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Abstract: In order to demonstrate the environmental impact of the increased flow of
thermal insulation materials and facade joinery with improved thermal characteristics, the
analysis of the carbon footprint for two scenarios for the needs of the research was done as a
consequence of the new regulations on the energy efficiency of the facilities. For each of the
analyzed scenarios, a project and an overview of works on the basis of which quantities of
construction materials, activities and processes that participate in the construction of the
analyzed scenarios were calculated (S1 and S2), were made. The reference object (S1) is
designed without thermal insulation layers, the energy class ,,G“, and the scenario (S2) is
designed in the energy class ,,C*, which according to the new regulations is a condition for the
construction of new facilities. The study uses the Life Cycle Analysis (LCA), a methodology
that is the basis for Carbon Lifecycle Analysis (LCACO,), or calculation of the carbon foot-
print of the facility. Construction carbon calculator, Environmental Protection Agency UK, is
used to calculate the carbon footprint, and for the calculation of operational energy, the URSA
Construction Physics 2 program. The study showed that the embodied carbon for the scenario
(S1) is 138,40 tonnes CO, e, with less impact on the environment. The higher values of the
embodied carbon have a scenario (S2) of 148,20 tonnes CO, e. The carbon imprint from the
phase of construction, or less impact on the environment, has a scenario (S1). However, after
ten years of using the facility, the scenario (S1) due to the larger carbon footprint from the ope-
rational phase becomes a scenario with a higher environmental impact, with a total carbon
footprint of 186,16 tonnes CO, e, and the scenario (S2) after ten years of use of the facility has
a total carbon footprint of 163,86 tonnes CO, e. The scenario (S1) and (S2) achieve the same
values of the total carbon footprint after 3,05 years of use of the facility and (S2) has since
then become a better choice from the aspect of the environment. The research has shown that
the embodied carbon is neglected in the calculation of the environmental impact of the facility,
as well as the average when the benefits can be expected from the application of measures for
energy-efficient buildings. The research also points to the need for low-carbon thermal insula-
tion materials to bridge the gap between the demand for the extinguishing of buildings on the
one hand and the efforts to reduce greenhouse gas emissions to mitigate climate change.

Keywords: thermal insulation materials, energy class, embodied carbon, operational
carbon, total carbon imprint.

1. INTRODUCTION

The impact of the construction sector on the
environment has been recognized as a factor due to
which the construction sector must also be involved
in activities to implement measures to reduce clima-
te change [1]. Demand for suitable resources, water
and energy consumption for the production of buil-
ding materials, as well as the constructions of buil-
dings and their exploitation affect the environment
[2]. Therefore, the European Commission concluded

* Corresponding author: marinatopnik@gmail.com

that the construction sector must be involved in the
implementation of measures to reduce emissions and
mitigate climate change [1]. Through the implemen-
tation of the energy efficiency measures, Serbia is
trying to reduce the operational energy in buildings
by introducing building energy ratings [3—4]. The
construction phase of the facility, viewed from the
aspect of embodied CO,, has not yet been recogni-
zed as a way to reduce the impact of the construction
sector.
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The carbon footprint is one of the crucial
parameters to assess the impact of the building con-
struction on the environment and can contribute to
the reduction in national carbon footprint.

The LCA is recommended by the European
Commission as a methodology to identify the poten-
tial impacts of a product or service over the life
cycle on the environment [5]. The International
Organization for Standardization (ISO) is a life cycle
methodology (LCA) methodology prescribed by ISO
14040: 2006 standard that is accepted as a method
for identifying and assessing environmental stresses
from products, processes or services by identifying
energy and materials used as well as emission during
life cycle [6]. According to ISO standard [6],
inventory of life cycle impact assessment (LCIA) is
LCA phase whose goal is to understand and assess
the participating inventories. In the interpretation
phase, the results or analysis of inventory or impact
assessments, or both, are combined in accordance
with the defined goal and scope of the study. The
graph of LCA methodology is shown in Figure 1.
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Figure 1. Implementation of LCA method to obtain infor-
mation on the impact of the applied materials and proces-
ses throughout the life cycle

The research on the impact of products used
for construction by applying LCA can help when
deciding which product and system [7-8] to choose
when construction is planned. By applying LCA
methodology, it has been concluded that concrete is
responsible for 8,60% of carbon emission in the
world [9]. These studies have initiated the applica-
tion of recycled and waste materials in the cement
industry around the world and new cements and
concrete, commonly known as green concrete, with
a lower impact on the environment. Cement and
concrete are materials with significant application in
construction in Serbia and also in the world, and the
benefits that can be achieved by applying green

cement mixtures and concrete in the construction
process are noticed by some authors [10].

LCA methodology for building structures is
defined by Standard EN 15978:2011 [10]. The stan-
dard is the life cycle of a building divided into four
phases, and as an additional phase outside the boun-
daries of the system, the phase (D) is reused and
recycled.

The impact of global climate changes has
indicated the necessity for the reduction in the emis-
sions of greenhouse gases (GHG). In 2008, the buil-
ding sector in Serbia participated with over 41% in
energy consumption [12]. The indicators for produc-
tion and consumption of energy in Serbia in 2013,
show the reduction in CO, emissions per capita, but
still it was the highest in the region with 6,33 t
COy/capita [13]. The production and consumption of
energy is in direct connection with the generation of
CO; and other greenhouse gases (GHG) emissions.
National ecological footprint in Serbia in 2014 was
2,92 g.ha [14]. More than 50% of ecological foot-
prints in Serbia comes from the production of CO,
[14]. By implementing the measures of energy
efficiency starting from 2012 [3—4], Serbia has been
trying to reduce the necessity for energy in building
constructions, through energy ratings and rehabilita-
tion. Such measures are directly linked to the increa-
sing need for thermal insulation materials, which is
again connected to additional pressure on resources
and more GHG emissions from production, transpor-
tation and construction. The amount of these impacts
is often neglected, and according to the current legi-
slation, only the energy from the operational phase is
assessed. LCA of a building is a support to the
analysis of the embodied carbon to calculate the total
energy impact of a building on the environment.

The researches done by wvarious scientists
show that it is also necessary to analyze embodied
carbon and compare it to whole life carbon of the
building [16-17], so the exploitation period of 10
years will be analyzed.

So far, 1600 energy performance certificates
have been issued in Serbia, both for the new buildings
and for the energy rehabilitations. Approximately
98% of issued certificates are for energy rehabilitation
of the existing buildings as well as the new ones in
energy rating C, but only 2% of buildings are in hig-
her energy ratings B and A.

The measurement of embodied and operatio-
nal carbon can change the image of building energy
consumption and emphasize the role of architects in
attempting to lower the emissions from the construc-
tion sector [17]. Identifying embodied carbon in the
design stage can change perspective regarding the
investments into improvement of energy ratings
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from band C to band B, which depends on what the
targets for the reduction of national footprint are.

The research is carried out on the residential
house project with gross area of 110m’ on the out-
skirts of Belgrade. For that purpose, two scenarios are
made: scenario (S1) house in energy rating G, and
scenario (S2) house in energy rating C.

Energy needs and calculation of thermal cover
for both scenarios are made in program URSA con-
struction physics 2 [18], which precisely calculates the
quantities of necessary materials in compliance with
the norms and standards in civil engineering [19], as
well as the energy consumption for heating on annual
level [18]. In operational phases of both scenarios, the
planned energy source for heating is gas.

The research follows LCA methodology,
which is the basis for calculation of CO, emissions.
ICE database version 2 [20] as well as the Carbon
calculator Building from Environment Agency UK
[21] are used for the calculation of embodied carbon.

In the phase one of the research, the boundari-
es of the system for embodied carbon calculation are
from cradle to site. The aim is to investigate if there
are differences and how different the values of
embodied carbon in these two models are.

In the second phase of the survey, the bounda-
ries of the system include the operational phase of
the facility, for a period of 10 years. Outside the
boundaries of the system, there are: replacement,
renovation, deconstruction of a building and
recycling of construction waste. The aim of this
research is to determine the total amount of carbon
footprint in construction and operational phase, and
to compare these two models.

This research will show that through the cal-
culation of embodied carbon in the design stage, it is
possible to estimate the impact on the environment
that results from the improvement in energy perfor-

mance rating from band G to band C. In addition,
this paper will show, through calculations of the
embodied carbon in the design stage of the building,
the influence of the creation of a short and long-term
policy of reducing carbon footprint from the con-
struction sector at the national level.

2. DESCRIPTION OF THE RESEARCH

The research was done on a family house con-
struction project on the building site on the outskirts of
Belgrade. It is a ground floor house for a four-member
family, with gross area of 110 m” designed in load
bearing structural system, common in Serbia, by using
brick blocks in combination with vertical and horizon-
tal RC (reinforced concrete) ring girders, easy installed
ceilings, roof woodwork with roofing tile. All materials
used in the construction come from domestic manufac-
turers, and the calculation involves transportation rou-
tes from manufacturers to the site on the outskirts of
Belgrade, duration of construction, transportation of
workers within 30 km, energy sources needed for the
machines, electric power, generated waste, its transpor-
tation and depositing onto the landfill 20 km away
from the building site.

In phase one, only the embodied carbon is
measured, so the boundaries of the system are from
cradle to site, which is shown in Chart 1. The first
phase of the research should show us whether there
is a difference between the embodied carbon for the
model (S1) object designed in the energy class G,
and compared to the model (S2) object designed in
the energy class C, which is the minimum energy
class for building a new facility according to the
valid legislation in Serbia.
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Chart 1. Boundaries of the system to estimate embodied carbon
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In the second phase of the survey, the bounda-
ries of the system include the operational phase of
the facility, for the period from the cradle and the
first 10 years of use. Outside the boundaries of the
system, there are: replacement, renovation, decon-
struction of a building and recycling of construction
waste. The system boundaries are shown in Figure 2.

Two scenarios (S1, S2) are made to compare
carbon footprint generated during the construction.

Scenario 1 (S1) is an object designed in the
energy rating G. An object designed in a massive
constructive system. Walls of bliter block in the
beam 25 cm, plastered on the outside and on the
inside by an extension mortar. RC columns, vertical
and horizontal RC ring girders. LMT (easy assembly
plaster) without thermal insulation to the attic space.
The floor slab is a lightweight reinforced concrete
slab, over it there is hydro insulation, but without
thermal insulation, cement screed and finishing floor

embodied and operational carbon in 10 years

in accordance with the purpose of the room. Primary
materials are used in quantities obtained in project
design and calculated in compliance with the norms
and standards in civil engineering [19], and shown in
Table 1.

Scenario 2 (S§2) is designed in energy rating C
in load bearing structural system. The walls are of
hollow brick blocks 25 cm thick, with 12 cm of
thermal insulation on the facade walls with decorati-
ve external plaster and internal gauged mortar. RC
columns, vertical and horizontal RC ring girders,
easy installed ceilings with 15 cm of attic thermal
insulation. Lightweight reinforced floor slab is cove-
red with 10 cm of thermal insulation, cement screed
and the floor finishing in accordance with the purpo-
se of the room. Primary materials are used in
quantities obtained in project design and calculated
in compliance with the norms and standards in civil
engineering [19], and shown in Table 1.

Table 1. Quantity of materials and energy sources used for each scenario

Type of material and energy source Units of measure SRleplaced quantltlegz
Tamping gravel (m’) 75,00 75,00
Crown tile (pc) 10.240 10.240
Bricks and clay blocks, easy installed ceiling (m’) 92,00 92,00
Cement mortar (m’) 23,40 23,40
Lime mortar (m’) 7,80 7,80
Steel reinforcement (tons) 6,50 6,50
Concrete MB30 (m’) 38,00 38,00
Concrete MB20 (m’) 62,50 62,50
Ceramic tiles (m?) 87,00 87,00
Glue for tiles and parquet (kg) 490 490
Lacquer for parquet (litre) 30 30
Total of timber (m’) 18,70 18,70
Parquet or match floor (m’) 3,10 3,10
Thermal insulation polystyrene (m”) 0,00 37,50
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Type of material and energy source Units of measure SRleplaced quantltlegz
Thermal insulation mineral wool (m’) 0,00 21,50
Thermal insulation austrotherm (m’) 0,00 14,00
Facade mortar (kg) 800 800
Interior paint for walls (kg) 100 100
Mass for skimming (kg) 500 500
Window glass (m’) 0,60 0,80
Electrical installation (kg) 520 520
Heating installation (kg) 750 750
Waterworks and sewage works (kg) 150 150
Roofing paper (kg) 150 150
Hydro insulation (m’) 1,50 1,50
Personal transportation within 30 km (km) 5.400 5.760
Transporation of waste to landfill (m’) 110,00 112,00
Water consumed on the site (litre) 20600 20800
Power consumed on the site (kWh) 13500 13500
Diesel fuel consumed on the site (litre) 900 900

3. RESULTS AND DISCUSSIONS

3.1. Research results in phase one on embo-

died carbon in scenarios S1 and S2

Upon the completion of the research, the

from cradle to site are obtained. The results from
phase one are shown in Table 2, as well as the per-
centage of the groups of materials which participa-
ted in embodied carbon. The values of the embo-
died carbon benchmarks for the scenario (S1) and
(S2) are given in Table 3.

values of the embodied carbon for each scenario

Table 2. Values of embodied carbon footprint in analyzed scenarios

Groups of materials and activities S1 — 52 —
tonnes CO,e Participation % tonnes CO,e Participation %

Quarried Material 44,40 32,08 44,40 29,96%
Timber 3,40 2,46 3,40 2,29%
Concrete, Mortars & Cement 28,40 20,52 28,40 19,16%
Metals 23,90 17,27 23,90 16,13%
Plastics 5,80 4,19 5,80 3,91%
Glass 1,40 1,01 3,70 2,50%
Miscellaneous 1,60 1,16 9,00 6,07%
Finishings, coatings & adhesives 7,10 5,13 7,10 4,79%
Plant and equipment emissions 5,40 3,90 5,40 3,64%
Waste Removal 1,10 0,80 1,10 0,74%
Portable site accommodation 2,00 1,45 2,00 1,35%
Material transport 5,50 3,96 5,60 3,78%
Personnel travel 8,40 6,07 8,40 5,67%
Operational 0,00 0,00 0,00 0,00%
Total Carbon Footprint 138,40 100,00 148,20 100%

Table 3. Embodied carbon benchmark for scenarios S1, S2

Embodied carbon
Analysed scenario Tonnes of CO, | Tonnes of CO,e per More tonnes of % Increase
e per building gross m2 CO, e than (S1) in CO, e
S1 energy rating G 138,40 1,26 0,00 0,00%
S2 energy rating C 148,20 1,35 9,80 7,09%
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3.2. Discusion on the research results in pha-
se one on embodied carbon in scenarios S1
and S2

After the first phase of the screening of the
embodied carbon for the scenario (S1) was conducted,
138,40 tonnes of CO, e (equivalent, as a measure of all
impacts of greenhouse effect gases) and for the scena-
rio (52) 148,20 tonnes of CO, e. The first phase of the
research shows that the embodied carbon in model
(S2) is 9,80 tonnes CO, e (equivalent of a measure-
ment of all GHG impacts) higher which is 7,09% more
compared to model (S1). This increase in the value of
embodied carbon in model (S2) results from greater
quantity of thermal insulation materials and the need
for triple pane windows designed for buildings in
energy rating B. In the short run, scenario (S2) in the
construction phase has greater impact on the environ-
ment than scenario (S1). To understand long term
aspects, it is necessary to extend the research to the
operational phase of a building.

3.3. Research results in phase two on embo-
died carbon in scenarios S1 and S2 after 10
years

After the second phase of the study, the results
of the total carbon footprint (embodied and operatio-
nal) were obtained for each of the scenarios after 10
years of use. The results from phase two are shown in
Table 4, as well as the percentage of the groups of
materials together with the emissions from operational
phase in scenarios S1 and S2. Total carbon footprint
benchmark from cradle to 10 years of operation is
given in Table 5, showing values of embodied, opera-
tional and total carbon footprint as well as the percen-
tage of lower carbon footprint in scenario S2 after 10
years of operation. The values of thermal cover in
scenarios (S1) and (S2), energy consumption per gross
m’ and the quantity of CO, emissions on annual level
in scenarios S1 and S2 are given in Table 6.

Table 4. Values of embodied carbon and carbon in operational phase in analysed scenarios after 10 years

. . S1 S2
Groups of materials and activities tonnes COye % tonnes COxe %
Quarried Material 44,40 32,08 44,40 29,96
Timber 3,40 2,46 3,40 2,29
Concrete, Mortars & Cement 28,40 20,52 28,40 19,16
Metals 23,90 17,27 23,90 16,13
Plastics 5,80 4,19 5,80 3,91
Glass 1,40 1,01 3,70 2,50
Miscellaneous 1,60 1,16 9,00 6,07
Finishings, coatings & adhesives 7,10 5,13 7,10 4,79
Plant and equipment emissions 5,40 3,90 5,40 3,65
Waste Removal 1,10 0,80 1,10 0,74
Portable site accommodation 2,00 1,45 2,00 1,35
Material transport 5,50 3,96 5,60 3,78
Personnel travel 8,10 6,07 8,40 5,67
Operational 47,76 25,65 15,66 9,56
Total Carbon Footprint 186,16 100,00 163,86 100,00
Table 5. LCA values of embodied carbon in scenarios Sland S2 and achieved savings
Embodied and operational carbon footprint after10 years
Analyzed scenarios Tonnes of embo- | Operational Total CO» e Fewer tonnes Reduction of
died CO, e CO,e 2 CO, e than (S1) total CO; e.

1. S1 138,40 47,76 186,16 0,00 0,00%

2. S2 148,20 15,66 163,86 22,30 11,98%

Table 6. Crucial elements of thermal cover in scenarios (S1) and (S2)
U Annually for
Analyzed scenarios Fag:(lie U.V.al Uva heating per Total tonnes c.)f
wall Ceiling Floor gross m2 CO, from heating
[kWh/(m2a)]
1. | Sl energy rating G 1,433 1,8932 0,7222 165,20 4,774
2. | S2 energy rating C 0,27678 0,2391 0,2615 64,66 1,5648
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3.3. Discusion on the research results in phase
two on total carbon footprint in scenarios S1
and S2 after 10 years

After ten years of using the facility, the total
carbon footprint in which carbon is embodied is
included and the operational carbon scenario (S1)
has a value of 186,16 tonnes of CO, e, which is
22,30 tonnes of CO, e more than the scenario (S2)
whose total carbon footprint is 163,86 tonnes of
CO2 e. Lower values of operational carbon in model
(S2) compared to model (S1) have brought savings
of 11,98% in CO, e emissions in the long run period
of 10 years. Lower embodied carbon achieved in the
construction phase of scenario (S1), proven in the
phase one of the research, had positive effects on the
environment in the short run. The short term scena-
rio (S1) will have a smaller total carbon imprint at
the construction phase and the period of up to 3,05
years. After 3,05 years, the values of total carbon
footprint in both scenarios (S1) and (S2) will match.
From that moment on, scenario (S2) becomes a bet-
ter choice regarding the total carbon footprint of the
analyzed scenarios. If you want a long-term effect,
better effect in terms of reducing the environmental
footprint from the construction sector, choosing
scenarios (S2) after 3,05 years, you can expect less
overall environmental impacts.

4. CONCLUSION

In the sector of civil-engineering, considerable
efforts have been put lately into decreasing the con-
sumption of energy, which has led to the certifica-
tion of buildings and the introduction of energy
ratings for the new buildings, or energy rehabilita-
tion for the existing ones. Consequently, the need for
thermal insulation materials is increased, i.e. the
pressure on primary materials and energy consumed
to produce additional quantities of thermal insulation
materials. When calculating the energy rating of a
building, the embodied carbon is not considered
when measuring the reduction of CO, e emissions
(carbon footprint). The research includes the
analysis of the embodied carbon and not only the
whole life carbon, which is the usual method of
energy consumption in regulations both in EU [22]
and Serbia [3-4]. Two models of the same building
are designed, but in different energy ratings G and
C. The study includes all building materials, activiti-
es, and transportation which participate in construc-
tion of the observed building shown in two scenari-
os: the first one is scenario (S1) building in energy
rating G, and the second one is scenario (S2) buil-

ding in energy rating C. Both models consume gas
for heating, so that the emissions in operational pha-
se are calculated in accordance with that energy
source.

The scenario (S1) from the aspect of the envi-
ronmental impact measured through embodied car-
bon is a more favorable scenario. This stems from
the fact that the scenario carbon (S1) is carbon
sequestered, less by 9,80 tons of CO, e, of the
embodied carbon for the scenario (S2). Despite less
emissions from the operational phase for the scena-
rio (S2), it is necessary that a time period of 3,05
years passes in order to equalize these two scenarios
by the total carbon footprint. From that point on, the
scenario (S2) becomes a better choice from the
aspect of the overall carbon footprint of the analyzed
scenarios. If in the long term, they want better
effects in terms of reducing environmental footprint
from the construction sector, choosing scenarios
(S2) can be expected after 3,05 years of positive
results.

In the short term, the scenario (S1) will, in the
construction phase and the period of up to 3,05
years, provide a smaller total carbon footprint from
the construction sector. In the short term, raising the
energy class for new projects, as well as projects for
remediation of existing buildings from the energy
class G to C, means initially a greater impact in
terms of a larger carbon imprint from the construc-
tion phase of the building - through higher values of
the embodied carbon, which is not in the focus of
interest in Serbia at the moment.

However, in the long term, after several years
of exposing the building in the energy class C, this
first impact through the increased embodied carbon
becomes a benefit, and in the course of further use of
the object, the total carbon imprint of the object is
smaller.

The research results indicate that it is
necessary to analyze not only the whole life phase
but also the embodied carbon to observe realistically
the benefits for the environment both on local and
national level. Additionally, they show the necessity
to analyze carbon footprint in the design stage as in
that way the impact of the embodied carbon can be
measured and together with whole life carbon the
final total impact of construction and exploitation of
the observed building in Serbia can be made.

Each building is specific, so, apart from calcu-
lating the energy rating i.e. whole life carbon thro-
ugh design stage, it is necessary to calculate embo-
died carbon to reach the right decision when choo-
sing the project design, and clearly explain what
these decisions bring throughout the construction as
well as exploitation of the building.
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The results of the research indicate the need
for research to be directed towards low-carbon ther-
mal insulation materials that would help bridge the
gap between the demands at the expense of buildings
on the one hand and the efforts to reduce greenhouse
gas emissions to mitigate climate change.

Explanation of embodied CO, e will indicate
the necessity for change in carbon footprint calcula-
tion in the construction sector, both on global and
national level.
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FOR

CTYIUNJA CIIYYHAJA TIOBERABA EMBOJIMPAHOT" YI'JBEHUKA VCIIE
IMTPUMEHE ITPOITNCA 3A EHEPTETCKY EOMKACHOCT OBJEKATA YV CPENIN

Caxerak: [la Ou ce mokasajio KOJMKHM je YTHIAj HA XMBOTHY CpeinHy ox mnoseha-
HOT' NIPUCYCTBAa TEPMOM3OJIALMOHUX MaTepHjaia W ¢acajHe crojapHje ca 1MoOoJbIIaHIM
TEPMUYKUM KapaKTePHCTHKaMa, Kao IMOCIeNIe HOBUX MPOIIKca O eHepreTckoj edukracHo-
cTH o0jekara, ypal)eHa je aHaIH3a YIJbeHHYHOT OTHCKA 3a JIBa ClieHapHja 3a motpede m3pa-
JIe UCTpaKMBamkba. 3a CBaKM O]l aHAIM3UPAaHUX CIeHapHja je ypal)eH mpojekar u mpeamep
pazoBa Ha OCHOBY KOTa Cy M3padyHaTe KOJMYHMHE Ipal)eBUHCKUX MaTepHjajia, aKTHBHOCTH
U mpolieca KOju Y4ecTBYjy y u3rpaimwu ananusupanux cueHapuja (C1 u C2). Pedepentan
o6jexar (C1) je mpojekroBaH 0e3 TEPMOHM3OJIALMOHUX CJIOjeBa, EHEPreTCKH pa3pen ,,[*, a
crenapro (C2) je mpojeKToBaH y EHEPreTCKOM paspeny ,,11°, Koju je mpemMa HOBUM IPOTIHU-
CHMa YCJIOB 32 M3rpa/ilby HOBUX o0jekara. Y MCTpa)kuBamby Ce KOPUCTH aHAJIN3a )KUBOTHOT
mukiyca (LCA), MeToi010r1ja Koja je OCHOB 3a aHaJKM3y JKUBOTHOT IUKIYCa YIJbCHHKA
(LCACO,), omHOCHO 00paydyH yrJbeHHYHOT OTHCKa 00jekTa. 3a 00padyH yrJbeHHYHOT OTH-
cka ce kopuctu Construction carbon calculator, AreHnuje 3a 3aIUTHTy XHBOTHE CpEIUHE
Vjemumenor KpameBcTBa, a 3a 0OpauyH onepatuBHe eHepruje nmporpaMm URSA rpalheBun-
cka (msuka 2. VcTpaknBame je mokas3ano Aa Mamke YTHIAja Ha KUBOTHY CpPEeIUHYy U3 (asze
msrpagme nma cueHapuo (C1) jep je meroB emOoaupanu yribeHUK 138,40 ToHa COs e, a
Behe BpenHOCTH eMOOupaHor yribeHnka uma ciienapuo (C2) ca 148,20 rona CO, e. Meby-
TUM, TOCcJe JieceT roauHa kopumhema obOjexra cueHapuo (Cl1), 306or Beher yribeHUUHOT
OTHCKa U3 oreparhBHe (ase mocraje cueHapro ca BehnM yTuIajeM Ha KHBOTHY CPEIUHY,
ca yKyIHUM YIJb€HHYHUM OTHCKOM of 186,16 Tona CO, e, a cuenapuo (C2) nocie gecer
rojuHa Kopuiihewa 00jeKTa uMa yKyIHH yribeHH4Hu oTtucak of 163,86 tona CO, e. Cue-
Hapro (Cl) u (C2) mocTtuxy MCTe BPEJHOCTH YKYITHOT YIJb€HHYHOT OTHCKa mocie 3,05
roauHa kopuinhemwa objexra u (C2) ox Taga nocraje 60J6M U300p ca acneKkTa )KUBOTHE Cpe-
JuHe. VcTpakuBame je IoKasalo aa ce eMOOAMpaHy YIJbeHUK HEeNpaBeIHO 3aHeMapyje Kox
oOpauyHa yTuiaja 00jeKTa Ha )KUBOTHY CPEANHY, Kao U NMPOLEHY Kaja ce MOTy OYEeKHBaTH
OeHeuTH O IPIMEHE Mepa 3a SHEPreTCKH epuKacHUM o0jekThMa. McTpaxknBame ykasyje
1 Ha moTpedy 3a HUCKOYTJhEHHYHUM TEPMOHU3OJIAIOHIM MaTepHjaiiMa Kako O ce mpe-
MOCTHO ja3 m3Meljy 3axTeBa 3a yTOILUbaBamkEeM O0jeKaTa ca jelHEe CTpaHe M HacTojama 3a
CMambeHe racoBa ca e(h)eKTOM CTakJeHe OalnTe paay yonaxaBarmba KIMMaTCKUX IPOMEHa.

Ki/byyHe peuu: TepMOHM30JAMOHA MaTEpHjajil, CHEPTETCKH pa3pen, eMOoAnpaHu
YIJbEHHK, ONIEPAaTUBHHU YIJbEHHK, YKYIIHU YTJbeHUYHU OTHCAK.
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