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Abstract: The external thermal insulation composite system (ETICS) improves the energy efficiency
of buildings, and nowadays, this method is the most popular to insulate buildings in many European
Union (EU) countries. The article presents the impact of producing ETICS with expanded polystyrene
(EPS) or mineral wool (MW) on the natural environment using the life cycle assessment (LCA)
method. The data used in the calculations, related to 2017 real production, were obtained from the
externally verified inventory from five manufacturing plants located in different regions of Poland.
The LCA of the examined products covered modules from A1 to A3 (cradle-to-gate), according to
EN 15804 standard. The study determines and analyses the values of basic indicators related to
environmental impacts and environmental aspects of resource use. It comprises indicators calculated
for 1 m2 ETICS for five thicknesses of the mentioned thermal insulation materials. Results show that
for all environmental indicators, MW systems are characterized by a more negative environmental
impact than the equivalent systems with EPS. The study aims to highlight knowledge about ETICS
sustainability. The data presented in work are essential for assessment in terms of the sustainable
development of ETICS. Such an evaluation is not just a need for the future but a necessity for
the present.

Keywords: environmental impact; environmental product declaration (EPD); life cycle assessment
(LCA); external thermal insulation composite system (ETICS); global warming potential (GWP)

1. Introduction

Protection, preservation, and improvement of natural capital, as well as the protection of citizens’
health and well-being against threats and adverse effects related to environmental degradation, is one
of the most critical challenges of today. Recently, the European Commission, recognizing the need to
intensify efforts to counteract the negative impact of man on the environment expertly, has formulated
a new strategy: the European Green Deal [1]. The goal is to achieve zero net greenhouse gas emissions
in the European Union (EU) in 2050. The implementation of this goal involves the separation of
economic growth from the use of natural resources.

The construction, use, and renovation of buildings require considerable energy and mineral
resources. [The building sector in the EU is the largest single energy consumer, accounting for 40%
of the total energy used [2]. As a result of the energy demand for construction, 36% of total carbon
dioxide (CO2) emissions are generated in the European Union. In the EU, 75% of buildings are energy
inefficient [3]. In the Member States, the annual building renovation rate is between 0.4% and 1.2%
today [1]. There is no chance of achieving the target set in the European Green Deal in 2050 without
doubling this indicator. Thus, it is necessary to start renovating buildings, both public and private,
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on a more massive scale. The most commonly used method to save energy in buildings in EU countries
is through the use of external thermal insulation composite systems (ETICS).

The construction sector, corresponding to 9% of European GDP and 18 million direct jobs,
is responsible for the most significant damage to the environment among all branches of the economy.
The scale of its negative impact has also been confirmed at the global level. In 2015, fossil fuels
were the source of 82% of the energy consumed in buildings in EU countries [4]. Still, the current
approach of participants in the construction process (architect, constructor, contractor, and investor) for
environmental impact is based on the strategy of meeting immediate needs. In most cases, the main
goal is to erect the object, preferably with the lowest possible investment. Design and construction
of buildings without assessing its long-term impact (by means of its full life cycle) on the natural
environment is still permitted by law. Shortly it will be necessary to change this approach.

Construction Products Regulation (CPR) has been marketing the construction products in the
EU countries since 1 July 2013 [5]. The authors of the CPR have introduced the issue of product
sustainability in the regulation of construction products. Before 1 July 2013, Directive 89/106/EEC [6]
defined six basic requirements related to:

1. mechanical resistance and stability,
2. safety in case of fire,
3. hygiene, health, and environment,
4. safety in use,
5. protection against noise,
6. energy economy and heat retention.

According to the CPR, construction works must be designed, built and demolished in such a way
as to ensure the sustainable use of natural resources, and in particular to provide:

• reuse of recyclability of the construction works, their materials, and parts after demolition,
• the durability of the construction works,
• use of environmentally compatible raw and secondary materials in the construction works.

Despite the great importance of the issue of sustainable development [7,8] and the definition
of the seventh basic requirement in the CPR, it is not yet a criterion for compulsory assessment
before placing a construction product on the EU market. To determine the environmental impact
of a construction product, its manufacturer can develop an Environmental Product Declaration
(EPD). EPD is an independently checked and registered document that provides transparent and
comparable information on the environmental impact of products during their life cycle [9,10]. EPD is
an internationally recognized and accepted document defining product quality. EPD, also known
as a Type III environmental declaration, is based on the life cycle assessment (LCA) and complies
with the ISO 14025 standard [11]. EPDs are used in construction, mainly for performing the life cycle
assessment of a building (according to EN 15978 [12] or a construction product (according to EN
15804 [13]. Because EPDs are not required by law, and they are only a voluntary document, they are
not widely used. It is true that their number increases every year and currently amounts to over
6000 [14]. In Poland, the Building Research Institute (ITB) has issued over 100 EPDs [15]. However,
these documents are still used only in business-to-business (B2B) communication and certification
processes of such systems like LEED, BREEAM, DGNB, HQE®, and others [16–18]. An ordinary user
of construction products knows little or nothing about EPD.

As mentioned above, the application of ETICS improves the energy efficiency of both new
and existing buildings. ETICS are kit in the sense of the CPR consisting of specified prefabricated
components being applied directly to the facade onsite. The Polish ETICS market, estimated at
around 40 million m2 annually, is one of the highest in Europe [19]. Every year, ETICS manufacturers
improve the functionality of their solutions by trying to match them to the expectations of customers.
Expectations are high, especially considering that a dozen or so years ago, Polish buildings had the
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highest average heating energy consumption: 63% above the European average [20]. Buildings in
Poland, alongside French ones, also had the highest production of airborne emissions and the highest
emissions of solid wastes [20]. In Poland, as in other EU countries, with expanded polystyrene (EPS)
or mineral wool (MW) panels are commonly used as insulation material in ETICS. It is worthy of
mentioning that both materials are in use for decades. In Central Europe, the share of ETICS with EPS
is about 84%, while about 12% of ETICS installed on the walls as thermal insulation material is MW.
In other regions of Europe, the share of EPS ranges from 60% to 88%, and MW from 9% to 25% [19].
Systems with EPS and MW can be used both on newly erected buildings and those undergoing
modernization. However, there are significant differences between EPS and MW, which can decide on
the selection of specific insulation material, and thus the entire insulation system. Below we present
the most critical features of both materials, which, due to their practical application, are essential for an
investor planning building insulation:

• Thermal insulation characterized by a thermal conductivity coefficient λ (or k, W m−1 K−1).

The thermal conductivity coefficient for facade EPS presumably can be found in the range between
0.029 and 0.041 W m−1 K−1 [21], where minimal value is designated for graphite polystyrene. As for
mineral wool, the λ value commonly is in the range of 0.037 to 0.050 W m−1 K−1 [22].

• Insulation material weight.

Depending on the type, the facade mineral wool is from five to nine times heavier than EPS. Additionally,
the consumption of adhesives used for fixing it and embedding fiberglass mesh is about 15% higher.
Approximately, 1 m2 ETICS with 10 cm thick EPS insulation weighs about 15 kg, where lamella MW
panels of the same thickness reach about 22 kg, and on MW with a laminar fiber disturbance up to
about 27 kg [23].

• Water vapor permeability.

This is one of the most important properties when analyzing vapors flows in the wall. Measured water
diffusion resistance factor (µ) is on average equal to 2 and 35 for MW and EPS, respectively. Water vapor
permeability is significantly lower for EPS because of its structure and the high share of tightly
closed pores [23]. On the other hand, the disadvantages of high permeability of MW are possibly
easier condensation between materials fibers which can affect negatively the properties of thermal
conductivity [24].

• Fire resistance.

According to the classification of thermal insulation materials through EN 13501-1 [25],
MW (European fire classes: Euroclasses A1 and A2) is in a solid privileged position compared
to EPS (European fire classes: Euroclasses F and E). Nevertheless, according to the same norm,
classifications of ETICS with MW and EPS (with external mineral layer) are as follows, A2-s2-d0
and B-s1-d0, respectively. Described ETICS classification concerns systems described further in the
Materials and Methods section and is representative for ETICS based on MW and EPS as thermal
insulation material and mineral rendering system. It is worth to mention that properly designed and
built ETICS based on both MW or EPS are classified as non-spreading fire according to Polish norm
PN-B-02867:2013 [26].

From a practical aspect, when comparing systems based on different insulation materials, it is also
essential to consider the mounting method, and the total cost of investment in insulation MW-ETICS to
EPS-ETICS (identical insulation thickness and the same finishing layers) can be significantly higher.
As mentioned earlier, the environmental impact of ETICS is not considered during the assessment of
the system and laying down product on the market. It is also not commonly determined when making
an ETICS selection by an investor, architect, or the final consumer. The exception is when the building
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is assessed in one of the voluntary environmental assessment systems. Despite the importance of
environmental issues and the widespread use of ETICS, as well as extensive scientific literature in the
field of LCA and EPD, the number of scientific publications on ETICS environmental impacts is still
limited [27–32]. This work compares EPS based ETICS to MW based ETICS environmental impact.

2. Materials and Methods

ETICS consists of a prefabricated insulation product bonded to the wall or mechanically fixed
with anchors, or a combination of adhesive and mechanical fixings. This technique was applied for the
first time to a residential building in 1957 in Berlin, Germany [19]. Over the past 60 years, ETICS has
been and continues to be the most widely used solution to improve the energy efficiency of buildings
in Europe. Thus, this solution has flowed over the years and continues to affect the achievement of
environmental goals [19].

In Poland, construction products can be laid down on the market with the CE marking or in the
system on the national level with the construction mark B. At the European level, the requirements
for ETICS are set out in ETAG 004 [33]. In Poland, ETICS manufacturers can obtain a European
Technical Assessment based on ETAG 004 and, after subjecting their solution to conformity assessment,
place on the market with CE marking. It is also possible to obtain the National Technical Assessment
(before 1 January 2017, National Technical Approval), and after completing the conformity assessment,
mark the product with the building mark B. In the national system, the requirements for granting the
National Technical Assessment for ETICS with EPS and MW are specified in the relevant guideline for
issuing national technical assessments (for EPS based ETICS [34] and MW based ETICS [35]).

In the Polish national assessment system, ETICS is subject to assessment in the same basic
requirements using the same test methods as in the European order. Besides, due to regulations on the
national level, it is possible to assess the fire spread rate and susceptibility to algae growth.

Atlas ETICS and Atlas ETICS Roker are trading names for External Thermal Insulation Composite
System. Both systems comprise the insulation board (bonded or bonded and mechanically fixed) with
reinforced undercoat and decorative finishes, as described in the National Technical Approval ITB
AT-15-9090/2016 (EPS) [36] and ITB AT-15-2930/2016 (MW) [37] issued by the Building Research Institute
(ITB) in Warsaw. The systems consist of a vast selection of adhesives, base coats, renders, and decorative
coats of various colors. Figure 1 schematically shows the arrangement of ETICS layers.
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Figure 1. Layers arrangement in the Atlas external thermal insulation composite system (ETICS)
(expanded polystyrene (EPS)) and Atlas ETICS Roker (mineral wool (MW)) as described in the
National Technical Approval AT-15-9090/2016 and AT-15-2930/2016: (1) wall structure (substrate),
(2) adhesive (basic fixing), (3) thermal insulation (EPS or MW), (4) anchor (if necessary, additional
fixing), (5) reinforcement layer (base coat with glass fiber mesh embedded), (6) key coating (if needed),
(7) finishing coat (renders), (8) primers (optional), and (9) decorative coats (optional).
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For the study presented in this paper, mineral renders systems selected from various possible
variants described in the ITB AT-15-9090/2016 (EPS), and ITB AT-15-2930 (MW) were analyzed [36,37].

The environmental impact was assessed using the LCA method for a complex thermal insulation
system described in the National Technical Approval AT-15-9090/2016 (EPS) and AT-15-2930/2016
(MW). For this publication, the results obtained for ETICS containing expanded polystyrene (EPS) or
mineral wool (MW) panels of five different thicknesses: 10, 12, 15, 20, and 25 cm with a mineral render
as a finish layer were analyzed.

The data used in the calculations relate to 2017 (EPD’s released in March 2019) for five production
plants located in the different regions of Poland: Bydgoszcz, Dąbrowa Górnicza, Piotrków Trybunalski,
Suwałki, and Zgierz [38,39]. It is also worth noting that during 2017, the production volume of ETICS
components corresponded to approximately 10 million square meters of insulation of the external
walls of buildings. Type III Environmental Declarations (EPD) was developed by following EN
15804 [13], and their content was verified per under ISO 14025 [11] by Building Research Institute (ITB)
experts. The life cycle that was the subject of the analysis covered modules A1 to A3 (i.e., from the
extraction of raw material to the finished product delivered to the factory gate), where A1 is extraction,
and processing of raw materials, processing of secondary material, including recycling processes, A2 is
transport to the manufacturer, and A3 is production. The total values of modules A1, A2, and A3 for
studied ETICS have been analyzed in this paper. For a better understanding, it is worth mentioning
that the share of module A1 in the total A1 + A2 + A3 in the case of ETICS with EPS ranged from 94.14%
(for EPS thickness of 10 cm) up to 96.82% (25 cm thick). For ETICS with MW, the A1 module was from
98.11% (10 cm of EPS) to 99.14% (25 cm EPS). The transport share for ETICS with EPS (module A2)
ranged from 1.44% to 0.80% for 10 and 25 cm EPS thick, respectively. For ETICS with MW, the share
of the A2 module varied from 0.38% to 0.17% for EPS 10 and 25 cm thick. The share of module A3
(production) ranged from 4.42% to 2.38% for ETICS with EPS for 10 and 25 cm thick, respectively.
For ETICS with MW, the share of module A3 was lower than for ETICS with EPS. It was only 1.38% for
a 10 cm MW thickness and 0.69% for a 25 cm MW thickness.

The environmental assessment refers to the product unit, which is 1 m2 of insulation made using
a complex insulation system described in the National Technical Approvals AT-15-9090/2016 (EPS)
and AT-15-2930/2016 (MW). The impacts and consumption of raw materials for each production plant
and the entire production were assigned to representative products through the application of mass
allocation rules (i.e., the weighted average mass of given products). Impacts at individual production
locations have been inventoried, assigned, and included in the calculations separately.

Table 1 specifies all components of the ETICS with expanded polystyrene (EPS) described in the
National Technical Approval ITB-AT-15-9090/2016 and analogous data for the ETICS with mineral
wool (MW), as described in ITB-AT-15-2930/2016.
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Table 1. EITCS components as described in the National Technical Approval ITB AT-15 9090/2016 (for
ETICS with EPS) and ITB AT-15-2930/2016 (for ETICS with MW).

Component Component Description Quantity/m2

ETICS with EPS
Quantity/m2

ETICS with MW

Adhesive for bonding

Cement-based adhesives modified
with re-dispersible polymer
powder, methylcellulose ether,
fibers, and mineral fillers.

4.5 kg 4.5–5.5 kg

Insulation 1 Prefabricated EPS board or
MWpanel. 2 ca. 1.35 kg 3.5–4.5 kg

Adhesive for base coat

Cement-based adhesives modified
with re-dispersible polymer
powder, methylcellulose ether,
fibers, and mineral fillers.

5.5 kg 5.5–6.5 kg

Glass fiber mesh 1
Alkaline-resistant glass mesh with
a nominal weight of 150 or 165
g/cm2.

≥ 0.15 kg ≥ 0.15 kg

Key coat Dispersion-based key coat with
mineral/quartz fillers. ca. 0.2 kg ca. 0.3 kg

Finishing coat

Cement-based render modified
with re-dispersible polymer
powder, methylcellulose ether,
fibers, and mineral fillers.

2.0–4.5 kg 2.0–4.5 kg

Ancillary materials 1 Anchors, special fittings. - -
1 products from suppliers; 2 for thermal conductivity coefficient λ = 0.039 W/m K.

The environmental data on raw materials used in the analysis come from valid sources (databases)
such as Ecoinvent, Ullmann’s, Plastic-Europe, ITB-Data, SPC, and selected Type III environmental
declarations of components of ETICS.

3. Results

Table 2 shows the environmental characteristics of ETICS with different thicknesses of EPS
insulation material and mineral renders as the finishing layer calculated for 1 m2 of insulation, of:

• global warming potential (GWP),
• depletion potential of the stratospheric ozone layer (ODP),
• acidification potential of soil and water (AP),
• eutrophication potential (EP),
• formation potential of tropospheric ozone (POCP),
• abiotic depletion potential (ADP-elements) for non-fossil resources,
• abiotic depletion potential (ADP-fossil fuels) for fossil resources,
• total use of renewable primary energy resources (primary energy and primary energy resources

used as raw materials) (PERT),
• total use of non-renewable primary energy resources (primary energy and primary energy

resources used as raw materials) (PENRT)
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Table 2. Environmental characteristics of 1 m2 ETICS system described in the National Technical
Approval AT-15-9090/2016 calculated in the year 2019 (data from 2017) with 10, 12, 15, 20, and 25 cm of
expanded polystyrene (EPS) used as thermal insulation material, and mineral renders as a finishing
layer [38].

Indicator [Unit]
A1–A3

10 cm 12 cm 15 cm 20 cm 25 cm

Environmental Impacts: 1 m2

GWP [kg CO2 eq.] 8.70 9.64 1.10 × 101 1.34 × 101 1.57 × 101

ODP [kg CFC 11 eq.] 5.01 × 10−5 5.01 × 10−5 5.01 × 10−5 5.02 × 10−5 5.02 × 10−5

AP [kg SO2 eq.] 2.57 × 10−2 2.78 × 10−2 3.10 × 10−2 3.63 × 10−2 4.16 × 10−2

EP [kg (PO4)3- eq.] 4.63 × 10−3 4.82 × 10−3 5.11 × 10−3 5.60 × 10−3 6.09 × 10−3

POCP [kg Ethene eq.] 2.41 × 10−3 2.68 × 10−3 3.07 × 10−3 3.73 × 10−3 4.38 × 10−3

(ADP-elements) [kg Sb eq.] 9.90 × 10−3 9.90 × 10−3 9.90 × 10−3 9.90 × 10−3 9.90 × 10−3

(ADP-fossil fuels) [MJ] 1.55 × 102 1.82 × 102 2.23 × 102 2.90 × 102 3.57 × 102

Environmental aspects related to the consumption of raw materials, 1 m2

PERT [MJ] 8.70 9.09 9.69 1.07 × 101 1.17 × 101

PENRT [MJ] 1.62 × 102 1.90 × 102 2.32 × 102 3.01 × 102 3.70 × 102

Table 3 presents comparable data for ETICS with MW as a thermal insulation material, and the
same mineral renders as the final layer.

Table 3. Environmental characteristics of 1 m2 ETICS system described in the National Technical
Approval AT-15-2930/2016 calculated in the year 2019 (data from 2017) with 10, 12, 15, 20, and 25 cm of
mineral wool (MW) used as thermal insulation material, and mineral renders as a finishing layer [39].

Indicator [Unit]
A1–A3

10 cm 12 cm 15 cm 20 cm 25 cm

Environmental impacts: 1 m2

GWP [kg CO2 eq.] 2.65 × 101 3.51 × 101 3.72 × 101 4.79 × 101 5.87 × 101

ODP [kg CFC 11 eq.] 9.21 × 10−5 9.25 × 10−5 9.26 × 10−5 9.31 × 10−5 9.35 × 10−5

AP [kg SO2 eq.] 1.03 × 10−1 1.36 × 10−1 1.45 × 10−1 1.87 × 10−1 2.29 × 10−1

EP [kg (PO4)3- eq.] 4.22 × 10−3 5.40 × 10−3 5.69 × 10−3 7.16 × 10−3 8.63 × 10−3

POCP [kg Ethene eq.] 1.28 × 10−2 1.64 × 10−2 1.73 × 10−2 2.19 × 10−2 2.64 × 10−2

(ADP-elements) [kg Sb eq.] 1.38 × 10−1 1.89 × 10−1 2.01 × 10−1 2.64 × 10−1 3.27 × 10−1

(ADP-fossil fuels) [MJ] 2.45 × 102 3.35 × 102 3.58 × 102 4.70 × 102 5.83 × 102

Environmental aspects related to the consumption of raw materials, 1 m2

PERT [MJ] 6.26 6.26 6.26 6.26 6.26
PENRT [MJ] 2.69 × 102 3.68 × 102 3.93 × 102 5.17 × 102 6.41 × 102

Figures 2–10 present mentioned above indicators values calculated for 1 m2 of ETICS with EPS
and ETICS with MW, with different thickness of the thermal insulation material.
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depending on the thickness of the thermal insulation material.
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Figure 10. Total use of non-renewable primary energy resources (primary energy and primary energy
resources used as raw materials) (PENRT) for 1 m2 ETICS with EPS or MW depending on the thickness
of the thermal insulation material.
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As mentioned earlier, ETICS are kits, in the sense of the CPR, consisting of specified prefabricated
components being applied directly to the facade onsite. ETICS are also defined in the same way in the
Polish national building regulations. Assessment and verification of constancy of performance of ETICS
are carried out for the whole system and not for individual components. For this reason, this work
presents a comparison of the environmental impact of 1m2 ETICS with EPS to 1 m2 ETICS with MW.
However, knowledge of the environmental impacts of individual ETICS components is crucial.

Figure 11 shows the share of environmental impacts of individual ETICS components for the
system when the thickness of the thermal insulation material is equal to 10 cm.
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Figure 11. Environmental impact of complete ETICS system (a) with EPS produced according to
the National Technical Approval ITB-15-9090/2016 [36], and (b) with MW produced according to the
National Technical Approval ITB-15-2930/2016 [37]. The thickness of the thermal insulation board:
10 cm. The data represent share of specified ETICS system components in the environmental impacts
categories (A1-A3 stage of ETICS life-cycle). Legend: (�) adhesive for bonding insulation, (�) insulation
material, (�) glass fiber mesh, (�) adhesive for a base coat, (�) key coat, (�) finishing coat.

Both thermal insulation materials (EPS and MW) have a significant impact on the value of
the studied environmental indicators. EPS footprint was responsible for more than half of GWP,
POCP, ADP-fossil fuels, and PENTR. For such indicators as AP, EP, and PERT, contribution of EPS
was also significant. The impact of EPS on two environmental indicators (ODP and ADP-elements)
was negligible. MW footprint was responsible for almost or more than 90% of GWP, AP, POCP,
ADP-elements, ADP-fossil fuels, and PENRT. MW also has a significant influence on the ODP and
relatively small influence for EP and PERT.

4. Discussion

For all indicators analyzed in this article, the environmental burdens related to the production of
1 m2 of ETICS with MW were higher than for 1 m2 of ETICS with EPS. Although the value of total
use of renewable primary energy resources (PERT) was higher for EPS than for MW, it should be
remembered that this is an environmentally beneficial situation.

In the case of the global warming potential (GWP), when comparing the production of 1 m2

ETICS with MW to 1 m2 ETICS with EPS, the first is associated with almost three times higher CO2

equivalent emissions for 10 cm thick insulation material and nearly four times higher for 25 cm thick.
The Polish ETICS market is one of the largest in the European Union, and its size is estimated at around
40 million m2 of ETICS per year [19].
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Table 4 presents the global warming potential of manufacturing ETICS (modules A1-A3) calculated
for 40 million m2 insulated external walls annually with ETICS with MW (10 and 25 cm) and with EPS
(10 and 25 cm) based on data obtained from data gathered in this paper. When analyzing the above data,
it is worth referring to such indicators as the emission of carbon dioxide resulting from heating/cooling
activities by households, total CO2 emissions, and total greenhouse gas (GHG) emissions. In 2017
the emission of CO2 resulting from heating/cooling activities by households in Poland was equal to
35.7 million tons [40]. Total CO2 emissions and total GHG emissions in Poland in 2017 were equal to
319.0 million tons of CO2 [41] and 413.8 million tons of CO2 equivalent excluding Land Use, Land Use
Change, and Forestry (LULUCF) [42], respectively.

Table 4. Global warming potential of manufacturing ETICS (modules A1-A3) calculated for 40 million
m2 insulated external walls annually with ETICS with MW (10 and 25 cm) and with EPS (10 and 25 cm).

Insulation Material Thickness in ETICS [cm]
GWP [t CO2 eq.]

EPS MW

10 cm 348,000 1,060,000
25 cm 628,000 2,348,000

The stratospheric ozone layer depletion potential (ODP), determining the quantitative impact of
the ETICS on the destruction of the ozone layer, is for ETICS with MW nearly two times higher than for
the system with EPS. It does not depend on the thickness of the thermal insulation material (EPS or MW).
When considering the ozone layer depreciation, ODP, it is worth mentioning that no ozone-depleting
substances as regulated by the EU, such as chlorofluorocarbons (CFCs) or hydrochlorofluorocarbons
(HCFCs), are nowadays used as blowing agents for the production of EPS [43].

Acidification potential of soil and water (AP) is the result of acids being emitted to the atmosphere
and subsequently deposited in surface soils and waters. AP expressed as SO2 equivalent refers to the
emission of SO2, NOx, HCl, NH3, and HF. ETICS with MW has a higher AP than ETICS with EPS.
The ratio of AP with MW to AP with EPS is varying between 4 and 5.5 for 10 cm and 25 cm of thermal
insulation material, respectively.

Eutrophication potential (EP) quantitatively determines the impact on the accumulation of organic
matter in waters. With the change of MW thickness from 10 to 25 cm, the value of EP increases more
than twice (from 4.22 × 10−3 to 8.63× 10−3 kg (PO4)3- eq.). When using EPS, this change with the
change in the thickness of the thermal insulation material is not so significant (from 4.63 × 10−3 to
6.09 × 10−3 kg (PO4)3- eq.).

The formation potential of tropospheric ozone, POCP, determines the relative abilities of volatile
organic compounds to produce ground-level ozone. ETICS with MW is characterized by 5.3 to 6.0 times
higher POCP value than ETICS with EPS depending on the thickness of MW/EPS.

The EPS thickness does not affect the value of the abiotic depletion potential (ADP-elements) for
non-fossil resources. It is different in the case of ETICS with MW, for which this indicator grows almost
three times as the thickness increases from 10 to 25 cm. It is also worth noting that the value of the
ADP-elements indicator is 14 (10 cm of thermal insulation material) to 33 (25 cm) times higher for
ETICS with MW compared to similar systems with EPS.

In the scope of the abiotic depletion potential (ADP-fossil fuels) for fossil resources indicator,
ETICS with MW is characterized by higher values.

A comparison of the two PERT and PENRT indicators shows that significantly more non-renewable
primary energy resources are used to manufacture ETICS components, regardless of the kind of the
thermal insulation material (EPS or MW). For the production of ETICS with EPS, more renewable
primary energy and primary energy resources as raw materials were used than for systems with
MW. In terms of the PENRT indicator related to the use of non-renewable primary energy resources,
ETICS with MW is less environmentally friendly. In the use of renewable and non-renewable
primary energy resources (primary energy and primary energy resources used as raw materials),
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significant changes have taken place in Poland in recent years. For the ETICS system with EPS and
acrylic renders tested in the scope of modules from A1 to A3, the PERT indicator increased more than
seven times while the value of the PENRT indicator decreased by 11% over five years, from 2012 till
2017 [44].

ETICS improves the energy efficiency of buildings. The energy payback is depending on many
factors, like insulation thickness, heating method, and energy source. Also, the original situation,
as well as climate, are playing a crucial role. As a rule, the energy payback period of insulating
materials is less than two years [45].

5. Conclusions

Today, the indoor environment, as well as occupant’s health and comfort, are essential topics.
It is also crucial to stop the degradation of nature and minimalize the environmental burden due to
human activity. Nowadays, we need a holistic approach in which all influencing factors should be
simultaneously taken into consideration. Thermal insulation of the external walls plays a key role
in saving energy in buildings. It is not only important to know characteristic of ETICS in terms of
first six basic requirements according to the CPR; knowledge about the wide-spread sustainability of
ETICS is necessary. All decision-makers involved in the construction, as well as in a renovation of
buildings, should have access to data related to the environmental influence of building materials,
including external thermal insulation composite systems.

From the perspective of several years, the environmental impact may be part of the mandatory
assessment and verification of the constancy of the performance of construction materials, including
ETICS. The work determines and analyzes the values of nine environmental indicators calculated
for ETICS with EPS and MW as a thermal insulation material. Environmental impact rates were
calculated for 1 m2 ETICS for five thicknesses of thermal insulation material (EPS or MW). For all
nine environmental indicators, mineral wool (MW) systems are characterized by a more negative
environmental impact than the equivalent systems with expanded polystyrene (EPS). The value of
the PERT indicator for ETICS with EPS is higher than for ETICS with MW. However, the PERT and
PENRT indicators should be considered together, comprehensively. Of course, both thermal insulation
materials (EPS and MW) are widely used in ETICS, and their technical properties are well known.
Both materials, EPS as well as MW, have been in use for decades. However, when deciding to use EPS
or MW, it is important to be aware of their different impact on the environment characterized in this
work in the scope of modules from A1 to A3.

It should be emphasized that the environmental impact indicators calculated and analyzed in the
article refer to the residual data related to significant production (about 10 million m2) located in five
production plants in different regions of Poland.

The purpose of this work was to show the environmental impact of the production of ETICS
with EPS and ETICS with MW (modules A1-A3). ETICS, like other construction products, are not
subject to mandatory assessment in terms of the basic requirement for the sustainable use of natural
resources. It is essential to publish real industry data. These data, apart from being informative,
can help determine evaluation criteria in standardization work. The criteria for assessing building
materials, including ETICS, must be realistic. Also, publications in scientific journals are a crucial
element of changing awareness in the area of popularizing sustainable development issues.
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Budowlanego WO-KOT/04/02–Złożone Zestawy Izolacji Cieplnej z Wyprawami Tynkarskimi (ETICS) z Zastosowaniem
Wyrobów ze Styropianu, 1st ed.; Building Research Institute (ITB): Warsaw, Poland, 2018.

35. Building Research Institute (ITB); Institute of Ceramics and Building Materials (ICiMB); Institute of
Mechanized Construction and Rock Mining (IMBiGS). Warunki Oceny Właściwości Użytkowych Wyrobu
budowlAnego WO-KOT/04/01-Złożone Zestawy Izolacji Cieplnej z Wyprawami Tynkarskimi (ETICS) z Zastosowaniem
Wyrobów Z Wełny Mineralnej, 1st ed.; Building Research Institute (ITB): Warsaw, Poland, 2018.

36. Building Research Institute (ITB). National Technical Approval ITB-AT-9090/2016 Zestaw Wyrobów do
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