed calculations of both are presented
in the relevant state and international standards [3].
According to PMV, the category of building to pro-
vide comfortable conditions is determined [4]. The
basis of these standards is a model of human thermal
comfort, built based on the energy balance between
the surface of the human body and surrounding ob-
jects, developed by Fanger [5]. Involving a model of a
human into complex system "heat source — building
envelope” [6, 7, 8] is a significant step towards redu-
cing energy consumption in buildings and ensuring an
adequate thermal comfort level. Estimation of thermal
comfort indicators provided in a dynamic change of
the environmental parameters will show the possibi-
lity of adjusting the heating system with the aim to
provide an adequate thermal comfort level and possib-
le reduction of energy consumption.

Adequate evaluation of buildings energy effi-
ciency level and detalization of the energy status indi-
cators, mostly, depend on the use of the building's
mathematical models, the complexity of which is de-
termined by the problems must be solved. Trends in
the development of mathematical models for deter-
mining the building energy state are aimed at reducing
the time intervals and determining the localization of
the system characteristics and other influential factors
[9-11]. Modern computer methods and tools of the
building energy modelling based on BEM models

(Building Energy Modeling) is a versatile, multipur-
pose tool that allows you to manage energy consump-
tion in real-time. BEM is used in a deep analysis of
the building energy efficiency and the development of
strategies (energy efficiency policies). The main as-
pect of BEM-modelling is the determination of energy
requirements, taking into account the internal envi-
ronmental indicators (thermal and visual comfort, in-
door air quality, etc.) [12-14]. The models take into
account hourly weather data of the terrain, geometry
and thermophysical properties of the building, internal
heat emissions caused by lighting, people, equipment,
specifications of the heating system, ventilation and
cooling, operating schedules, etc. The most powerful
software products implemented on the basis of BEM
modelling are BLAST, DOE-2, ESP-r, HVACSIM +,
TRNSYS, EnergyPlus, etc [15-21].

BEM modelling allows us to consider the buil-
ding as an energy system what is similar to the stan-
dards of Europe that are vastly being implemented in
our country. Therefore, the building as a complex
energy system is considered as a set of external cli-
mate, engineering systems, shell, human, as an indica-
tor of the comfort conditions, and energy processes in
the rooms of the building.

The methodology of the systematic approach in a
detailed analysis of the building dynamic energy cha-
racteristics allows us to consider not the building, but
to analyse individual zones and obtain a general pic-
ture of the energy characteristics for the object as a
whole [22-26].

The energy characteristics of the building is in-
fluenced by a number of parameters: thermophysical
properties of building envelope, geometric sizes, addi-
tional internal and solar heat transfer, air exchange,
operating modes, and others. Dynamic modelling of
buildings allows us both measure changes and the le-
vel of influential parameters (window replacement,
insulation of building envelope, change in solar heat
gains, glazing coefficient, change in external tempera-
ture, etc.), while analysing energy modernization,
switch between the temperature of the internal air and
generalized comfort parameters.

3. Object, subject and methods of research

The object of the research is a process of the as-
sessment of energy efficiency in the conditions of dy-
namic change of environmental characteristics with
taking into account parameters of human thermal
comfort.
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Subject of research — methods of energy efficien-
cy indicators estimation in public buildings using
mathematical models.

Methodological basis of this scientific research
were the following methods: analysis and synthesis
methods of mathematical and simulation modelling,
the fundamental provisions of the heat and mass trans-
fer theory, dynamic computer methods of building en-
ergy modelling (BEM) as a complex system.

The purpose of the work is to analyse the applica-
tion of dynamic BEM simulation in determining the
energy characteristics of the replacement of windows
for a different glazing coefficient according to com-
fortable conditions. According to the goal, the follo-
wing tasks should be solved:

1. Creation of room dynamic models in Ener-
gyPlus programme with the most common thermo-
physical and geometric characteristics for the condi-
tions of Ukraine,

2. Analysis of temporal changes in the energy
characteristics of the building in the variants of win-
dows replacement for typical thermophysical and geo-
metric characteristics of the building envelope;

3. Analysis of changes in the parameters and in-
dicators of thermal comfort during the heating period,
provided that the windows have been replaced.

4. Research results

Output data and model description. To study the
energy characteristics of the building, a room for
thermophysical properties of the "Khrushchevka™ type
of building envelope was considered. The room size is
5.5x6.1 m, the height of the room is 3.2 m. The room
has one outer wall (5.5 m) with a window. Window -
double-glazed with filling: 1) air; 2) argon. The design
of the window is considered with: 1) ordinary sheet
glass; 2) selective coating on the inner glass; 3) selec-
tive coating on the outer glass; 4) selective coating on
the inner and outer glass. The bearing part of the outer
wall is made on the basis of masonry in one brick. The
bearing part of the inner walls is made of half-brick
masonry. Overlapping over the heating rooms is rein-
forced concrete — 20 cm. Ventilation is natural with
multiplicity of air exchange 1 hour-1. The constant air
temperature was maintained by an ideal thermostat.

To evaluate the parameters of thermal comfort,
the subjective parameters of the microclimate are tak-
en as follows: thermal resistance of the human clothes
les=0,155 m*°C/W; human activity (metabolism)
M=70 W/m®.

284

The hourly calculation is based on the simulation
model of the room created in the EnergyPlus software,
which allows you to get the relationship between tem-
perature distribution in the room area, the level of
heating and operating modes, inertial features of the
building envelope. The geometry of representative
rooms was created in the GoogleSketchup graphical
editor that is synchronized through OpenStudio. The
sample rate of the calculation which was chosen — 1
hour. The research was run for the climatic conditions
of Kyiv, data have been taken from the international
climatic file IWEC [27]. For the calculation of solar
radiation influence on the room conditions, the de-
tailed method "Full interior and exterior with reflec-
tion" was used.

In the Window [28] calculation program, syn-
chronized with EnergyPlus [16], different types of
double-glazed windows with selective coating and
filling with inert gas were created and investigated. In
the work, the coefficient of glazing varies from 20 to
60%. The filling of window chambers with air and ar-
gon is considered.

To estimate the level of thermal comfort, the
method presented in 1ISO Standard 7730, based on the
human heat balance equations [5], is used:

(M-W)-H-E - |
-C,..—E,., }

PPD =100 — 5. g(0.03353 PMV*+0,2179.PMV?) , (1)

where M — degree of metabolism, W/m% W — effective
mechanical work, W/m?, H — sensitive heat losses,
(W/m?); E, — heat exchange by evaporation from the
skin, W/m?; C,. — heat transfer by convection during
breathing, W/m?; E,e — heat exchange by evaporation
during breathing, W/mZ.
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where f, — factor taking into account the surface area
of the clothes; t, — air temperature, °C; t, — average ra-
diant temperature, °C; t — temperature of the clothes
surface, °C; p, — Partial steam pressure in the air, Pa;
I — thermal resistance of clothing, m?°C/W; hy — co-
efficient of convective heat transfer, W/m?C.

Data on the importance of metabolism, depend-
ing on the type of human activity and the thermal re-
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sistance of clothing, are described in detail in [5].

5. Analysis of the energy characteristics of
the building

Figure 1, shows the annual energy demand of
rooms for different glazing coefficients and thermo-
physical characteristics of translucent elements for
4000
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South orientation. The paper deals with the most
common coefficients of glazing. The effect of the
glazing coefficient is different for rooms oriented to
South (S) and to North (N). The given results can be
used in optimization of energy consumption while re-
alization of energy-saving measures for considered
geometrical and thermophysical properties of building
envelope.
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Figure 1 — Annual energy consumption in the heated area, depending on the glazing area,%, fill in the inert gas
of the chambers and availability and type of selective coating for the South oriented premises:
air — box with air filling,; arg — with argon filling; 0s — selective coating on the inner surface of the outer glass;
is — selective coating on the outer surface of the inner glass; ois — selective coating on the inner and outer glass,
ws — without selective coating

For considered energy-efficient double glazed
windows for S, the maximum savings can be achieved
by using windows with argon filling, selective coating
on the inner glass and a glazing coefficient of 0.6, and
the minimum energy requirement — with air-filled
coatings, selective coating on the inner and outer glass
and the coefficient of glazing 0.2. In this case,
the energy demand will be changed by 27% (fig. 1).

For N the most effective option among the con-
sidered is the use of windows with argon filler, with a
selective coating on both sides and a coefficient of
glazing 0.6, the worst — with air-filled without a selec-
tive coating and a coefficient of glazing 0.2. The an-
nual difference between the best and worst options is
about 13%.

For existing buildings, the coefficient of glazing
in thermo-modernization is often not a variable pa-
rameter, therefore, as a result of the analysis, it was
found that argon filling improves the energy perfor-
mance of the glass pane in comparison with air filling
by 3-4%. Double-panelled argon-filled glass with a

selective coating on the outer and inner glass can re-
duce the energy consumption of the building, for the
orientation of S and N, on average, by 8-10%, on the
outer glass — by 5%, on the internal — by 8% com-
pared with Argon double-chamber double-glazed
windows without selective coatings for a 40% glazing
coefficient. With an increase in the coefficient of glaz-
ing from 40% to 60%, the energy demand of the buil-
ding's rooms will increase by an average of 5%.

It should be noted that double-glazed windows
were simulated in EnergyPlus and Window, the heat
transfer coefficients of the windows are different from
those given in the standard of Ukraine [29]. Figure 2,
shows the values of the coefficients of heat transfer K
and the relative transmittance of solar radiation { of
different types of double-glazed windows, calculated
in EnergyPlus and Window [16], in comparison with
the data given in the standard DBN B.2.6-31 [29].

The heat transfer coefficients from EnergyPlus
[16] are somewhat lower (5-15%) from the values
given in the standard [29], which makes a difference
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in the results of determining the energy demand of the
building. The difference is the smallest (2-5%) for
windows with a selective coating on the inner and
outer glass (fig. 2).

It should be noted that the transmission coeffi-
cients of solar radiation by translucent structural ele-
ments in the standard [29] are not given for all types
of windows.
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Figure 2 — Heat transfer coefficient and rela-
tive transmittance of solar heat supply for different
types of windows

For windows without a selective coating, the co-
efficients are the same, for windows with a selective
coating on the inner glass are different by 20%. The
standard does not show the transmission coefficients
for windows with selective coating on the outer glass.

An analysis of the monthly energy data for hea-
ting needs allows take into account the influence of
the off-season periods. Given that the solar heat trans-
fer into the zone of the room comes through translu-
cent structural elements, this element of the structures
can affect the energy characteristics of the building in
different ways. For example, for S orienteering of the
room during the off-season with a large glazing area
can work as a passive heating system. For rooms with
windows focused on the N effect of the selective coat-
ing is less noticeable for the cold period of the year.

For premises oriented on S, it is noticed that
when the coefficient of glazing equal 0,6, heating can
be switched off in April, in the winter months the so-
lar component is lower (for January, December). The
climate data of the IWEC weather file for February is
characterized by the lowest external air temperature
and the highest solar activity for the winter months,
which explains the progress for S orientation (fig. 3,b).
N orientation of the room is not so sensitive to the
wobble of solar radiation (fig. 3,a). The coefficient of
glazing has small effect on the energy demand for N,
therefore an external wall with low thermal resistance
(1 m?K/W — typical for mass building) and an energy
efficient window with a thermal resistance of 0,7
m? K/W (fig. 2) was adopted in the analysis.
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Figure 3 — Monthly energy consumption in the heated space for the premises is directed to N (a) and S
(b) for the different glazing area with metal-plastic two-chamber plastic windows with air filling
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Figure 5 — The load on the heating system of the room oriented N (1) and S (2)

Similar calculations are made for double-glazed
windows with different combinations of selective
coating applications, as well as filling with inert gas.
For S the orientation of the energy demand is lower
for the off-season compared to similar premises where
windows without spray are installed, which is ex-
plained by the passage of solar radiation.

An hourly analysis of changes in the load on the
heating system for various glazing coefficients and
types of translucent structures has been driven. In
fig.4, gives an hourly load on the heating system for
the S (1) and N (2) orientation for a building with a
coefficient of glazing of 0,4. For other glazing va-
riants, the load shifting trend is similar.
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Figure 6 — Change in mean radiant temperature (a) and PMV (b) for the heating period
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The range of daily oscillations for the controlled
load on the heating system is slightly larger for S ori-
entation than for N, which is associated with the solar
heat transfer to the room area. For the period of the
off-season during the hourly calculation there is a
turns of heating during periods of peak solar activity.
In fig. 5 the load on the heating system for 9 days of
the beginning of the heating season (October 15-24) is
given. With the increase of the glazing coefficient on
the S orientation in the off-season period, the heating
is switched off for even longer.

The above analysis that has been carried out un-
der the condition of heating regulation with a constant
temperature of the internal air in the room. The need
for heating can be determined with taking into account
the comfort conditions, also based on the mean radiant
(or operating) temperature, which will reduce the load
on the heating system in hours of solar activity.

Analysis of parameters and indicators of thermal
comfort changing during the heating period

Since studies assume that the subjective parame-
ters of thermal comfort, namely human activity and
the type of clothing, are constant, the change in PMV
(the basic parameter of thermal comfort) is due to the
change in the mean radiant temperature of air t, at a
constant room air temperature. The change in t, is due
to changes in the temperature of the fences, the tem-
perature of the outside air and the flow of solar radia-
tion. The value of t, in EnergyPlus [16] is calculated
as the average weighted of the fences areas in the
room, given that the person is in the centre of the
room. In fig. 6, shows the change of t, (a) and PMV
during the heating period for the 0.4 glazing for the
external orientation wall. The total range of t, changes
in the range of 18-25 °C, and PMV as the main index
of thermal comfort from -0,5 to 0,7, were established.
The increase in the mean room radiant temperature is
due to the inflow of solar radiation, and fluctuations -
the change in the temperature of the outside air.

For more detailed analysis of the effect of the
glazing coefficient on t, and PMV in fig. 7, the change
of the given values for a system with a coefficient of
glazing what was equal to 0,4, 0,5 and 0,6 during 202
observations from the beginning of the heating period
is given. It has been established that for this observa-
tions, the difference between mean radiant tempera-
tures in the room can reach 3 °C, while the PMV va-
ries from 0,5 to 1,1. That indicates the significant in-
fluence of the glazing coefficient on the indicators of
thermal comfort. In fig.7, for various glazing coeffi-
cients, the indoor air temperature change is displayed.
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At the beginning of the heating period, the room tem-
perature can reach 24 °C (for a glazing coefficient of
0,4) and 27 °C (for a glazing coefficient of 0,6) due to
solar radiation and a lack of air conditioning. With
further reduction of the environmental temperature af-
ter 92 hours, the room temperature for all variants of
glazing with the help of a thermostat is maintained at
20 °C, but there is a daily increase of temperature un-
der the influence of heat from solar radiation.
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Figure 7 — The highest and lowest values of t, (a)
and PMV (b) during 9 days of the heating period:
1 — the coefficient of glazing 0,4; 2 -0,5; 3-0,6

According to the standard [4], four recommended
categories of buildings are distinguished, depending
on the PMV value for the design of buildings with
mechanical heating and cooling. The first category is
for sensitive and sick people where -0,2<PMV<+0,2;
the second one corresponds to the normal level of ex-
pectations, should be used for new buildings and ren-
ovations and -0,5<PMV<+0,5. So, analyzing the fig.7
for different variants of the glazing coefficient, the in-
door air temperature can be reduced to provide
PMV= -0.5, which in turn will reduce energy con-
sumption and provide a proper level of expectations
regarding thermal comfort.

Providing an adequate level of thermal comfort is
an important and relevant task, changing of the com-
fort conditions under the condition of dynamic chang-
es in the parameters of the environment, and therefore
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the objective parameters of thermal comfort shows a
wide range and opportunities for reducing energy con-
sumption by reducing the air temperature in the room
during high values mean radiant temperature.

6. Conclusions

In this paper, a dynamic modelling of the buil-
ding energy characteristics with energy-saving dou-
ble-glazed windows was carried out. It is established
that a double-glazed, argon-filled glass with a selec-
tive coating on the outer and inner glass can reduce
the energy demand for the building by 8-10% com-
pared to a double-glazed unit without a selective coat-
ing and the filling of the chambers with air. The load
on the heating system is significantly different for N
and S orientations. It is provided that the glows of
glassing coefficient in S orientation during the off-
season (autumn / spring), the heating is less (switched
on / off later).

It should be noted that, in the standard DBN
V.2.6-31 [27], the heat transfer coefficients are 5-15%
higher than the values gained in EnergyPlus and the
Window subprogram. The smallest difference (2-5%)
for windows with a selective coating on the inner and
outer glass. In addition, the transmission coefficients
of solar radiation by translucent elements in standard
[27] are not given for all types of windows.

The analysis of change in average radiating tem-
perature and PMV (thermal comfort index) for the dy-
namic change of environmental parameters and vari-
ous variants of the building glazing have been carried
out. The range of t, variations during the year for dif-
ferent fencing options is found to be within the range
of 18-25 °C, and PMV, as the main indicator of ther-
mal comfort, is -0,5-0,7. This analysis shows a wide
range of changes in objective parameters and indica-
tors of thermal comfort, and the possibility of reduc-
ing energy consumption by reducing the air tempera-
ture in the room during the period of high values of
the mean radiant temperature.

In addition, the influence of fencing on the
change of PMV was analysed, it was established that
by changing the parameters of the fences it is possible
to change the PMV practically twice, which indicates
the necessity of an integrated approach to the estima-
tion of thermal comfort. Namely, the importance of
taking into account the dynamic changes in environ-
mental parameters and possible thermo-moderniza-
tion.

In the future, it is planned to use dynamic energy

state models to analyse the impact on energy demand
and the conditions for the comfort of insulation and
heating of buildings.
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BIKOH HA menioeHepeemuyHuil cman 0yoieni Macosoi 3a0y006u 0/ PI3HUX KOepIyicHmis 3aCKIeHHs 8 OUHA-
MIYHUX CIMKOBUX MOOeNAX, CMeopeHux Ha 0a3i npoepamuozo npodykmy EnergyPlus. Bcmanoeneno, wjo
CKIIONAKem, HANOBHEHUL AP2OHOM, CKIO 3 CEeNeKMUBHUM NOKPUMMAM HA 308HIUHbOMY Ma 6HYMPIUHbOMY
CKJli MOdce 3HU3UmMU nompey Ha eHepeiro 0as 6ydieni na 8-10% nopisHano i3 ckionakemom Oe3 ceyekmus-
HO20 NOKpumms ma HANOGHEHHA Kamep 3 nosimpam. Haeanwmaoicenmns na cucmemy OndaneHHs CYmMmeso
8iodpisHsembcs 01 opienmayii In i 110. Ilepedbauacmovces, wo Koepiyienm ckionodiono2o cxkia 8 opicHma-
yii' 110 npomsicom midcce30nus (0CiHb / 8eCHa), HASPIBAHHS MEHULe (8KAI0UAEMbCA / BUMUKAEMbCSL RIZHIWE).
Jlna Iln ma 110 opicumayiti enepeo3bepicaioyi GikHA 3 CENEKMUBHUM HANULEHHAM Ma/ab0 3an06HEeHHIM Ka-
Mep IHepmMHUM 2a30M MArOmMy PI3HULL eexm, Wo NOACHIOEMbCA KOepiyieHmamu nponyCcKauHs COHSYHUX me-
NJIOHAOX00JICEHb, WO 0YI0 OMPUMAHO HA OCHOGI imimayiunoi moldeni. Kpim moeo, ditoui cmanoapmu 6
Ykpaini ne oaromo 6cix eapianmie KoepiyicHmie oOnMuUYHUX XAPAKMEPUCTIUK NPONYCKAHHS COHSUHUX Men-
JIOHAO0X00dceHb. Y pobomi npoedeHo OuHAMIuHe N0200UHHE MOOeN08AHHS eHepeonompebu 0yo0ieni 6 ona-
JeHi 01 penpezenmamuux npumiwiens IIn ma 110 opienmayii 015 piznux xoeiyicnmis 3acKieHts ma mu-
nis gixon. Ilposedeno ananiz 3miHu cepeonboi memnepamypu sunpominiosanns ma [ITK (noxkazuwuxa menio-
68020 KOM@opmy) 0118 OUHAMIYHOI 3MIHU NAPAMEmpi8 HABKOIUUHbO20 Cepedosua ma pI3HUX 8apianmie
cKninHA 6younky. Oyineno dianasown sminu IITK, cepednvoi padiayilinoi memnepamypu ma memnepamypu
nosimps y npUMiLeHHi 018 Onano8aIbHo2o nepiody. Hasedeni pexomenoayii wyo0o pe2ynto8aHHs 3MiHu me-
Muepamypu nogimps y npuminjenti 011 3abesnevents 6i0N08IOHOI kame2opii 0YOieni w000 3abe3neueHHs
KOM@DOpMHUX YMO8.
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NMitepatypa

1. JlaBincbka 3., Cannnbka O. CorfialbHO-€KO0JIO-
TiYHI acreKTH eHepro30epeXeHHs B KHTIOBO-KOMY-
naneHOMy cextopi // «Geodesy, Architecture & Con-
struction 2009» (GAC-2009). — Lviv, Ukraine. — 14-
16 May, 2009. — P.75-77.

2. lonincbkmii A.A., bacok B.1. Ta in. KomyHnansHa
TEIUIOCHEPreTHKa YKpaiHU: CTaH, NPOOJieMH, IIISIXU
moaepHizarii. — K:ITTT®, 2007. — 828 c.

3. ACTY b EN ISO 7730: 2011. Epronomika teruio-
BOT'0 CepelloBHIIA. AHAIITUYHE BU3HAYCHHS Ta 1HTEp-
mpeTallisi TeII0Boro KoM(opTy Ha OCHOBI PO3paxyH-
KiB mokazHukiB PMV i PPD i kpurepiiB J0KanbHOTO
terioBoro komdopty. [Yunauii Big 2013-01-01]. —
Kuis: Minperion Ykpainu, 2012. — 74 c.

4. ICTY b EN 15251: 2011. Po3paxyHKOBI mapameT-
pH MIKpOKIIIMATy MPHUMILICHb Ui MPOCKTYBaHHS Ta
OILIIHKM EHEepPreTHYHUX XapaKTePUCTUK OyiiBelb MO
BIJIHOLIICHHIO JI0 SIKOCTI MOBITPSI, TEILJIOBOI0 KoMdop-
Ty, OCBITJICHHSI Ta aKyCTUKW OyjiBenb. [UMHHWE Bij
2013-07-01]. — Kuis: Minperion Ykpainau, 2012. — 71 c.
5. Fanger P. Assessment of man's thermal comfort in
practice // British Journal of Industrial Medicine. —
1973.-Vol. 30. — P. 313-324.

6. Buyak N.A., Deshko V.l.,.Sukhodub 1.0. Buil-
dings energy use and human thermal comfort ac-

cording to energy and exergy approach // Energy and
buildings. —2017. — Vol. 146. — P. 172-181.

7. Deshko V.1., Buyak N. A., Sukhodub I. O. Influ-
ence of Subjective and Objective Thermal Comfort
Parameters on Building Primary Fuel Energy Con-
sumption // International Journal of Engineering &
Technology. — 2019. — Vol. 7, 4.3. — P. 383-386.

8. lemiko B. 1., Bysik H. A., Binoyc 1. FO. Bu6ip
TCIUIOBOI'O 3aXHCTY Ta JDKCpEJia TCIlJia 13 BpaxyBaH-
HM KoMmpopTHUX yMOB y Oyaisini // Bicuuk KuiBch-
KOT'O HalllOHAJFHOTO YHIBEPCUTETY TEXHOJIOTIN Ta -
3aifHy. Cepist "Texniuni Hayku". — 2015. — Ne 5 (90). —
C. 71-80.

9. German Association of Engineers, Calculation of
transient thermal response ofrooms and buildings —
modelling of rooms. 91.140.10 (VDI 6007-1),
BeuthVerlagGmbH, Diisseldorf, 2012.

10. Ding Y., Zhang Q., Yuan T., Yang K. Model
input selection for building heating load prediction: A
case study for an office building in Tianjin // Energy
and Buildings. — 2018. — Vol. 59. — P. 254-270.

11. ACTY b EN ISO 13790:2011. Eneproedextus-
HicTb OyziBenb. Po3paxyHOK eHeprocrnoXuBaHHS MPH
onayieHHi Ta oxonomkenHi (EN ISO 13790:2008,
IDT). [Ha 3aminy ['OCT 26629.85; uunHMI 3
01.01.2013]. — K. : HAIBK, 2011. - 229 c.

12. Reeves T., Olbina S., Raja R. Issa A. Guidelines

291


http://www.sciencedirect.com/science/article/pii/S0378778816314670
http://www.sciencedirect.com/science/article/pii/S0378778816314670
http://www.sciencedirect.com/science/article/pii/S0378778816314670

Posgin 3. EHepreTuka Ta eHeprosbepekeHHst

for Using Building Information Modeling for Energy
Analysisof Buildings // Buildings. — 2015. — Vol. 5. —
P. 1361-1388.

13. Jalaei F., Jrade A. Integrating Building Informa-
tion Modeling (Bim) And Energy Analysis Tools
With Green Building Certification System To Con-
ceptually Design Sustainable Buildings // Journal of
Information Technologyin Construction. — 2014, —
Vol. 19. — P. 494-519.

14. Harish V .S. K. V., Kumar A. A review on mo-
deling and simulation of building energy systems //
Renewable and Sustainable Energy Reviews. — 2016.
—Vol. 56. - P.1272-1292.

15. Jlemko B. L., Binoyc 1. FO. MaremaTtnuani moaeni
OymiBesb IS OLIHKK eHEpProcnoxueants // Byaiseins-
Hi KOHCTPYKLii: Mi>KBiJOMYMI HAYKOBO-TEXHIUHUI
30ipHUK HaykoBUX mpailk. — 2014, — Ne 80. — C. 6872,
16. Odiuiitauii caiir Energy Plus Energy Simulation
Software. https://energyplus.net/

17. Odinitinuii caiir TRNSYS Energy Simulation
Software http://www.trnsys.com

18. Crawley D.B., Winkelmann F.C., Lawrie L.K,,
Pedersen C.O. EnergyPlus: new capabilities in a
whole-building energy simulation program // Seventh
International IBPSA Conference, Rio de Janeiro,
Brazil. — August 13-15, 2001. — P. 51-58

19. Martin M., Afshari A., Armstrong P. R., Nor-
ford L. K. Estimation of urban temperature and
humidi tyusing a lumped parameter model coupled
with an Energy Plusmodel // Energy and Buildings. —
2015. - Vol. 96. — P. 221-235.

20. Shabunko V., Lim C. M., Mathew S. Energy
Plus models for the benchmarking of residential
buildings in Brunei Darussalam // Energy and Buil-
dings. — 2016. — P. 1-10.

21. Yu S., Cui Y., Xu X,, Feng G. Impact of Civil

292

Envelope on Energy Consumption Based on Energy
Plus // Procedia Engineering. — 2015. — Vol. 121. —
P. 1528-1534.

22. TaoynuukoB 0. A., Bponrau M. M. Marema-
TUYHE MOJICIIOBAHHS Ta ONTUMI3allis TEIIOBOI eek-
TUBHOCTI OyniBenb: Monorpadis. — M.. ABOK-
ITPECC, 2002. — 194 c.

23. Honupin JI. C. MaremaTruHe MOJCIIOBAHHS Ta
ONITHMI3aIlis TEIUIOEHEPTeTUYHNX YCTaHOBOK. — M.:
Enepris, 1978.

24. Tadynmukos 1O. A., Bponau M. M., llnakin
H.B. EneproedextusHi Oynisii: moHorpadis. — M .:
ABOK-ITIPECC, 2003. — 200 c.

25. Sayadi S., Tsatsaronis G., Morosuk T. A New
Approach for Applying Dynamic Exergy Analysis and
Exergoeconomics to a Building Envelope: Procee-
dings of Ecos 2016 // The 29th International Confe-
rence on Efficiency, Cost, Optimization, Simulation
And Environmental Impact of Energy Systems. —
Portoroz, Slovenia. — June 19-23, 2016.

26. borocioBebkuii B. H. Tennosuit pesxxum OyaiBi.
—M .: bynogiznar, 1978. — 248 c.

27. International Weather for Energy Calculations:
https://energyplus.net/weather-location/europe_wmo _
region_6/UKR.

28. Winkelmann F. C. Modeling windows in Energy
Plus // Seventh International IBPSA Conference. Rio
de Janeiro, Brazil, August 13-15, 2001. — Building
Simulation. 2001. — P. 457 — 464.

29. JIBH B.2.6 31:2006. KoHctpykiii OyauWHKIB Ta
cnopyn. TeruioBa i3oussmis OyxiBens. [Ha 3aminy
CHuII 1I_3 79 ; yunnmit Bix 2007.04.01 3i 3miHOMIO
Nel Bin 1 mumast 2013 poky]. — K.: MinOyn Ykpainu,
2006. — 70 c.

Otpumana B pepakuii 02.10.2019, mpuiiasita go apyky 03.12.2019


https://energyplus.net/weather-location/europe_wmo_%20region_6/UKR
https://energyplus.net/weather-location/europe_wmo_%20region_6/UKR

