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Dear readers,

already our Energy Saving Guide 2016 addressed
“The long road to energy-efficient buildings in Eu-
rope.” Still Europe’s buildings account responsible
for 40 % of Europe’s final energy consumption and
36 % of its GHG emissions. However, we must not
forget the positive developments since. With the
Green Deal the European Commission set sails for
making Europe net carbon neutral by 2050. The
(OVID-19 pandemic together with the Russian in-
vasion in Ukraine showcased Europe’s vulnerability
in material and energy supplies. Both fostered the
ambitions to make Europe less dependent. Thanks
to the Fit-for-55 package numerous pieces of le-
gislation have been adjusted — for the first time
taking a coordinated and holistic approach. EAE
contributed in multiple ways to the decision-ma-
king process, be it with our own contributions to
consultations or jointly with our partners both at
European and national level, bringing in the views
and the expertise of the European ETICS sector.

For the first time ever the efficiency first principle
has been introduced as quiding principle in the
Energy Efficiency Directive. With the revision of the
just cited Energy Performance of Buildings Directive
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Ralf Pasker
EAE Managing Director

further important steps have been taken. By 2030 all
new buildings should be zero-emission buildings.
EU member states will make sure that the average
primary energy use of residential buildings will be
reduced by 16% in 2030 and by 20-22%in 2035. At
least 55% of the energy reduction will be achieved
through renovation of the 43% worst performing
residential buildings. Member states will revise their
national legislation in accordance with the new di-
rective in the years to come. This will indude making
available technical and more financial assistance to
lower the barriers to deep or staged deeprenovation.
They will adjust their national building renovation
plans. EAE and its partners will continue to support
the process. This Energy Efficiency Guide may act as
avaluable source of information.

The final piece of regulation that is about to come
is the revised Construction Products Requlation. It
will emphasize the environmental performances
of products used in construction, promoting solu-
tions contributing to a circular economy. The ETICS
sector takes its responsibility, took early action
and will continuously improve processes. We are
willing to play our role in this important transition.

Besides all technical and environmental aspects
we need to encourage building owners, ar-
chitects, designers with positive examples un-
derlining what is already possible today. This is
one of the objectives of our EAE Awards. You will
find some winning projects included to this do-
cument and even more on our website. Looking
at them, we are convinced you will understand
our slogan “ETICS are amazing”. ETICS offer a
unique variety of technical and design options to
meet nearly all needs of property owners and to
comply with building requlation. In addition our
sector requests reliable framework conditions.
Stop-and-go decision-making leads to uncer-
tainties along the entire value chain and cont-
radicts urgently needed efforts to significantly
increase building renovation rates. Else achieving
the EU 2050 objectives gets out of sight.

Our special thanks go to FIW Munich, namely to
Kerstin Lohr, Chiara Cucchi, Sebastian Treml and
Christoph Sprengard for their efforts to bring the
essence of various studies together in this Energy
Efficiency Guide. Let's work jointly together for a
true Renovation Wave for a Sustainable Future!
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As we witness the escalating impacts of climate
change, the imperative for action is clearer than
ever. Energy efficiency stands out as the most im-
mediate and impactful solution to address these
challenges. Global warming leads to more ext-
reme, sometimes even life-threatening, weather
events and natural disasters resulting in signifi-
a@nt ecological and economic damages, which
are also felt in Europe. Therefore, the overall goals
of limiting global warming to less than 2°C and
therefore reducing greenhouse gas emissions to
net zero by 2050 have long been on the political
agenda. The Furopean Green Deal paves the way
for that in the EU by addressing key enablers to
meet EU's climate objectives such as increasing
energy efficiency and shifting towards renewable
energy generation.

Nevertheless, especially the Russian invasion of
Ukraine in February 2022 has made obvious that
in Europe we need to become more independent
regarding our energy supply, reducing reliance on

fossil fuels from authoritarian-led third countries.
Sanctions against Russia made Russia widely
stop their gas exports to EU countries, which led
to an energy crisis and all-time high energy pri-
ces in the EU.

Getting to zero requires a variety of strategies and
solutions. It has never been clearer than now that
we need to reduce energy consumption, increase
renewable energy generation in the EU itself and
increase energy efficiency as fast as possible. And
all of this in parallel. This means that we need full
commitment and fast action from all member sta-
tes. Delay is no longer an option.

Buildings account for 40% of Europe’s final energy
consumption and 36% of energy-related green-
house gas emissions, which makes them one of the
main focus areas when it comes to increasing ener-
gy efficiency and the share of renewable energy use
as well as reducing energy consumption. Conside-
ring their service life, it can be assumed that 85 %

of today’s European building stock will still exist in
2050. Renovation of these existing buildings plays a
crucial role to become independent, resilient and in
achieving climate neutrality by 2050. A true Reno-
vation Wave in the EU has never been more impor-
fant, as itis paving the way for a sustainable future.

To meet the targets set for 2030 deep energy-ef-
ficiency renovations, associated with a shift to re-
newable heating and cooling systems, are essential.
The efficiency-first principle needs to be applied for
all'building renovations. The annual renovation rate
for the EU-27 plus the United Kingdom is currently
extremely low and must reach 3 % and then remain
at this level to achieve renovation of nearly 80 % of
the existing building stock by 2050.

Today, mostly all of our buildings still rely largely
on fossil fuels, particularly natural gas and oil. It has
long since clear that this leads to large amounts of
greenhouse gas emissions — and the current global
energy crisis is a sharp reminder of the urgency of



moving to more affordable, reliable and cleaner
ways of heating buildings. In this context, heat
pumps and district heating are the key technolo-
gies to make heating more secure and sustainable.

Well-insulated buildings and efficient heat
pumps are essential to reduce the capacity of
heat pumps needed to warm a given amount of
space and volume of water, thereby cutting the
cost of operating as well as installing them. This
also allows for lower flow temperatures, enab-
ling heat pumps to operate more efficiently and
at lower operational costs.

Consequently, buildings need to get prepared for
low-temperature heating systems to avoid mul-
tiplying the total electricity demand and shorta-
ges in the grids. With renewable energies being
limited, energy demand reductions by energy
efficiency renovations are crucial and leave more
renewable capacities for other sectors. Insulating
buildings'envelopes significantly decreases energy
consumption by reducing the energy demand. The
dependency on fossil fuels would already decrea-
se significantly without additional measures. This
eases the shift to renewable energy. Reducing the
demand together with the shift to electrification
boosts the process to become less dependent from
imports.

Improving buildings” envelopes and enhancing re-
novation rates are key enablers to achieve energy
transition and climate neutrality. External wall in-
sulations mark the most substantial savings whe-
reby ETICS mark the most used system for building
renovation — as well as a well-established solution
for new buildings.

Nevertheless, our current reliance on primary
materials is unsustainable, worsening resource
depletion. The construction sector is one of the
biggest consumers of raw materials and therefo-
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re bears a significant responsibility in this regard.
Today, approximately half of all extracted materials
are used by the construction sector. Construction
and demolition waste (CDW) counts responsible
for over one third of the total waste generation in
the EU, even though the current and future share
of ETICS on the CDW is low. However, every mar-
ket player — no matter how small — has to take its
responsibilities.

The recast of the Construction Products Regulation
(CPR) offers a chance to prioritize recycled con-
tent, durability and the circularity of construction
products leading to a smaller ecological footprint.
The ETICS sector in particular, has shown progress
on recycling solutions, but challenges remain, es-
pecially on the mix of materials and the fitness for
deconstruction. Economic and ecological feasibility
very much depend on the availability of ETICS was-
te streams. Thanks to the proven ETICS durability
such waste streams are still small but will grow
in the future. Today’s small ETICS waste streams
need to be considered when setting requlatory
requirements for recycled content in the future.
Requlatory frameworks must evolve to incentivize
the use of recycled materials, fostering innovation
and collaboration across sectors. By fostering sector
collaboration, the demand for recycling shares in
one sector must not, under any circumstances, lead
to increased consumption of raw materials in the
other sector. We have to focus on minimizing the
use of virgin raw materials in total.

This could also be transferred to the use of energy.
The energy we do not need is the most sustainable
energy. Which links the focus back to energy ef-
ficiency renovations and its many advantages and
solutions to face the challenges we face in Europe.

Apart from helping to reach our 2030, 2040 and
2050 climate objectives, the Renovation Wave
helps to fight poverty. Inefficient buildings with

inadequate heating systems and poorly insulated
building envelopes are the main sources of ener-
qy poverty, which lead to poor indoor thermal
comfort. Due to energy poverty millions of peop-
le across Europe are unable to cover basic housing
costs or suffer inadequate living comfort or work
environments. Nearly 34 million Europeans suffe-
red energy poverty conditions in 2018, meaning
that 7.6 % of all Europeans were unable to keep
their homes adequately warm. In 2022 this figure
even jumped to 9.3 %. People suffering from dif-
ficult financial conditions usually have problems
managing their energy expenditure, generating
a circle of high energy bills, debts and account
arrears and even leading to problems with well-
being and health. In contrast, reduced household
energy expenditures release budgets stimulating
consumption, supporting economic growth and
social participation of most vulnerable parts of
our societies.

By boosting energy-efficiency renovations espe-
cially by ETICS and other insulation measures, we
can fight the burden of energy costs on people,
whilst stimulating alternative consumption, sup-
porting economic growth and enabling social par-
ticipation. Additionally, the Renovation Wave leads
to accelerated deployment of renewable energies
and makes the EU less dependent on energy im-
ports from third countries. All policies targeting
the reduction of greenhouse gas emissions in the
building sector lead to the creation of new jobs,
reshaping the European labour market and signi-
ficantly increasing the employment in the const-
ruction sector.

In conclusion greenhouse gas emissions from
buildings mark 36 % of the problem. The Renova-
tion Wave initiative offers 100% of the solution. It
presents a historic opportunity to reshape our built
environment and secure a sustainable future for
generations to come.
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(limate change is one of the greatest challenges
facing mankind because it is an existential threat
to all living beings and nature around the globe.
Worst of all, it is man-made. Figure 1 shows the
evolution of the annual average global tempera-
ture in the world in the period from 1850 - 2018.
These so-called “global warming stripes” were de-
veloped by kd Hawkins, who aimed to illustrate the
effect of global warming in a universal and easily
understandable way. It becomes obvious that es-
pecially from 1980, the temperature has increased

TIME FOR RENOVATION IS NOW

dramatically, compared to the temperature level of
the previous 100 years.

Specific climate scenarios for Europe try to predict
the future evolution based on assumptions con-
ceming - socio-economic - developments  (Shared
Socioeconomic Pathways (SSP)) that result in a
representative concentration of greenhouse gas
(GHG) emissions thus leading to global warming
(Representative Concentration Pathways (RCP)).
The scenario SSP5-8.5 describes the so-called “fossil

path” The derived climate change according to the
ongoing use of fossil energy sources fosters massi-
ve impact on climate related risks. On the contrary,
a sustainable development of the socio-economic
is described in the SSP1-2.6 scenario that is called
the”2 °Cpath” Mostimportant are energy efficiency
and the use of renewable resources to minimize GHG
emissions. But even in this scenario, impact on na-
tural and socio-economic Systems occurs requiring
global efforts to cope with ecological and economic
damages, especially in the global south .

Global warming stripes according to Ed Hawkins for the period from 1850 — 2018 [2] combined with the evolution
of number of heating (Heat) and cooling (Cool) days in the EU in the period from 1979 — 2018
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Figure 1 Global warming stripes according to Ed Hawkins for the period from 1850 - 2018  combined with the evolution of number of heating (Heat) and cooling (Cool) days in the EU in the period from 1979 - 2018. Source:

Eurostat (nrg_chdd_a)



However, the observed climate change during
the last decades is of impact — even in Europe.
To illustrate this, the number of heating and coo-
ling days in Europe is overlapped with the global
warming stripes from Ed Hawkins. Doing so, it
becomes obvious that on the one hand, the num-
ber of heating days is decreasing across Europe,
whereas on the other hand an even more severe
impact is visible when looking at the evolution
of cooling days. The topic of summer heat pro-
tection becomes an issue, that requires more and
more attention in the south, but also in central
regions of Europe.

The global warming leads not only to higher
temperatures, but to disastrous consequences,
such as floods, droughts, rising sea levels and
extreme weather events which are also noti-
ceable in Europe. Examples are the flooding in
Austria and Slovenia caused by torrential rains in
August 2023, which resulted in the collapse of
bridges and houses or wild fires in Greece, Spain,
and other European countries caused by exces-
sive droughts. Such natural catastrophes do not
only lead to ecological but significant economic
damages. To mitigate the effects of climate
change, the European Union (EU) is pursuing
the goal of becoming the first climate-neutral
continent by 2050.
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This is at the heart of the European Green Deal as
launched in 2019, which aligns the EU's contribu-
tion to global climate action with the Paris Agree-
ment of 2015. The European Green Deal highlights
the importance of energy efficiency and the use of
renewable energy to achieve the objectives of the
energy transition 1.

To make the overall goal of becoming a climate-
neutral continent by 2050 legally binding, the
European Climate Law entered into force in July
2021. It states that the net greenhouse gas emis-
sions must be zero by 2050 and additionally sets
an ambitious interim goal that net GHG emissions
must be at least 55 % lower than in 1990 by 2030.
This goal laid the ground of the Fit-for-55 package
(as part of the European Green Deal) which is a set
of legislative proposals to align EU legislation with
the objectives of the Climate Law, to ensure that
the EU will reach its climate objectives.

In 2022, Russia’s war against Ukraine has led to si-
gnificant disruptions in Europe’s energy supply and
demonstrated the EU’s dependence on Russian oil
and gas imports. To make Europe less dependent
fromfossilenergy supply ofRussiaandtostrengthen
the European Green Deal, the Renewable Ener-
gy Directive and the Energy Efficiency Directive
were reinforced as part of the REPowerEU “ plan.

The Energy Efficiency Directive has been revised
and officially published in September 2023. The
directive underlines the fundamental principle of
“enerqy efficiency first”®!, which will be explained
in detail later. Complementary, the Renewable
Energy Directive has been revised and cited in No-
vember 2023 &, With the reinforced directives the
European Parliament and the Council agreed on
strengthening the existing energy and efficiency
targets:

- The share of renewables in total final energy
consumption must achieve at least 42.5 %
(aim 45 %) by 2030 ¥ The share of renewa-
ble energy for final energy consumption in
buildings must achieve at least 49 % by the
year 20301,

- Energy efficiency must increase to 40.5 %
(primary energy consumption) respectively
38 % (final energy consumption) by 2030
compared to 2007 levels (%7

To achieve Europe’s objectives of climate-neutrality,
each Member State is obliged to reduce emissions,
to increase energy efficiency and the share of rene-
wable energy in all sectors, e. g. industry, energy,
transport, buildings, etc. Those topics and a few
other ones must be addressed in the National Energy
and Climate Plans (NECP) of each Member State.
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TIMELINE OF EU CLIMATE POLICIES

.................................................................................

Kyoto Protocol (1997)

World's first GHG emissions reduction treaty that legally binds developed countries to
emission reduction targets (an average of 5% by the period 2008-2012).

Renovation Wave (2020)

Plan to boost renovation of EU buildings containing 3 focus areas:

- energy poverty and worst-performing buildings
« public buildings and social infrastructure
- decarbonization of heating and cooling

European Climate Law (2021)

Law to make the targets stated in the European Green Deal legally binding. EU and all
member must reach climate neutrality by 2050 (net GHG emissions must be zero).
also sets an ambitious 2030 target of 55% reduction of net GHG emission compared to

1990 levels

Proposal: 2040 Climate Target (2024)

European Commission’s recommendation: 90% reduc-
tion of net GHG emmissions compared to 1990 levels.

Revised Energy Performance of Buildings Directive
(2024)
By 2030 all new buildings should be zero-emission buildings; average

primary energy use of residential buildings will be reduced by 16% in 2030
and by 20-22% in 2035; > 55% of energy savings through renovation.

National Energy and Climate Plan (NECP)

Plan how EU member states address decarbonization, energy
efficiency, energy security, international energy market and
research,

Revised Renewable Energy Directive (2023)

Share of renewable energy shall be at least 42.5%, aiming
for 45% by 2030.

Paris Agreement (2015)

Universal, legally binding global climate deal, which aims to:
- maintain the increase in global temperatures below two degrees Celsius above

pre-industrial levels
- and limit the increase of temperature to 1.5 degrees.

European Green Deal (2019)

(2019) Highlights the importance of energy efficiency and

the use of renewable energy to reach the goals
of the energy transition and climate neutrality by

innovation and competitiveness. 2050.

Recovery and Resilience Facility (RRF) (2021)

Temporary instrument and centerpiece of the NGEU. The Facility helps to
raise funds for the EU member states so they can make their economies
and societies more sustainable and resilient.

It

Revised Energy Efficiency Directive (2023)

Improves the EU energy efficiency target, making it
binding for EU countries to collectively ensure an addi-
tional 11.7% reduction in energy consumption by 2030

under the 2020 EU reference scenario.

Revised Construction Products
Regulation (expected 2024)

National EPBD implementation
(2026)

Member states need to finally adjust national
legislation to the revised EPBD.

Emphasizes the environmental performances
of construction products, promoting solutions
contributing to a circular economy.



Energy Union strategy (2015)

It aims for giving secure, sustainable competitive
and affordable energy to all EU consumers.
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Amendment of Energy Performance of

Buildings Directive (EPBD) (2018)

The directive comprises specific measures to
ncrease the number of energy efficient buildings to
achieve energy and climate goals.

Revised Energy Efficiency Directive
(EED) (2018)

Supports the principle “energy efficiency first”

by setting binding targets for increasing energy

efficiency by at least 32.5% by 2030 relative to
2007 reference scenario.

(lean energy for all
Europeans package (2019)
Consists of 8 new laws, including e.g. the EPBD, RED and EED. These rules aim

to bring benefits for consumers, environment and economy and align with
the European Green Deal objectives to achieve carbon neutrality by 2050.

Revised Renewable Ener-
gy Directive (RED) (2018)

Regulation on the Governance of Ener-
gy Union and Climate Action (2018)
Requlates the cooperation of EU countries and the

Commission to reach
Energy Union's goals = NECPs.

Share of renewable energy sources
set at 32% by 2030.

National Recovery and Resilience Plans (NRRPs)
(2021)

Each country can submit its plan until 30th April. If the plan is
approved, member states get funds based on the achievement of the
agreed milestones and targets.

NRRP Updates (2023)

Until August each country should submit an updated NRRP
and add a chapter considering the REPowerEU plan.

NextGenerationEU (NGEU) (2021)

EU's temporary financial recovery instrument
to support the economic recovery from the
COVID-19 pandemic.

Draft updated NECPs (2023)

Adjusting NECPs towards the more ambitious 2030
energy and climate objectives under the European Green
Deal and RePowerEU.

. International level

Fit for 55 Package (2021)

Set of proposals to revise and update EU legislation
following EU's target of reducing net GHG emissions by
at least 55% by 2030. The proposed package aims to
bring EU legislation in line with the 2030 objectives.

REPowerEU plan (2022)

Plan to rapidly reduce dependence on Russian fossil
fuels and to boost the green transition. RRF is the main
funding tool.

European level

o
[
o

' National level

Energy Union Strategy
European Green Deal

Recovery from Covid-19
pandemic and energy crisis
(due to Russian’s invasion of Ukraine)

Figure2  Timeline of EU climate policies. Source: FIW
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- Global warming leads to more extreme weather events.
« Such natural catastrophes do not only lead to ecological but significant economic damages.

« Costs to mitigate climate change must be recognized as investments into our future. It must be understood
that the business-as-usual case will lead to constantly increasing costs for our societies.

« The Green Deal paves the way to make Europe net carbon neutral by 2050.

- Both, improving energy-efficiency and shifting to renewable energy generation are key enablers to keep
global warming below the +2° C target.

- Member States must update their National Climate and Energy Plans to more ambition. Any delays and less
ambitions will make the challenge in the remaining period even harder.
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(ategory ,Non-residential buildings”

Project: Maison de la Culture de la Province de Namur in Le Delta/Belgium
Architect: Philippe SAMYN and PARTNERS, architects & engineers

Project owner: La province de Namur, www.ledelta.be

Installer: Allfac, www.allfache

ETICS manufacturer: Sto, www.sto.com



EUROPEAN
ENERGY EFFICIENCY GUIDE

According to the Furopean Environment Agency
almost three quarters of today’s European buil-
ding stock is energy inefficient leading to signi-
ficant energy waste. Buildings account for ap-
proximately 40 % ' of the Furopean final energy
consumption and 36 % " of the region’s ener-
gy-related GHG emissions. Buildings are therefo-
re major contributors to GHG emissions '™ and
energy consumption in Europe. Since the post-
war boom era, where many buildings needed to
be built quickly, the rate of new building const-
ruction has decreased significantly. Not many old
buildings have been demolished since. Therefore,

RENOVATE TO MITIGATE CLIMATE

CHANGE

according to the Furopean Environment Agency
at least 85 % of today’s European buildings will
exist in 2050. This is why the building stock is a
crucial focus area when it comes to climate ac-
tion. The renovation of existing buildings plays a
key role in achieving climate neutrality by 2050
and the interim targets for 2030.

The good news is: Historical emissions of GHG in
the European Union’s building sector have decli-
ned by 29 9% from 2005 to 2019 (see Figure 3).
This decline can be attributed to several factors,
including efforts to enhance the energy efficien-

| GHG emissions caused by energy use of European buildings

1,400

1,200
1,000
800

600

¢y of existing buildings (e. g. improving thermal
insulation or changing heating systems), initia-
tives to transform the electricity sector towards
lower-carbon sources, and the influence of rai-
sing temperatures. However, emission reductions
could have been even higher if the number of
dwellings and the average floor space of buil-
dings would not have increased in parallel. It is
predicted that the trend of reducing emissions
will continue, however achieving the EU's over-
all 2030 and 2050 emissions targets will remain
challenging and requires a substantial increase in
the rate of building renovations "2
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Figure 3

(GHG emissions caused by energy use of European buildings. Source: European Environment Agency ™
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| GHG emissions from energy use in buildings by country
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Figure 4

The historical and anticipated emissions re-
sulting from the use of fossil fuels in buildings
show considerable variation among EU Member
States (see Figure 4).

Over the period from 2005 to 2019, the majo-
rity of EU Member States reported decreasing
emissions, with Denmark, Greece, Slovenia,

GHG emissions from energy use in buildings by country. Source: European Environment Agency

and Sweden leading the way with reductions
ranging from 49 % to 64 %. On the other hand,
emissions increased slightly in three Member
States: Lithuania, Luxembourg, and Malta.

National projections indicate that Croatia, Cyp-
rus, Malta, Romania, and Spain face rising emis-
sions in the future. However, when factoring in

additional measures currently planned at nati-
onal level, only two Member States, Malta and
Romania, would still expect increasing emissi-
ons in the building sector. With these supple-
mentary measures included, Czechia, Denmark,
Ireland, Luxembourg, and Slovenia project sub-
stantial emissions reductions of 40 % or more
between 2020 and 2030 "2
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| Total final energy consumption for the EU building stock and GDP
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Figure 5 Total final energy consumption for the EU building stock and GDP. Source: Odysee "

To achieve the EU's goal of reducing GHG emis-
sions by at least 55 % by 2030 compared to
1990 levels, the building sector must target
60 % emission reductions, 14 % total energy
consumption reductions and 18 % energy con-
sumption reductions for heating and cooling
(compared to 2015 levels), as outlined in the EU
Renovation Wave initiative " In order to achieve
this, there must be a significant boost in the rate
of energy-efficiency renovations in the building
stock to reduce its energy demand and carbon
footprint. The Renovation Wave initiative aims

18

to at least double the annual energy renovation
rate by the year 2030, a highly challenging goal
when considering the current renovation rate of
just 1 9, for both residential and non-residen-
tial buildings ™. However, the rate for “deep
energy renovations” is even lower at 0.2 % .
“Deep renovation”is defined in the Commission
Recommendation on Building Renovation ™
as a package of renovation measures, which can
be carried out in more than one step, to improve
the energy efficiency of the building by at least
more than 60 % compared to the initial energy

performance. However, this definition is not le-
gally binding, leaving room for maneuver for EU
Member States that have implemented hetero-
geneous measures. It does not provide a precise
definition of which requalification measures
need to be undertaken to achieve a 60 % impro-
vement. Nevertheless, the ,deep renovation” of
the European building stock is crucially impor-
tantto achieve the objectives set out in the Green
Deal. Without the complete decarbonization of
the building stock, it will be impossible to achie-
ve climate-neutrality since the gap left by the
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| Primary energy consumption (PEC), final energy consumption (FEC) and the ratio of FEC to PECin EU from 2000 — 2021
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building sector cannot be compensated by the
other sectors as highlighted by BPIE ™!, There-
fore, the focus is on promoting comprehensive
energy-efficient renovations to reach the goal
of renovating 35 million building units in Europe
until 2030 ™., Recent research " indicates that
by 2030, the annual renovation rate for the EU-
27 plus the United Kingdom must reach 3 % and
then remain at this level to achieve renovation
of nearly 80 % of the existing building stock by
2050 and to meet Europe’s GHG reduction and
energy savings goals.

The final energy consumption of the EU’s
building stock is presented in Figure 5. The
diagram shows that the final energy con-
sumption has neither increased nor decreased
since 2000. So, this creates a slightly different
picture than Figure 3. The share of the final
energy consumption of the residential sector
accounts for 2/3 whereas the non-residential
sector is responsible for only 1/3. Whereas the
final energy consumption did not change sig-
nificantly, the gross domestic product (GDP)
has increased.

Primary energy consumption (PEC), final energy consumption (FEC) and the ratio of FEC to PECin EU from 2000 - 2021. Source: Eurostat (sdg_07_10 and sdg_07_11)

The relatively stable final energy consumption in
the EU's building stock since 2000, despite a signi-
ficant decrease in GHG emissions of approximately
29% between 2005 and 2019, can be mainly
attributed to the decarbonisation of the electric
grid and the switch into heating systems with hig-
her share of renewable energy sources. This is evi-
denced by Figure 6. The primary energy consump-
tion in the EU (all sectors, not only households)
has been decreasing on a larger scale since 2006
compared to the final energy consumption, which
compared to 2000 level has only decreased by 1%.
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Therefore, the share of final energy consumption in
primary energy consumption is increasing. If final
energy consumption remains the same, a decrea-
se in primary energy consumption is an indicator
for a higher share of renewable energies (wind,
hydropower, solar), as the conversion losses are
lower than with fossil fuels. Therefore, a reduction
in GHG emissions has been achieved although the
final energy consumption remained the same.
Compared to the total energy consumption, which
includes all other sectors like traffic/transport and
industry in which the share of fossil-based energy
is still dominating, the effect is mutually more pro-
nounced in the building sector.

Looking at Figure 5 one might conclude that
the energy efficiency of the building stock has
not changed much over the last decades. This is
not quite correct, because even though the re-
novation rate is quite low, it leads to a slow but
steady reduction of final energy demand over
time. The main reason why there is hardly any
change in the total final energy consumption of
the EU's building stock is an increasing number
of buildings in the EU. Even if new buildings are
built under more restrictive energy efficiency re-
gulations, leading to low final energy demands
and implementing much higher shares of re-
newable energies for heating, ventilation and
cooling, they still add to the energy consumption
of the building sector. Key reason for the stagna-
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ting final energy consumption are demographic
changes and rebound effects. In recent years, the
average size of dwellings per capita in the EU
has grown dramatically. It is not surprising, that
a larger average floor space per capita results in
a higher demand for heating energy (or cooling,
where applicable) compared to a smaller floor
space per capita (same boundary conditions
assumed — energetic quality, location, user be-
haviour, etc.). According to Odyssee-Mure [
the increase in the average floor space per capita
in the EU offsets the efforts in reducing heating
energy demand by efficiency measures by 20 %.

To compensate this offset, it is obvious that great
efforts must be made in energy-efficient buil-
ding renovations. Driven by lower initial invest-
ments, building owners tend to only replace the
heating system and leave efficiency measures of
the building envelope for later. This contradicts
the “energy efficiency first” approach as set out
in the Renovation Wave. As this will lead to long
term problems, the newly revised Energy Effici-
ency Directive (EED) has legally established the
efficiency first principle (Article 3). To make the
building stock climate-neutral by 2050 heat
pumps mark a promising approach to replace
old fossil-based heating systems by a system
that can be operated climate neutral, provided
enough electricity from renewable resources will
be available in the future.

Installing heat pumps in poorly insulated buil-
dings not only leads to a poor performance of the
heat pump itself as many buildings are not ready
for low temperature heating systems without
measures to improve the building envelope, but
also imposes a huge additional electricity de-
mand. This is to be considered in parallel to the
ongoing development towards electric vehicles
(EV) and electrification in other energy intensi-
ve industry processes, especially the uptaking
production of green hydrogen. Together it will
multiply today’s electricity demand. Not only the
amount of electricity will be challenging for the
growth of the renewable sources, but also the si-
multaneity of the power demand will exceed the
capacities of existing high voltage power lines
and medium and low voltage distribution grids
in residential areas, multiplying the financial
investments needed for updating the grids to fu-
ture needs. Similar challenges are anticipated in
the adoption of green hydrogen. The integration
of green hydrogen as an alternative energy sour-
ce requires substantial energy (electricity) in-
puts, huge additional renewable energy sources
and massive grid infrastructure upgrades. All this
increases the risk of heat-pump and EV induced
electricity shortages, which could result in a fast
increase of energy prices (both for electricity and
green hydrogen) and bears potential for future
energy poverty of larger groups of our society.
Finally, the building sector would simply shift its
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| Forecast of heat pumps' electricity demand and heating load for residential buildings in Germany until 2045
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responsibilities to achieve climate-neutrality to
the energy sector. All Europeans would need to
pay the bill for this in the end.

As an example, Figure 7 shows the projection
of the increase in electrical energy demand and
electric load of the German residential buil-
ding stock until 2045. The projection considers

Forecast of heat pumps' electricity demand and heating load for residential buildings in Germany until 2045. Source: FIW

Germany's decarbonization/electrification strat-
egy and heat pump expansion targets. The graph
shows that by 2045 the electricity demand of
residential buildings will be nine times higher
compared to 2020. In terms of the electrical
connection capacity the factor is even higher,
between nine and ten. A similar scenario is ex-
pected for other European countries, undersco-

ring the huge importance of reducing the energy
demand in buildings by measures improving the
building envelope as key enablers to achieve
enerqy transition and climate neutrality.

To reduce the GHG emissions and to achieve
climate targets, a holistic approach is urgently
needed that starts with reducing the energy
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Share of energy savings of certain building envelope elements in different countries in relation
to the total savings of the refurbishment.
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parameters ", Eurostat (nrg_chdd_a) and Joint Research Centre Data Catalogue

demand of old and poorly insulated buildings
via improved thermal insulation and then
replacing non-renewable energy sources by
renewable ones. For the insulation of walls,
External Thermal Insulation Composite Systems
(ETICS) are a common solution. Jointly, this can
yield more sustainable and cost-effective re-
sults in the long run. “Insulation first” enables
to opt for “smaller” heat pumps, requiring less
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upfront investments, thanks to a lower energy
demand of insulated buildings and the fact that
the heat pumps could operate at lower hea-
ting flow temperatures and therefore at much
higher efficiency levels (higher coefficient of
performance, COP). This self-reinforcing effect
is only triggered by a lower heating demand of
buildings, which is directly related to the ins-
talled insulation. Renovating the building stock

Share of energy savings of certain building envelope elements in different countries i relation to the total savings of the refurbishment. Source: FIW calculations by using Ambience database of grey-box model

and especially improving the thermal building
envelope by insulation e. g. with ETICS presents
an opportunity to improve energy efficiency
dramatically and ensures that the buildings
become low-temperature ready enabling an
efficient operation of heat pumps.

Figure 8 shows the percentage of the energy
improvement potential of individual elements in



the renovation of the residential building stockin
different European countries. The U-values and
heating degree days used for the calculation are
taken from Ambience ", Eurostat (nrg_chdd_a)
and JRC-EU-TIMES Building Stock Module 2%
Different initial energy performances (U-values)
of different elements of the building envelope are
considered. The initial U-value is a weighted ave-
rage value of the individual element (roof, wall,
window, floor) which represents the current resi-
dential building stock of each country, taking into
account the building envelope elements’surface
area and the building age class distribution. The
improvement potential is determined for the final
energy performance of each element and coun-
try, considering a deep retrofit scenario . The
percentages express the ratio of the difference in
transmission heat losses between the initial and
final state of each building element and count-
ry, relative to the total transmission heat losses
before the refurbishment of the whole building.

In all listed countries, the potential for energy-
efficient building renovation is evident, with all
building components offering great potential
for improvements. Notably, measures targeting
walls represent the most substantial savings
in every considered country for two reasons.
On the one hand, walls offer the largest heat
transfer surface of buildings. On the other hand,
the existing U-value is still high, compared to
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roofs and ceilings. They typically mark the first
measures when it comes to energy retrofit. This
highlights the pivotal role of energy retrofits
of walls to reduce the energy consumption of
European buildings and to achieve climate pro-
tection objectives. It highlights the importance
of thermal insulation of walls as comerstones in
the efforts to curtail energy demand and GHG
emissions across the European building stock.

In general, four solutions come to mind when
it comes to improving the insulation of external
walls of buildings. These are ETICS, ventilated
facade insulation systems, cavity wall insulati-
on and interior insulation. In comparison, there
are advantages and disadvantages for one or
the other application.

ETICS are the most relevant insulation system
when it comes to refurbishing the walls of exis-
ting buildings, but also to insulate new built
living space. In terms of design aspects most
buildings (especially residential buildings) in
Europe have rendered facades anyway. There-
fore, ETICS fit perfectly into the urban appea-
rance and offer all possibilities of conventional
facade designs by choice of color, adaption of
structured finishing coat or the application
of outer layers by tiles. Due to the continuous
exterior insulation layer that minimizes thermal
bridges and its almost non-restricted thickness,

they offer a high energy saving potential. ETICS
offer a good protection of the buildings’ fabric
and lead to lower maintenance and repair work
on the rendering and masonry, as temperature
stresses between masonry and rendering are
reduced due to the thermal de-coupling of
both layers. Therefore, ETICS help to provide a
durable permanent weather protection of the
building structure. Due to the high market pe-
netration, ETICS are also a cost-effective solu-
tion. Further on, the systems are designed for
an easy installation. Many craft shops for paint
and plasterwork have specialized on that busi-
ness throughout the last years, which helps to
find trained craftsmen that are able to deliver a
high-quality installation work.

Assessing GHG emissions necessitates a com-
prehensive life cycle analysis (LCA) of buildings.
The LCA-phases are shown in Figure 9.

While all building materials, including insulati-
on, contribute to emissions during production,
insulating materials stand out for their capacity
to substantially reduce GHG emissions during
the operational phase. These materials are ex-
pressly designed to enhance energy efficiency.
To substantiate this, a detailed GHG emissions
calculation was conducted at the building ele-
ment level, specifically focusing on the external
wall, as depicted in Figure 10.
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| Life cycle stages

Building assessment information

Building life cycle information Supplementary
information beyond the
A1-3 h4-5 B1-7 Q-4 building life cycle
PRODUCT stage CONSTRUCTION USE stage END OF LIFE stage
PROCESS stage
M A2 A3 A A5 B1 B2 B3 B4 B5 a Qe G ¢ )
Benefits and loads
beyond the system
£ a g g = s boundary
slc1le < g3 o slz|£|¢ £ -
=18 |zs g g5 3 g g|28 £ E
g 2 S 2 2s I B = - 3 £ g2 5 Reuse
g | E 3 RS g= = < | = S g 8 =3 Recovery
z T E s £ E‘ 2 Recycling
B6 Optional energy use E =
(=
B7 Optional water use
Figure9  Life cycle stages. Source: EN 15978 2"

One can analyse the GHG emissions associa-
ted with the production and eventual disposal
of insulation materials in comparison to the
potential GHG reductions attainable when
energetically renovating building elements. To
do so, three distinct scenarios were examined,
each aimed at achieving a target U-value of
0.24 W/(m>K) through refurbishment. The
GHG emissions linked to production (A1-A3)
and deconstruction (C3 and C4) of the insu-
lation layer are presented as a range, encom-
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passing minimum, median, and maximum
values, thereby encompassing the spectrum
of insulation materials available on the mar-
ket. Additionally, the GHG savings achievable
over a 40-year service life in various countries
were evaluated, assuming electricity as the
energy source for heating via heat pumps. For
each country the specific GHG emissions in
relation to the country’s electricity mix were
considered according to Sustainability Impact
Metrics ™2 Generally, the results reveal that

the more suboptimal the initial condition of
a building, the thicker the insulation required
and, consequently, the greater the associated
embodied emissions. However, these higher
embodied emissions deriving from construc-
tion result in proportionally higher savings
during the operational phase of the building.
In all considered scenarios, across different
countries, the GHG reductions substantially
outweigh the emissions incurred for the insu-
lation layer ("embodied emissions”).



ETICS ARE AMAZING
Good for the environment, the economy and the people

Comparison of embodied emissions and achievable GHG savings over 40 years for refurbishment to a U-value

of 0.24 W/(m?K) for various existing situations.
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Differences in the GHG emissions savings bet-
ween countries originate from the individual
electricity mix of each country. Countries like
(zech Republic and Poland still operate larger
capacities of fossil-based power plants, thus
provoking higher GHG emissions compared to
other countries like Germany, Italy and Austria,
which have consequently invested in the ex-
pansion of renewable energy (wind, solar, hy-
dro). Also, in France low GHG emissions can be
observed related to electricity generation. It is

worth mentioning that this is attributed to the
high share of nuclear energy in power genera-
tion, which in fact does not actually contribute
to GHG emissions. Nevertheless, one cannot
speak of renewable energy in this case, as nu-
clear power plants entail other environmental
issues, such as the disposal of nuclear waste,
and can pose a danger to humans and the en-
vironment (see the Tschernobyl or Fukushima
nuclear disasters). These aspects must not be
neglected.

Comparison of embodied emissions and achievable GHG savings over 40 years for refurbishment to a U-value of 0.24W/(m?K) for various existing situations. Source: FIW

However, Figure 10 shows that although ther-
mal building renovations require upfront GHG
investments, the long-term energy and GHG
savings outweigh such investments by far. The
savings continue and further increase, when
considering a longer service life. This illustrates
that durability of thermal insulation systems
plays an important role.
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KEY MESSAGES - RENOVATE TO MITIGATE CLIMATE CHANGE

« Buildings account for 40 % of Europe’s final energy consumption and 36 % of energy-related GHG emissi-

ons. 85 % of today’s Furopean buildings will still exist in 2050.

- Renovation of existing buildings plays a crucial role in achieving climate neutrality by 2050 and in achie-

ving the interim targets for 2030 and 2040.

« To achieve GHG emissions reductions by 55 % by 2030, the building sector must target 60 % emission

reductions, 14 % total energy consumption reductions and 18 % energy consumption reductions for hea-
ting and cooling.

- Focus must be on promoting deep or staged-deep energy-efficiency renovations with the goal of

renovating 35 million building units in Europe by 2030.

« The annual renovation rate for the EU-27 plus the United Kingdom must reach 3 % and then remain at this

level to achieve renovation of nearly 80 % of the existing building stock by 2050.

« The efficiency-first principle needs to be at the forefront of building renovation.

« Buildings need to get prepared for low-temperature heating to avoid multiplying the total electricity

demand and shortages in the grids. Else, the building sector would shift its responsibilities to the energy
sector.

- Improving the building envelope is a key enabler to achieve energy transition and climate neutrality; wall

insulations mark the most substantial savings with ETICS being the most used system for building renova-
tion — as well as for new buildings.

« GHG reductions over the building life-cycle outweigh by far the “embodied missions”.
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(ategory ,Residential New Built Family Homes”

Project: Globe Works in Birmingham/United Kingdom
Description: New construction of 5 buildings with 520 student flats
Architect: Steve Ritchie Partnership

Project owner: NIDO Student Accommodation

ETICS manufacturer: Alsecco UK
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Being developed by the forestry in the 19th cen-
tury, where it describes the principle that only
such amount of wood shall be taken from the
forest that is able to regrow in the same period,
the term sustainability became an inflationary
used buzzword throughout the last decade. Sus-
tainable business models develop sustainable
goods and services that allow a sustainable life-
style of consumers. Besides the threat of being
trapped by so-called green-washing strategies
of companies, the meaning of sustainability has
been significantly enlarged, compared to the in-
itial meaning. It nowadays focusses on different
fields of action. Most common is the model of
the three pillars of sustainability that represent
environmental targets, economic targets and
social (or: socio-cultural) targets (Figure 11).

SUSTAINABALITY
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Figure 1T Three pillars of sustainability
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RENOVATE FOR SUSTAINABILITY
AND ENVIRONMENT

Socio-cultural targets describe the interaction
with human health, security and well-being, as
well as the functionality and quality of the de-
sign. Associated topics related to ETICS would be
work safety during installation (e.g. fibers and
dust), indoor air quality during use (e.g. minimi-
zation of emissions and risk of mold fungi), mi-
nimization of fire related risks during use, avoi-
dance of energy-poverty and the appearance of
ETICS in the context of urban development.

Economic targets are dedicated to ensure low life
cycle costs, improve cost-effectiveness, and help
to preserve capital values. For ETICS, this pillar
touches the question of costs and amortization,
the topic of durability (e.g. frequency and costs
for maintenance as well as ETICS-on-ETICS re-
novation), the protection of the underlying wall
structure (e.g. minimization of hygro-thermal
damage) and subsequently the conservation or
increase of property values.

Environmental targets, typically foremost asso-
ciated with sustainability, describe measures to
save natural resources and protect the eco-sys-
tem. In case of ETICS this relates to the ecologi-
cal impacts of production (e.g. energy use, GHG
emissions and other environmental indicators),
possible emissions during use (e.g. leaching),
the end-of-life scenario (e.g. recycling and dis-

posal) and an effective use of material resources
(e.q. possibility to minimize material consump-
tion for load-bearing wall structures without
losing thermal performance).

As ETICS are the key construction product con-
tributing to the energy efficiency of the buil-
ding fabric over its entire lifetime, all possible
impacts (i.e. negative implications) have to be
rated against the positive impacts ETICS provide.
This general remark sounds like an easy task, but
is complicated in reality as the prerequisites may
differ largely.

The very first difference is the case of renovati-
on in comparison to the case of new built living
space. In case of renovation the comparison of
impacts and benefits can be based on the non-
renovated scenario or based on a different ap-
proach for energy renovation. In the latter case
a comparison can be drawn either to an alter-
native passive insulation approach (e.g. curtain
facade vs. ETICS) or to an additional or parallel
renovation of the heating system (e.g. replace-
ment of gas burner by heat pump).

In case of new built living space, different insu-
lation systems, or even a thermally equivalent
monolithic design could be compared, bearing
in mind that these questions are also related to



national or regional building regulations and
general design aspects as well as associated
with the building use (single-/multifamily ho-
mes, office or other non-residential buildings).
Related to the building use and associated
building requlations, restrictions conceming
the choice of insulation materials (for ETICS as
well as for other insulation solutions) may differ
throughout Europe. Most relevant in this regard
is the reaction to fire. Depending on the const-
ruction flame-retardant or even non-combusti-
ble materials are available for the whole insula-
tion work or to act as a so-called fire barrier in
case combustible materials are used. As a rule
of thumb — the higher the building, the more
important becomes the reaction to fire classifi-
cation of the thermal insulation system.

Besides that, climatic conditions are of relevan-
ce. Until now, in central and northern Europe
an energy-efficient building envelope mainly
minimizes the energy demand for heating by
minimizing thermal losses and helps to pro-
vide a comfortable indoor climate due to the
minimization of the difference between wall-
temperature and air-temperature. Furthermore,
it decelerates the cool-down of the building
in case the heating source is tumned-off, be it
planned for the night or unplanned in case of
energy shortages. Only few years ago, the risk of
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energy-shortage was deemed unrealistic. Then,
it suddenly became a reality due to the discon-
nection from Russian energy supplies as a con-
sequence of the aggressive war against Ukraine.

Nevertheless, as shown in Chapter 1, Figure 1,
the number of cooling degree days has been
increasing over the last decades. As a conse-
quence, the same implications as for the room
heat conservation in the winter apply to the
so-called summer heat protection — only the
algebraic sign changes. Besides the necessity
to minimize the impact of radiant heat through
translucent parts of the building shell, external
insulation like ETICS are key to provide a com-
fortable indoor climate during summer. This is
mainly due to the fact that the external insu-
lation prevents the wall structure from heating
during daytime. This enables effective cooling
of the indoor environment during nighttime
by means of natural ventilation. Additionally, it
lowers the energy demand for air conditioning,
where installed, preventing electricity shortages
during heat waves.

Thelast relevant topic to be considered when as-
sessing the sustainability of ETICS and insulation
in general is the energy mix and available heat
source. However, this topic may differ largely ac-
ross Europe, depending on the prerequisites in

terms of the possibilities to change the heating
system and the development of the production
of renewable energy.

The model of three pillars implies that all three
aspects of sustainability are of equal impor-
tance. Therefore, one could say that true susta-
inability is only achieved where all three aspects
are achieved in parallel. Realistically, it is not
always possible to meet such holistic objectives.
This raises the question of a hierarchy between
environmental, social and economic targets.

A possible solution to illustrate such hierarchy is
the nested approach (Figure 12). It emphasizes
the overwhelming importance of the environ-
mental aspects to achieve sustainability. In this
structure, the interaction with the environment
is seen as basis for social and economic interests.

SOCIETY

ENVIRONMENT

Figure 12 Conecentric approach of sustainability
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Based on these basic approaches several other
models have been developed in recent years that
refine the definitions and interactions between
the three pillars. The topic of sustainability has
become a research field of its own that cannot
be reviewed to full extent in this publication. In
the following chapters several topics related to
sustainability of thermal insulation and ETICS kits
will be defailed. Further literature and references
are given in the text.

To choose the most important fields of interest
it is necessary to analyze the product life cycle of
ETICS and thermal insulation exemplary for one
kit component. The product life cycle describes
all relevant stages along the value chain, starting
with production of the material, considering the
installation and the service life and ending with
the dismantling and subsequent possibilities of

reuse/recycling, respectively disposal. Thus, the
product life cycle determines the boundaries for
the life-cycle assessment, that comprises a me-
thodological framework to structure a holistic view
on possible interlinks between the product and the
environment respectively the user. Usual periods
of interest are referred to as ,cradle to gate” (from
manufacture to factory gate) or cradle to grave”
(from manufacture to disposal or landfill). The
principle of ,cradle to cradle” (C20) takes an even
broader view of the product life cycle and calls for
the development of products that can be reused in
closed cycles at the end of the product’s life.

These closed loops of product life are one of the
main goals of the European Commission to fos-
ter a so-called circular economy. It is not long
ago when most products were designed to be
disposed after their typical service life. In view

of limited raw material resources and the aim to
limit emissions and energy consumption for pro-
duction it is essential to overcome this. However,
several prerequisites require attention.

Figure 13 shows a circular economy approach
with a life cycle starting with the extraction of
raw materials and the production of the product,
followed by the delivery and the installation on
site. During the service life, maintenance may be
required to ensure the long-term functionality of
the system. The aspect of durability is key for en-
vironmental performances and renovation cycles.
For dismantling and the following reuse or recyc-
ling, the main challenges are separability and the
achievable pureness of dismantled materials. Not
only in case of disposal of the whole system or
parts of it, the question of dangerous substances
and ways of environmental impact become rele-

| Circular economy approach of life cycle for ETICS with possible steps and interactions between the product and the environment, resp. the user
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vant as for example hazardous substances must
be phased-out before reuse or recycling.

It becomes obvious that in a circular economy
there are numerous interdependencies between
the product and the environment - respectively
users - that require attention. In the following se-
veral topics will be discussed in detail and broken
down for ETICS.

The circular economy needs to be seen umbrel-
laing the framework of the European Green Deal
which stands for a concerted strategy to achieve
a climate-neutral, resource-efficient and com-
petitive economy while leaving no one behind.
Saving resources by following the principles of
a circular economy provides a distinct contribu-
tion to achieve climate neutrality and preserve
biodiversity as half of the total GHG emissions
are expected to origin from resource extraction
and processing as well as 90 % of biodiversity-
losses. A total of seven key product value chains
have been identified contributing to the circular
economy approach. These are electronics and (T,
batteries and vehicles, packaging, plastics, texti-
les, construction and buildings, plus food, water
and nutrients. Especially the field of construction
and buildings is of high impact as it requires lar-
ge amounts of resources and generates a lot of
waste. Today approximately half of all extracted
materials are used in the construction sector, that
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in turn accounts responsible for over one third of
the total waste generation in the EU. In particular,
GHG emissions generated along the value chain
of construction products accumulate to roughly
5-12 % of total GHG emissions .

To fight against this, the European Commission
brought forward the so called New Circular Eco-
nomy Action Plan. It explains general principles
to foster circularity approaches but also contains
distinct principles for all of the seven key product
value chains. For construction and building the
following actions have been proposed:

- Recast of the Construction Products Requla-
tion, introducing — among others — recycled
content requirements;

- Improve durability and adaptability;

- Foster the Level(s) framework to implement
life cycle assessment in public procurement
and the EU sustainable finance framework;

- Consider a revision of material recovery tar-
gets as set in EU legislation for construction
and demolition waste and its material-spe-
cific fractions;

- Promote initiatives to reduce soil sealing,
rehabilitate abandoned or contaminated
brownfields and increase the safe, sustaina-
ble and circular use of excavated soils.

Besides the fact that the waste stream from in-
sulation materials is explicitly mentioned in the
New Circular Economy Action Plan in relation
to the revision of material recovery targets, all
abovementioned aspects are directly linked to
production, installation, use and recycling op-
tions of insulation materials/systems. The same
document also addresses the Renovation Wave
initiative as announced in the Green Deal. It
requires measures to improve enerqgy efficiency
in the building sector which shall explicitly be
implemented in line with the principles of the
circular economy 1%,

Before entering into details of the circular eco-
nomy, it may be useful to become clear about
some basics concerning waste. In Europe, the
Waste Framework Directive (2008/98/EC) 124
sets the scene for the national waste requlations
that are legally binding in Member States. The
directive was substantially revised in 2018
to cover the aspects of a circular economy that
were developed throughout previous years. The
aim of this directive is to reduce the amount of
waste and optimize the utilization of resources.
As a precondition, waste must be collected se-
parately wherever technically, environmentally
and economically feasible. For construction and
buildings this means that selective dismant-
ling becomes relevant distinguishing between
several fractions like minerals, wood, metals,
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glass, plastics and gypsum that can be recycled
mutually. Distinct claims on reuse and recycling are
given in Article 11 of the Waste Framework Direc-
tive. It requires from manufacturers since 2020 to
increase the reuse and recycling to 50 % of waste
streams generated by private households to a mi-
nimum of overall 50 % (measured by weight) and
to a minimum of 70 % by weight for construction
and demolition waste.

However, recycling is not the first choice. Measu-
res to avoid waste and to reuse materials are pri-
oritized. The ranking of measures is illustrated in

Article 4 of the waste directive and called “Waste
hierarchy” (Figure 14).

As the prevention of waste is of upmost priority,
the aspect of ETICS durability is highly important.
In Chapter 1.2.2 of EAD 040083-00-0404 it is
stated that the methods provided by this European
Assessment Document are intended to assess the
functioning of the insulation system against an
intended use of 25 years. However, the document
also points out that the real working life depends
on specific environmental conditions and on the
quality of design, installation and maintenance.

| Waste hierarchy and associated topics for ETICS

Stage

Product
(non waste)

Waste

Energy
recovering

Diposal

Waste hierachy

Prevention

Preparing for reuse

Test procedures set out in this EAD and other
standards for insulation materials must be un-
derstood as stress tests (extreme conditions
compared to the intended use), e. g. dimensional
stability at 70°C/90 % RH and standard cycles,
such as freeze-thaw cycles. In both examples
no direct correlation to the behaviour under real
use conditions is achieved. But the methods are
suitable to decide if the material withstands such
degradation impacts (hydrolysis, temperature in-
duced stress, etc.) in principle. The suitability of
such methods to proof the fitness for use is based
on experience only.

ETICS relevant topics

Durability/maintenance

ETICS-on-ETICS application

Pre-consumer waste/dismantling

Incineration
Possible but to be

Landil avoided in future

Figure 14 Waste hierarchy according to directive 2008/98/EC (REF) and associated topics for ETICS. Source: FIW.
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Alternatively, the investigation of durability in
terms of a real service life prediction would re-
quire more advanced methods based on test re-
gimes that provide a correlation to natural ageing.
Such methods can be developed according to IS0
15686-2 7). The procedure given therein, consists
of a row of phases (definition-, preparation- and
pretesting phase), wherein the application, per-
formance requirements  (end-of-life ~ criteria),
use-conditions and material characterization are
collected and the impact of selected degradation
agents is verified. Based on the achieved know-
ledge, combinations of degradation agents can be
summarized to accelerated test regimes that have
to be validated by long-term exposure under lab
conditions as well as by field exposure. In the best
case it is possible to derive general dose-response
functions (e.g. Arrhenius behaviour), that can be
used to generalize and extrapolate the results to
different exposure scenarios.

Due to the unavoidable contradiction between ge-
nerality and accuracy, such investigations are rare.
An example of an ageing procedure for ETICS clad-
ding according to 150 15686-2 has been presented
by Daniotti et al. 2013 ¢!, The authors developed
a method based on a combination of ageing cy-
cles with UV impact, summer and winter thermal
shock-cycles and freeze-thaw cycles. In effect an
influence was visible on thermal shock and dila-
tation-contraction events, resulting in blistering
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and deformation of the finishing coat. Other de-
gradation modes are mould growth, cracking over
joints of insulation boards, imperfections at the
connection to other building elements and sub-
sequent water absorption. These results underline
the special importance of the finishing coat of the
rendering system for the long-term performance
of ETICS. As this component is in direct contact
with weathering, it protects the insulation layer
underneath from moisture uptake and subsequent
impact on the relevant hygrothermal properties.

In that regard, the necessary maintenance of insu-
lated and non-insulated facades is equal. In both
cases, care should be taken to repair initial defects
in the finishing coat to avoid the start of penetra-
tion of moisture into the structure of the rendering
that results in a risk of further damage.

Besides laboratory-based approaches, monitoring
of real built ETICS facades helps to draw conclusi-
ons on the durability and necessary maintenance.
Such investigations have been started by Fraun-
hofer IBP back in 1975, and has been under conti-
nuous observation since then. An extended report
from 2006 ! summarizes that damages of ETICS
facades even occur more scarcely than compared
with conventional rendering on masonry. The
effect has been explained with the de-coupling
effect of the soft insulation layer from the rigid
brickwork. On the other hand, a greater impact

has been described regarding microbial growth,
as the presence of moisture may be prolonged due
to the lower surface temperature of insulated faca-
des. Beside the use of biocides in renders or coats,
also other measures can help to avoid microbial
growth. In this manner the hydrophilic properties
of the rendering are of great importance. In case of
mineral renders, the approach is that the rendering
system “takes control of the moisture”. This means
that moisture can be incorporated in the material
structure and dispensed as soon as adequate re-
drying conditions are reached. Another approach
is the use of hydrophobic surfaces, whereon the
water drains off quickly. Both solutions aim to keep
the surface dry as long as possible.

An update of the IBP study has been provided in
Lengsfeld et al. 2015 ¥, At that time, the age of
the inspected facades was already between 29
and 45 years. Only minor optical defects like grey-
ing or water streaks occurred. They would occur
similarly on non-insulated facades. Only one faca-
de showed more severe defects in form of blisters
and cracks. This defect has been explained by the
use of a non-appropriate paint and underlines the
importance using only components as foreseen
by the relevant system manufacturer. The authors
state that the required maintenance of ETICS is
rather low (after 15 - 29 years) and comparable to
non-insulated facades with traditional plasters/
rendering systems.
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| ETICS-on-ETICS renovation

Figure 15

Early generations of ETICS as installed between
1970 - 1990 used mean insulation thicknesses
of 5- 6 cm. To keep up with the development
of energy efficiency requirements such facades
need to be upgraded with thicker insulation.
Instead of removing the existing ETICS and ins-
talling a new system, itis favourable to check, if
the existing structure can be maintained, as it is
usually the case in practice. Then, the life-time
of the existing ETICS system is further prolon-
ged (prevention in the sense of the waste hie-
rarchy) and additional resource consumption is
limited to the new ETICS layer.
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Principle of doubling ETICS (,ETICS-on-ETICS” renovation)

Such doubling of ETICS (“ETICS-on-ETICS") is com-
mon practice since many years and underlines the
durability of ETICS systems. The precondition is that
the existing facade is sufficiently stable and pro-
vides a solid and plane surface to ensure a proper
adhesion of the new ETICS. Figure 15 illustrates the
ETICS-on-ETICS application. To check if the structure
is sound, the existing ETICS layer must be examined.
This s easily done by cutting out several sections lo-
cated in different facade areas. In case the structure
issound (among others: condition of the insulation,
function of the adhesion to the wall), the new ETICS
layer is installed by using adhesive and anchors that

Existing ETICS applied to the wall structure
Adhesive of the new ETICS

Thermal insulation board

Base coat
Reinforcement mesh
(embedded in the base coat)

Key coat (if any)

Finishing coat

Mechanical fixing devices

penetrate both ETICS layers to ensure fixation of the
entire system (old + new) in the wall structure. Na-
tional application rules apply.

From twelve facades in the IBP study six had alrea-
dy been doubled within typical facade renovation
cycles at the time of the inspection as described in
Lengsfeld et al. 2015 . All doubled facades did
not show any defects.

[t needs to be mentioned, that not in all renovation
scenarios the ETICS can remain on the facade. At
the latest at the end of the service life of a building,



| Selective dismantling of ETICS

Figure 16
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arelatively clean wall (residuals of adhesive mortar visible). ©Ralf Pasker

the system needs to be removed. To meet the re-
quirements of the Waste Framework Directive, the
components shall be dismantled separately. This
requirement sounds somehow contradictory to the
durability of the system, as the inherent compound
between the wall, the adhesive, the insulation and
the rendering is a prerequisite for the functioning
and resistance against wind loads, the airtightness
and the protection against impacts and weathering.

In most cases selective dismantling is possible
using scrapers (manually or machine driven). The
detachment of the rendering system normally is

easy thanks to the reinforcement mesh that acts
like a predetermined breaking layer. More difficul-
ties may arise when detaching the insulation layer
from the wall structure in case of bonded systems.
Figure 16 shows the procedure exemplary in case
of a smaller building. Under practical conditions
the quality of separation may not be as proper as
shown here.

To further improve selective dismantling, manu-
facturers have started to develop ETICS with fo-
cus on design for recycling. Some manufacturers
foresee an extra separation layer embedded in

Left: selective dismantling of the rendering system creates a clean insulation surface. Middle: removal of the insulation layer from the wall. Right: stripping of existing ETICS leaves already

the rendering system that works as a detachment
aid, others use the anyhow existing reinforcement
mesh. The principle remains the same: after verti-
cally cutting the rendering system, the entire ren-
dering system is easily be pulled-off the insulation
layer (from top to down) and provides a clean sur-
face of the insulation (Figure 16, left). In a second
step the mechanically fixed insulation layer can be
removed from the wall together with the anchors.
After separation of insulation and anchors both
waste fractions can be recycled. The rendering can
potentially be separated from the reinforcement
mechanically off-site B2,
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After the selective dismantling the ETICS com-
ponents are separated. According to the Com-
mission Regulation 849/2010, waste statistics
have to be set up by member states on the
quantity of waste generated for so called was-
te categories and waste generating activities.
Waste categories distinguish between hazar-
dous and non-hazardous materials in different
material groups like mineral waste, wood,
plastics, etc., while waste generating activities
discriminate the origin of waste allocated to
different industries. In case of ETICS the waste
generating activity is “construction”. Therefore,
information about so-called Construction and
Demolition Waste (CDW) is available through
the official statistical services of the EC (EUROS-
TAT). The requlation 849/2010 contains further
specifications of so-called waste keys. These
keys consist of three groups of numbers, that
indicate the origin (e.q. 17 for construction and
demolition waste), the group of materials (e.qg.
17 06 for insulation) and the specific waste
(e.q. 17 06 04 for insulation without asbestos
and hazardous substances).

To evaluate the contribution of ETICS to the
amount of CDW a rough calculation of the mean
area related masses of the different components
can be made as follows. ETICS consist of different
components that are (from warm to cold side)
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the adhesive mortar, the insulation material,
the anchors, the base coat, the embedded rein-
forcement mesh, and the finishing coat. For the
adhesive mortar, base coat and finishing coat,
both mineral or organic-based kit components
are used by ETICS kit manufacturers in their
systems. The most used insulation materials are
EPS and mineral wool. Based on values gathered
by Albrecht and Schwitalla 2014 BV concerning
the area related mass of the components and the
share of the specific component on the whole
market, an estimation of the weighted mean
area related mass for specific ETICS components
was set up. The values therefore represent the
share of a specific component / material of an
“average ETICS kit” The values taken from Al-
brecht and Schwitalla 2014 are exemplary for
Germany but likely to be similar across Europe.
Table 1 shows the results and also contains an
allocation of the components to the waste key,
as well as the total built mass of ETICS compo-
nents and ETICS based on values of an EAE mar-
ket survey for the year 2020 in EU-27 countries
(around 230 million m?).

According to Table 2, it becomes obvious that
the most important groups are mixed CDW (17
09 04) with a total built mass of 2,511 kton in
2022 (69 w-% of installed ETICS) and insulati-
on materials (17 06 04) with a total built mass

of 1,073 kton (29 w-% of installed ETICS). The
amount of metal (from anchors) and plastics/
glass (from anchors and reinforcement mesh)
are of minor relevance.

Until now the components of ETICS are not
visible in the statistics, the data is aggregated
according to the origin of waste (Commission
Requlation 849/2010, Section 8) that specifies
“Construction” and further down waste catego-
ries (Commission Requlation 849/2010, Section
2) which specifies “mineral waste from const-
ruction and demolition (12.1)" According to Eu-
rostat (env_wasgen) the share of construction
waste has increased over the last twenty years,
reaching roughly 38 % of the total waste in the
EU-271in 2020 (Figure 17).

Figures for 2020 comprise 2,153,950 kton of
total waste from which 807,170 kton represent
construction waste. 286,600 kton thereof are
recognized as mineral waste from construction
and demolition. This means that approximately
one third of the construction waste is allocated
on “mineral waste from construction and de-
molition”. In comparison the total built mass of
ETICS in 2020 appears low. The estimated 3,643
kton reflect a share of only 1.3 % of mineral
waste of construction and demolition and a
share of 0.45 % of the total construction waste.
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Mean area related mass of different components of ETICS and weighted values representing “average ETICS” including
allocation to the waste key and an estimation of the yearly built mass in EU-27 based on 230 million m? of installed ETICS in 2020

ETICS kit component Description Area related Share of specific | Weighted area Waste key Build mass in 2022
mass component related mass based on 230 mill. m?
ETICS (EU27)
- - inkg/m? in % in kg/m? - inkton
1709 04
mineral binder 80 3.2 170107 736
Adhesive motar 4.0
organic binder 18 0.72 1709 04 166
EPS 1.8 70 13 1706 04 29
(p=15kg/m’)
Insulation Mineral wool 12 26 3.1 1706 04 717
(12 cm thickness) (p=100kg/m’)
Others 7.2 4 0.29 1706 04 66
(p=60kg/m?)
metal (87 w-%) 0.1 0.065 1706 05 15
Anchors 60
(20 g each, 6.2 /m?) .
plastics (13 w-%) 0.016 0.0097 1706 03 2
1709 04
mineral binder 65 2.6 170107 598
Base coat 4.0
organic binder 35 14 1706 04 322
) 101103
Reinforcement mesh | coated glass fibre 0.17 110 0.18 170203 42
. . 1709 04
mineral binder 65 2.0 170107 443
Finishing coat 3.0
organic binder 35 1.1 1709 04 241
Total ETICS kit - - - 15.8 - 3,643

Table 1 Mean area related mass of different ETICS kit and weighted values representing an“average ETICS kit"indluding allocation to the waste key and an estimation of the yearly built mass in EU-27 based on 230
million m? of installed ETICS in 2020 according an EAE survey
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| Allocation of built mass of ETICS in 2020 in EU-27 according to waste keys

Build mass in 2022
based on 230 mill. m?
ETICS (EU 27)

Waste key

29.5%

0.4%

- inkton
Mixed CDW (1709 04) 2,5M
. 68.9%
Insulation (17 06 04) 1,073
Metal (17 04 05) 15
Plastics (17 02 03) a B Mixed DW B8 Metal
Glass (1011 03) Insulation Plastics/glass
Table 2 Allocation of built mass of ETICS in 2020 in EU-27 according to waste keys

An estimation of the future CDW related to
ETICS depends on the installed mass of ETICS
throughout the next decades and the durability
of the systems. As shown in the previous clau-
ses of this chapter the reference service life of
ETICS is rather high assuming adequate main-
tenance. It can even be prolonged by means of
ETICS-on-ETICS application. However, one day
all buildings will reach their end of life — be
it earlier or later. Therefore, all installed ETICS
have to be deconstructed one day. To evaluate
the impact of ETICS on the future CDW, a buil-
ding related perspective can be chosen.
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In literature so-called CDW indicators are used,
that describe the CDW in mass/m’ of built floor
space. Values from several studies are summa-
rized in Villoria-Saez et al. 2020 **! and Malia
et al. 2013 . The values obtained distinguish
mainly between the materials of the walls that
@n be concrete, masonry and timber. Mini-
mum, maximum and mean values are sum-
marized in Table 3. Depending on the material
(DW indicators between 0.195 — 1.637 ton/m?
are possible. For the following calculations the
mean values were used.

Built mass of ETICS in 2020 in relation to total (DW

2,500,000 40
=
= 2,000,000 - 36 E
£ <
= g
2 1,500,000 - 32 §
5 E
& 1,000,000 8 £
z S
é s
500,000 ~ 24 =
3,643
0 | T T | r 20
2000 2005 2010 2015 2020 2020
Bl Total waste Bl Construction total
B (DW mineral Construction waste
Built ETICS 2020
Figure 17 Total waste, construction waste, mineral waste from construction and demolition (COW mineral) and share of construction waste

in the EU-27. Source: Eurostat (env_wasgen) in relation to the built mass of ETICS in 2020
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Residential Non residential
(DW indicator in ton/m? Concrete Masonry Timber Concrete Masonry Timber
in ton inton inton in ton inton in ton
Min 0.805 0.302 0.195 0.742 0.664 -
Mean 1.088 0.483 0.460 1.190 0.745 -
Max 1371 0.664 0.725 1.637 0.825 -

Table3

To calculate the mass-related share of ETICS on
the CDW per building, assumptions about wall
and floor areas are necessary. Data was taken
from the AmBIENCe database B*! that refers to
the TABULA and hotmaps data source. To be re-
presentative for Europe, mean values for all buil-
ding types were taken over the entirety of the
available construction periods and member sta-
tes both for residential (R) and non-residential
(NR) use. Based on the wall area and the area
related mass of an average ETICS kit (Table 1),
the mass of ETICS per building was calculated.
The CDW per building was calculated accor-
dingly, based on the floor space and the mean
(DW indicators according to Table 3. Results are
given in Table 4.

[t becomes obvious that the mass-related share
of ETICS on the building specific CDW differs de-

(DW indicators in ton/m?. Source: Summarized values taken from Malia et al. 2013 %

pending on the building type (ratio from wall to
floor area) and the construction materials (con-
crete, masonry, timber). In general, the ratio
from wall to floor areas drops with larger buil-
dings, thus lowering the impact of ETICS on the
total CDW. For single family houses (SFH) the
highest values are obtained with appr. 1.7 %
in case of concrete structures to 4.1 % in case
of timber structures. Vice versa, the lowest va-
lues for residential buildings are recognized
for apartment blocks (ABL) with ratios of just
0.7 % - 1.8 %. Lowest ratios of wall to floor area
are visible for the trade buildings and education
buildings due to a rather large area of windows,
respectively glass elements.

The mean mass-related ratio of ETICS related to
the CDW over all evaluated scenarios is 1.3 %
that is exactly the ratio that originates from

the comparison of the installed mass of ETICS
in 2020 (3,643 kton) in relation to the mass of
mineral waste from construction and demo-
lition in the same year (286,600 kton). Even
though the share according to Table 4 would
be higher if weighted according to the distri-
bution of the building types (e.g. > 70 % of all
EU buildings are SFH), the comparison shows
that the calculated values most likely reflect an
upper limit.

The previous considerations aimed to compa-
re the amount of installed ETICS in relation to
other construction materials and in particular to
(DW. According to the waste hierarchy (Figure
14), (DW can be treated in several ways. While
at the product level the upmost priority must be
on prevention, recycling is the preferred way of
waste treatment at the waste stage.
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Mean values of wall and floor area for several reference building use codes according to AmBIENCe database
and calculated mass of ETICS per building in relation to the total amount of (DW

AmBIENCe database Mass of (DW per building Share of ETICS on (DW
ETICS
Building code| Wall area Floorarea | perbuilding | Concrete Masonry Timber Concrete ENIY Timber

- inm? inm? inton inton inton inton in % in % in %
SFH 182 154 2.88 164 104 71 1.72 3.88 4.07
MFH 813 1,128 12.9 1,205 759 519 1.05 2.36 248
ABL 1,667 3,271 26.4 3,493 2,201 1,505 0.74 1.67 1.76
OFF 753 1,189 11.9 1,270 800 547 0.84 135 -
TRA 287 1,144 4.55 1,222 770 526 0.33 0.53 -
EDU 498 2,428 7.89 2,593 1,634 1,117 0.27 0.44 -
HEA 816 2,117 129 2,261 1,425 974 0.51 0.82 -
HOR 648 1,216 103 1,299 818 559 0.71 1.13 -
OTH 554 3,770 8.78 4,026 2,537 1,734 0.20 0.31 -

Table 4

For recycling of ETICS several stages along the
life-cycle can be distinguished.

- Production leftovers (providing highest
degree of pureness)

- Construction leftovers (mostly high degree
of pureness)

- Material from maintenance and dismantling
(nowadays often polluted and mixed)

As shown in Table 2, 69 w-% of ETICS consist of
mineral materials or mixed construction and de-
molition waste (mortars, renders, etc.). In case of
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adhesive mortar with a high pureness the waste
key 17 01 01 “concrete” could be achieved, but
in most cases a certain pollution with other wall
building materials is likely, therefore the waste key
17 01 07 “mixtures of concrete, bricks, tiles and
ceramics”or in case of a mixture with other organic
components even 17 09 04 “mixed construction
and demolition wastes” will apply. Recycling op-
tions for mortars and renders from dismantled
ETICS are therefore limited, due to the large va-
riation of in most cases unknown ingredients .
In principle, possible recycling routes could be the
utilization as mineral granulates for road construc-

Mean values of wall and floor area for several reference building use codes according to AmBIENCe database and calculated mass of ETICS per building in relation to the total amount of COW

tion, earthworks applications such as structural
backfill and noise protection walls as well as in
gardening and landscaping. In case a high pure-
ness of mineral fractions is achieved the material
could also be used as aggregates for the produc-
tion of concrete for concrete blocks and concrete
for non-structural and structural components
(Albrecht and Schwitalla 2014). However, due to
the described problems of pollution, respectively
unknown ingredients, a proper separation of these
fractions marks a focus area to contribute impro-
ving the recycling possibilities of other mineral
fractions of CDW like concrete or masonry.



Approximately 29 w-% of ETICS represent insula-
tion materials from which EPS and mineral wool
have by far the highest market share (Table 1).
In the following, recycling procedures for both
material groups are detailed exemplary.

To collect construction leftovers from the insula-
tion, both for EPS and mineral wool, return sys-
tems are offered by manufacturers. To facilitate
this, craftsmen order plastic big bags to collect
the material. A prerequisite for the recycling is a

| Principle of Polystyrene Loop process
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high degree of pureness. Therefore, the material
must be free from any other construction mate-
rials and pollution. The material is returned from
the construction site by the manufacturer and
enters into the recycling process.

For expanded polystyrene (EPS) several ways of
recycling exist. They differ in the degree of se-
paration of the material. Foamed beads from
production and construction leftovers can be
fed directly back into the production process.

4,000

kg (0, eq/FU

2,000

Status quo process
(incineration with energy recovery)

PS Loop process

The possible content differs, depending on the
desired intended use of the final insulation pro-
duct. Another possibility is the use of foamed
beads as a lightweight additive in other cons-
truction materials. A typical example would be
lightweight concrete.

So-called mechanical recycling of EPS descri-
bes a process wherein the EPS waste is shred
and afterwards melted in a special extruder.
The re-granulate has similar properties as the

£,

Polystyrene
granulate
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jsts@i

Seperation

Figure 18

Recydling process within the PolystyreneLoop from demolition waste to new insulation boards; principle of PolystyreneLoop with Bromine recovery unit
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initial product, i.e. contains the same additives.
Currently up to 10 % of such re-granulate are
added to the production of new materials. At
the moment, most of the re-granulate origina-
tes from packaging because construction waste
streams are not sufficiently available.

The third recycling path for EPS is called chemi-
cal recycling, wherein the EPS waste is shred,
compacted and afterwards treated in a chemi-
cal process. The basis is the CreaSolv®-scheme,
developed by Fraunhofer IVV (Sieber et al.
2013). Using organic solvents, the polystyrene
is separated from other components like the
formerly used flame retardant Hexabromocyc-
lododecane (HBCD). HBCD can be treated in a

separate process to recover elementary bromi-
ne. Through this, a safe destruction of HBCD is
possible, making bromine available for the pro-
duction of new flame retardants (like Polymer-
FR). (Figure 18)

From 2017 the CreaSolv® process has been up-
scaled to industrial scale, funded by the EU and
the industry in the PolyStyrene Loop project.
The meanwhile privatised production facility is
located in Terneuzen (NL). Its current capacity
accounts for 3,000 ton/a and can be increased to
8,000 ton/a 7. A comparison of GHG emissions
between the current still predominant incinera-
tion process and the PolyStyreneLoop recovery
process clearly demonstrates that if implemen-

ted at large industrial scale significant reduction
of (0, equivalent is achieved, while keeping the
raw materials in a closed loop.

Even though many ways of material recycling
for EPS are available, it has to be pointed out,
that currently still the majority of EPS construc-
tion waste is used for energy recovery. In 2018
a total of 141.7 kton of EPS/XPS pre-consumer
building and construction waste was collected
in EU-2842 countries. Compared to the pre-
vious year, this marked an increase by 2.2%.
From this amount around 67% are used for
energy recovery, around 10% were used for
material recycling and roughly 23% for land-
fill/disposal B,

Figure 19
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To significantly reduce the volume of insulation waste for transportation and storage before recycling treatments, mobile unites to be used at demolition sites have been developed. ©Ralf Pasker



Here the durability of ETICS turns out to be a
major challenge for increasing reuse and recy-
cling in practice. Thanks to an expected service
life of several decades, the waste streams resul-
ting from demolition are still relatively low and
quite decentralised. Although technically feasi-
ble, the recycling in specific facilities is only
economically feasible at large scale. Long dis-
tance transportation on the other hand results
in additional carbon footprints. To minimise
the problem of transportation, technologies to
compact removed insulation have been develo-
ped to minimise truck loads. Some solutions al-
ready compact the insulation demolition waste
on site, others in logistic hubs.

Here lies potential for future improvements. With
rising amounts of ETICS demolition waste it seems
interesting to establish a network of decentralised
circular economy hubs. At larger scale the proces-
ses of removal, transportation and separation of
waste fractions could be industrialised, offering
potential to create new businesses models.

Chances are good: to quarantee an effective and
economic operation of the PolyStyreneloop
and other material recycling options, the urban
mining of EPS/XPS needs to be improved. The
Conversio study 5% estimates that by 2050, de-
pending on the scenario, EPS/XPS construction
and demolition waste in Europe will increase to
around 350-420 kton/a. From that feed stock

ETICS ARE AMAZING

Good for the environment, the economy and the people

around 60-100 kton/a qualify for treatment by
the PolyStyreneLoop. The remaining amount will
be treated using alternative technologies.

For mineral wool production leftovers normally
are returned to the production process. For stone
wool that consists of the mineral raw materials
diabase, feldspar, sand and dolomite, so-called
recycling stones can be added up toa share of 30 %.
These recycling stones are prepared by pressing
production leftovers like cutting residuals and dust
together with cement as binder. The organic binder
that is added for the production of the insulation
slabs has to be removed in advance by thermal
processes and other minerals may have to be ad-
ded or removed to meet the specific formulation.
For glass wool that already consists to 50 — 80 %
of recycled glass, production leftovers like glass
wool flocks or cutting residuals are milled and a
share of up to 10 % can be added directly to the
hot melt. In case of larger amounts of recycled ma-
terial those have to be processed to frits. Similar to
the recycling stones for stone wool, here the binder
has to be removed, too, and several minerals may
be added to meet the specific formulation.

A possible path for the disposal of mineral wool
is backfilling. Backfilling describes the process of
filling up exploited underground mines with was-
te from non-mining activities. Backfilling helps to
stabilise the underground by avoiding settlement
phenomena. In case of mineral wool e.g. the ma-

terial can be stockpiled in big bags that are com-
pacted by bulldozers. The remaining air gaps are
filled with concrete. The result is a compression-
proof material that also hinders the leaching of
loose fibres.

To conclude, the ETICS sector takes responsibi-
lity for the circular economy and has bequn to
invent recycling solutions throughout the ye-
ars. However, economic and ecological feasi-
bility very much depend on the availability of
ETICS waste streams. Thanks to the proven du-
rability such waste streams are still small. This
needs to be considered when setting requlato-
ry requirements for recycled content in the fu-
ture. Solutions need to be permitted that allow
recycling processes mixing waste streams from
different fields of application, both different
uses in construction (e. g. facade insulation
and roof insulation) and different sectors (e.
g. construction and packaging of consumer
goods) as long as the raw materials are the
same. This consolidation of waste Streams
could help upscaling the use of recycled waste.
The focus must be on minimizing the cross-
sector use of virgin raw materials. This will
require third-party approved calculation me-
thods such as the mass-balance-approach to
allow manufactures to declare their recycled
content whilst preventing green-washing.
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- Today approximately half of all extracted materials are used by the construction sector, that also counts
responsible for over one third of the total waste generation in the EU.

« Therecast of the CRP will put more emphasis on recycled content, durability and circularity of construction
products.

« The current and future share of ETICS on the total CDW is low.

« The ETICS sector takes responsibility for the circular economy and has begun to develop recycling solutions
throughout the years.

« Economic and ecological feasibility very much depends on the availability of ETICS waste streams. Thanks
to the proven ETICS durability such waste streams are still small. This needs to be considered when setting
requlatory requirements for recycled content in the future.

« Solutions need to be permitted that allow recycling processes mixing waste streams from different fields
of application, both different uses in construction (e. g. facade insulation and roof insulation) and different
sectors (i. e. construction and packaging of consumer goods) as long as the raw materials are equal. This
consolidation of waste streams could help upscaling the cross-sectoral use of recycled waste.

« Priority must be on minimizing the use of virgin raw materials across all sectors, growing the market for
secondary raw materials.

« This requires third-party approved calculation methods such as the mass-balance-approach to allow ma-
nufactures to declare their recycled content whilst preventing green-washing.

- With increasing amounts of ETICS demolition waste it seems interesting to establish a network of decen-
tralised circular economy hubs. At larger scale the processes of removal, transportation and separation of
waste fractions should be industrialised, offering potential to create new businesses models.
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(ategory ,Residential New Built Single-family Homes”

Project: Project VL-L in Linden/Belgium

Description: Detached single-family house (villa) on a sloping and forrested site
Architect: Niko Wauters, Niko Wauters Architecten BY

Project owner: Private

ETICS manufacturer: Willco Products
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Figure 20

One of the focus areas of the Renovation Wave
initiative ™is fighting energy poverty. According
to the European Commission’s communication,
nearly 34 million Europeans were living in energy
poverty conditions in 2018, meaning that 7.6 %
of the European population was unable to keep
their homes adequately warm. Whilst this figure
decreased 10 6.9 %in 2021, it jumped t0 9.3 % in
2022. However, as stated by the EU Commission &
“the number of EU citizens that can be conside-
red “energy poor”is much higher if all the dif-
ferent aspects around energy poverty are taken
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Inability to keep home adequately warm. Source: Eurostat (ilc_mdes01)

into account, such as being unable to cover basic
housing costs or having inadequate comfort in
the housing or work environments”.

Energy poverty is a complex phenomenon linked
to a combination of factors that represent the
inability of households to access energy needs
such as heating, cooling, lighting, and energy to
power appliances as defined by the Renovation
Wave communication ", The phenomena affect
the health and the well-being of inhabitants.
For vulnerable groups, extreme indoor climatic

conditions can cause respiratory and cardiovas-
cular illnesses, heat-stroke and in the worst-case
death ', Energy poverty occurs at the dome-
stic level and therefore it is difficult to quantify
its effects. Due to its multifaced nature, energy
poverty can vary even at the local level. Despite
the difficulty of defining criteria for evaluating
the condition of energy poverty, the causes can
be traced back to three factors: low-income,
high-energy prices, and low building energy
efficiency L. As stated in the press release issu-
ed in July 2023 by the European Economic and



Social Committee, “over the past few months the
unprecedented surge in energy prices and the
Russian invasion of Ukraine have made it more
difficult for even more people” ¥, highlighting
the great challenge energy poverty marks for
Europe. In 2022, around 42 million people were
unable to heat their home properly. As shown in
the geographical map, the percentage is higher
in the Southern and Eastern regions of Europe.
The highest share is found in Bulgaria (22.5 %),
(yprus (19.2 %) and Greece (18.7 %) followed
by Lithuania (17.5 %), Portugal (17.5 %) and
Spain (17.1 %). People suffering from difficult
financial conditions usually have problems ma-
naging their energy expenditure. This generates
a vicious circle of high energy bills, arrears and

Inability to keep home adequately warm
in 2022 (in %)
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Inability to keep home <7

adequately warm in 2022 (in %) 79
m 912
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m 14-16
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problems with well-being and health. In the Eu-
ropean panorama, the arrears on utility bills are
highest in Eastern Europe and in the Balkan re-
gion, especially Greece where 34.1 % of people
are unable to pay their utility bill on time.

The maps highlight the geographical differences
in energy poverty. Eastern Europe and Mediter-
ranean states generally present a higher percen-
tage of people who cannot keep their homes
adequately warm than the European average
(9.3 %). In southern European Member States,
this vulnerability is due to different reasons such
as higher level of income poverty, governmental
instability, and poor infrastructure >/, How-
ever, as stated by Stoerring et al. 2016 4, the

Arrears on utility bills in 2022 (in %)

Arrears on utility bills (in %) in 2022 <5

N
o
N
w

problem is mostly due to the lack of adequate
heating systems and inefficient housing. In the
Mediterranean area, energy costs are also affec-
ted by the necessity to keep the home adequa-
tely cool in summer. The vulnerability of Eastern
European citizens can be linked to the liberaliza-
tion of national energy markets, which led to an
increase in energy tariffs, and the predominance
of an unsustainable energy supply mix, in com-
bination with the poorly insulated building pro-
perties 24 Although the indicators are below
the European average value, energy poverty is
also found in Northern Europe. In this case, the
issue is typically confined to demographic groups
with energy affordability problems and linked
to poor energy efficiency of dwellings “% *,

Current state of the thermal
transfer coefficient in W/(m? K)
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Figure 21

transfer coefficient in W/(m?K). Source: Joint Research Center

Left: Inability to keep home adequately warm in 2022 (in %). Source: Eurostat (ilc_mdes01); centre: Arrears on utility bills (in %) in 2022. Source: Eurostat (ilc_mdes07); right: Current state of the thermal
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| Evolution of natural gas prices
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Figure 22

Discrepancies between the inability to keep ho-
mes adequately warm and the arrears on utility
bills, such as in Finland and Portugal, can be
attributed mainly to government policies and
support as specified by EPOV report “L.

In 2021 the gas price has risen due to multip-
le factors linked to the strong recovery after the
pandemic, a tight supply in relation to the high
demand, and due to a colder and longer win-
ter that led to a prolonged heating season 16 /.
In correlation with the gas price, the electricity
price also increased, reaching the highest level.
“In Germany and Spain, for example, prices in
September have been around three or four times
the averages seen in 2019 and 2020" as stated

inan IAF article . In 2022, Russia’s invasion of

48

Evolution of natural gas prices, June 2021 - October 2022. Source: [EA !

Ukraine kicked energy prices to high records and,
although the prices have fallen again, they have
not yet reached pre-crisis values !,

The price trend has significantly influenced the
families, pushing them to cut expenses and live
in conditions that are no longer comfortable.
According to COM(2020) 951
European households, i. e. in the lowest 10 %

B0, the poorest

income bracket, spent a share of 8.3 % of their
total expenditure on energy in 2018, although
this number varies across countries and income
levels. Indeed, the report also specifies that
“northern and western European middle-income
households spent 3-8 % while central and eas-
tern Europeans with the same income level spent
10-15%" A study carried out by the International

Monetary Fund (IMF) " estimated an increase of
7 % of the average cost of living in 2022, with a
strong impact on the poorest fifth of households.
In some countries such as Estonia, the analysis
estimates that 25 % of the income of the poo-
rest families is spent on energy bills. The greatest
energy expense that weighs on families is due to
space heating. Indeed, the energy consumption
in households with the greatest percentage is

aimed at heating their home (Figure 24).

Due to the COVID-19 crisis, the increase in
energy prices, and the Russian invasion of
Ukraine, the situation has worsened for many
European families, urging the European insti-
tutions to take action. Over the last few years,
tackling energy poverty has returned into the



European Commission’s sights. Several measu-
res and instruments have been introduced to
tackle the problem such as the Energy Poverty
Advisory Hub (EPAH) ¥ launched in 2021, the
Recommendation on energy poverty 5 issued
in 2020 as part of the Renovation Wave and
specific measures to identify the key factors of
energy poverty are proposed in the Fit-for-55
package “* adopted in 2021 5., Nevertheless,
the European strategy goes beyond the mere
identification of the energy poverty condition
of European citizens, including measures aimed
at the energy renovation of buildings. Energy
inefficiency of buildings is one of the causes for
energy poverty that can be directly addressed,
improving the living conditions of dwellers
whilst increasing the renovation rate and ener-
gy savings to achieve the climate neutrality tar-
get in 2050. Furthermore, energy subsidy funds
could be reinvested in further energy-efficiency
renovations.

Refurbishment measures on buildings will have
a double effect: Home renovation will improve
the thermal indoor conditions contributing to the
well-being and health of the people as well as
increasing their control over energy expenditure.
Finally, reduced energy expenditures set budgets
free stimulating consumption, supporting eco-
nomic growth and social participation of most
vulnerable parts of societies.
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| Energy price rises as share of income for the poorest 20 % of households in 2022
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Figure 23
The perception of the thermal conditions is a

subjective experience influenced by several fac-
tors like gender, age, clothing, activity level as

| Energy consumption in EU households

Energy price rises as share of income for the poorest 20 % of households in 2022. Source: Investment monitor >

well as the time of day and season. The main
physical parameters to assess thermal comfort
are room air temperature, radiant temperature

Space heating ~ Water heating Lightning Cooking Other uses Space cooling
and electrical
appliances
\ \ ny I 1
64.4% 14.5% 13.6% 6.0% 1.1% 0.5%
Figure 24 Energy consumption in EU households. Source: Eurostat (nrg_d_hhq)
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(the temperature of the surrounding surface such
as walls, floors, and ceilings), relative humidity,
and air velocity. Although thermal comfort is af-
fected by multiple variables influencing the heat
exchange between the person and the environ-
ment, specific environmental conditions, such as
room air temperature and radiant temperature,
generally define a thermal comfort range within
which most people feel comfortable. These mo-
dels serve as general quidelines to simplify the
assessment of indoor conditions since thermal
comfort varies based on individual perception.

Thermal comfort is a complex subjective concept
that reflects an individual's contentment with the
thermal environment. Humans emit and absorb
radiant heat from their surroundings due to tem-
perature difference, making the surface tempera-
ture on the interior walls greatly important. Ther-
mal comfort isindeed perceived not only through
the air temperature of the room but also through
the balance of radiant heat exchange with the
surroundings. If the surface temperature of the
wall is too cold, this creates a cold draught resul-
ting in an uncomfortable cold feel. Therefore, en-
hanced insulation during the winter season can
resultin a higher inner surface temperature and a
more pleasant indoor climate, minimizing in this
way also the air movement or “draughts” caused
by natural convection due to the temperature
differences of the enclosing surfaces. Inadequate
insulation can lead to discomfort since the body
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heat is exchanged by radiation towards the sur-
rounding cool surfaces, requiring higher room
temperatures for comfort. The ideal situation is
when the temperature of the surface is uniform
and the difference to the room air temperature
is below 2 °C.

To show the effects of insulated building ele-
ments in relation to thermal comfort, the indoor
climate was investigated through transient ther-
mal simulation for an exemplary residential buil-
ding in Holzkirchen (Germany) before and after
renovation. For the calculation purpose, a small
house of 100 m? floorspace with an unheated
attic has been analysed. The building dates from
the 1960s, therefore, the thermal transmittance
of ceiling, wall, and floor reflects the typical valu-
es of this class of buildings. It is assumed that the
windows had already been replaced by a dou-
ble-glazing window with a U-value of 1.60 W/
(m?K). To assess the impact of building envelope
renovation on the indoor climate, the simulation
has been performed for the same building with
improved U-values of the building envelope. The
results compared the thermal conditions of the
building during the heating period (from Octo-
ber 1st to April 30th). The indoor temperature
has been held at a minimum temperature of 22
°C during the day and 17 °C during the night by
a heating system. When the temperature inside
the room decreased below these two desirable
values of temperature, the heating system inter-

vened to maintain the temperature at the target
values.

As depicted in the figure, the building before re-
novation required the heating system to be per-
manently activated both during day and night
to maintain the desired indoor temperature. The
indoor temperature has been constant at 22 °C
respectively 17 °C. However, despite the use of the
heating, the internal climate has been perceived as
uncomfortably cold during the nighttime hours,
dropping out of the thermal comfort range. This
was due to the low temperature of the building
envelope. On the inner surface temperatures down
to 11°Chave been determined. As a representative
value of winter conditions, the temperature mean
value of the coldest months, namely January, Feb-
ruary, and March, reveals that the thermal comfort
during this winter period barely meets the lower
limit of the comfort range, illustrated as black cross
in the graphic (Figure 25). In the scenario of the
renovated building, the improvement of the wall
has been achieved through the application of an
ETICS kit. By this, the hourly value of the tempe-
rature consistently fell within the thermal comfort
range, even when considering the average values
of the winter months. In comparison to the unre-
novated scenario, especially the inner surface tem-
peratures were significantly higher, reaching a mi-
nimum value barely below 18 °C. Furthermore, the
intervention of the heating system to maintain the
desired temperature has been limited significantly.
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| Thermal comfort in a SFH before and after thermal renovation
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Furthermore, the combination of low tempera-
ture and high humidity conditions can cause the
proliferation of mould growth. When encoun-
tering a cold surface, such as a cold wall, the
warm and moist indoor air cools down rapidly.
As the air temperature drops, its ability to hold
moisture decreases, resulting in high relative
humidity or even condensation of water vapour
onto the surface which then provides the neces-
sary water source to foster the development of
mould. Mould, however, can start to grow at re-
lative humidity at the wall surface of 80 % (some
types of mould can thrive at lower values as well).
This is achieved at a surface temperature of 12.6
°Corless, especially in corners and niches. Peo-
ple exposed to mould spore, in particular people
with allergies, existing respiratory conditions or
suppressed immune systems, can be susceptible
to illness. Therefore, enhancing the thermal insu-
lation of the wall to reduce the temperature dif-
ferences between the indoor air and surfaces can
improve the hygrothermal conditions and reduce
the risk of condensation in capillaries which is a
first enabler for mould formation.

The reduction of the heating load through the
improvement of the thermal insulation is also
highlighted by Holm et al. 2023 7. The report
shows the crucial role of well-insulated buil-
ding in lowering the heating demand and in
the transition to renewable heating systems.
Achieving full decarbonization necessitates the
transformation of existing fossil-based heating
systems into decarbonized energy sources.
Since the availability of renewable energies
is limited, the reduction of energy demand
for heating is crucial. According to the study,
insulated buildings can achieve a significant
reduction of the peak load in winter compared
to non-renovated buildings. In addition to the
significant impact on future electricity grid, it
also impacts the heating costs. The study clear-
ly states that the synergies of the combination
of thermal insulation and heat pump leads to a
18 % reduction in heating demands, resulting
ina 37 % decrease in heating costs. This addi-
tional saving results from a much better effici-
ency of the heat pump when running at lower
heating flow temperatures. Therefore, an incre-

| U-values before and after energy-efficient renovation

ased energy efficiency of the building envelope
enables a smaller heat pump (requiring lower
investments) and makes it possible for the heat
pump to be operated with a low flow tempera-
ture, which is a prerequisite for better efficiency
resulting in a high COP value.

The energy renovation of the building envelope
leads notonly to an increase in thermal comfort
but also to significant energy savings and thus
to a reduction of energy costs. To demonstrate
this, two single-family houses (SFH) in diffe-
rent initial states (built in 1960 and 1990) in
Germany were examined as examples. The fi-
nal energy demand was determined according
to the calculation regulations currently valid
in Germany (GEG and DIN V 18599). The final
energy is the one the owners or tenants have to
pay for. The following table shows the initial U-
values of the different components of the ther-
mal building envelope as well as the U-values
assumed after the renovation.

Component U-values initial state in W/(m?K) U-values after refurbishment in W/(m?K)
1960* 1990

Basement ceiling 1.0 0.6 0.25

External wall 1.4 0.6 0.20

Window 1.6* 2.7 0.90

Roof 1.4 0.5 0.14

*Due to the average service life of windows, a replacement of the windows and thus an improved U-value was already assumed for the SFH built in 1960.

Table 5 U-values before and after energy-efficient renovation.
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| Energy cost savings by component-improvements compared to two initial states
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Figure 26

Figure 26 shows the results of the calculations.
On the x-axis the three pillars show the energy
performance before renovation (left for building
age 1960, right for building age 1990) and after
renovation (pillar in the middle). The building
ages should represent two different initial ef-
ficiency states. The energy demand of a non-
renovated building from the 1990s is usually sig-
nificantly lower than for an (almost) unrenovated
building from the 1960s. The y-axis shows the
final energy demand without specific numbers
because for this consideration the goal was to
just show the relation of the energy cost savings
in relation to a better and a worse initial state. By
multiplying the final energy demand (e.q. given in
kWh) with the energy costs per energy unit (e.q.
€/kWh) one can calculate the total energy costs.
The arrows in the figure represent the final energy
savings respectively the energy cost savings in %
achieved by renovating the different elements of

Energy cost savings by component-improvements compared to two examplary initial states Source: FIW

the building envelope. The percentage represents
the ratio of the difference in final energy demand/
costs between the renovated and the two initial
states, relative to the final energy demand/costs
of the two initial states. At this point it should
be mentioned that the focus of the calculations
was to determine the energy savings potential
of the building elements. The measures on the
building envelope usually also reduce losses due
to thermal bridges (especially as ETICS provi-
de continuous insulation from the outside) and
improve airtightness (especially when replacing
windows). The improvement is shown separately
in the graph. Improvements of the heating system
were not considered.

It can easily be seen that the overall energy cost
savings potential for the SFH built 1960 is higher
compared to the SFH built 1990. This is not surpri-
sing considering the higher U-values of the building

elements — except for the windows. Considering
the average service life of windows, a replacement
of the windows and thus an improved U-value was
already assumed for the SFH built in 1960. This is
the reason for the low energy cost savings (1 %) by
improving the windows for the SFH build 1960. Due
to the renovation of the building envelope the final
energy demand and therefore also the energy costs
of the considered SFH built 1960 can be reduced by
71 % and the one built 1990 still by 51 %. Both
graphs show that the greatest savings derive from
improving the walls and the roof. On one hand this
is caused by the high U-values of the initial state
compared to the final state and on the other hand
due to the area ratios of the different building ele-
ments. At this point it is necessary to mention that
for terraced houses and multi-family houses the
area ratios may deviate, e.g. the area ratio of the
wall becomes greater in multi-family houses whe-
reas the area ratio of the roof or basement ceiling
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becomes smaller. Nevertheless, it demonstrates
that renovating the building envelope, especially
the walls and the roof, lead to a significant re-
duction of the final energy demand and therefore
also to reduced heating costs.

In case the renovation work would be extended
to the entire European building stock, the de-
(rease in energy consumption and, as a residual,
potential energy savings would be huge. BPIE
B8 calculated that the enhancement in terms of
thermal transmittance of only the roof and the
walls of all European buildings could lead to an
overall saving of 44 % (777 TWh which is more
than the final energy consumption of households
in Germany) of the energy used for heating. This
also means a reduction of fossil fuel consumpti-
on such as coal (48 %), heating oil (44 %), and
natural gas (46 %).

The policies aiming towards the reduction of GHG
emissions by 2030 could lead to the creation of
new jobs, shifting and changing the European
labour market. The broad construction sector in
Europe involves around 18.2 million employees
that work in building construction, architecture
and civil engineering, real estate and specialized
construction activities which include, for examp-
le, demolition, site preparation, electrical instal-
lation, HVAC installation and plumbing.
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Final energy consumption for residential space heating in current and
renovated buildings (in TWh) and final energy saved in EU 27
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Figure 27 Final energy consumption for residential space heating in current and renovated buildings (in TWh) and final energy saved in EU-
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| Number of European employees in the construction industry in millions of employees
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| Development of the EU construction production, January 2020 — January 2022
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The Covid-19 crisis hit the construction sector
quite hard, which suffered a decline of 25.9%
between March and April 2020. However,
since May 2020, the construction sector has
grown again by 20.4%, recovering part of the

losses 9.

Development of the EU construction production, January 2020 - January 2022. Source: Eurostat

Many studies agree on the increase of the work-
force employed thanks to the green transition
policies, but the determination of this numerical
increase is not that simple as it depends on the
factors considered in the forecast models. For
example, Asikainen et al. 2021 ¥ state, based

on the results of different economic models, that
the net increase in jobs will be up to 884,000
(+ 0.45 9% of the total workforce in Europe) by
2030. Vandeplas et al. 2022 " arque that the
green transition could create around 1 million
jobs by 2030 in the EU's energy and construc-
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‘ Forecast employment impact of the European Green Deal In EU-27 (in % difference between forecast scenario and baseline of 2020)
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tion labor market. Another study “* predicts an
increase of approximately 3.7 % in employment
in the EU-27 by 2030. In particular, the construc-
tion sector will face an employment increase of
3.6 % compared to the 2020 baseline due to the
Green Deal policies and especially the Renovation
Wave (Figure 30). Mella et al. 2023 ® studied
the effect of the Renovation Wave and the Reco-
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very and Resilience plans on the employment in
the construction sector by 2030. The report found
that the construction sector will need between
486,600 and 1,549,000 additional workers as
effect of the Renovation Wave strategy, while
the Recovery and Resilience plans will play an
important role in the EU employment creating
around 2 million jobs in the EU labour market.

Forecast employment impact of the European Green Deal In EU-27 (in % difference between forecast scenario and baseline of 2020). Source: CEDEFOP*“!

To achieve the GHG emission reduction goal,
renewables and new technologies will be de-
ployed to improve energy efficiency. Therefore,
new “green” jobs will be created as stated by
several studies %, however, these occupations
account for only a few percent of the total EU em-
ployment ™. The green transition will in turn en-
tail a decrease in “brown” jobs, i. e. jobs involved



in high pollution activities. Highly polluting acti-
vities represent 5 % of the total EU employment
and among those jobs only around 0.1 % will be
completely phased out. The greatest impact of the
green transition will occur on “white” jobs, with
relatively neutral impact activities on the environ-
ment. “White” jobs represent the greatest share of
EU employment and these occupations will reallo-
cate the employment from the “brown”jobs as well
as will undergo a transformation that will make
them more “green” by reducing the emissions of
existing activities '

Education, training and skills policies will be nee-
ded to ensure a smooth transition. Re-skilling
will be of great importance for people working in
sectors strongly affected by the transition to find
new occupations in greener sectors. In turn, this
will help closing the gap of skilled staff in the con-
struction sector. In addition, around 3 to 4 million
construction workers such as heat pump installers,
carpenters, and bricklayers will require training on
energy efficiency and renewable energy resources
under the Green Deal transition ‘2. In view of this,
the European Commission has launched the Pact
for Skills ¥ to help workers and leamers to upskill
and reskill, offering webinars, seminars, and peer
learning activities.

ETICS ARE AMAZING
Good for the environment, the economy and the people

| Summary of the findings regarding the creation of jobs in the green transition

Findings Sources

+ 160,000 jobs in the construction sector EU Renovation Wave

+ 884,000 jobs (+ 0.45%) The future of jobs is green (JRC) (2021)
+ 3.6 % more than baseline (2020) in the CEDEFOP (2021)

construction sector

1 million jobs in the energy and construction The possible implications of the Green
sector Transition for the EU Labour Market

(Economic and Financial Affairs) (2022)

Impact of Renovation Wave: Skills and quality jobs in construction
+ 484,600 — 1,549,000 workers needed in the (2023)

buildings and energy renovation sector

Impact of the Recovery and Resilience plans:

around 2 million jobs will be created in the

construction sector

Table 6 Summary of the findings regarding the creation of jobs in the green transition. Source: Renovation wave ™!, JRC**/, CEDEFOP %,
EFA®Y, Skills and quality jobs in construction !

| Different impact of the green transition on the labour market

White jobs:
moderate changes in tasks, possible expansion

Green jobs:
' New jobs with new ,green” tasks, often technology/
management-oriented , increased demand

Il Brown jobs:
demand contraction or significant structural
transformation

Figure31  Differentimpact of the green transition on the labour market. Source: EFA
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- One of the key objectives of the Renovation Wave is fighting energy poverty. Nearly 34 million Europeans
were living in energy poverty conditions in 2018, meaning that 7.6 % of all Europeans were unable to keep
their homes adequately warm; in 2022 this figure jumped t0 9.3 %.

« The number of “energy poor” citizens is even higher if broader aspects related to energy poverty are con-
sidered, i. e. being unable to cover basic housing costs or having inadequate comfort in living or work
environments. People suffering from difficult inancial conditions usually have problems managing their
energy expenditure, generating a vicious circle of high energy bills, arrears and problems with well-being
and health.

« The problem mostly starts with inadequate heating systems and poorly insulated building envelopes. Not
only in Southern Member States costs of households are increasingly affected by the energy demand for
cooling during summer as heat waves meanwhile affect a broader area.

« Inefficient buildings are main causes of energy poverty. They can be addressed via enhanced renovation
rates, creating various co-benefits such as improved living conditions for inhabitants, energy savings and
achieving the climate neutrality target by 2050. Short-term oriented energy subsidies would be far more
sustainably invested when redirected to support energy-efficiency renovations, which create long-term
improvements.

« Reduced energy expenditures of households release budgets stimulating consumption, supporting econo-
mic growth and social participation of most vulnerable parts of our societies.

« The availability of renewable energies is still limited; energy demand reductions for heating is crucial and
leaves more renewable capacities for other sectors.

« All policies targeting the reduction of GHG emissions in the building sector by 2030 lead to the creation of

new jobs, reshaping the European labour market. The broad construction sector in Europe involves around
18.2 million employees that work in building construction, architecture and civil engineering, real estate
and specialized construction activities which include, for example, demolition, site preparation, electrical
installation, HVAC installation and plumbing. Hence, the Renovation Wave offers the opportunity to sig-
nificantly increase employment in the construction sector. These green jobs will help compensating the
reduction of brown jobs as result of the green transition.
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(ategory ,Residential buildings refurbishment”

Project: Westend Villen in Berlin/Germany

Architect: 1GS Ingenieur-Gesellschaft mbH

Project owner: Kénigstadt Gesellschaft fiir Grundstiicke und Industrie mbH
Installer: Bausanierung Ralf Jahnke GmbH

ETICS manufacturer: Sto
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EU’s gross available energy is the amount of
energy needed to serve the energy needs of all
EU countries:

GROSS AVAILABLE ENERGY =
PRIMARY PRODUCTION + RECOVERED & RECYCLED
PRODUCTS + IMPORTS - EXPORT + STOCK CHANGES ®!

RENOVATE TO MAKE EUROPE

LESS DEPENDENT

EU's gross available energy accounted around 17
million GWh in 2021. It was 6 % higher than in
2020. The lower gross available energy in 2020
can be attributed to the COVID-19 pandemic. Since
2006, where the EU's gross available energy was
around 19 million GWh, the trend has been slightly
decreasing as shown in Figure 32.

| Gross available energy by fuel in GWh in EU-27 countries from 1990 to 2021

20

In 2021 oil and petroleum products accounted for
the largest share (34 %) of EU's gross available
energy, followed by natural gas (24 %), renewa-
bles and biofuels (17 %), nuclear heat (13 %),
solid fossil fuels (11 %) and non-renewable
waste (1 %). As evidenced by the ratio of fossil
fuels in gross available energy, the EU primarily
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Gross available energy in million GWh
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I Solid fossil fuels

2000 2005

I 0l and petroleum products (excluding biofuel portion)

I Others

2010 2015 2020

Il Natural gas
Renewables and biofuel
Nuclear heat

Figure 32
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Gross available energy by fuel in GWhin EU - 27 countries from 1990 to 2021. Source: Eurostat (nrg_bal_c)
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| Primary energy production by fuel in GWh in EU-27 countries from 1990 t02021

Primary energy in million GWh

1990 1995

I Solid fossil fuels

2000 2005

B 0il and petroleum products (excluding biofuel portion)

0 Others

2010 2015 2020

Il Natural gas
Renewables and biofuel
Nuclear heat

Figure 33

used fossil fuels for its overall energy supply.
Nevertheless, the share of fossil fuels has de-
creased over the last decades from more than
80 % in 1990 to 70 % in 2021. Especially the
total amount of solid fossil fuels and oil and pe-
troleum products has decreased a lot (around
31 %). This reduction was mitigated by the in-
crease in the amount of natural gas. In parallel,

Primary energy production by fuel in GWh in EU - 27 countries from 1990 to 2021. Source: Eurostat (nrg_bal_c)

the share of renewables has increased from 5 %
in 1990 to 17 % in 2021 according to Eurostat
(nrg_bal_q).

The primary energy production in the EU has
decreased over the past decades (see Figure 33)
with the share of renewable energy increasing
significantly. In 2021, the share of renewable

energy in energy production was 41 %, making
it the largest share (Eurostat (nrg_bal_c)).

However, the overall decrease in energy produc-
tion led to increased imports of primary and se-
condary energy products. The lower demand due
to the COVID-19 pandemic caused this increase to
slow down in 2020 but increased again in 2021.
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| Energy imports by fuel in GWh in EU-27 countries from 1990 to 2021

20

Energy imports in million GWh
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I Solid fossil fuels
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I il and petroleum products (excluding biofuel portion)
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0 Electricity

Figure 34

As Figure 34 shows, 14 million GWh energy
products were imported to the EU in 2021. The
most relevant imported energy products are
oil and petroleum products. 9.1 million GWh,
of which 5.3 million GWh stem from crude oil,
were imported to the EU in 2021, accounting
for 64 % of total energy imports. Natural gas
is the second largest imported energy product
in the EU (25 % in 2021). Its imported quan-
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Energyimports by fuel in GWhin EU - 27 countries from 1990 to 2021. Source: Eurostat (nrg_bal_c)

ity has doubled between 1990 and 2021 and
accounts for 3.6 million GWh. Imports of solid
fossil fuels accounted for 6 % in energy imports
in 2021. In contrast, renewables and biofuels
are mainly produced in the EU. There is only
a small amount of import in renewables and
biofuels, which is roughly in balance with the
amount of renewables and biofuels exported
beyond EU borders I

It should be noted that the two energy products
that account for the largest share of imports are
also those that account for the largest share
of gross available energy. It also shows how
dependent Europe still is on fossil fuels — es-
pecially from non-EU countries, which will be
explained in the following.
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| Energy dependency by fuel in % in EU-27 countries from 1990 to 2021
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Figure 35

The energy dependency of a country or aregion
can be described as the ratio between net im-
ports (imports — exports) and gross available
energy and is an indicator for its ability to meet
all the energy needs. The higher the indicator
the higher the region depends on imports from
other regions or countries.

Energy dependency by fuel in % in EU - 27 countries from 1990 until 2021. Source: Eurostat (nrg_ind_id)

Figure 35 shows the EU’s energy dependency
on different fossil fuels in %. In general, the
energy dependency has increased over the last
decades from 50 % in 1990 to over 60 % in
2019, contradicting the European Commission’s
objectives. Since then, the total energy depen-
dency has decreased slightly to 56 % in 2021.
The highest dependency (around 94 %) is on

oil and petroleum products and has not chan-
ged much over time. Energy dependencies on
other fossil fuels have increased significantly
until around 2019, e. g. the energy dependency
on natural gas has increased from 52 % in 1990
t0 89 % in 2019. After that, the energy depen-
dency started to decrease slightly for most fuel

types.
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European energy imports by main supply countries of oil
and petroleum products in 2021 and in the first quarter of 2023

European energy imports by main supply countries of
natural gas in 2021 and in the first quarter of 2023
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40 % T 40 % T |
20% - 20% -
0% - 0% -
2021 012023 2021 012023
Il Russia Iraq
I Saudi Arabia Kazakhstan
9 United States B United Kingdom
Norway I Nigeria
Lybia Il Qatar
I Others Il Algeria
Figure 36 European energy imports by main supply countries of oil and petroleum products (left), and natural gas (right) in 2021 and in the first quarter of 2023. Source: Eurostat (nrg_ti_oil, nrg_ti_gas, nrg_ti_m)

The energy crisis resulting from the Russian
invasion of Ukraine has brought challenges
regarding energy security and affordability in
Europe. Russia played a crucial role when it
came to the EU's energy supply with fossil fu-
els. In 2021, the EU received around 45% of
its gas imports from Russia, which accounted

64

almost 40 % of the EU’s total gas consump-
tion. At the same time, 29% of oil and pet-
roleum products and 52 % of solid fossil fuels
came from Russia. Following Russia’s invasion
of Ukraine, the EU leaders agreed to phase out
the EU’s dependency on Russian fossil fuels. In
turn, the European Commission implemented

the REPowerEU plan ™ to diversify the energy
supplies whilst reducing energy consumption
and increasing the deployment of renewab-
les. To accelerate the transition, governments
urged their populations to save energy during
winter 2022/2023 by reducing indoor tempe-
ratures. Simultaneously, the EU actively sought



new partner countries capable of supplying
energy sources in the near future. Some of the
supplier countries are indeed characterized
by non-democratic regimes or located in re-
gions fraught with political tensions, regional
conflicts, and geopolitical risks such as Libya,
Iraq, or Algeria. Consequently, the lineup of
countries from which imports were sourced
underwent dynamic changes since 2022 and
is still ongoing. As shown in figure Figure 35,
imports from Russia have experienced a signi-
ficant decline over the past two years, while
imports from other nations have surged. For
example, the imports of natural gas from Nor-
way notably have doubled, increasing from
a16% to a 30% share. Similarly, the import
from United States have increased from 6% to
11% for natural gas and from 9% to 13% for
petroleum products. Despite the efforts and
the measures applied, the EU is still dependent
on external supplies for its energy security.

IEAemphasizestheneed forenergyefficiency®”,
stating that, “The cleanest, cheapest, most re-
liable source of energy is what countries can
avoid using [...]" ¥ A quick rise in energy
efficiency would also make the EU less de-
pendent on fossil energy imports from outside
the EU. Therefore, a focus on energy efficiency
is crucial to reduce final energy demand and
make Europe less dependent. Energy efficiency

ETICS ARE AMAZING

Good for the environment, the economy and the people

must be Europe’s primary source of fuel. As a
major energy consumer, the building sector is
one of the key areas to apply the energy effici-
ency first principle.

The residential sector, representing approximately
one third (27.9% in 2021) of the total energy
consumption in Europe, predominantly relies on
fossil fuels (see Figure 37). Natural gas accounts
for 33.5 %, oil and petroleum products for 9.5
% and solid fossil fuels for 2.6% of the energy
consumption in EU-27 households. Renewab-
le energy sources on the other hand only cover
a minor portion of 21%, although the share of
renewable energy in space heating and cooling
has doubled between 2004 and 2021 (Eurostat
(nrg_ind_ren)). All these energy sources are
essential for various purposes, but first of all
for space heating, which constitutes the largest
portion of energy consumption in the residential
sector (64.4%).

Figure 37, based on the BPIE calculation b2,
also shows the energy consumption by fuel in
a proposed renovation scenario that focuses on
the refurbishment of the building envelope (only
walls and roofs) of EU residential buildings. The
assessment, specifically targeted at space hea-
ting, shows how the insulation of the building
envelope can significantly decrease energy con-
sumption with a notable reduction in the overall

energy sources required to heat the indoor space.
Therefore, the dependency on fossil fuels from
extra-EU countries would decrease. The renova-
tion scenario does not account for any change in
the heating system and energy source. Conse-
quently, both the demand for fossil energy and
the utilization of renewable energy decrease in
this scenario.

According to the savings shown in the figure natu-
ral gas imports could be decreased at least by 9%,
0il & petroleum imports by 1% and solid fossil fuel
imports by 5%. Therefore, the improvement of the
insulation of existing buildings plays a crucial role
to make Europe less dependent.

To achieve a complete decarbonization of the
building stock and to make the EU even less
dependent from fossil energy imports, the
switch from fossil fuel to decarbonized ener-
gy sources such as electricity must be priori-
tised. ETICS could help to make old buildings
ready for low temperature heating systems,
which are necessary to decarbonize the building
sector. They not only contribute to the reduction of
the final energy demand and the heat load itself
by thermally improving the building envelope but
also effectively support the fuel switch from fossil
fuels to electricity. By reducing the heat load, se-
veral other boundary conditions (e.g. lower supply
temperature in the heating system, no need to
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| Energy consumption in EU household by fuel, 2021

‘ Fuel Household consumtion Renovation scenario
462.2TWh
1,019.5TWh
364.1TWh
= 349TWh
139.5TWh
1,959.2TWh B 979w
B 82.7Twh
645.6 TWh
777.0TWh
0 778wk
I 262.8TWh
440.2TWh
289.6 TWh
I 181.1TWh
= 338TWh
747.4TWh
414.7TWh
= 13.8TWh
[ Natural gas Space heating B Energy savings
B Renewables and biofuels Waterheating
[ Solid fossil, peat, peat products, oil shale and oil sands mm  Cooking
Bl Heat Bl Otheruse
B Oiland petroleum products Bl Lightning and electrical appliance
Bl Electricity Bl Space cooling

Figure 37 Energy consumption in EU household by fuel, 2021. *Renovation of walls and roofs of EU's residential buildings. Source: Eurostat (nrg_d_hhg) and BPIE %
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| Net electricity production in EU in % by fuel type in 2022
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Figure 38

change the radiators, etc.) can be reached which
are essential for the building to become “heat-
pump ready”. This means, that the heat load can
be covered by the heat pump, whilst performing
with high efficiency rates. High efficiency rates
on the other hand contribute to lower electricity
demands and reduced peak loads. Consequently,
less energy is needed to serve the same needs,
leading to a potential decrease in the demand
of energy sources. ETICS and other insulation
measures help to limit the necessary network
expansion, the expansion of renewable ener-

Net electricity production in EU in % by fuel type in 2022. Source: EU Coundil **

gies, which would be immense otherwise, and
guarantee electricity grid stability (Figure 39).

Nevertheless, the fuel switch will require a lar-
ge amount of additional electricity and huge
efforts to achieve a renewable energy share of
(almost) 100% in 2050. Today (2022) more
than half of the electricity is generated by
fossil fuels and nuclear power — 38.7% and
21.9% respectively — while renewable energy
sources account for 39.4 % of the gross electri-
city consumption in Europe ¢!

The gap accounts 60.4%, but is even higher
considering the additional electricity/energy
demand needed to meet the electricity needs in
the future.

To make the EU less dependent from fossil fuel
imports, renewable energies must be expanded
quickly within EU borders. Lower energy demands
of EU buildings help to reach the objective much
quicker. The renovation of Europe’s building stock
is crucial, especially when considering that the
majority of today’s buildings will still exist in 2050.
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Current state

No insulation, fossil heating system, combustion vehicle

Electricity demand of both traffic and buildings still relies largely on
fossil fuels and nuclear power.

The share of renewables (wind, hydro, PV) is already increasing.

Many buildings are not sufficiently energy-efficient, associated with
lower living comfort and the risk of energy poverty and health
problems.

Figure 39 Energy needs in different scenarios. Source: FIW own calculation, Eurostat (nrg_bal_s), ENER/C1/2018-4941%%
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2050 - Climate neutral building stock
No insulation, changed heating system, electric vehicle

Electricity demand of traffic and buildings will significantly increase
in parallel due to the shift to BEVs and electrification of heating
devices.

To achieve decarbonization, huge investments in renewables and
grids are needed to both compensate fossil and nuclear power and
the further increasing electricity demand of the transportation and
building sector.

Many buildings remain not sufficiently energy-efficient, associated
with lower living comfort and the risk of energy poverty and health
problems.

2050 - Climate neutral building stock
Insulted building, changed heating system, electric vehicle

Electricity demand of traffic and buildings will increase due to the shift to BEVs and electrification
of heating/cooling systems. Thanks to thermal insulation the energy consumption to heat and cool
buildings is significantly reduced.

To achieve decarbonization, investments in renewables and grids can be limited as the total energy
demand s significantly lower.

Buildings are energy-efficient, providing higher living comfort and reduce the risk of energy
poverty and health problems.

Insulated buildings as part of an integrated energy system can buffer peak loads as they can remain
comfortably warm for several hours even if not heated.
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KEY MESSAGES - RENOVATE TO MAKE EUROPE LESS DEPENDENT

- Despite all political objectives, Europe’s energy dependency has increased over decades. This applies espe-

cially to fossil fuels where the dependency in case of oil and petroleum and natural gas still exceeds 809%.

« The Russian aggression to Ukraine highlighted these dependencies and Europe’s vulnerability in terms of

energy security.

- Immediate action helped replacing Russia as key supplier via diversification of energy supplies. However,

Europe’s energy dependency remains high.

« The focus on energy efficiency is crucial to reduce our final energy demand. It will in turn make Europe less

dependent. Energy efficiency must become Europe’s primary fuel.

« Building renovation plays a key role. The residential sector accounts for one third of Furope’s total energy

consumption, two thirds of it spent for space heating alone. It still predominantly relies on fossil fuels.

+ Insulating buildings' envelopes significantly decreases energy consumption by reducing the energy de-

mand. The dependency on fossil fuels would already decrease significantly without additional measures.
This eases the shift to renewable energy. Reducing the demand together with the shift to electrification
boosts the process to become less dependent from imports.

« ETICS and other insulation measures make investments in network expansion and accelerated deployment
of renewable energies affordable as needed to achieve electricity grid stability.

« The thermal renovation of Europe’s building stock is crucial, especially when considering that most today’s
buildings will still exist in 2050.
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(ategory ,Residential buildings New built - multi-family home”
Project: Matadorka in Bratislava/Slovakia

Description: New construction of apartment building with 335 dwellings and 15 retail spaces
Architect: VIGroupa.s.,

Installer: Assyx spol. s r.0.

ETICS manufacturer: Baumit
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EAE — PARTNERS FOR SUSTAINABLE
CONSTRUCTION AND RENOVATION
IN EUROPE
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w I
European Association for
External Thermal Insulation Composite Systems

WHO WE ARE

- EAE is the voice of ETICS in Europe, representing more than 80 per cent of Europe’s revenue
from ETICS.

- EAE's common aim is to improve the energy efficiency of Europe’s huge building stock, working
towards a “culture of sustainability”in the construction sector.

- EAE supports technical developments in the systems, products and technologies, sharing ex-
perience and keeping ongoing dialogue with European institutions and stakeholders.
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OURVISION

EAE is the voice of ETICS in Europe.
- EAEis an active topic driver and acts as the first point of contact for third parties.

- EAE sets its own topics in the climate protection debate, which are considered in European legislation.

EAE communicates the central importance of the building envelope as a trailblazer for other industries in achieving the climate goals.

EAE is up-to-date and well informed, early communicator and reliable contact for politics and administration. It focuses on topics relevant
to the building envelope.

- EAE’s self-image is achieved through the active formation of opinions in the interaction of the actors and products related to the building
envelope.

OUR MISSION

- EAE creates unique experience and a powerful network aiming for a level playing field in the Single European Market for ETICS.

EAE successfully represents the political interests of its members to seize reliable framework conditions for their businesses.

EAE promotes that energy-efficient building envelopes using ETICS are substantial to contribute to achieve climate targets.

- EAE supports the establishment and control of quality measures along the value chain (designers, suppliers, applicators) at European and
member state level.

EAE shapes developments in the field of energy-efficient building envelopes.

OUR ACTIVITIES

EAE promotes the multifold benefits and the variety of ETICS via common public relations; transfer is improved by networking.

EAE initiates joint projects to create technical standards and common solutions improving the economic and life-cycle-performances of
ETICS.

- EAE operates the lobbying proactively, pointedly and where necessary in association with political partners to create majorities for its concems.

EAE defines its positions by forming opinions within the association, sharing national and international best practice examples.
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ORDINARY MEMBERS

AUSTRIA

ARGE Qualitatsgruppe Warmedammsysteme

Www.waermedaemmsysteme,at

FRANCE

Groupement du Mur Manteau

Www.mur-manteau. fr
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BELGIUM

ﬁthermo.be

FACADE INSULATING SYSTEM ASSOCIATION

Xthermo.be
Facade Insulating System Association

www.xthermo.be

GERMANY

vD PM‘

Verband fiir Dammsysteme,
Putz und Mortel e.V.

Verband fiir
Dammsysteme, Putz und Mortel e. V.

www.vdpm.info

MEMBERS AND PARTNERS

CZECH REPUBLIC

IRy

%)
K2 kEv\l"&

CECH p,
5 o
é
7 20and®

Cech pro Zateplovani Budov
(eska Republika

www.czh.cz

IRELAND

)y R
Y (V/4\N

National Insulation
Association of Ireland

National Insulation Association of Ireland

WWW.Niai.ie



ITALY

Consorzio produttori del cappotto di qualita

Q .
P CORTEXA

(ortexa Consortium per la cultura del
Sitema a (appotto

Www.cortexa.it

ROMANIA

QETICS - Grupul Pentru Calitatea Sistemelor
Termoizolante ,ETICS”

WWW.qetics.ro

ETICS ARE AMAZING

Good for the environment, the economy and the people

NETHERLANDS

BOND VOOR
PLEISTERBOUW

Bond voor Pleisterbouw

www.bondvoorpleisterbouw.nl

SLOVAKIA

=
=

ZPZ

ZDRUZENIC
PRE ZATEFLOVANIE
BUDOV

Obcianske Zdruzenie - Zdruzenie Pre
Zateplovanie Budov

www.zpzb.sk

POLAND

STOWARZYSZENE
NA RZECZ
SYSTEMOW OCIEPLEN

Stowarzyszenie na Rzecz Systemow Ocieplen
(SS0)

www.systemyocieplen.pl

SPAIN

ANFAPA

www.anfapa.com
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EXTRAORDINARY MEMBERS

Supporting Members

My

Wienerberger

Wienerberger Building Solutions (WBS)

www.wienerberger.com

BSTB E-CONSULT BY

Www.bstb-proattikasystems.com

EJOT

EJOT SE& Co. KG

Www.ejot.com

/M PAROC

Paroc GmbH

WWWw.paroc.com

O-BASF

We create chemistry

BASF SE

www.basf.com
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Baumit Beteiligungen GmbH

WWW.baumit.com

SAINT-GOBAIN

Saint Gobain

www.saint-gobain.com

HECK Wall Systems GmbH

www.wall-systems.com

sto

Sto SE & Co. KGaA

WwWw.sto.com

fischerwerke

www.fischer-international.com

Willco Products NV

www.willcoproducts.be

DEUTSCHE
AMPHIBOLIN-WERKE
VON ROBERT MURJAHN

DAW SE
www.daw.de
KEIMFARBEN GmbH
www.keim.com

Forschungsinstitut fiir Warmeschutz e.V.
Miinchen

www.fiw-muenchen.de

Baukom Bauprodukte GmbH

www.baukom-group.de



Dosteba GmbH

www.dosteba.eu

KLIMAS

FASTENER TECHNOLOGIES

KLIMAS

www.klimas.com

NSCHEM

ASCHEM Petrokimya Sanayi A.S.

www.aschem.com.tr

MADEI

Mapei SpA

Www.mapei.com
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IVAS Industria Vernici Spa

WWW.gruppoivas.com

Henkel Polska Sp. z o.0.

www.henkel.pl

NIPPON PAINT | | l | |
'

Betek Boya ve Kimya Sanayi A.S.

www.betek.com.tr

EXTRAORDINARY MEMBER

Supporting Members

ICL IP Europe Cooperatief U.A.

www.icl-ip.com

APU AG

www.apu.ch

1Ill TERRAQCO

Terraco Group

WWW.terraco.com
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SECTOR ASSOCIATIONS

[
PU eURrRoOPe

EXCELLENCE IN INSULATION

PU Europe - European Association of the
polyurethane (PUR/PIR) insulation industry

WWW.pu-europe.eu

EURO

profiles

EUROPROFILES - The European Association of
Bead and Lath Producers

www.europrofiles.com

/8

ssssssssssssssssssssssssssssssssssssssssssss

EURIMA - European Insulation Manufactures
Association

WWW.eurima.org

EPFA
European Phenolic Foam Association

www.epfa.org.uk

o eumeps

EUMEPS - European Manufacturers of
Expanded Polystyrene

WWW.eumeps.org



=8 CENELEC

European Committee for Standardization (CEN)

www.cencenelec.eu

European Council for Construction Research,
Development and Innovation (ECCREDI)

www.eccredi.org

European Organisation for
Technical Assessment (EOTA)

Www.eota.eu

China Association of Building Energy
Efficiency (CABEE)

www.cabee.org
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Construction Products Europe

WWW.COHSTI’UCTiOn*pI'OdUCTS.GU

Renovate Europe Campaign

www.renovate-europe.eu

—HEEA
)‘Tl (SRR E R 100

Japanese Association for Housing Thermal
Insulation Technology (JATI)

' EIFS INDUSTRY
EIMA Falsm

EIFS Industry Members Association (EIMA)

WWW.eima.com

PARTNERS
MEMBERSHIPS

Construction 2050 Alliance

www.euconstruction2050.eu

Py

Minchen

Forschungsinstitut fiir
Warmeschutz e.V. Miinchen

www.fiw-muenchen.de

LIAISONS

EIFS Council of Canada

www.eifscouncil.org

79



EUROPEAN
ENERGY EFFICIENCY GUIDE

o0 APPENDIX

List of Figures

Figure 1 Global warming stripes according to Ed Hawkins for the period from 1850 - 2018  combined with the evolution of number of heating (Heat) and cooling (Cool) days in the EU
in the period from 1979 - 2018. Source: Eurostat (nrg_chdd_a) [Page 8]

Figure 2 Timeline of EU climate policies. Source: FIW [Page 10]

Figure 3 GHG emissions caused by energy use of Furopean buildings. Source: Furopean Environment Agency " [Page14]

Figure 4 GHG emissions from energy use in buildings by country. Source: European Environment Agency '” [Page15]

Figure 5 Total final energy consumption for the EU building stock and GDP. Source: Odysee [/ [Page16]

Figure 6 Primary energy consumption (PEC), final energy consumption (FEC) and the ratio of FEC to PEC in EU from 2000 - 2021. Source: Eurostat (sdg_07_10 and sdg_07_11) [Page 17]
Figure 7 Forecast of electricity demand and heating load for residential buildings in Germany until 2045. Source: FIW [Page 19]

Figure 8  Share of energy savings of certain building envelope elements in different countries in relation to the total savings of the refurbishment. Source: FIW calculations by using
Ambience database of grey-box model parameters ', Eurostat (nrg_chdd_a) and Joint Research Centre Data Catalogue  [Page20]

Figure 9  Life cycle stages. Source: EN 15978 /1 [Page 22]

Figure 10 Comparison of embodied emissions and achievable GHG savings over 40 years for refurbishment to a U-value of 0.24 W/(m>K) for various existing situations. Source: FIW [Page 10]
Figure 11 Three pillars of sustainability [Page 26]

Figure 12 Concentric approach of sustainability [Page 27]

Figure 13 Circular economy approach of the ETICS life cycle with possible stages and interactions between the product and the environment, respectively the user [Page 28]

Figure 14 Waste hierarchy according to Directive 2008/98/EC ™ and relevant topics for ETICS. Source: FIW [Page 30]

Figure 15 Left: Principle of doubling ETICS (ETICS-on-ETICS). Middle: Inspection of the existing ETICS structure. Right: Installation of the new ETICS insulation layer using adhesives and
anchors penetrating the whole structure (old and new ETICS). [Page 32]

Figure 16 Left: selective dismantling of purely mechanically fixed ETICS with predetermined breaking layer in the rendering system. Middle and right: selective dismantling of bonded
ETICS. [Page 33]

Figure 17 Total waste, Construction waste, Mineral waste from construction and demolition (CDW mineral) and share of Construction waste in the EU-27. Source: Eurostat (env_wasgen)
in comparison to the built mass of ETICS in 2020 [Page 36]

Figure 18 Recycling process within the PolystyreneLoop from demolition waste to new insulation boards; principle of PolystyreneLoop with Bromine recovery unit.
Adobe Stock #118240947,#786319091 [Page 39]

Figure 19 Tossignificantly reduce the volume of insulation waste for transportation and storage before recycling treatments, mobile unites to be used at demolition sites have been
developed [Page 40]

Figure 20 Inability to keep home adequately warm. Source: Furostat (ilc_mdes01) [Page 44]

Figure 21 Vinability to keep home adequately warm in 2022 (in %). Source: Eurostat (ilc_mdes01); ? Arrears on utility bills (in %) in 2022. Source: Eurostat (ilc_mdes07); 3) Current
state of the thermal transfer coefficient in W/(m?K). Source: Joint Research Center'®! [Page 45]

Figure 22 Evolution of natural gas prices, June 2021 - October 2022. Source: IFA 1 [Page 46]

Figure 23 Energy price rises as share of income for the poorest 20 % of households in 2022. Source: Investment monitor * [Page 47]

80



ETICS ARE AMAZING
Good for the environment, the economy and the people

Figure 24 Etnergy consumption in EU households. Source: Furostat (nrg_d_hhq) [Page 47]

Figure 25 Thermal comfort in a single-family-house built in 1960;  Thermal comfort in a single-family-house built in 1960 after renovation. Source: FIW; Adobe Stock #76680709,

#406436081 [Page 49]

Figure 26 Energy cost savings by component-improvements compared to two examplary initial states Source: FIW [Page 51]

Figure 27 Final energy consumption for residential space heating in current and renovated buildings (in TWh) and final energy saved in EU-27. Source BPIE ¥ [Page 52]

Figure 28 Number of Furopean employees in the construction industry in Millions of employees. Source: Furostat (sbs_na_sca_r2) [Page 52]

Figure 29 Development of the EU construction production, January 2020 - January 2022. Source: Furostat ™ [Page 53]

Figure 30 Forecast employment impact of the European Green Deal In FU-27 (in % difference between forecast scenario and baseline of 2020). Source: CEDEFOP™ [Page 54]

Figure 31 Different impact of the green transition on the labour market. Source: EFA ) [Page 55]

Figure 32 Gross available energy by fuel in GWh in EU - 27 countries from 1990 until 2021. Source: Eurostat (nrg_bal_c) [Page 58]

Figure 33 Primary energy production by fuel in GWh in EU - 27 countries from 1990 to 2021. Source: Furostat (nrg_bal_c) [Page 59]

Figure 34 Energy imports by fuel in GWh in EU - 27 countries from 1990 to 2021. Source: Furostat (nrg_bal_c) [Page 60]

Figure 35 Energy dependency by fuel in % in EU - 27 countries from 1990 to 2021. Source: Furostat (nrg_ind_id) [Page 61]

Figure 36 European energy imports by main supply countries of oil and petroleum products (Top), and natural gas (bottom) in 2021 and in the first quarter of 2023. Source: Furostat

(nrg_ti_oil, nrg_ti_gas, nrg_ti_m) [Page 62]

Figure 37 Energy consumption in EU household by fuel, 2021. *Renovation of walls and roofs of EU's residential buildings. Source: Furostat (nrg_d_hhq) and BPIE ¥ [Page 64]

Figure 38 Net electricity production in EU in % by fuel type in 2022. Source: EU Council ' [Page 65]

Figure 39 Energy needs in different scenarios. Source: FIW own calculation, Eurostat (nrg_bal_s), ENER/C1/2018-494'%" - Adobe Stock #76680709, #406436081, #468166828,

#613179222 [Page 66]

List of Tables

Table 1

Table 2
Table 3

Table 4

Table 5

Table 6

Mean area related mass of different components of ETICS and weighted values representing “average ETICS” including allocation to the waste key and an estimation of the yearly
built mass in EU-27 based on 230 million. m? of installed ETICS in 2020 [Page35]

Allocation of the built mass of ETICS in 2020 in EU-27 on waste keys [Page 36]
(DW indicators in ton/m?’. Source: Summarized values taken from Malia et al. 2013 * [Page 37]

Mean values of wall and floor area for several reference building use codes according to AmBIENCe database and calculated mass of ETICS per building in relation to the total
amount of CDW [Page 38]

U-values before and after energy-efficient renovation [Page 50]

Summary of the findings regarding the creation of jobs in the green transition. Source: Renovation wave ™), JRC %), CEDEFOP 12, EFAET) Skills and quality jobs in construction ' [Page 55]



EUROPEAN
ENERGY EFFICIENCY GUIDE

References

122]

23]

[24]

25]

126]
127]

28]

129]

130]

133]

133]
34]

35]

36]

82

Kreienkamp F., Friih B., Kotlarski S., Linke C., Olefs M., Schauser I., Schinko ., Schwierz C., Walter A., Zimmer M. (2022) Empfehlungen filr die Charakterisierung ausgewahlter Klimaszenarien.
Title translation:,,Recommendations for the characterisation of selected climate scenarios”

Hawkins, £. 2018 visualisation update/Warming stripes for 1850-2018 using the WMO annual global temperature dataset. Climate Lab Book (4 December 2018). Ar-chived from the original
on 17 April 2019. ,LICENSE/Creative Commons License/These blog pages & images are licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.” (2018) 2018
visualisation update/Warming stripes for 1850-2018 using the WMO annual global temperature dataset.

(OM/2022/222 final (2022) Proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL amending Directive (EU) 2018/2001 on the promotion of the use of energy from
renewable sources, Directive 2010/31/EU on the energy performance of buildings and Directive 2012/27/EU on energy efficiency.

(0M/2022/230 final (2022) COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE EUROPEAN COUNCIL, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL
COMMITTEE AND THE COMMITTEE OF THE REGIONS - REPowerEU Plan.

Directive (EU) 2023/2413 of the European Parliament and of the Coundil of 18 October 2023 amending Directive (EU) 2018/2001, Requlation (EU) 2018/1999 and Directive 98/70/EC as regards
the promotion of energy from renewable sources, and repealing Council Directive (EU) 2015/652. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:320231.2413.

PE/15/2023/INIT (2023) Directive (EU) 2023/1791 of the European Parliament and of the Council of 13 September 2023 on energy efficiency and amending Requlation (EU) 2023/955 (recast)
(Text with EEA relevance).

Infographic - Fit for 55: how the EU will become more energy-efficient. https://www.consilium.europa.eu/en/infographics/fit-for-55-how-the-eu-will-become-more-energy-efficient/.
https://www.eea.europa.eu/en/topics/in-depth/buildings-and-construction.
(2010) Directive 2010/31/EU of the European Parliament and of the Council of 19 May 2010 on the energy performance of buildings (recast).

Office P Directive (EU) 2018/844 of the European Parliament and of the Counil of 30 May 2018 amending Directive 2010/31/EU on the energy performance of buildings and Directive 2012/27/
EU on energy efficiency (Text with EEA relevance).

Battisti C., Alameddine Z., Galatoulas A., Brizzi G., Riley 0., Sirombo E., Stasisin L., Verani E. (2023) Zero Carbon, Zero Energy. An accelerated path to the decarbonisation of the European built
environment.

Greenhouse gas emissions from energy use in buildings in Europe. https://www.eea.europa.eu/data-and-maps/indicators/greenhouse-gas-emissions-from-energy/assessment.

COM(2020) 662 final COMMUNICATION FROM THE COMMISSIONTO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF
THE REGIONS - A Renovation Wave for Europe - greening our buildings, creating jobs, improving lives.

(2019) Commission Recommendation (EU) 2019/786 of 8 May 2019 on building renovation (notified under document C(2019) 3352) (Text with EEA relevance.).
BPIE (Buildings Performance Institute Europe (2021) Deep Renovation: Shifting from exception to standard practice in EU Policy.

Zangheri P, Armani R, Kakoulaki G, Bavetta M, Martirano G, Pignatelli F, Baranzelli C (2020) Building energy renovation for decarbonisation and Covid-19 recovery: A snapshot at regional level.
Luxembourg: Publications Office of the European Union.

Energy efficiency trends in buildings in the EU. https://www.odyssee-mure.eu/publications/policy-brief/buildings-energy-efficiency-trends.html.
Sectoral Profile - Households.
ambience D4.2 - Buildings Energy Systems Database EU27. https://ambience-project.eu/deliverables/#public-deliverables.

Nijs W., Ruiz P (2019) 02_JRC-EU-TIMES Building Stock Module. European Commission, Joint Research Centre (JRC) [Dataset]. https://data.jrc.ec.europa.eu/dataset/c2824007-5¢ 24-
4380-ac02-e391fdbTedde.

DIN EN 15978:2012-10 Sustainability of construction works - Assessment of environmental performance of buildings - Calculation method.
Excel files: Idemat and Ecoinvent, and eco-costs midpoint tables. https://www.ecocostsvalue.com/data-tools-books/.

(0M/2020/98 final COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF
THE REGIONS A new Circular Economy Action Plan For a cleaner and more competitive Europe.

Directive 2008/98/EC of the European Parliament and of the Council of 19 November 2008 on waste and repealing certain Directives (Text with EEA relevance). 0J 1 312, 22.11.2008, p. 3-30.

Directive (EU) 2018/851 of the European Parliament and of the Coundil of 30 May 2018 amending Directive 2008/98/EC on waste (Text with EEA relevance). PE/11/2018/REV/2. 0J L 150,
14.6.2018, p. 109-140.

(2019) European assessment document External thermal insulation composite systems (ETICS) with renderings(EAD 040083-00-0404).
150 15686-2:2012-05 Buildings and constructed assets - Service life planning - Part 2: Service life prediction procedures.

Daniotti, B; Paolini, R; Cecconi, FR. (2013): Effects of ageing and moisture on thermal performance of ETICS cladding. In: Peixoto de Freitas, V; Delgado, J.M.PQ. (Ed.) (2013): Durability of building
materials and components, Springer-Verlag Berlin Heidelberg, ISBN 978-3-642-37474-6.

Kiinzel, H; Kiinzel, H; Sedlbauer, K. (2006): Long-term performance of external thermal insulation sytems (ETICS). Architectura 5 (1) 2006, p 11-24.
Lengsfeld, K; Krus, M; Kiinzel, H; Kiinzel, H. (2015): Beurteilung des Langzeitver-haltens ausgefiihrter Warmedammverbundsysteme. IBP-Mitteilung 539.
Albrecht W, Schwitalla C (2014) Riickbau, Recycling und Verwertung von WDVS.

Kolbe, G. (2023): Keine Bauwende ohne WDV-Systeme. bauhandwerk, Ausgabe 11/2023.

Villoria-Saez, P; Porras-Amores, G; del Rio Merino, M. (2020): Estimation of con-struction and demolition waste. In: Advances in construction and demolition waste recycling. ISBN 978-0-12-
819055-5.

Malia, Miguel & Brito, Jorge & Pinheiro, Manuel & Bravo, Miguel. (2013). Construction and demolition waste indicators. Waste management & research the journal of the International Solid
Wastes and Public Cleansing Association, ISWA. 31.10.1177/0734242X12471707.

Jankovic, I; Fernandez, X; Diriken, J. (2020): AmBIENCe, Document D4.1 Database of grey-box model parameter values for EU building typologies, 2021.
UBA (2019): Mortel /Putz Factsheet. Stand 15. Mai 2019 FKZ 3716 35 3230.



1371

138]

139]

149]

50]

152]

53]

154]

5]

56]

157]

58]

159]

[66]

67]

e8]

169]

[70]

ETICS ARE AMAZING
Good for the environment, the economy and the people

PS Loop (2023): Unique recycling solution for EPS insulation materials launched. Press release, June 2023 https://www.psloop.eu/news/operation/ (checked 2023-12-07).

Lindner, C; Hein, J; Fischer, E. (2020): Waste generation, waste streams and rey-cling potentials of HBC-containing EPS/XPS waste in Europe and forecast model up to 2050. Final report, elabo-
rated for BASF SE by CONVERSIO, April 2020.

In focus: How can the EU help those touched by energy poverty? https://commission.europa.eu/news/focus-how-can-eu-help-those-touched-energy-poverty-2022-02-16_en.
Directorate-General for Energy (2022) Introduction to the Energy Poverty Advisory Hub (EPAH) Handbooks: A Guide to Understanding and Addressing Energy Poverty.

(2023) Energy poverty — 42 million people in the EU cannot afford to heat their homes adequately [Press release]. https://www.eesc.europa.eu/en/news-media/press-releases/energy-
poverty-42-million-people-eu-cannot-afford-heat-their-homes-adequately.

Bouzarovski S., Thomson H., Comnelis M. (2021) Confronting Energy Poverty in Europe: A Research and Policy Agenda. Energies 14(4), 858. 10.3390/en14040858.

Polimeni JM, Simionescu M, lorgulescu Rl (2022) Energy Poverty and Personal Health in the EU. International journal of environmental research and public health 19(18). 10.3390/
ijerph191811459,

Stoerring D., Petrova S., Greiner B., Ugarte S. (2016) DIRECTORATE GENERAL FOR INTERNAL POLICIES POLICY DEPARTMENT A: ECONOMIC AND SCIENTIFIC POLICY - Energy Poverty.
European Commission, Directorate-General for Energy (Publications Office, 2020) Member state reports on energy poverty 2019.

Ferndndez Alvarez C., Molnar G. (2021) What is behind soaring energy prices and what happens next? https://www.iea.org/commentaries/what-is-behind-soaring-energy-prices-and-what-
happens-next.

IEA (2021) Statement on recent developments in natural gas and electricity markets. https://www.iea.org/news/statement-on-recent-developments-in-natural-gas-and-electricity-markets.

IAE Global Energy Crisis: How the energy crisis started, how global energy markets are impacting our daily life, and what governments are doing about it. https://www.iea.org/topics/global-
energy-Crisis.

IEA, Evolution of key regional natural gas prices, June 2021-October 2022, IEA, Par-is https://www.iea.org/data-and-statistics/charts/evolution-of-key-regional-natural-gas-prices-june-
2021-october-2022, IEA. Licence: CC BY 4.0.

(OM/2020/951 final REPORT FROM THE COMMISSIONTO THE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMITTEE OF THE REGI-
ONS Energy prices and costs in Europe.

Anil Ari, Nicolas Arrequi, Simon Black, Oya Celasun, Dora M lakova, Aiko Mineshima, Victor Mylonas, lan W.H. Parry, lulia Teodoru, Karlygash Zhunussova (2022) Surging Energy Prices in Europe
in the Aftermath of the War: How to Support the Vulnerable and Speed up the Transition Away from Fossil Fuels.

IMWeekly data: Is the West losing the will to sanction Russia? https://www.investmentmonitor.ai/special-focus/ukraine-crisis/the-west-patience-sanction-russia/.
https://energy-poverty.ec.europa.eu/index_en.
Commission Recommendation (EU) 2020/1563 of 14 October 2020 on energy poverty. (/2020/9600 0J L 357, 27.10.2020, p. 35-41. ELI: http://data.europa.eu/eli/reco/2020/ 1563 /0j.

(OM/2021/550final (2021) COMMUNICATION FROM THE COMMISSION TOTHE EUROPEAN PARLIAMENT, THE COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE COMMIT-
TEE OF THE REGIONS, Fit for 55": delivering the EU’s 2030 Climate Target on the way to climate neutrality.

Energy poverty. https://energy.ec.europa.eu/topics/markets-and-consumers/energy-consumer-rights/energy-poverty_en#:~ text=At%20the%20request%200f%20the, transition%20
0f%20European9%20local%20governmentshttps://energy.ec.europa.eu/topics/markets-and-consumers/energy-consumer-rights/energy-poverty-eu_end: ~:text=At9%20the%20re-
quest9%200f%20the,transition%200f%20European9%20local %20governments.

Holm A., Mellwing P, Pehnt M. Wérmeschutz und Wérmepumpe — warum beides zusammengehort: Title translation: “Thermal insulation and heat pumps - why the two belong together”.
Buildings Performance Institute Europe (BPIE) (2023) How to stay warm and save energy — insulation opportunities in European homes.
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Impact_of_Covid-19_crisis_on_construction.

Asikainen, T, Bitat, A, Bol, E., Czako, V., Marmier, A., Muench, S., Murauskaite-Bull, 1., Scapolo, F, Stoermer, E. The future of jobs is green: EUR 30867 EN, Publications Office of the European Union,
Luxembourg, 2021, ISBN 978-92-76-42571-7, d0i:10.2760/218792, JRC126047.

Vandeplas A. VI (2022) The Possible Implications of the Green Transition for the EU Labour Market.

Cedefop (2021) The green employment and skills transformation — Insights from a European Green Deal skills forecast scenario: Publications Office of the European Union.
Mella A.WE (2023) SKILLS AND QUALITY JOBS IN CONSTRUCTION IN THE FRAMEWORK OF THE EUROPEAN GREEN DEAL AND THE POST COVID RECOVERY.
https://pact-for-skills.ec.europa.eu/index_en.

Glossary:  Gross available energy. https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Glossary:Gross_available_energy#:~:text=Gross%20available%20energy%20
means%20the,the%20territory%200f%20the%20country.

https://ec.europa.eu/eurostat/statistics-explained/index.phptitle=Energy _statistics_-_an_overview#: ~:text=As%20for%20the%20structure%200f,crude%200i1%20and%20natu-
ral%20gas.

The value of urgent action on energy efficiency. https://www.iea.org/reports/the-value-of-urgent-action-on-energy-efficiency.

Infographic - How is EU electricity produced and sold? https://www.consilium.europa.eu/en/infographics/how-is-eu-electricity-produced-and-sold/#: ~:text=How%20does%20the%20
EU%20produce,and%20nuclear%20electricity%200ver%2020%25.

European Commission, Directorate-General for Energy, KranzI, L., Fallahnejad, M., Bichele, R. et al. (2022) Renewable space heating under the revised Renewable Energy Directive — ENER/
(1/2018-494 — Final report. Publications Office of the European Union.

Renewable energy statistics. https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Renewable_energy_statistics#Share_of_renewable_energy_more_than_doubled_bet-
ween_2004_and_2021.

IRENA (2019) Renewable Power Generation Costs in 2018, International Renewable Energy Agency, Abu Dhabi. https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2019/May/
IRENA_Renewable-Power-Generations-Costs-in-2018.pdf?rev=7a3b6ab6 1 1bd41ab9ec399d2e70eaa31.

83



EUROPEAN
ENERGY EFFICIENCY GUIDE

84



ETICS ARE AMAZING
Good for the environment, the economy and the people

85



* &

¥ *
Py

* *

* o
European Association for

External Thermal Insulation Composit:

Office
Friedhofstrasse 3
76530 Baden-Baden

Germany

Phone:  +49(0) 7221-94477-40

E-Mail: info@ea-etics.com
Internet: www.ea-etics.com

Brussels office

Bld Reyerslaan 80
1030 Bruxelles/Brussel
Belgium

Phone:  +322416 2174




