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National legal and political regulation in the field of energy efficiency is closely connected to minimizing energy
consumption in buildings. Within the framework of implementing Directive 2018/844/EU on the energy performance of
buildings in Europe, the practice of its application differs from country to country. To achieve the sustainable development
scenario, all countries of the world must switch to mandatory building energy efficiency laws by the year 2030.
Improvements in the energy efficiency of buildings and sustainable development of renewable energy are a must in terms
of overcoming the ever-growing energy consumption and the consequences of climate change.
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| 1. Introduction

Modern buildings have come to be the third-largest group of consumers of fossil fuel after industry and agriculture. What
is more, 30-40% of all key global resources are consumed by none other than the construction sector . The building
sector is considered the main and largest energy consumer on the global scale, and 40% of all primary energy (PE)
generated in the US and the European Union (EU) is consumed in buildings &El, With the economy growing and urban
development picking up pace, one can look forward to a further increase in the building sector and a parallel surge in
energy consumption, to be boosted by the accelerating climate change as well.

It is a widely known fact that greenhouse gas (GHG) emissions are the number one reason behind climate change and
the global warming that follows, as well as extreme weather 4. Obviously, buildings also have a role in driving climate
change: 19% of all GHG emissions occur through energy processes decarbonization in buildings . It is the matter of
building decarbonization that has been the focal point of attention over the past few decades, as achieving energy
efficiency in buildings and switching to renewable energy has a large potential in reducing GHG emissions in the future .

In a bid to improve the energy performance of buildings, in 2018 the EU adopted Directive 2018/844/EU, partially
amending Directive 2010/31/EU on the energy performance of buildings . The latest EU directive is geared towards
improving the energy efficiency of buildings, ensuring the right indoor climate, and reducing the use of fossil fuel whilst
increasing the availability of renewable energy. This directive aims to contribute to the EU’s goal of decarbonizing the
building sector by 2050 . The results of an analysis conducted by the European Commission (EC) in 2011 have shown
that GHG emissions in the building sector can be cut by a staggering 90% by 2050 . The EU goal of becoming a
climate-neutral zone is also seeing a contribution from the building sector with nearly zero-energy buildings (NZEB), which
were supposed to become the benchmark in the EU residential building market as of 2021 .

EU member state documents provide varying definitions of energy-efficient buildings, yet their underlying feature is
defined as follows: these buildings consume little energy, and any energy consumption is done in an efficient way 29,
Some of Europe’s first high-energy class buildings were introduced in German: these are the so-called passive houses
and buildings bearing the Minergie seal of quality in Switzerland &,

Following the adoption of the updated Building Energy Performance Directive [, European countries and Member States
had to amend their national legislation to include legal solutions in connection with NZEB. The main requirements for the
primary energy consumption, total annual heating, and cooling demands, envelope heat transfer indicators, airtightness,
and infiltration of buildings differ from one European country to another. However, these are just some of the differences
that affect an effective entrenchment of NZEB in Europe.

A review by the Institute for Energy Efficiency has backed the information presented in the amendment to the European
Commission regulation (Directive (EU) 2018/844) that differences in climatic conditions preclude the application of a
single NZEB efficiency value suitable for all European countries L. Therefore, in the EU (and Norway) these buildings



are covered by different national regulations and requirements, which makes a consistent increase in the availability of
such buildings in different economies more difficult.

The latest political strategies by the Building Performance Institute Europe (BPIE) has highlighted the key differences
when it comes to implementing the requirements of Directive 2018/844/EU among the EU states. According to the BPIE,
(1) the timing of hands-on application of the NZEB concept varies among the states (some of the Member States have
complied with the requirements for implementation ahead of time while others are lagging behind); (2) Member States use
different definitions and approaches to determine national NZEB definitions; (3) approaches to calculation and
performance levels to be achieved by NZEBs under construction are variegated; (4) a portion of the energy consumed to
be replaced by renewable energy varies from country to country. Another important aspect is that some of the Member
States had developed (and have never updated) their approaches to NZEB years before such buildings became
mandatory. As a result, the national standards of these buildings are not aligned with the EU’s goal of becoming a climate-
neutral zone by 221,

One stipulation of Directive 2018/844/EU is the mandatory inclusion of the numerical indicator of primary energy
(kWh/m?/year) in the national plans of Member State NZEB strategies. Considering that the energy efficiency of a building
is affected by different climatic conditions and the building’s typology, geometry, location, engineering mechanical
systems, and so on, many Member States (with the exception of Austria, Flanders, Germany, Italy, Luxembourg, and
Portugal where PE values are calculated on the basis of benchmark buildings) have set a certain range of primary energy
consumption 22, |n its 2016 recommendations and guidelines for ensuring the good NZEB practice in the Member States,
the EC indicated the comparable limit values of primary energy differentiated by four key climatic zones: Mediterranean,
Oceanic, Continental, and Nordic 2314l According to a report by the International Energy Agency (2018), there is a global
slowdown in the progress of energy policy, indicating that the evolution of building energy codes is failing to keep up with
the growth of the economies of rapidly developing countries 24, In 2018, two-thirds of countries worldwide were short on
building energy efficiency codes and legal regulations. It means that in 2018 more than three billion square meters of
useful building area were built without any mandatory energy performance requirements.

| 2. Climate Change on Residential Buildings in Europe

To achieve the sustainable development scenario, all countries of the world must switch to mandatory building energy
efficiency laws by the year 2030 4. Improvements in the energy efficiency of buildings and sustainable development of
renewable energy are a must in terms of overcoming the ever-growing energy consumption and the consequences of
climate change 8. Climate change and building energy processes share a paradoxical bond: these days, the processes
that take place in buildings contribute to climate change; according to a number of studies (Table 1), the consequences of
climate change will drive the energy consumption for building cooling purposes up. Scientific studies conducted decades
ago noted that climate change would have a direct impact on the energy and thermal properties of buildings 1311161,

Table 1. A summary of previous studies pertaining to the effect of climate change on residential buildings in Europe.

Country Period Climate Scenario Conclusion Reference
RCP ! scenario 4.5 (the radiative forcing of GHG is .
2050- reduced to 4.5 W/m?) and RCP scenario 8.5 (GHG A 13_22.% drop in the _demand 18]
Sweden A . o . . for heating, a 33-49% increase
2100 increases, its radiative forcing going up to 8.5 in the d df i
Wim?) 2] in the demand for cooling
2030- . . A 20-40% drop in the demand
Finland 2050 Drafted on the bam:;fdt(;eﬁw% global climate for heating, a 40-80% increase [20]
2100 in the demand for cooling
It is assumed that the average annual air A 33-44% drop in the demand
Switzerland 2100 temperature will increase by 4.4 °C compared to the for heating (cooling is not 2
climatologic standards of 1961-1990 considered)
A 44-75% drop in the demand
. . . 200,
Germany 2060 It is assumed thafc tl_1e average annu?l air _for heatlpg and a 28-59% [26]
temperature will increase by 1-3 °C increase in the demand for
cooling
A 44-75% drop in the demand
. . 200,
Greece 2100 Three scenarios by the Intergovernmental Panel on for heating and a 28-59% [22]

Climate Change are used [s]

increase in the demand for
cooling



All kinds of research have been undertaken around the globe over the past few decades in order to analyze the effect
climate change has on buildings. Table 1 shows the results of simulation studies of residential buildings in Europe
highlighting the impact of climate change on the energy needs of buildings.

Depending on the climatic data of different countries, climate change scenarios, and other assumptions, the summary of
studies in Table 1 shows that when the building’s demand for heating drops by roughly one-half, the demand for cooling
may go up by a massive 80%. Isaac and van Vuuren have estimated that climate change will drive the need for heating
energy by more than 30% worldwide by 2010, while the demand for cooling energy will go up by nearly 80% (23],

| 3. The Current Situation in the European Zones Covered by the Analysis

Based on the values established by the EC, countries with prevalently milder (Mediterranean) climates must ensure the
lowest demand for net primary energy and the largest share of energy from renewable sources 2. Still, considering the
primary energy of a building and notwithstanding whether it is supplied from renewable sources, the range of primary
energy across all four European climate zones is much narrower: the PE demands of a single-family home must fall within
the recommended 50-90 kWh/m?/year (Table 2) 13!,

Table 2. European Commission standards of building performance and renewable energy resources for different climate

zones 131,
Energy from Renewable PE Ceiling, Including Energy Renewable Energy
i Demand for Net
Climate Zone KWh/m2lvear Energy Sources, from Renewable Sources, Sources as a Percentage
’ y kWhim2lyear kWh/m?lyear of Total PE
Mediterranean 0-15 50 50-65 87%
Oceanic 15-30 35 50-65 61%
Continental 20-40 30 50-70 50%
Nordic 40-65 25 65-90 32%

Based on a review by the BPIE (2021), regulations of 13 Member States point to primary energy values that fall within the
limit of 50-90 kWh/m?/year as recommended by the Commission. Denmark, Croatia, and Ireland are more stringent in
their requirements, and their recommended values are below those laid down in the EC guidelines. Whereas countries
such as Bulgaria, Latvia, Cyprus, Hungary, the Czech Republic, Finland, and Romania are disregarding the guideline
recommendations and have set primary energy values above those recommended by the EC 2. The differences in PE
demand in European states and the gap between the national values and the EC requirement for the demand in countries
covered by the analysis are shown in Figure 1.
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Figure 1. NZEB values (kWh/m?2/year) for single-family homes in European countries analyzed.

A more precise breakdown of the values established by the countries analyzed and those recommended by the EC are
presented in Table 3.

Table 3. PE values in the countries covered by the analysis and those recommended by the European Commission.

Country PE Value as Recommended by the EC,

Analyzed kWh/m?jyear ! Source

PE value determined based on an assumption (considering the

ltaly 65 results of projects completed) 24
Lithuania 70 25
Finland 90 1z
Austria 70 28]
Denmark 65 nz
Portugal 65 27
Slovenia 70 a2
Poland 70 1z
Norway 90 (28]

Evidently, only Lithuania and Poland make it to the EC's brackets of primary energy demand. Denmark’s national
regulations stipulate a PE value that is nearly three times below the EC recommendations. For Norway (it is assumed that
Norway is appraised on a par to the EU countries) and Slovenia, the PE limits are close to what the EC recommends.
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