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Complex comparative analysis of building energy performance rates in EU countries and Ukraine has been carried out.
The relation between building insulation rates and European countries climate condition has been investigated. It is illustrated
that there is a significant gap between building energy efficiency characteristics in Ukraine and in most of the EU countries.
Economically justified rates of building envelope heat exchange resistance which can lead Ukraine to common European
level based on optimized calculations are suggested. The necessity for further increase in building envelope heat exchange re-
sistance rates in order to raise building energy efficiency and put Ukrainian building regulations in harmony with EU coun-
tries corresponding norms is proved.
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Po3rsiHyTO CTaH Ta METOAM OIiHIOBaHHS EHEpreTH4HOi e(peKTUBHOCTI OyniBens y kpaiHax €Bpocorody Ta YKpaiHi.
3’51COBaHO, [0 BOHU CYTTEBO BiPi3HSAIOTHCS, e 3yMOBIICHO KJIIMATHYHUMH, €KOHOMIYHUMH i iCTOPHIHAMH O0COOIHBOCTSIMU
perioniB. BusiBneno, mo y geskux kpainax €C peryisipHO IeperisaloThes 1 MiABUIIYIOTECS BUMOTH IO HEPreTHIHHX Xa-
paKTepucTHK OymiBeNb. 3°ICOBAHO, IO OJHHUM i3 TOJIOBHHUX ITOKAa3HHKIB eHEProe()eKTUBHOCTI OyiBeNb € TeIUIOTEXHIYHI Xa-
PaKTepHCTHKN OTOPOPKYBAIBHUX KOHCTPYKLIH 1 mepenayciM ix omip Temomepenadi. Y BCiX KpaiHaX yCTaHOBJICHO BJIAcHI
BHMOTH JI0 TEIUIO3aXHCHUX XapaKTEPUCTHK OrOpPOKYBAJIbHUX KOHCTPYKIiH, SKi MEPiOJMYHO 3MIHIOIOTHCS, SIK MPABUIIO, Y
6ik 30inpiuenHHs. Taky IMHAMIKY 3pOCTaHHS HOPMaTHBHHX MMOKa3HHKIB TEIJIO3aXHUCTY OrOpO/pKeHb Oy/iBenb B YkpaiHi npo-
CTEXXEHO 3a OCTaHHI MIBCTOMNITTA. 3acBiA4eH0, IO 3a el mepio] BOHHU 3pociu y 3,5 — 4 pa3u. BUKOHAaHO KOMIUTEKCHUH TOpi-
BHSUIBHUI aHaJi3 MOKa3HHUKIB eHeproedeKTHBHOCTI OyaiBesb y kpaiHax €Bpocoro3y Ta B YKpaiHi 3a AeKiIbKOMa MMOKa3HHKa-
MU TEIJIO3aXUCTY: ONOPOM TEIIONepeaadi OropoKyBalbHUX KOHCTPYKLiH, BIIHOCHUMH BTpAaTaMH TEIUIa 4epe3 Oropo-
JDKSHHS i TeMIIepaTypHHM PeXHMOM JKUTIOBHX IpHUMIIIeHs. [IpoananizoBaHo 3B’s30K IMOKAa3HUKIB TEIUIOBOI i30Jrsmii Oymi-
BeJb 3 KIIMaTHYHUMH XapaKTepPUCTUKaMH Ul kpain €Bpomm. [lokaszaHo, mo 3a XapaKTepUCTUKAMHU €HEProe(eKTUBHOCTI
OyniBens YkpaiHa cyTTeBO BizncTae Bix Oinbimocti kpain €C. Ha ocHOBI onTHMIi3amiifHUX pO3paxyHKIB 3 ypaxyBaHHSM CY-
4acHOI BapTOCTi TEIUIOBOI €HEprii Ta TEIUIOI30/LIHHMX MaTepialliB 3allpOIIOHOBAHO €KOHOMIYHO OOIPYHTOBaHI 3HAUCHHS
OIIOpY TeIUIoNepesadi OropoIXKyBaIbHUX KOHCTPYKIH, SAKi 32 UM ITOKa3HUKOM BUBEAYTh YKpaiHy Ha 3arajJbHOEBPONCHCH-
Kuii piBeHb. [TinTBeppKeHO HEOOXIHICTD MOANBIIOTO 301IbLUICHHS OMOPY TEILIONepeaadi OrOPOKEHb 3 METOIO ITiIBUIICH-
Hsl eHeproedeKTUBHOCTI OyiBeNb Ta rapMOHi3allii yKpaiHChKUX OYAiBENbHUX HOPM 3 HOPMAaTHBHUMHU BuMoramu kpain €C.

KunrouoBi ciioBa: eHeproeeKTHBHICT OyAiBeIb, CTPYKTYpa €HEPrOCHOXKUBAHHS OYAiBEIb, OIIp TEIIoONepeadi, OropoKy-
BaJIbHI KOHCTPYKIIii.
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Introduction

The issues of energy efficiency and creating of cor-
responding micro climate within the building is the
component of government energy saving policy. In
2017 Ukraine adopted the Law of Energy Performance
of Buildings [1], which determined legal, social and
economic as well as organizational operational princi-
ples in provision of construction energy efficiency and
was aimed at reduction of energy consumption in
buildings, mainly: ensuring building energy perform-
ance according to existing technical standards, na-
tional standards, norms and regulations; stimulation of
energy consumption reduction in buildings; assurance
of the reduction of greenhouse gases emission; provi-
sion of building thermal modernization and stimula-
tion of renewable energy sources usage, development
and implementation of the national plan concerning
the expanding the number of buildings with energy
consumption level close to zero (“passive houses”).
Despite of the fact that for the latest decades building
thermal protection level has grown significantly, heat-
ing energy costs still remain unreasonably high, espe-
cially in building without thermal modernization.

That is why it is reasonable to study and introduce
European practices to ensure energy performance of
buildings.

Review of research sources and publications

The issue of energy efficiency and energy saving has
been studied in many papers of scientists from
Ukraine and other countries: H.H. Farenyuk [2 — 5],
Yu. A. Tabunshchykov [6], V.L.Kurbatov [7],
Yu. A. Matrosov [8] and others. The researchers con-
sider the methodological grounds for establishing
norms and standards alongside with provision of rea-
sonable values for energy performance of buildings
and enclosing structures thermal reliability, the in-
creasing of basic heating-performance rates of heat-
insulating envelope major elements etc. But these
studies, as well as some other, do not deal with the is-
sue of optimal (economically feasible) level of thermal
protection - enclosing structures heat transfer resis-
tance - based on the criteria of cost given and often
neglect common European experience.

Problem statement

Recommendations for economically feasible values
of walls and surfaces heat exchange resistance for
non-industrial buildings in Ukraine are given based on
calculations and comparative analyses of buildings
energy performance rates in EU countries and
Ukraine, especially the building envelope thermal pro-
tection levels.

Basic material and results

The methodology for evaluating and regulating en-
ergy performance of buildings differs in EU countries
and in Ukraine. This is determined by their climatic,
economic and historical peculiarities. It also has a
negative impact on the development of civil engineer-
ing in general and creates certain difficulties at com-

mon European market due to incompatibility of dif-
ferent building energy efficiency rates.

Some differences in calculating methods, in re-
quirements to building thermal characteristics and
methodology of their control can be observed, as well
as the proposed measures of building regulations har-
monization in the energy efficiency sphere. The group
of EU experts conducted a research into the issues
mentioned above in 13 countries: Belgium, Great
Britain, Denmark, Italy, the Netherlands, Germany,
Norway, Romania, Slovenia, Hungary, Finland,
France and Sweden.

In all these countries active measures are taken on
both levels of energy efficiency provision standards
and technology and engineering. In some countries
regulations are being revised every 2—-3-years and the
demands towards building energy efficiency are in-
creased according to long-term programmes.

The analysis shows that countries in Central Europe
follow EU and European Institutions regulations in a
stricter way in comparison with the countries on the
outskirts. The countries with cooler climate tradition-
ally pay much more attention to general energy effi-
ciency issues on the contrast to ones with more fa-
vourable weather conditions, where the emphasis are
on the matters of reducing energy waste for cooling
the interior in summer. Among the leaders in consis-
tent energy efficiency policy implementation one can
name Germany, France, Great Britain as well as Den-
mark and some new EU members like Slovenia [9].

In all countries energy costs for heating, hot water
supply and ventilated air heating (including infiltra-
tion) are regulated. In many countries air cooling and
conditioning expenses are also included. Besides, the
electric energy consumption used by heating, ventila-
tion and conditioning systems is, as a rule, controlled.
The structure of building energy consumption accord-
ing to construction standards in Finland can be taken
as an example (Fig. 1).

Most of the countries use natural energy losses as a
criterion to express energy performance of buildings
which is as a rule given as K Wh/m? per year
(in Italy K Wh/m® per year). Only Great Britain and
Romania use the amount of CO, emission as a crite-
rion for energy performance of buildings. Natural en-
ergy use level coefficient differs significantly for vari-
ous countries, thus in most cases it is equal to 1 for all
the fuels and 2.5 for electric power [9].

One of the major indicators for energy performance
of a building is its enclosing structures (building enve-
lopes) thermal and technical characteristics, mainly
heat exchange resistance. In all countries have their in-
house requirements to enclosing structures characteris-
tics which are being changed regularly with a ten-
dency towards increasing (Fig. 1 according to data
from [9]). Such dynamics of raising standards for
building envelope heat exchange resistance values for
non-industrial buildings in Ukraine for the last 50
years was investigated in [10]. The study shows that
within this period these values increased for
3.5-4 times. In some countries (Italy, Spain, France)
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the values of enclosing structures characteristics can
vary according to the region depending on climatic
conditions, determined by location, including prox-
imity to the sea and the altitude. Using the same prin-
cipal and with accordance to existing regulations [11],
the territory of Ukraine is divided into two tempera-
ture zones with minimal required values for residential
and civil building heat exchange resistance
R = 3.3 m*k/W in the first zone and R = 2.8 m*-k/W
for the second one. The first zone includes central,
western and northern regions of Ukraine, the second
one - its southern parts.
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Figure 1 — The structure of building energy
consumption in Finland:
a — one apartment building with total power consump-
tion (heat and electric power) 78 K Wh/(m?-year);
b — office building — 123 K Wh/(m?year)

Sometimes heat exchange resistance values in Euro-
pean countries can differ for residential and civil
building as well as for building of different shapes. In
Italy, Denmark, Slovenia and Germany (for residential
buildings) heat exchange through enclosing structures
is limited by usage of mid value of thermal character-
istics and in Hungary - by demand for heating power.
Finland and Norway use less severe requirement to
thermal protection in wooden structures aiming at pre-
serving traditional wooden house construction. In
Sweden significantly higher building envelope heat
exchange resistance values are set for buildings with
electric heating.

Thermal protection values for translucent enclosing
structures (windows) are also calculated and standard-
ised in all the countries, including Ukraine [9, 11].
However, in Finland, besides this characteristic, limi-

tations are set for areas covered by translucent enclos-
ing structures.

In many European countries there are measures to
reduce heat input with solar radiation, but only several
as well set the limits for the numerical values of
heat inputs with solar radiation through translucent
enclosing structures (so-called g-window factor).
In Ukrainian State Construction Regulations [11], in-
stead, there are requirements for some regions to make
calculation for heat resistance in summer time for
structures with relatively low thermal inertia, which
are based on setting limitation for temperature fluctua-
tion amplitude at external enclosing structure surface.

Table 1 — Thermal resistance enclosing
structures necessary values in Europe

" ,§ 2 E\ g Walls Roofs
Q B

Europe § e % E R, |AVR| o |avR
Belgium 2008 |2 2.00 {9.00 |3.33 |5.41
UK 2010 |3 5.55 |3.06 [6.67 |2.55
Denmark 2006 |0 5.00 |4.00 [5.56 |3.60
Italy 2010 |5 3.03 [4.95 [3.45 |4.35
Nether- 2011 |2 3.45 |5.22 [3.45 |5.22
lands
Germany [2009 |-1 3.57 |5.88 [5.00 |4.20
Norway (2007 |-7 5.56 |4.86 |7.69 |3.51
Romania |2006 |-2 1.41 [15.60|3.03 |7.26
Hungary (2006 |-1 2.22 19.46 14.00 |5.25
Ukraine |2013 |-5 3.30 |7.58 [4.95 |5.05
Finland 2010 |-8 5.88 |4.76 [11.11|2.52
France 2005 |3 2.78 [6.12 |5.00 |3.40
Sweden 2008 |-6 5.56 |4.68 |7.69 |3.38

As it is given in Table 1, the parameters given can
change in different countries within a wide range.
For instance, average temperature in January varies
from —8°C in Finland to +5°C in Italy. Necessary heat
exchange resistance values for walls are set within the
range of 1.41m?-k/W in Romania up to 5.88 m?-k/W
in Finland, and ones for the roofs are from
3.03 m*-k/W in Romania to 11.11m?*k/W in Finland.

In Fig. 2 there are dependencies of standard walls
and roofs heat transfer resistance from average tem-
perature in January in different countries. As one can
see from this figure, there is not any proportional or
other kind of dependency between those parameters,
though logical tendency for increasing of required
walls and roofs heat transfer resistance values at lower
average January temperature is observed.

In both graphs points that reflect requirements of the
UK norms are to bigger side and values for Romania
are to lesser side. The dot with large luminous marker,
which reflects Ukrainian standards [11], is also on
lower bound of both dependencies, indicating certain
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understatement of requirements [11] compared with
other European countries.
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Figure 2 — Heat transfer resistance dependence
from average January temperature

Table 1 also shows temperature difference ratio
between internal and external air At = 20°C — 7, to
walls and roofs heat transfer resistance required R,.
This value is proportional to heat losses through
enclosing structure and can serve as a material for
analysing compliance of walls and roofs thermal
characteristics of their operation climatic conditions.
According to Table 1, values At/R,, diagrams, shown
in Figure 3, are plotted, indicating buildings thermal
insulation relative efficiency in European countries.

Figure 3 diagrams indicate some requirements
imbalance for walls and roofs in different countries.
For example, France occupies 9th place for wall
constructions effectiveness and 4th place for roofs
effectiveness. The smallest heat losses are provided by
Northern Europe designing norms, and the greatest
heat losses are allowed by standards in Romania.
Ukrainian norms for buildings thermal insulation [11]
are in the 9...10th position among the 13 countries
considered, with relative efficiency. This is confirmed
by the results of dependencies analysis in Figure 1 and
indicates increasing requirements expediency for
required to enclosing structures heat transfer
resistance in Ukraine.

In the research [12] by minimizing total reduced
costs for enclosing structures building and heat energy
cost for heating buildings, appropriate dependences of
walls and roofs heat transfer resistance to thermal

energy cost Cr: R. =0.16,/C, , R, =0.21,/C, are

obtained. Calculation according to these formulas
indicates that according to existing norms [11]
minimum required heat transfer resistance values of
walls Roc = 3.3 M>*K/W and roofs Ry = 4.95 v*K/W
correspond to thermal energy cost
425...556 UAH/Gcal.

At current heat cost about 1400 UAH/Gcal, walls
heat transfer resistance in accordance with above
formulas should be set equal to Roc = 6.0 mZ'K/W, and
for the roofs Ry =7.9 m>K/W. Figure 2 shows that
these values are in line with general trend for Europe.
In this case, heat losses relative index through walls is
At/Roc=4.2, and through roofs vAt/Rop=3.2. It is
evident from Table 1 and Figure 3 that such indicators
lead buildings Ukrainian norms for thermal isolation
to third place among 13 considered European
countries.
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Figure 3 — Heat loss through enclosing
structures relative indicators

German company Tado, which produces intelligent
thermostats that are connected directly to the Internet,
published interesting statistical data of average over-
night (lower) temperatures that the users maintain in
their apartment or house bedrooms. Data was obtained
from tens of thousands of thermostats installed in dif-
ferent European countries (Table 2) [13].
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Figure 4 — Average overnight temperatures
in bedrooms in European countries (winter time)

Conclusions

The analysis made has indicated that in terms of build-
ing energy saving and energy efficiency rates Ukraine
takes one of the last positions in Europe. The actual
requirements to building for thermal isolation do not
correspond to common European standards and call
for increasing of minimal heat transfer resistance
value for enclosing structures. It should be applied to
both newly constructed buildings and thermal mod-
ernization of already existing ones. The proposed eco-
nomically justified values for walls and roofs heat re-
sistance based on calculation with account for current
power costs can help Ukraine take its thermal protec-
tion standards to European level.

Calculated temperature in rooms in Ukraine is 20°C
as it is set by the design specification [14]. If to as-
sume that actual temperature in winter is close to that
value, then Ukraine is next to Romania according to
this energy saving rate.

As it appears, Britons tend to save more and keep
the average temperature at 15.2°C at night. The high-
est temperature is in Romania — 20.2°C. It is notable
that data from Table 2 corresponds well to the heat
losses through enclosing structure values given in Fig.
3. It means that such countries as Great Britain as well
as some others take the systemic approach to heat en-
ergy saving: Adopt high levels of building envelope
heat exchange resistance and, at the same time, main-
tain relatively low temperatures inside in winter.
The conclusion that can be made based on the given
data is the more prosperous the country is, the more
practical its residents are, and vice versa, if the citi-
zens take more reasonable approach to energy saving,
it can help the country to thrive.
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