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Global warming potential is one of the most important life cycle assessment in-
dicator, which shows how much heat a greenhouse gas traps in the atmosphere
relative to CO,. In this study, we calculated the global warming potential of a
highly insulated building construction detail of a residential nearly-zero energy
building based on numerical simulations. To calculate the heat loss of building
constructions, which is necessary for estimating the operational energy demand
in the use phase of the building, we compared two numerical simulation methods:
2-D thermal simulations and 2-D conjugated heat and moisture transfer simula-
tions. Besides that, we compared the effect of selecting different thermal insulation
materials for insulating the building constructions, such as EPS, mineral wool,
and wood wool. We then compared the thermal and linear thermal transmittances
from the simulations besides evaluating the moisture transmittance behaviour of
the constructions. In all examined scenarios, the constructions with mineral wool
ended up being the highest impact alternative, while EPS was the lowest for walls
and wood wool was for wall corner joints. We also found that including the wall
corner joints in global warming potential calculations could increase the overall
global warming potential of an average-sized family house by 10%. Our study
shows the heat and moisture transfer induced differences between thermal insula-
tions, and demonstrates that heat and moisture transfer modelling-based life cycle
assessment indicator of building construction details gives valuable additional in-
formation designers to choose the proper thermal insulation.

Key words: thermal bridge, hygrothermal simulation, heat and moisture transfer,
moisture bridge, life cycle assessment, building construction

Introduction

According to the EU’s long-term goal, GHG emissions should be reduced by 80-95%
by 2050, compared to the level of 1990 [1]. This ambitious plan requires strict building regu-
lations, therefore, thermal insulation of new and existing buildings is an extremely important
field, since it helps reduce the energy demand and decrease carbon emissions. The energy per-
formance requirements of buildings have been constantly tightened in the EU in the past years
since the introduction of the recast Energy Performance of Building Directive [2]. From 2021,
all new buildings must be nearly zero energy buildings in the EU.

In the EU, expanded polystyrene and mineral wool dominate the external thermal
insulation composite system (ETICS) market, while natural-based thermal insulations, such as
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wood wool boards account for under 1% of sales [3]. Besides small differences in the aforemen-
tioned materials’ thermal insulating capabilities, the main difference is in their price, availabil-
ity, fire and moisture performance as well as in their carbon footprint. In our present research,
we focus on this last topic.

Global warming potential (GWP) is one of the most important life cycle assessment
(LCA) indicators, which shows how much heat a greenhouse gas traps in the atmosphere rel-
ative to CO, [4]. In our study, we calculate the GWP of highly insulated building construction
details of a residential nearly-zero energy building (nZEB) based on numerical simulations.
In this paper, we present the simplest building construction detail: the wall corner. Using this
building construction joint, we describe our methodology and compare the results obtained by
performing thermal, and heat and moisture transfer (HAM) analysis on wall sections and wall
corner joints made of masonry wall and insulated with expanded polystyrene, mineral wool or
wood wool thermal insulations. We also show the error made by neglecting a thermal bridge
through all life cycle phases.

Literature review

Thermal bridges are the parts of a building construction where multi-dimensional
heat flow occurs and heat flow density changes. Heat flow density can vary within a structure,
among others, because of changes of materials, geometry or boundary conditions. The effect
of a thermal bridge is expressed by the linear thermal transmittance, y value, which shows the
difference in heat loss of one linear meter of building construction joint compared to the sum
of adjoining building elements [4]. In the field of building physics and building energetics,
thermal modelling of building constructions and details has been widely used for a long time.
Direct heat transfer coefficient, H,, between the heated or cooled spaces and the exterior can be
calculated as the sum of the thermal transmittances of planar elements of the building envelope
and the linear as well as the point thermal transmittances of joints responsible for 2- and 3-D
(point) thermal bridges according to ISO 13789 [5]. In a detailed evaluation, thermal bridges
are calculated by using numerical thermal simulations according to ISO 10211 [6]. Most EU
states use simplified methods in their EPC to take the effect of thermal bridges into account,
such as tabulated values, basic verification rules or mean U-values [6-8]. In whole building en-
ergy performance simulations, as well as in simplified calculations, which often form the basis
of life cycle calculations, the effect of thermal bridges is often neglected or taken into account
by increasing the surface U-values by an estimated percentage according to the local EPC’s [9].
In buildings, an intensive analysis of thermal bridges showed that the ratio of linear thermal
transmittance in the energy demand of buildings can vary from 5% (in the case of retrofitting
the exterior of the building envelope) up to 40% (in well-insulated single-family houses without
proper thermal bridge treatment) [10]. When the design of a building also covers the attentive
reduction of the effect of thermal bridges, the ratio of linear thermal transmittance can be re-
duced under 10% [11].

The HAM modelling of building construction joints is much less common in the sci-
entific literature than thermal only modelling, however, the coupled HAM through the enve-
lope has a significant impact on the hygrothermal indoor behavior and energy consumption
[12]. There are different validated hygrothermal models available, Liu model can handle near
over-hygroscopic region more accurately than Kunzel model [13], although latter also gives re-
liable results in hygroscopic regions. In recent years, researchers have examined mainly planar
structures and modelling of construction joints and thermal bridges using HAM are still in the
developing phase. For example, out of 340 publications listed on the website of WUFI, there are
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only 22 English language papers dealing with the 2-D analysis of building constructions. The
possibility of creating multidimensional simulations by using commercial software started in
2000 when the Fraunhofer Institute presented the WUFI 2-D [14] with many applications since
then [15, 16]. Besides WUFTI, there are other available tools, such as COMSOL MULTIPHY S-
ICS, which is also capable of performing conjugated HAM simulations according to EN 15026
[17]. In our present study, we used COMSOL MULTIPHY SICS and Kunzel model to perform
the thermal and HAM simulations on the building construction joints.

The LCA is a scientifically sound method for the compilation and evaluation of the
inputs, outputs and the potential environmental impacts of a product system throughout its life
cycle [18]. The LCA can be conducted on the level of the building material, building element
or for whole buildings. For insulation materials, numerous studies have been developed and
many environmental product declarations are available from different producers [19]. On the
building element level, researchers compared the environmental impact of different insulation
materials and concluded that insulation is beneficial for the whole life cycle [20, 21]. When a
whole building is assessed, mass and energy flows shall be quantified based on a building model
according to EN 15978 [22] and ISO 21931 [23]. The level of details is not specified in the stan-
dard, and it can be very different in various types of assessments. For example, a surface model
is sufficient for energy modelling, where thermal bridges are usually handled in a simplified
way and the corresponding material quantities may be missing.

Materials and methods
Presented building construction joint

In this paper, we present the calculated GWP of a construction suitable in nZEB build-
ings where the use phase of the GWP is based on numeric modelling. At first glance, the prob-
lem including a wall corner sounds simple, yet the issue of dealing with the excess part of the
wall corner is often not taken into account in building simulations and LCA calculations where
internal dimensions are frequently used to calculate the energy performance and material quan-
tities of a building. To examine how much GWP is neglected in the usual LCA calculations due
to not taking into account the extra heat losses at the joints as well as the amount of material
present in the corner, we modelled a usual nZEB wall corner construction in a Hungarian con-
text. The wall corner is built from 30 cm mason-

ry wall (Porotherm 30 N+F) with 15 ¢cm thermal 20001 [ Gypsum plaster
insulation board (either expanded polystyrene, ™ 1800 - e
mineral wool or wood wool), 1.5 cm plaster lay- 1600} E Thermal insulation |
ers on the internal and external sides (gypsum Egg widitimide |
and cement plaster), and 8 mm of dryvit mineral 1000
coating with embedded 0.2 mm thick glass fibre 800
fabric on the external surface of the thermal in- 600 :
sulation boards, fig. 1. 4007 e Sl

The sources of the material properties 20
used in the thermal and HAM simulations are _202:
listed in tab. 1. We used mostly the WUFI da- 400
tabase to obtain thermal and moisture perfor- 600 Wallcomer  Wallsection ‘ _k
mance properties needed to implement into the w000 200 1000 1300 . 2000

models in COMSOL, such as thermal conduc- Figure 1. The 2-D model of an nZEB wall

tivity, density, specific heat capacity, moisture  corper joint with 15 cm external thermal
storage function, water vapour resistance factor,  insulation system
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and liquid transport coefficient. For the thermal insulation materials, as well as for the masonry
wall, thermal properties are implemented using technical datasheets and ISO 10456 [24] to
include the temperature and moisture dependent thermal conductivity as a function.

For the LCA calculations, we included the calculated volume and mass data of 1 m?
wall construction and the excess amount of material in a wall joint in 1 linear meter of corner
based on the geometry presented in fig. 1, where the excess amount of the section is indicated.

Table 1. Data sources of the used material properties

. ST 0 Material name Somce o Material name | Density
Material thermal . moisture . >
. in source . in source [kgm™]
properties properties
Gypsum plaster WUFI DB Interior plaster WUFI DB Interior 850
plaster
Wienerberger | Porotherm 30 N+F
Masonry wall +1SO 10456 + Fired clay WUFI DB Poroton WDF 750
Cement plaster WUFI DB Cement plaster WUFI DB Cement plaster | 1800
Expanded Austrotherm | AT-H80 + Expanded 3
polystyrene (EPS) +1SO 10456 polystyrene WUFI DB EPS 15 kg/m 15
Mineral wool Rockwool + Frontrock + Min- Roxul
(MV) ISO 10456 eral wool WUFI DB FacadeRock 135
Wood wool Steico + Wood-fibre
(WW) 1SO 10456 Protect + wood wool WUFI DB insulation 140
Dryvit WUFIDB  |StoLevell StoDecosil| ~ WUFI DB StoLevell * 11409
mineral coat StoDecosil
Thermal and HAM analysis

In the research, steady-state thermal and conjugated HAM simulations were carried
out based on [25]. Recent studies showed that dynamic climatic conditions could have a sig-
nificant effect on the performance of masonry walls [26, 27]. However, steady-state method
is selected over the dynamic method in this paper due to a previous study that showed that
in Hungarian climate, steady-state HAM simulations give less than 5% difference on the
U-value compared to dynamic simulations on South oriented masonry facades in the heating
season [27].

Fartial differential equations

The PDE shown in egs. (1) and (2) were implemented into COMSOL MULTIPHY S-
ICS. Equation (1) shows the steady-state heat transfer, in which the first member represents heat
fluxes from heat conduction and the second part shows heat fluxes from evaporation fluxes:

Vq = v{ﬂ‘effVT—i_LvépV I:(Dpsat (T)]} =0 (1)

The PDE of steady-state moisture transfer is defined in eq. (2), in which the first
member of the equation represents the liquid transport of the moisture fluxes, while the second
is responsible for moisture fluxes from vapor transport:

Ve=V{eD,Vo+5,V[pp,. (T)]}=0 @)
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Boundary conditions

Due to the chosen steady-state method, only temperature and relative humidity were
taken into account as the basis of the boundary conditions. For the thermal simulations, we
used MSZ 24140 [28], which specifies an internal temperature of 20 °C and -2 °C externally,
as well as 65% internal and 90% external relative humidity. For the HAM simulations average
external data sets of Budapest were obtained from Meteonorm 7 for the standard heating sea-
son. According to the meteorological data, the external temperature is 3.92 °C and the relative
humidity is only 70% on average in Budapest. Internal conditions of air, and the equivalent
vapor diffusion thicknesses of the boundary-layers were set according to EN 15026 [17] normal
occupancy. Surface heat transfer coefficients were set based on ISO 6946 [29]. The heat trans-
fer coefficient were A = 7.69 Wm2K™' for internal and A, = 25 Wm2K~' for external surfaces,
while the equivalent vapor diffusion thickness of boundary-layer was set to 54 = 0.008 m on
the internal and 54, = 0.0023 m on the external surface.

Linear thermal and moisture transmittance

Thermal transmittance, U-value, shows how much heat could flow through an
A =1 m? of internal surface of the building element in case of AT = 1 K temperature difference:

__9
AAT )

The additional heat loss due to thermal bridges of building structures is characterized
by calculating a linear thermal transmittance, y-value, which shows how much heat could flow
additionally due to multidimensional heat flow compared to the surface thermal transmittance.
Based on ISO 10211 [6], w-value can be calculated from the thermal coupling coefficient, L,p,
of the building element separating two spaces (e.g. internal and external space), the U, thermal
transmittance and the /; internal length of the joining building elements:

v=Lp=2 U, )
J

The thermal coupling coefficient in eq. (4) can be defined as the ratio of the internal
surface heat flow, O, and the temperature difference multiplied by the internal length:

Ly = % (5)

Life cycle assessment

The goal of the assessment is to show the effect of taking into account the joints in
an accurate way vs. neglecting them on the environmental impact for the whole life cycle.
The functional unit in an LCA study could be on mass or volume basis but to analyse building
constructions, 1 m? is the only basis we can use to compare values relevant to their actual ap-
plication. Therefore, in our study, the functional unit is 1 m? wall construction with 15 cm of
thermal insulation as part of the ETICS. As the thickness of the insulation is fixed, the U-values
and the corresponding heating energy demand will be different for each alternative. The refer-
ence study period is set to 30 years, which coincides with the reference service life of an ETICS
system [30]. As an impact category, the GWP100a according to the CML 2001 method was se-
lected. Environmental data used in this study are based on the Swiss ecoinvent v3.5 cut-off da-
tabase [31]. The ecoinvent data have been contextualized to acknowledge national differences
by adopting the Hungarian electricity and natural gas datasets for materials primarily produced
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in Hungary, using the OpenLCA software. The following life cycle stages were considered
according to EN 15804 [32]: A1-3 production stage, A4 transport, AS construction-installation
with cutting waste, C2 end-of-life transport, and C4 waste disposal. Transport distances from
the factory to the construction site were based on the number of production plants in the coun-
try or the typical import distance. Different materials have significantly varying transportation
distance: while only 50 km transportation is needed for masonry wall and 150 km for plasters
and EPS, mineral wool requires 350 km and wood wool more than 800 km. For the construction
stage (A5), a cut-off waste of 3% was considered for insulation materials and 5% for brick and
mortar, due to the lack of other data on the installation process [33]. No replacement is neces-
sary during the reference study period. For waste treatment, standard regional and country-spe-
cific ecoinvent data were considered.

After the procedure of thermal and HAM simulations, the use stage is also calculated
using B6 operational energy use. The heat transfer coefficient by transmission, H,, is calculated
for the wall and wall construction joint:

H

tr,surface

=AU (6)

H i thermatbridge = W/ (7

The heating energy use in [kWh] is calculated assuming 7., = 3.92 °C aver-

age external temperature in the heating season in Hungary, 7; = 20 °C internal temperature,

At = 4472 h conventional length of the heating period, as well as a building service system us-

ing a condensing gas boiler with a seasonal efficiency of # = 1, for a reference study period of

RSP = 30 years, eq. (8). The GWP is then calculated using 0.203 kg CO,-eq per kWh based on
the ecoinvent database:

At 1
O = He (T~ Toa) 75057 RSP ®)
Results and discussion

Embodied GWP of the building constructions

Embodied GWP of 1 m? of wall with ETICS

Figure 2 shows the embodied GWP values (A1-AS, C2, C4 life cycle stages) for all
the materials of 1 m? of wall construction according to the volumes and mass. It is visible in
fig. 2 that the masonry wall made of mason-
ry blocks and cement mortar has the highest
kg CO,-eq per m? value, therefore, if we want

60 1 ez [ a3 BM4 BAs BC2 B4 |

£

v

%40' to reduce the carbon footprint of a wall con-

S 30 struction, reducing the thickness of the masonry

%’ 201 ™ blocks could lead to success. Among the ther-

z mal insulation materials, mineral wool is re-
107 = = , sponsible for 27.33 kg CO,-eq per m?, which is

the highest and more than 2.5 times higher than
EPS, which has 11.77 kg CO,-eq per m? This
is due to the much higher density of mineral
wool. The lowest GWP was calculated for wood
wool boards in a wall construction, 7.54 kg
Figure 2. Embodied GWP of the materials of CO,-eq per m* and if the construction site is
1 m? wall construction with 15 cm ETICS closer to the production facility, this value could
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be even lower, since transportation was responsible for almost 46% of this value. Glass fibre
fabric has high GWP, regardless of the basis. However, we only use 0.2 mm fabric on our fagade
and 0.165 kg material/m?even with a 10% overlap and a 5% cut in waste, so it is no wonder that
it produced the lowest value among the examined materials. Therefore, it is pointless to spare
the glass fibre fabric for environmental reasons.

After summarizing the components of the wall construction, the GWP is 94.39 kg CO,-
eq per m? for the EPS insulated wall, 109.95 kg CO,-eq per m? for the MW based ETICS and
90.16 kg CO,-eq per m?belongs to the wall insulated externally by using wood wool boards.
Choosing mineral wool instead of wood wool thermal insulation increases the GWP of a wall
construction by 22%, and even choosing EPS instead of mineral wool is 16.5% better considering
GWP values of the whole construction. It is visible that wood wool is the most environmentally
friendly solution, but if the factory is far away from the construction site, the gains made at the
production stage almost disappear in the final results.

25’| WAIA3 BIA4 BAS HC2 4]

Embodied GWP of 1 m of
wall corner with ETICS

Studying the joint of the wall construc-
tions, the corners incorporate different vol-
ume and mass of materials. The results of the
calculations are summarized in fig. 3 for the ] 0
functional unit of 1 linear meter of wall corner B
construction. This measure is necessary to be N

GWP [kg CO,-eq per m’]

. . >3 N S
able to add the use stage later, using the linear & £ FFEEF S
. L R F S P D
thermal transmittances. The amount of GWP S S
. . [2 2 .
compared to the different materials change be- e ¢ ¢ < o\”O &
cause their geometry changes in a wall corner <

joint. The external insulation material has the  Figure 3. Additional embodied GWP of the
highest value in a construction with miner- materials of 1 linear meter wall construction

”" joint with 15 cm ETICS
al wool. In positive wall corners, the external
insulating shell contains a greater amount of material, therefore,, its GWP is more significant.
The summarized results of the three different types of construction are the following: 37.82 kg
COs-eq per m?, 50.42 kg CO,-eq per m*and 34.39 kg CO,-eq per m* for EPS, mineral wool and
wood wool, respectively. The difference between the three constructions has increased signifi-
cantly, a wall corner with 15 cm MW-based ETICS embodies 45.9% more CO, than a wood wool
insulated construction. An EPS insulated wall corner has 8.9% higher GWP than with wood wool.

Thermal transmittance and whole life cycle values
Thermal transmittance and whole life cycle GWP of 1 m? wall

After the calculation of the embodied GWP of the wall construction, we performed
thermal and HAM analysis on the building constructions. The U-values with different numer-
ical simulations are summarized in tab. 2. It can be seen that the U-vales increased if we used
HAM simulation, which included not only temperature, but also moisture content, depending
on the thermal conductivity of the materials. Despite the low average external relative humidity,
U-values increased between 3.9-6.1%. These differences occurred because while all the ETICS
are constructed as a 15 cm thick layer, EPS has 0.038 Wm'K™!, mineral wool 0.037 Wm 'K,
and wood wool 0.042 Wm™'K-! thermal conductivity. Moisture adsorption capabilities and wa-
ter vapour resistance factors also differ significantly.
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Table 2. The U-value and GWP;, of the wall construction
U A-C B6 GWP;, A-B-C
bilsne s ETIC [Wm?2K'] | [kg CO,-eqper m*] | [kg COs-eq per m?] | [kg CO,-eq per m?]

Thermal/EPS 0.171 94.39 75.13 169.52
Thermal/MW 0.170 109.95 74.72 184.67

Thermal / WW 0.183 90.16 80.19 170.34
HAM/EPS 0.178 94.39 78.07 172.46
HAM/MW 0.179 109.95 78.34 188.29
HAM/WW 0.194 90.16 85.09 175.24

220
200 A
180 o
160 7
140 4
120 4
100 7
80 1
60
40 4
20 A

GWP [kg CO,-eq per m’]

Table 2 shows that considering a 30-year reference study period for wall construction,
the embodied CO, content will be larger than 30 years of usage. It is reasonable to say that
we need to optimize and reduce the GWP of our materials because as it turns out, in an nZEB
ready wall section the A-C stage emits more CO, than the complete use stage. The operational

[ mA1A3 @4 BAS =86 =C2 O |

Thermal ~ Thermal  Thermal HAM HAM HAM
EPS MwW ww EPS MW ww

Figure 4. The GWP of the materials of 1 m*
wall construction with 15 cm ETICS

energy use is different for the three constructions
and also depends on the simulation method. The
most interesting point is that after considering
the use stage, expanded polystyrene ended up
being the most environmentally friendly alterna-
tive in both thermal and HAM simulation-based
calculations. The GWP;, values increase by
1.7% to 2.9% when thermal simulations are
compared to HAM modelling, therefore, HAM
simulated operation energy use even made the
difference larger between EPS and wood wool.
The decomposed and stacked GWP stage values
for each scenario can be observed in fig. 4.

Linear thermal transmittance and whole life cycle GWP of 1 m of wall corner

o
o

GWP [kg CO,-eq per m’]

The results of the wall corner joint case are summarized in tab. 3. As mentioned be-
fore, similar to linear thermal transmittance, the linear GWP5, of the thermal bridge areas is of-
ten neglected or skipped in LCA calculations. However, if we consider calculating the corner’s
GWP for the 30-year period, we can see that it could be a significant amount that should not

[ maras ma4 mas mBs mc2 mcs |

=]
(=]
'

o
o
L

N
o
L

N
o
L

Thermal ~ Thermal ~ Thermal HAM HAM HAM

EPS MW ww EPS mMw ww

Figure 5. Additional GWP of the materials of 1
meter wall construction joint, 15 cm ETICS

be neglected. The differences between the linear
thermal transmittances obtained from a thermal
and a HAM simulation vary between 8.4-9.8%,
therefore, we can say that in positive wall cor-
ners, HAM simulation increases the results more
than in planar structures. The temperature profile
in the wall corner is lower due to the effect of
thermal bridging. In comparison, the moisture
profile is higher in the corner mainly because of
the relative humidity field, and the latter effect
can be called as moisture bridging [25].
Thermal bridging in the wall corner can
be seen in fig. 6 where the isotherm lines draw
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Table 3. Linear thermal transmittance and GWP;, of the wall construction joint

i G [Wm'/'llK‘l] [kg COI:;E perm] | [kg C02}-3e6q per m] [kgggjfeﬁ-;-rcm]
Thermal/EPS 0.0773 37.82 33.91 71.73
Thermal/MW 0.0768 50.42 33.68 84.10
Thermal/WW 0.0798 34.39 34.98 69.37
HAM/EPS 0.0840 37.82 36.82 74.64
HAM/MW 0.0832 50.42 36.49 86.92
HAM/WW 0.0876 34.39 38.42 72.81

closer to the internal side of the joint in the corner area. Moisture bridging is observable wors
in our case using ETICS with low water vapour resistance factor such as wood wool, fig. 7. The
relative humidity depends on the temperature of materials, therefore, the thermal bridge affects
the relataive humidity field in the corner of the construction, respectively. It is also visible that
according to the simulated relative humidity field, the model remained in the hygroscopic re-
gion. The moisture bridges at the corners and other building construction joints could reduce
the thermal performance as increasing the moisture content in construction materials are in-
crease the thermal conductivity and therefore, reduce the thermal resistance.

2000 Tea 20000y TRH[1]
[mmlygoot [mmlygoo 0.7
16001 18 1600
1400 6 1400 0.65
1200+ 1200
1000+ 14 1000 06
800- 800
600 12 600 055
400r 10 400
200- 200 0.5
0 [ 8 0
\ 0.45
-200- | 6 -200,
\\ | \
-400) e | -400, T oa
600 . 4 -600
-500 0 500 1000 1500 2000 -500 0 500 1000 1500 2000
[mm] [mm]
Figure 6. Temperature distribution in wall Figure 7. Relative humidity distribution in
corner with 15 cm WW based ETICS wall corner with 15 cm WW based ETICS

The summarized GWP;, increased by 3.3% to 4.9% due to the switch to the HAM
simulation from a thermal approach. It is observable that the highest GWP is produced by the
mineral wool yet again, but in this case, expanded polystyrene came in as the second highest,
and wood wool offered the lowest solution.

The decomposed and stacked GWP stage values for each scenario can be observed in
fig. 5. It is observable that in the case of wood wool-based ETICS, the operational energy use
is higher than the production, construction and end of life stages all together. However WW
could be significantly better if the considered building construction was located closer to the
production facility, which turned out to be a serious issue in Hungary.

Finally, to emphasize the importance of HAM simulations and to consider the GWP3,
of building construction joints in life-cycle assessment, we can calculate a simple case of a
residential building. If we have a rectangular based, 8 m x 8 m internal sized, two levels high,
128 m? net floor area family house with four positive wall corners and an inner height of 3 m,
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then we can count 24 linear meter of wall corner joint and 192 m? of wall surface. Considering
most of the studies are based on thermal simulations and count only the GWP from 1-D con-
structions, the total emission can be calculated between 32547.84-35456.64 kg CO,.., emission
depending on the type of the ETICS. If we consider HAM based LCA calculation, the emission
from the walls itself become 33112.32-36151.68 kg CO,.,, which shows 2% increase only,
which could be considered as a small difference that not worth the effort of the more time and
resource-intensive HAM simulations over the simpler thermal simulations. However, if we
consider adding the GWP;, of the wall corner joints too, it increases the HAM based GWPs,
by around 5% to 35593.52-38990.92 kg CO,.,. We can state that HAM simulation-based LCA
calculation gives around 10% higher GWP;, if we consider the effect of only the wall corners,
which can be no longer called as a negligible amount. Based on these results, we would like
to investigate the impact of all building construction joints in an entire building in our further
research.

Conclusions

In this paper, the GWP of different wall and wall corner joint constructions was re-
searched with different thermal insulations and numerical simulation methodologies. Firstly,
we calculated the constituent materials’ production, construction and end of life stage GWP
values on both volumetric and mass basis, and then we calculated the exact values regarding
the examined building constructions. To obtain the use-stage GWP, we made thermal and HAM
simulations using a multidimensional finite element method. After we performed the analysis,
the GWP for a 30-year study period was calculated for each case.

Our study showed that if we want to reduce the carbon footprint of a wall con-
struction, reducing the thickness of the masonry blocks could lead easily to success. The
HAM modelling induced differences between thermal insulations, as well as showing that
LCA of building construction details based on HAM modelling gives valuable additional
information designers to select the proper thermal insulation for their design. In all examined
scenarios, mineral wool insulated constructions ended up being the highest GWP alternative.
Expanded polystyrene was the most environmentally friendly alternative in both thermal
and HAM simulation-based calculations for 1 m? of wall construction, but at wall corners,
wood wool insulated constructions showed a bit lower GWP than EPS. The additional GWP
could be as much as 10% if we consider an average-sized family house just from the wall
corners. Therefore,, neglecting the additional material quantities and the thermal bridge effect
at construction joints leads to an underestimation of both the embodied and the operational
environmental impacts.

Acknowledgment

Project FK 128663 has been implemented with the support provided from the Na-
tional Research, Development and Innovation Fund of Hungary, financed under the FK 18
funding scheme. The first author is supported by the UNKP-21-4 New National Excellence Pro-
gram of the Ministry for Innovation and Technology from the source of the National Research,
Development and Innovation Fund. The second author is supported by the UNKP-21-1 New
National Excellence Program of the Ministry for Innovation and Technology from the source of
the National Research, Development and Innovation Fund. The research reported in this paper
is part of project no. BME-NVA-02, implemented with the support provided by the Ministry of
Innovation and Technology of Hungary from the National Research, Development and Innova-
tion Fund, financed under the TKP2021 funding scheme.



Nagy, B., et al.: Global Warming Potential of Building Constructions Based ...

THERMAL SCIENCE: Year 2022, Vol. 26, No. 4B, pp. 3285-3296 3295

Nomenclature

A —surface, [m?] U —thermal transmittance, [Wm2K']

D,, — liquid transport coefficient, [m?s™]

g — moisture flux, [kgm2s] Greek symbols

Hy — direct heat transfer coefficient J, — vapor permeability of still air depending

H, —heat transfer coefficient by transmission, on air temperature, [—]

[WK™] d, — vapor permeability (= d,/1), [kgm's'Pa’']

h  — heat transfer coefficient, [Wm=K™'] n —efficiency, [-]

L, — thermal coupling coefficient, [Wm?K'] Jex — temperature and volumetric moisture

L, - latent heat of evaporation of water, [Jkg'] content dependent effective thermal

[ —internal length of the joining building conductivity (= ;g gy &7 107Oe/v)]]

elements, [m] [Wm K]

O —heat flow, [W] u —vapor resistance factor, [—]

Ps — saturation pressure of water vapor, [Pa] ¢ —differential moisture capacity, [kgm]

q - heat flux, [Wm?] @ —relative humidity, []

T —temperature, [K] v — linear thermal transmittance, [Wm'K™']
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