
Energy & Buildings 267 (2022) 112165
Contents lists available at ScienceDirect

Energy & Buildings

journal homepage: www.elsevier .com/locate /enb
Overview and future challenges of nearly zero-energy building (nZEB)
design in Eastern Europe
https://doi.org/10.1016/j.enbuild.2022.112165
0378-7788/� 2022 Elsevier B.V. All rights reserved.

Abbreviations: AEC, Architectural Engineering, and Construction; AC, Air conditioning; ACH, Air change per hour; BPS, Building Performance Simulation; CEN, E
Committee for Standardization; CDD, cooling degree days; DBT, Dry Bulb Temperature; DHW, Domestic Hot Water; EE, Eastern European; EPBD, Energy Perform
Building Directive; EPC, Energy Performance Certificate; EUI, Energy Use Intensity; EU, European Union; ETICS, External Thermal Insulation Composite Systems; FIT
Tariff; GHG, Greenhouse Gas; HDD, heating degree days; HP, Heat Pump; HRV, Heat recovery ventilation; HVAC, Heating, Ventilation and Air Conditioning; IEA, Inte
Energy Agency; IEE, Intelligent Energy Europe; IEQ, Indoor Environmental Quality, LCA, Life Cycle Assessment; MS, Member States; MVHR, Mechanical Ventilation w
Recovery; nZEB, nearly Zero Energy Buildings; NZEB, Net Zero Energy Buildings; OT, Operative Temperature; PE, Primary Energy; PEF, Primary Energy Factor; PH
House; PMV, Predicted Mean Vote; PV, Photovoltaic; RES, Renewable Energy Systems; SCOP, Seasonal Coefficient of Performance; SEER, Seasonal Energy Efficiency R
Smart Readiness Indicator; SHW, Solar Hot Water; SME, Small and Middle Enterprise; VRF, Variable refrigerant flow; WWR, Window to Wall Ratio.
⇑ Corresponding author.

E-mail address: shady.attia@uliege.be (S. Attia).
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The European Unions’ ambition for the construction sector is to be carbon neutral by 2030 for new con-
struction. Since 2021, all new buildings in the EU should have been constructed as nearly zero-energy
buildings (nZEB). However, Eastern European countries struggle to implement the 2018 Energy
Performance of Building Directive recast requirements. Next to the economic challenges, equally essen-
tial factors hinder renovating the existing residential building stock and adding newly constructed high-
performance buildings sourced primarily from renewable energy sources. Therefore, this study provides a
cross-study to identify the barriers to nZEB implementation in ten Eastern European countries, including
Bulgaria, Croatia, Czechia, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, and Slovakia. The study
was conducted between 2019 and 2021 and provides an overview of prospects for nZEB in Eastern
Europe. The study examines the challenges of nZEB plans faced in those countries and provides construc-
tive recommendations. The regulations and definitions regarding nZEB energy performance, cooling and
heating energy demand, thermal comfort, onsite renewables, and construction quality were analyzed.
Results show that most Eastern European countries are unprepared to comply with the EPBD guidelines
and cost-optimality approach. The paper ranks each country and recommends specific measures to refine
the nZEB definitions. The paper provides a thorough comparative assessment and benchmarking of select
EU geography that can help shift the identified gaps into opportunities for the future development of
climate-neutral high-performance buildings.
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1. Introduction

The European Union’s (EU) 2030 Climate Target called ‘‘Fit for
5500 seeks to reach climate neutrality and 55% reduction of Green-
house Gas (GHG) emissions by 2030 [21]. The Energy Performance
of Building Directive (EPBD) recast of 2018 is the implementation
tool to translate those targets and transform new and renovated
buildings across the EU 27 member states. The revised Directive
2021/12/14EU (EPBD) at art. 9 indicates that EU Member States
(MS) must reach a minimum 55% reduction in greenhouse gas
(GHG) emissions by 2030 (compared with 1990 levels), thus set-
ting the EU more firmly on the path towards meeting its ultimate
goal of net-zero GHG emissions (climate neutrality) by 2050 [32].
Accordingly, most MS recently revised the existing rules, regula-
tions, and guidelines and started to set up the means for increasing
the penetration of high-performance buildings by setting up the
nearly Zero Energy Buildings (nZEB) plans and requirements [6].
More importantly, all 27 EU member states must develop decar-
bonization roadmaps and trajectories to phase out fossil fuels
and set carbon limits, as presented in Fig. 1. But the progress of
nZEB implementation in Eastern Europe is slow. From one side,
Northern and Western member states started earlier by formulat-
ing and implementing the nZEB concept [8]. Southern European
countries are working on nZEB definitions and implementation
plans taking into account summer overheating risks [7]. On the
other side, Eastern MS are still trying to find adequate definitions
and approaches to mass construct nZEB. Thus, there is a divide
between the West and East in building energy efficiency and pol-
icy. Eastern Europe is emerging as an attractive renewables invest-
ment destination [67]. The International Renewable Energy Agency
(IRENA) indicates the cost-competitive and vast renewables poten-
tial of East Europe [29]. The competition in Eastern Europe to
spend public funds on renewable energy systems can create future
problems with energy efficiency targets and demand reduction.
Currently, nZEB needs to be mainstream across Eastern Europe.

The status of Eastern European countries reflects a severe prob-
lem of a joint nZEB definition adoption, benchmarking of national
energy efficiency contributions, and, consequently, market uptake
[32]. The housing stock in Eastern Europe consists mainly of mul-
tifamily houses located in blocks of flats and connected with dis-
trict heating, in contrast to rural areas where single-family
homes are dominant [14]. According to the EU Building Stock
Observatory (BSO), a web tool that monitors the energy perfor-
mance of buildings across Europe, the average energy need for
Fig. 1. Evolution of EPBD requirements from 2006 to 2050
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heating of single-family houses built before World War II is
between 175 and 310 kWh/m .a. Multifamily buildings built
before World War II have an energy need for heating between
150 and 300 kWh/m2.a. Therefore, EE countries are emerging as
attractive energy efficiency and renewable investment destina-
tions. Nevertheless, EE countries need to ratchet up building
energy efficiency standards. The Emissions Trading System (ETS)
and the EPBD drive EE countries to endorse the climate neutrality
objective by 2050. The latest EPBD recast of 2021 requires the pres-
ence of two indicators for nZEB calculation methods that form the
pillars of the definition [21]:

1) A ’nearly zero-energy building’ means a building that has a very
high-energy performance. The nearly zero amount of energy required
should be covered to a very significant extent by energy from renew-
able sources, including energy from renewable sources produced onsite
or nearby.

2) ’primary energy’ means ’energy from renewables and non-
renewables sourced’ that has not undergone a conversion or transfor-
mation process.

Therefore, this paper aims to overview the technical and soci-
etal challenges of applying nZEB in Eastern Europe [15]. The overall
aim is to understand nZEB and its market uptake barriers better.
The cost of nZEB and the associated financial challenges are
excluded in this study, as little has been published in this area.
The study focuses on countries between latitudes 59�N and 41�N
and includes a literature review of more than 60 publications on
nZEB implementation in Eastern Europe. Ten countries are
selected, namely Bulgaria, Croatia, Czechia, Estonia, Hungary, Lat-
via, Lithuania, Poland, Romania, and Slovakia. A screening of repre-
sentative publications and available experts on nZEB narrowed the
study scope to the ten selected countries. The selected countries
are connected geographically with a significant population and
building stock representing more than 19% of the European resi-
dential buildings stock [14] (see Fig. 2). The originality of the paper
is twofold. First, the paper provides a comparative assessment of
the challenges of nZEB, bringing insights from ten Eastern MS. Sec-
ondly, the paper identifies key supporting measures and climatic
and socio-economic contexts recommendations. The low carbon
transformation of the building sector in Eastern Europe is a hot
topic within the current geopolitical context. With the EU’s efforts
to abandon fossil fuels and decarbonize heating in residential
buildings, assessing the market transformation and providing
insights and recommendations on state of the art is essential.
Therefore, the paper characterized the current nZEB plans within
and the milestones towards Net Zero Energy Buildings.
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wider policy contexts in Eastern European countries to increase the
nZEB market uptake. The main research questions are:

What is the state of nZEB plans in Eastern Europe?
What are the different approaches and barriers to implement-

ing nZEB in Eastern Europe?
What are the recommendations to improve the residential

building’s energy efficiency in Eastern Europe towards nZEB and
align with the EPBD 2050 targets?

The methodology used consists of reviewing the state-of-the-
art 10 MS, similar to a previous work conducted by the primary
author on Southern Europe [7]. The second step of the methodol-
ogy is an experts-based questionnaire. An extensive dataset (Attia
2021) and fact sheets developed by 14 experts were created and
analyzed to identify and understand the reality of the nZEB
national plans in Eastern Europe. The market uptake of high-
performance buildings, their associated technologies, and their
potential were discussed. Finally, the analysis guides the chal-
lenges and constraints in each MS and provides a comprehensive
list of recommendations and conclusions for nZEB in Eastern
Europe.

1.1. Methodology

The research methodology is mainly qualitative, similar to the
study conducted by Attia et al. [7]. The study combines literature
reviews and a questionnaire shared with fourteen experts from
Fig. 2. The participating countries in the study on near
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Eastern Europe. The questionnaire was designed and answered
during the Zero Energy and Low Carbon Buildings (ZERO) project
between 2020 and 2022. The questionnaires were administered
as a collective exercise in 2021. The literature review and question-
naires were conducted to evaluate the state-of-art and future
trends in nZEB plans of residential buildings in Eastern Europe
(EE). Both methods are described in detail below.

Firstly, a literature review was conducted to screen key publica-
tions and articles related to nZEB’ and energy efficiency in residen-
tial buildings. Fig. 3 illustrates the keyword used as part of the
inclusion criteria in the literature search. Google Scholar, Elsevier
Engineering Village, and Web of Science databases searches were
conducted in November 2021 to elaborate the review. Key publica-
tions from European institutions such as Eurostat, European Con-
struction Sector Observatory (ECSO), Building Performance
Institute Europe (BPIE), ODYSSEE database on energy efficiency
indicators and energy consumption by end-use and their underly-
ing drivers in the industry, transport, and buildings, and the
national energy agencies in the ten investigated countries, were
reviewed. The search included the proceedings of the European
Council for an Energy-Efficient Economy conference. More than
sixty references were collected, including articles and reports in
11 languages.

The literature review inclusion criteria included several terms
related to the European Energy Performance of Buildings Directive
(EPBD), such as ’certification,’ ’cost-optimal,’ ’nearly Zero Energy
ly Zero Energy Buildings status in Eastern Europe.



Fig. 3. Key elements influencing nZEB implementation in Eastern Europe.
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Buildings (nZEB)’ and ’Net Zero Energy Buildings (NZEB).’ The ref-
erences were sorted according to five main criteria, previously
used in the study of [7], and that are relevant to nZEB, namely:
1) minimum energy efficiency threshold, 2) heating/cooling energy
needs balance, 3) thermal comfort limits, 4) minimum renewables
threshold, and 5) construction quality. Fig. 3 shows the key ele-
ments that significantly affect the building energy efficiency of
the residential sector.

Secondly, a questionnaire was created to collect input from
fourteen East European experts. Five key questions were proposed.
A pilot study was carried out to identify relevant themes and con-
cepts related to net-zero energy building regulations and imple-
mentation—the pilot study allowed testing and improving the
questionnaire’s consistency. The questionnaire focuses only on
implementing the nZEB definition in the ten EE countries and the
construction quality. Appendix I includes the questionnaire and
details supporting the five main questions. Then, the recruitment
of East European experts took place. nZEB experts were identified
through their publications and snowball sampling. Individuals
from the VBuilding Project on nZEB standards in Visegrad countries
(Kosiński, 2021) were asked to name experts in Eastern Europe
who are influential. All of the questioned experts represented civil
and mechanical engineers working in universities. All interviewed
experts had experiences ranging from 5 to 10 years and had
worked on at least one project with an nZEB. The recruitment con-
tinued until saturation and heterogeneity were reached. The
recruitment processes ended in the winter of 2021. Fourteen
national experts from Bulgaria, Croatia, Czechia, Estonia, Hungary,
Latvia, Lithuania, Poland, Romania, and Slovakia. The paper content
focused on new and existing residential areas buildings. Experts
were requested to consult and cite the official documents pub-
lished by official agencies and ministries of each respective coun-
try. Several documents in the native language of the ten member
states were cited in the reported questionnaire answers. Next,
the content analysis took place for each response, and a dataset
of tables was created.

2. Nearly zero-energy buildings in Eastern Europe

The literature review was based on an extensive list of refer-
ences presented in Appendix II. The analysis grouped the key pub-
4

lications related to residential nZEB plans in the ten Eastern
European (EE) countries. However, most of the reported findings
below were mainly a result of the questionnaire responses of the
14 experts. The questionnaire answers in Appendix I allowed
bringing in-depth insights into the state of nZEB implementation
in Eastern Europe. The following paragraphs summarize the state
of each country.

2.1. Bulgaria

� A continental climate in the north characterizes Bulgaria. In the
South, the climate is classified as the Mediterranean. The South
tends to be hot and dry in the summers and cool in winters.
Nine climatic zones are used to calculate the energy efficiency
of buildings.

� The national nZEB plan was adopted in 2015 by the councils of
ministers. Minimum energy efficiency requirements for pri-
mary energy use intensity are 95 kWh/m2.a for residential
buildings and no minimum requirements for renewable energy
share. Mechanical ventilation requirements are not defined.

� The cost optimality approach has not been used in the develop-
ment process of nZEB, and no publications reported using this
approach or formulating representative benchmark models.

2.2. Croatia

� Croatia is characterized by a rainy continental climate in the
east and a moderately warm Mediterranean climate in the
West. The Mediterranean region tends to be hot and humid in
the summers and cool in winters. Two climatic zones are used
to calculate the energy efficiency of buildings.

� The national nZEB plan was adopted in 2015. Minimum thresh-
olds for primary energy range between 50 and 80 kWh/m2.a, for
final heating demands, are 50–75 and 25–60 kWh/m2.a for final
cooling demand in residential buildings.

� Renewable energy sources must cover at least 20% of the annual
end energy used on site.

� There is an obligatory requirement to prove fulfilling air perme-
ability. For the pressure difference of 50 Pa, the measured num-
ber of air exchanges must not exceed n50 = 3.0 h-1 in the case of
buildings without mechanical ventilation systems or
n50 = 1.5 h-1 in the case of buildings with mechanical ventila-
tion systems.

� The use of heat pumps in the Croatian climate is highly effective
when coupled with photovoltaic systems, especially for cooling
and DHW during summer [64].

� Croatia has an active education plan for construction workers
through the Croskills project [71]and has continued through
Horizon 2020 projects Fit-to-NZEB [19]and Net-UBIEP [50], fur-
ther through Erasmus + project BIMzeED [11], which the
University of Zagreb conducted.

2.3. Czechia

� Czechia is characterized by a dominating climate, the continen-
tal climate, with warm summers and cold, cloudy, and snowy
winters. Only one climatic zone is used to calculate the energy
efficiency of buildings.

� A detailed national plan is available. Minimum thresholds for
heating demand and cooling demand are compared with a ref-
erence building. The primary energy demand is estimated to be
30–90 kWh/m2.a.

� The reference building is a hypothetical copy (same geometry,
occupancy, climate. . .) of the designed building, with parame-
ters mirroring limit values set in standard ČSN 730540–2 Ther-
mal protection of buildings – Part 2: Requirements.
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� Mechanical ventilation requirements are not obligatory.
� Seasonal heating and cooling energy demand variations are sig-
nificant in nZEB family houses [44].

� Barriers to nZEB implementation problems include a lack of
sophisticated organizational certification mechanisms and a
shortage of qualified labor caused by mass migration to the
West [57].

� The proliferation of nZEB single-family homes in rural areas is
slow. Newly constructed rely on HP and PV. However, old build-
ings are old and rely on solid fuel heating systems with pollut-
ing emissions.

� Czechia developed a national cost optimum calculation com-
pleted in June 2017 based on the Energy Performance of Build-
ings Directive cost-optimality approach [35].

Estonia

� The Estonian climate is oceanic temperate, characterized by
warm summers and fairly severe winters, reaching 5250 heat-
ing degree days (HDD) in Tallinn between 2015 and 2020. Only
one climatic zone is used to calculate the energy efficiency of
buildings.

� A detailed national plan is developed through the maxim
allowed primary energy of 100–145 kWh/m2.a uses in residen-
tial buildings, including appliances (small power plug loads)
and lighting on the top of EPBD. The building performance cal-
culation method is advanced and based on a dynamic simula-
tion approach that considers the net floor area and linear
thermal bridges.

� Since 2010 the cost optimality calculation approach has been
used to define the nZEB requirements [39,54]. The cost-
optimal requirements are mandatory and have been revised
twice.

� Estonia has advanced building envelope air permeability
requirements of 1.5 m3/(h m2) under 50 Pa of air pressure.
The building air permeability must be verified through an air
blower test.

� Estonia has the most significant number of heat pumps (air-to-
water heat pumps) in households in Eastern Europe, reaching
35 heat pump units per 100 households (see Fig. 5) [53,56].

2.4. Hungary

� The Hungarian climate is continental, characterized by hot
summers and fairly severe winters reaching 3000 heating
degree days (HDD) and 500 cooling degree days (CDD) in Buda-
pest between 2015 and 2020. Only one climatic zone is used to
calculate the energy efficiency of buildings.

� A national plan is still not fully available, but some information
is yet available. Minimum energy efficiency requirements for
primary energy use intensity are 85–100 kWh/m2.a for residen-
tial buildings and no minimum requirements for renewable
energy share.

� Since 2016 the cost optimality calculation approach [59]has
been used to define the nZEB requirements and TABULA bench-
mark models [28,30].

� Mechanical ventilation requirements are not obligatory.

2.5. Latvia

� The Latvian climate is oceanic temperate, characterized by
warm summers and fairly severe winters, reaching 3846 heat-
ing degree days (HDD) in Riga between 2015 and 2020. Only
one climatic zone is used to calculate the energy efficiency of
buildings. The yearly average temperature is typically
around + 6 �C.
5

� The national plan focuses on limiting the whole buildings’ non-
renewable primary energy and heat consumption [55]. Mini-
mum energy efficiency requirements for primary energy use
intensity vary from 95 kWh/m2.a to 170 kWh/m2.a. Minimal
performance threshold heating demand varies in the range from
40 kWh/m2.a to 60 kWh/m2.a. Both values depend on the type
and size of the building. Mechanical ventilation requirements
are not obligatory.

� Latvia has advanced building envelope air permeability require-
ments of 1.5 m3/(h m2) under 50 Pa of air pressure for mechan-
ically ventilated buildings.

� Few studies are available on the cost optimality calculation
approach [70], and the cost-optimality approach was not used
to define the nZEB requirements [63].

� The most common renewable onsite technologies for reaching
net-zero energy goals are photovoltaic (PV) and solar thermal
panels combined with ground source heat pumps [33].

2.6. Lithuania

� The Lithuanian climate is oceanic temperate, characterized by
warm summers and fairly severe winters, reaching 4852 heat-
ing degree days (HDD) in Vilnius between 2015 and 2020. Only
one climatic zone is used to calculate the energy efficiency of
buildings.

� A national plan is in place. Minimum energy efficiency require-
ments for primary energy use intensity are 50–100 kWh/m2.a in
residential buildings. A minimum requirement of 50% of renew-
able energy share is mandated [61].

� The cost optimality approach has not been used in the develop-
ment process of nZEB, and no publications reported the use of
this approach or the formulation of representative benchmark
models [72].

� Mechanical ventilation is not obligatory in residential nZEB.

2.7. Poland

� Poland has a cold climate with both maritime and continental
elements.

� A national plan is in place. Minimum energy efficiency require-
ments for primary energy use intensity are 65–75 kWh/m2.a in
residential buildings. Mechanical ventilation requirements are
not obligatory.

� Renewable energy must cover residual energy requirements in
the housing construction equal to approximately 50 kWh/m2.a.

� Renewable energy systems compete with energy efficiency in
residential nZEB, and the preparedness for ensuring nZEB and
NZEB is currently low [9].

� The cost-optimality approach in Poland is established, and the
nZEB national plan requirements are based on it.

� EPC requirements and implementation process is inaccurate
and is used inconsistently. EPCs in Poland for nZEB do not rep-
resent the expected energy efficiency performance [22].

2.8. Romania

� Romania has a temperate continental climate transitioning into
an oceanic climate on the eastern coast.

� The nation plan considers nZEB to respect 93–217 kWh/m2.a
primary energy thresholds without requirements for minimum
renewable energy share.

� The cost-optimality approach in Romania is established, and the
nZEB national plan requirements are based on it [62].

� Mechanical ventilation requirements are not obligatory, and
there are no requirements for nZEB envelope air permeability
testing.
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� EPC has no standardized templates, and there is a great diver-
sity in certification. The EPC calculation methodology is not
fully clear and detailed and, in some cases, provides room for
diverse interpretation.

2.9. Slovakia

� Slovakia has a continental climate with warm, dry summers and
cold winters, reaching 2964 heating degree days (HDD) in Bra-
tislava between 2015 and 2020. Only one climatic zone is used
to calculate the energy performance of buildings.

� The national regulation sets the lowest threshold among the ten
compared countries of 32–54 kWh/m2.a for primary energy and
an obligation of mechanical ventilation and heat recovery
system.

� RES should cover at least one of the energy use items, namely:
heating and/or cooling energy demand, DHW energy demand,
and electricity demand.

� nZEB is already a common practice in terms of Slovak regula-
tion, from 2018 for newly constructed public buildings from
2021 for other and mainly residential buildings. However, they
were also increasingly constructed before 2021 as well.

� In Slovakia, the construction sector of nZEB, including designers,
developers, and builders, is considered well transformed. The
market integrates new materials in mechanical ventilation sys-
tems, including heat recovery systems, smart meters, heat
pumps, and RES.

3. Different approaches and barriers to implementing nZEB in
Eastern Europe

The recast Energy Performance of Buildings (EPBD) requires the
EU Member States to construct only nearly Zero Energy Buildings
(nZEB) from 2021 for all new buildings. Acknowledging Eastern
European countries’ history and climate conditions, the status of
national nZEB definitions and national plans reflecting on the six
categories or topics were analyzed and presented below.
Table 1
ranking of the 10 Eastern European countries regarding the nZEB national plans and
construction practice.

Advanced Fair Struggling Behind

None Estonia, Poland,
Slovakia, Croatia

Romania, Czech
Republic,

Bulgaria, Latvia,
Hungary, Lithuania
3.1. nZEB status

The progress of nZEB regarding policy development and imple-
mentation in the Eastern European construction sector witnesses a
wide disparity. All ten states succeeded in developing national
plans and a legislative framework for the newly constructed nZEB.
The questionnaire undertaken on the new residential building
stock and actual construction practice showed that the situation
in the ten member states differs in many respects from Western
Europe. The analysis and comparison of ten EE countries indicate
a correlation between the advancement of nZEB regulations and
construction concerning the economic strength of the investigated
countries—EE countries with the highest GDP score high on good
governance indicators and human capital education [10]. Conse-
quently, their investment in the building energy efficiency and
renewable energy sectors is the highest [43,58]. For example, the
high GDP in Estonia and the Czech Republic positively influences
this energy efficiency governance.

Table 1 presents an indicative summary of the evaluation based
on the five major criteria explained in Sections 4.2–4.6. The some-
what developed countries regarding nZEB requirements are Esto-
nia, Slovakia, Poland, and Croatia, followed by Romania, and
Czechia, which are struggling with nZEB implementation. Bulgaria,
Latvia, Hungary, and Lithuania are behind (Table 1). The detailed
analysis is provided in the following section.
6

3.2. nZEB minimum requirements

In order to evaluate the minimum nZEB requirements and
actual construction practice towards nZEB levels for each country,
the analysis was categorized under two main themes, namely ’per-
formance’ and ’technology.’.

All ten states defined their nZEB requirements following a
performance-based approach based on the first energy efficiency
principle. Energy efficiency requirements for building envelopes
and energy systems are expressed in primary energy demand as
energy use intensity. The primary energy demand requirements
are considered the key performance indicator for nZEB. Renewable
energy use is integrated into the primary energy requirements too.
As shown in Table 2, some member states indicate minimum final
energy demand requirements for building services (i.e., heating,
cooling, domestic hot water, ventilation, and auxiliary energy),
including Croatia, Latvia, and Romania.

The results indicate that most countries developed their nZEB
primary energy requirements for single-family residential build-
ings to reduce the heating energy demand. Most cities are
heating-dominated and represent the different regional climates
in the ten investigated climates. The absence of the requirement
for integrating renewable energy in buildings and the low CDD val-
ues confirm this finding. However, the cooling energy needs in
nZEB in Eastern Europe remain an underestimated factor. The base
temperature values were chosen at 15.5 �C for ’Heating Degree
Days’ and 22 �C for ’Cooling Degree Days’ to calculate and charac-
terize the climate in the 23 EE cities. The cooling degree days
reported in Table 2 reflect an increasing tendency of cooling degree
days. Due to climate change [4], most of the cities located in Bul-
garia, Croatia, Hungary, and Romania had significantly higher cool-
ing degree days compared to the first five years at the beginning of
the century (2000–2005).

Moreover, the assumption of a base temperature of 22 �C for
’Cooling Degree Days reported in Table 2 is not realistic. The ques-
tionnaire responses of the East European experts indicated that
there would be a significant amount of heat in newly constructed
residential nZEB in Eastern Europe. To avoid overheating, active
cooling very often needs to be activated at 20 �C outdoor temper-
ature or below. Thus, the base temperatures for the CDD calcula-
tion at 22 �C are not realistic and require lower, for example, 18
and 22 �C. Therefore, the cost-optimality approach should be
adopted to define the primary energy use minimum requirements,
emphasizing integrating renewables and avoiding discomfort. The
current primary energy use requirements should be revised based
on representative reference buildings and future climate scenarios.

Overall, Table 2 reports a significant disparity between require-
ments and the low requirements for single-family homes in some
countries. As shown in Fig. 4, Bulgaria, Latvia, Romania, and Lithua-
nia have nZEB standards that are less demanding than the EU Com-
missions’ recommended benchmark and underdeliver on their
energy efficiency potential. On the other hand, Slovakia and Croatia
exceed the EU recommendations. It makes sense that Croatia,
which has a milder climate than Estonia, will have lower net pri-
mary energy requirements. All countries had legislation for nZEB
in place and used the numerical indicator of primary energy use
expressed in kWh/m2 per year. However, the results below should



Table 2
nZEB performance threshold in Eastern European countries, mainly for single-family households (EEA, 2022).

Country Climate Min. Energy Efficiency Primary RES Summer
2015–2020

Zone Energy need for Cooling Energy need for Heating Energy share Climate CDD HDD Latitude Altitude

kWh/m2.a kWh/m2.a kWh/m2.
a

Cities 22 �C 15.5 �C

1 Sofia 224 2285 42.65ON 550 m
BULGARIA 2 None None 95 No Plovdiv 390 1777 42.13ON 164 m

3 Burgas 295 1596 42.50ON 30 m
1 None None

50–80
No Zagreb 259 2076 48.51ON 122 m

CROATIA 2 Split 501 891 43.3ON 12 m
1

reference building
30–90 Prague 105 2611 50.5ON 235 m

CZECHIA* 2 No Brno 158 2396 49.11ON 237 m
3 C. Budejovice 79 2444 48.58ON 381 m

ESTONIA** 1 None None 46–90 No Tallinn 41 3298 59.4ON 33 m
HUNGARY 1 None None

85–100 No
Budapest 256 2254 47.49ON 98 m

2 Pécs 243 2021 46.07ON 153 m
LATVIA 1 None 40–60 95–170 No Riga 67 3092 56.94ON 2 m
LITHUANIA*** 1 35–75 180–220 greater

than50%
Vilnius 65 3185 54.6ON 156 m

1 Warsaw 132 2548 52.2ON 99 m
2 Olsztyn 90 2815 53.8ON 121 m

POLAND 3 None None 65–75 No Wroclaw 124 2342 51.1ON 131 m
4 Gdansk 45 2805 54.3O N 8 m
5 Suwalki 82 2713 54.1ON 170 m

ROMANIA 1 70 20 93–217 greater
than30%

Bucharest 344 2029 44.4ON 77 m

2 Cluj-Napoca 180 2482 46.7ON 380 m
3 Brasov 84 3467 45.6ON 610 m

SLOVAKIA 1 None None 32–54 No Bratislava 212 2162 48.8ON 134 m
2 Prešov 140 2720 49.0ON 250 m

Note: The baselines applied for the HDD, and CDD calculation is 15.5 �C, and 22 �C data from 2015 to 2020 was used. The hourly approach shows a significant CDD change
regarding day/night variation compared to the HDD.
*CZECHIA: There are no particular values or thresholds according to ordinance no. 264/2020 Coll. A comparison with reference building is used. Energy need for heating: � 1.0
* ER (ER = reference building) and – Primary Energy: � 1.6 * ER (ER = reference building).
** ESTONIA: Estonian NZEB values including appliances and lighting are 100–145 kWh/m2a.
***LITHUANIA: Energy need for heating: 100 m2 – 75 kWh/m2, 200 m2 – 57 kWh/m2, 2000 m2 – 35 kWh/m2 – Primary Energy: 100 m2 – 220 kWh/m2a, 200 m2 – 190kWh/
m2a, 2000 m2 – 180 kWh/m2a.
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be indicative and interpreted within the ten states’ broader
context.

Unfortunately, none of the studied countries uses specific car-
bon dioxide emissions indicators or set thresholds for emissions
on site. Carbon emissions are included in primary energy calcula-
tions based on conversion factors. However, Table 3 reports
another wide variation for primary energy factors (PEF) calcula-
tions for different energy carriers, which is misleading. The varia-
tion of PEF values exceeds the purely physical primary energy
content by as much as a factor of two or three. Also, the justifica-
tion behind PEF calculations for EPBD purposes is not transparent
in most investigated countries. Consequently, the reliability of pri-
mary energy savings or use in nZEB calculation is low in some
countries. Future decarbonization efforts of heating in building
heating, indicated by the Climate Action Plan (EC 2020), to deliver
on the 2030 and 2050 targets will be complicated and slow under
any future carbon pricing scheme.

As shown in Fig. 5, most Eastern European countries rely heav-
ily on coal and nuclear energy and have a varying mix dominated
by coal, nuclear, oil, and gas. Reducing housing sector emissions
will be vital to achieving the following 2030 emissions targets in
Europe. The remaining share of coal in power in Estonia, Bulgaria,
Czechia, Poland, and Romania means that decarbonization of heat-
ing in most Eastern European countries is far from being achieved
and jeopardizes the efforts to introduce nZEB. nZEB cannot taper
emissions and energy use from buildings in this context because
the nZEB national plan limits the primary energy use associated
with carbon dioxide emissions. With the geopolitical insecurities
regarding energy supply in this region, the transition to natural
gas or renewables cannot be foreseen. Thus, the unambitious coal
7

and fossil phase-out policies in Eastern Europe threaten the transi-
tion in the region towards low carbon economies.

3.3. nZEB design approach

A wide variation in the calculation methodology was found by
analyzing the questionnaire outcomes. Although the climate is
remarkably different in the North from Estonia to the South in Bul-
garia, all the investigated counties remain heating-dominated. The
calculation methods relied mainly on CEN 13,790 for the Energy
performance of buildings [12]. Thermal comfort requirements are
adopted from ISO 7730, CEN 15251, and CEN 16789. However, data
on the cost-optimality method to define the nZEB requirements
across the ten investigated countries was hardly found, except
for Estonia. The study revealed that TABULA and EPISCOPE data-
bases list reference buildings only for four described EE countries:
Poland, Czechia, Hungary, and Bulgaria. But couldn’t find any pub-
lic document that links the nZEB requirements to the cost-
optimality approach (Loga et al. 2016). The cost-optimality
approach allows the definition of cost-effective energy efficiency
measures and technologies to be integrated into national codes.
The use of reference buildings and five-year revision cycles allows
to constantly reduce the energy use demand (Karlsen et al. 2020).
Thus, with the new nZEB national plan, there is a chance to achieve
energy neutrality. However, most investigated regulations lacked
transparency, did not share any insights on the reference buildings
and suggested cost-optimality calculations for energy conservation
measures.

Czechia is the only country that requires calculating the energy
efficiency of nZEB based on a comparison with a reference building.



Fig. 4. Comparing the nZEB requirements in single-family residential buildings in the ten Eastern European countries.

S. Attia, J. Kurnitski, P. Kosiński et al. Energy & Buildings 267 (2022) 112165
All other countries set up prescriptive requirements for primary
energy use or final energy use, as indicated in Table 2. Surprisingly
none of the investigated calculation methods was identical. Every
country developed its methodology to calculate energy perfor-
mance. The comparison between the nZEB energy performance
calculation methods shows that most of the calculation methods
in many EE countries are complicated, despaired, and hard to
apply. For example, Slovakia and Czechia use an overcomplicated
calculation approach, as explained in detail in Appendix I. Although
CEN 13,790 is the basis for all energy performance calculations for
buildings [12], the investigated calculation methodologies in the
ten EE countries lack uniformity and consistency.

On the other hand, all countries require building performance
simulation to estimate the primary energy use intensity. As shown
in Table 4, most countries require static or quasi-dynamic simula-
tion software for energy performance calculation, except Slovakia.
Czechia, Estonia, and Slovakia require a quasi-dynamic or dynamic
energy modeling tool. More than half of the ten EE countries
request a multizonal modeling approach. Croatia, Lithuania,
Poland, and Romania require a single zone modeling approach.
Building performance simulation tools are powerful for issuing
energy performance certificates (EPC).

Independent control systems for EPCs have been formally
established in the ten EE countries. EPC is a powerful mechanism
to disclose the energy performance of nZEB. EPCs are an essential
source of information for consumers planning to purchase or rent
a property. They label nZEB as A. However, our study indicates
the poor implementation of EPC regarding nZEB in most EE coun-
tries. For example, Czechia, Hungary, Bulgaria, Romania, and
Poland do not oblige certifiers to perform a field inspection. The
qualifications of the certifiers or accredited experts, the method-
ological calculation framework, software tools, and approach to
collecting input data varied significantly in all ten EE countries.
There are certification differences across regions in most countries,
and the inaccuracy of the EPC issuing process.

Consequently, the comparability of EPC within each of the ten
EE countries was considered low. Moreover, none of the investi-
gated countries made their EPC databases available or accessible.
Despite awareness about EPC construction stakeholders in EE
countries, the effectiveness and credibility of EPC to assure nZEB
high performance remain questionable among experts.
8

3.4. Thermal comfort

The continental climate covers most of the eastern part of Eur-
ope, including the ten investigated countries. The main character-
istics of the climate are cold and long-lasting winters and
predominantly hot summers. In high-altitude regions, there is usu-
ally snow during wintertime. However, countries approaching the
Mediterranean or Black sea have a milder Mediterranean climate
due to the influences from the sea.

Consequently, all nZEB definitions and requirements are devel-
oped for a heating-dominated building. All countries require highly
insulated envelopes and airtight envelopes. Regarding thermal
comfort, all nZEB requirements that comply with ISO 7730 comfort
limits can be expressed by the PMV and the PPD indices, and some
countries still rely on CEN 15,251 (e.g., Bulgaria, Croatia, Hungary,
and Lithuania). Very few countries updated their indoor environ-
mental quality requirements for nZEB to include CEN 16,798
(e.g., Estonia, Poland, and Romania) or allow for adaptive thermal
as an alternative path to PMV/PPD thresholds. Some investigated
nZEB documents reflected sensitivity to overheating risk. For
example, Estonia has a unique overheating indicator with an upper
threshold of 27 �C. However, the use of the adaptive thermal com-
fort path remains a weakness in the current nZEB regulations.
Mainly, all experts confirmed the increasing need for active cooling
in EE low-energy buildings.

Moreover, in the continental climate of the ten EE countries,
high-performance mechanical ventilation with a centralized sys-
tem is essential for nZEB [8]. Heat recovery systems (HRV) or
mechanical ventilation with heat recovery MVHR supply air into
the building through fans and extract the exhaust air. A heat
exchanger is placed at the beginning of the air loop, where most
of the heat energy is transferred from the extracted air into the
incoming air stream. Results indicate a significant disparity in
mechanical ventilation requirements in the ten countries, as previ-
ously reported in Section 3. Although mechanical ventilation is an
integral system in nZEB, little is known about its design and tech-
nical installation in EE countries. Table 5 indicates that minimum
requirements are set only for half of the investigated countries,
and there is no consensus on national regulations and guidelines.
Almost no country addresses the scope of inspections and commis-
sioning for ventilation systems.



Fig. 5. Share of energy sources in the final energy use in the residential sector for space heating, 2019 (%) in ten EE countries, Source: Eurostat.
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The obligation of mechanical ventilation is considered a new
technical challenge in all 10 EE countries. Most existing standards
did not introduce double flow mechanical ventilation require-
ments with heat recovery. Therefore, most nZEB requirements in
the investigated national plan included mechanical ventilation sys-
tems as an optional approach with natural ventilation. For exam-
ple, Poland and Latvia do not allow for natural ventilation for
nZEB anymore, while Hungary, Bulgaria, and Romania do not spec-
ify any requirements for mechanical ventilation. Surprisingly, the
technical requirements for heating systems focused on coal con-
9

densing boilers, gas condensing boilers, wood pellet boilers, and
wood logs boilers. The options for air source heat pumps and
ground collector brine heat pumps were not well described in most
investigated standards.

3.5. Renewable thresholds

Table 2 indicates that eight EE countries’ nZEB requirements
lack renewable energy shares (Bulgaria, Croatia, Czechia, Estonia,
Hungary, Latvia, Poland, and Slovakia). The integration of renew-



Table 3
Primary energy conversion factors in Eastern Europe’s Member states for the year 2020 (Appendix I).

Country BULGARIA CROATIA
CZECHIA

ESTONIA HUNGARY LATVIA LITHUANIA POLAND ROMANIA SLOVAKIA

Fuel Oil 1.1 1.130 1.2 1.0 1.0 1.1 1.1 1.1 1.1 1.1
Natural Gas 1.1 1.095 1.0 1.0 1.0 1.1 1.1 1.1 1.17 1.1
Liquefied Gas 1.1 1.160 1.2 1.0 / 1.1 1.1 1.1 / 1.35
Hard Coal 1.2 1.038 1.2 1.0 1.0 1.1 1.2 1.1 1.2 1.1
Lignite (Brown Coal) 1.2 1.081 1.0 1.0 / 1.1 1.1 1.1 1.3 1.1

District heating
1.3 1.494

1.3 0.9 0,54–0,71 0.7 to 1.3 total

0.1–0.7 - non-
renewable

1.25
1.2
(gas, oil)1.3
(coal)if cogeneration:
0.15 (biomass, biogas) to
0.8
(coal, gas)

/ 1.3

Efficient district
heating

/ /
� 80% share of renewables)0.9
(with < 80% share of
renewables)

0.65 Renewable
source
0,324–
0,426

/
1.25

0.15
(biomass, biogas) / 2.2

Electricity
3.0 1.614

2.6 2 regular:
2,5
(no peak
load
delivery
time: 1,8)

2.5 2.5 3 2.62 2.2

Renewable Energy / 0 0 0 0 1 1 0 1-solar therma systems
1.53 heat pump systems electrically
driven
2.62 photovoltaic systems

0

Biomass 1.05 0.154 Wood pellets: 0.2
Wood / Wood chips: 0.1

0.65 0.6 1.2
nonrenewable
0.2

1.2 0.2 1.08 wood logd: 0.1
wood chips:
0.15
wood pellets:
0.2

Biofuel / / / 0.65 0.6 1.5 - total
0.4 - non-renewable

1.2 / / /

District Cooling / / 0.4 / should be calculated / / / /
Efficient district cooling / / / 0.2 / / / / / /
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Table 4
The energy modeling approach used for the nZEB calculation in EE countries.

Country BULGARIA CROATIA
CZECHIA

ESTONIA HUNGARY LATVIA LITHUANIA POLAND ROMANIA SLOVAKIA

Simulation
approach Quasi

Dynamic
Quasi
Dynamic

Quasi Dynamic/
Dynamic

Quasi Dynamic/
Dynamic

Static Static Static Quasi
Dynamic

Static / Quasi
Dynamic

Dynamic

Thermal zoning
approach Multizone Single

Zone
Multizone Multizone Multizone Multizone Single

Zone
Single
Zone

Single Zone Single Zone /
Multizone
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able energy is considered part of the primary energy calculation in
those countries. However, most requirements do not explicitly
address integrating individual renewable energy measures in resi-
dential nZEB. Most newly constructed buildings in EE countries are
apartment or multi-unit residential buildings connected to district
heating and gas networks, which is well addressed. Only Croatia,
Lithuania, and Romania require a minimum onsite renewable
share ranging between 30 and 50% of the final annual energy
demand. Heat pumps (mainly air source heat pumps) were not
described in detail in most nZEB requirements, and most EE coun-
tries had proliferated calculation specifications for district heating
systems with low energy conversion factors (see Table 2). Surpris-
ingly, some nZEB definitions (e.g., Poland and Estonia) allow coal-
fired boilers with low primary energy conversion factors.

On the other hand, the energy mix shown in Fig. 5 is considered
a negative sign for relying on off-site renewable energy in EE. The
energy mix in most EE countries is carbon-intensive, and therefore,
increasing the onsite renewables is a better-decentralized choice.
However, none of the investigated standards addressed storage
or encouraged energy storage.
3.6. Construction skills and quality

One of the barriers that hamper the development of nZEB in EE
countries is the lack of construction skills and quality assurance
mechanisms. The questioned experts indicated several problems
related to nZEB construction quality. Also, the European Construc-
tion Sector Observatory was consulted to draw a better picture of
the construction quality and qualifications of professionals in the
field of building energy efficiency and renewable energy. The anal-
ysis indicates several problems and challenges exist, such as
builders’ skills and competent inspection mechanisms. There is a
lack of openness to innovation in the construction sector and low
labor productivity. Green training programs for construction
craftsmen, onsite workers, and construction managers are missing.
The lack of education and the different construction approaches
culture of building designers, including architects and engineers,
impede small and middle-size enterprises (SMEs) from achieving
high quality. Czechia, Poland, and Slovakia are trying to overcome
the country’s missing culture of continuing education. Moreover,
an intergenerational gap between new and old generations exists
specifically in the middle and senior levels of construction profes-
sionals. Also. The shrinking population in most EE countries and
Table 5
Mechanical ventilation requirements for nZEB in the ten countries.

Country BULGARIA CROATIA
CZECHIA

ESTON

Mechanical ventilation is mandatory
No No No Yes

Efficiency requirements for
heat recovery? / / / 80%

11
the constant immigration of skilled labor cause many shortages
of national expertise.

nZEB requires high-tech solutions, components, and systems.
The analysis results indicate that most of the new household con-
struction in the ten countries are apartment buildings in urban
agglomerations. As shown in Table 6, the average annual increase
in housing units between 2015 and 2020 is around 1%. The com-
pactness of the building geometry is not explicitly addressed as a
separate measure. However, most standards consider the building
form represented through a compactness factor when performing
energy calculations. External Thermal Insulation Composite Sys-
tems (ETICS) is the most common envelope technology. Audit
and quality control experts papered the fixation of ETICS and
thermal-bridge-free joints as a recurring problem. National build-
ing codes require avoiding thermal bridges in envelope construc-
tion to reduce heat loss and the risk of condensation.

Consequently, specific constructive design requirements for
balconies and facade connections need special attention. Our
observations in the EE states indicate that thermal bridge solutions
for cantilevered balconies are almost not implemented in newly
constructed nZEB [9]. Thermal breaks around windows, windows,
and building edges are reported frequently during building audits
and EPC. Problems with windows fixation, windows alignment,
and placement of window frames within the insulation plane are
reported frequently. Applying airtightness tapes and films for
envelope airtightness and leakages sealing is not a common prac-
tice. For example, the requirements for airtightness are missing
in some countries like Czechia, Hungary, and Romania. As shown
in Table 7, the requirements are medium to high in other countries.
However, the blower door test is only requested in Estonia.

In general, limited attention is paid to high-quality building
construction details during early designed states, besides the lack
of coordination, organization, and flexibility during implementa-
tion. Without design and construction reviews, the low construc-
tion quality will impede nZEB market penetration. Local
authorities and EPC certifiers or auditors are also part of the prob-
lem in many investigated countries. There are few reference cases
of nZEB, and there are many wrong perceptions about how they
should be designed, constructed, or operated. Without any require-
ments to monitor and enforce the implementation of nZEB, their
construction quality will remain poor and complex. Despite the
airtightness testing requirements in the Estonian nZEB, none of
the ten countries formulated approaches to verify the accuracy of
construction details or mechanical ventilation.
IA HUNGARY LATVIA LITHUANIA POLAND ROMANIA SLOVAKIA

No No No No No No

/ / 80% / / 80%



Table 6
Newly constructed households between 2015 and 2020 based on issued permits —source: Eurostat.

Country BULGARIA CROATIA
CZECHIA

ESTONIA HUNGARY LATVIA LITHUANIA POLAND ROMANIA SLOVAKIA

2015 2263 . . ... 4249 . . ... 28,886 . . ... 3969 . . ... 12,515 . . .. . .. 1658 . . ... 6118 . . ... 104,000 . . ... 39,112 . . .. 17,642 . . .

2016 2161 (-4 %) 5317 (+21%) 31,002 (+7%) 4732 (+17%) 31559 (+61%) 1536 (-8%) 7524 (+19%) 143,000 (+28%) 38,653 (-1%) 20,224 (+13%)
2017 2205 (+2 %) 6594 (+20%) 32,069 (+4%) 5890 (+20%) 37,997 (+17%) 2191(+30%) 7018 (-7%) 161,000 (+12%) 41,603 (+8%) 18,472 (-9 %)
2018 2324 (+6 %) 6635 (+0 %) 30,702 (+4%) 6472 (+9%) 36719 (-3 %) 2348 (+7%) 6941 (-1%) 183,000 (+13%) 42,694 (+3%) 20,574 (+11%)
2019 3052 (+24%) 7026 (+6 %) 31,606 (+3%) 7014 (+8%) 35123 (-4 %) 2511 (+7%) 7067 (+2%) 207,000 (+12%) 42,541 (+0%) 19,050 (-1%)
2020 3376 (+10%) 6775 (-4 %) 31,747 (+1%) 7579 (+8%) 22,556 (-55%) 2340 (+7%) 7619 (+8%) 222,000 (+7%) 41,311 (+2%) 20,385 (+7%)

Table 7
Airtightness requirements for nZEB in the ten EE countries:

Country BULGARIA CROATIA
CZECHIA

ESTONIA HUNGARY LATVIA LITHUANIA POLAND ROMANIA SLOVAKIA

Blowerdoor mandatory requirements
No Yes No Yes/No No No Yes Yes No Yes

Airtightness under 50 Pa [M3/m2h]
<1 1.5–3 None 1.5 None 1.5 0.6–1 1.5–3 None None
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4. Discussion

In this study, ten Eastern European Countries (Bulgaria, Croatia,
Czechia, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, and
Slovakia) were examined in-depth regarding the legislation
requirements of nZEB. The study aims to increase the market
uptake of nZEB and strengthen its implementation and standards.
The key study findings and recommendations are presented based
on the result analysis. The next step in the market development of
nZEB in EE countries is to consolidate the existing standards before
developing the nZEB renovation schemes [41]. The recommenda-
tions are discussed in future perspectives for policymakers, fund-
ing agencies, and building stakeholders. The following sections
elaborate on the study’s strengths, limitations, and future works.

4.1. Study findings

The study indicated that the most critical barriers to nZEB
implementation are informational and organizational if the finan-
cial barriers are excluded. Despite introducing the second EPBD
recast in April 2018, adopting its guidelines for promoting nZEB
and best practices for all new buildings is in the infancy stage
(Hogeling & Derjanecz 2018). The following issues were revealed
during the analysis of questionnaires and study papers.

Many countries developed nZEB plans that are not ambitious
enough. The preparedness for ensuring nZEB in Eastern Europe is
currently low. nZEB implementation policies in Eastern Europe
concentrate on short-term programs without stable and thorough
frameworks to calculate and plan for energy and climate neutral-
ity. nZEB definition in EE countries insufficiently reflects Europes’
heating decarbonization objective and climate-neutral by 2050.

Limited progress regarding the development and implementa-
tion of nZEB in EE countries is reported. There is a lack of institu-
tional support to educate professionals and implement nZEB. The
somewhat developed countries regarding nZEB requirements are
Estonia, Slovakia, Poland, and Croatia, followed by Romania, and
Czechia, who are struggling with nZEB implementation. Bulgaria,
Latvia, Hungary, and Lithuania are behind.

Many nZEB definitions and measures for heating systems fail to
phase out fossil fuels. For example, in Poland, the recovery plan
does not set a limit to support gas investments in household heat-
ing, while gas should only be allowed as a ’last resort’ when renew-
able energy sources are not possible.

Many countries’ primary energy demand thresholds are often
insufficient, leading to misleading conversion energy carriers
12
(Table 3). The primary energy factors (PEF) thresholds in some
countries, such as Czechia, Estonia, or Romania, are too low for
solid fuel or coal-based electricity. A consistent and harmonized
approach is needed to determine the PEF values across Europe.
The calculation methods refer to the outdated EPBD recast objec-
tives with no mandatory requirements for renewable energy share.

The cost-optimal methodology, which is the foundation of
national nZEB definitions, has not been fully adopted,. EE counties
must paper on comparing the minimum energy performance
requirements and calculated cost-optimal levels using the compar-
ative methodology framework of EPBD. Moreover, the energy effi-
ciency requirements in some countries such as Bulgaria, Hungary,
and Romania are strongly driven by energy poverty concerns.

EPCs are so inaccurate and inconsistently used in EE countries
resulting in more damage than good [40]. The ’smart metering’
notion of energy meters is not addressed, and the inspection, com-
missioning, and onsite audits are missing regarding airtightness,
insulation quality, or mechanical ventilation installation in all ten
countries. The performance gap of nZEB in Eastern European coun-
tries is partly due to the weak EPC implementation [34]. The cred-
ibility of the EPC is low, and none of the countries provides open
access to national EPC databases. Consequently, the legal compli-
ance and technical control market are small, and the role of energy
services companies (ESCO) is limited.

Electrification is another problem in existing nZEB definitions.
Electricity use for heat pumps is penalized during the primary
energy calculation and on the EPC scorecards, promoting gas boil-
ers and polluting wood-based boilers. Most investigated nZEB
national plans are not coupled with ambitious targets to install
heat pumps and have a low market penetration (see Fig. 6). Power
grids are not synchronized between the EE states.

Mechanical ventilation requirements are not consistent and
lack clarity in many EE countries. For example, the Czech and Hun-
garian nZEB definition does not even include any requirements for
mechanical ventilation.

Eastern European countries face a demographic challenge and
increasing immigration of skilled professionals. The average work-
ing age in the building sector is high, and the labor markets’ pre-
paredness to implement high-performance buildings is low [63].

4.2. Study recommendations

In Eastern Europe, the challenge of strengthening nZEB require-
ments in the current and future is high. nZEB are not only con-
cerned with the first principles of energy efficiency, but they



Fig. 6. Comparison of market penetration of heat pumps per household in the ten countries (. Source: [18]
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require the improvement of IEQ, monitoring, and papering of per-
formance, and highly specialized skills. As part of the papers’ con-
tribution, the recommendations are listed below:

Strengthening the nZEB standards in EE countries is the next
step to seeking more ambitious performance thresholds for pri-
mary energy demand and decarbonization of building heating. It
is strongly advised to ensure consistency with EPBD requirements
in legislative revisions to meet carbon neutrality’s Fit for 55 pack-
ages. Under the new EPBD recast, all construction would be net-
zero emissions by 2030.

Enforce the implementation of the cost-optimality approaches
[15]and use them for different archetypes and functions per coun-
try [51]. Countries like Croatia, Estonia, Latvia, Lithuania, Romania,
and Slovakia must develop their reference buildings datasets and
join the EPISCOPE and TABULA databases [30]. The cost-
optimality approach should include impact assessments of the
future nZEB national plans regarding market transformation risks,
challenges, and cost-effective benefits.

Collaboration between the EE countries can be beneficial to har-
monizing the approaches of energy performance calculation meth-
ods (CEN 13790) and PEF determination. There is a need to develop
13
and coordinate new instruments and platforms regionally to ensure
success. For example, Visegrad countries can create an observatory
of high-performance buildings that promotes excellence and initia-
tives in the construction sector towards nZEB. The Visegrad cohe-
sion funds for energy security are an excellent example of
regional collaboration [52]. This political alliance can approach
the building sector in the Visegrad countries and can similarly be
conducted in Baltic countries to nZEB standards (Kosinski 2021).

Strengthen the rigorous implementation of nZEB standards to
monitor and report on nZEB. The reliable quantifications of energy
savings of nZEB are a must. Effective monitoring and control mech-
anismsof nZEB should be put in place and tackledon themicro-scale
involving local government authorities and qualified certifiers [40].
EPC databasesmust bemade accessible for better transparency. Lia-
bility and quality control of nZEB as performance-based buildings
require a new legislative and insurance-based architecture.

Adopt CEN 16,798 in national regulation entirely and empha-
size the performance requirements of MVHR. Specific actions
should be taken to promote double-flow controlled mechanical
ventilation systems. Overheating risk indicators must be developed
to promote the adaptive thermal comfort path. Also, passive cool-
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ing solutions must be encouraged. In an aging region, the guidance
on energy efficiency first principle should never become prioritized
over indoor quality and occupants’ health.

Integrate more renewable energy sources in buildings and set
more ambitious minimum renewable shares obligations. The pro-
motion of heat pumps or district renewable energy systems and
storage capacity should be part of the future nZEB schemes. EE
can capitalize on the district heating potential as a low-emission
technology that integrates higher renewable energy shares.

Considerations are needed to adopt the Smart Readiness Indica-
tor (SRI) to allow for rating the smart readiness of buildings, i.e.,
the capability of nZEB to adapt their operation to the occupant’s
needs. Also, the optimization of energy efficiency, overall perfor-
mance, and adapting their operation in reaction to signals from
the grid (energy flexibility).

Revise the EPC schemes, and standardize their calculation
methods. EE’S current EPC schemes encourage photovoltaic panels
and heat pumps without addressing the building envelope’s energy
efficiency. In many countries, they are used as an excuse to avoid
improving energy efficiency and the reduction of energy use inten-
sity. The current EPC schemes must be improved and enhanced to
become more reliable and accurate (Attia 2020). Improved compli-
ance and quality of the EPC issuing and auditing are essential. Pub-
lic authorities’ development of open access and a central EPC
database is the only way to assure consistency and help authorities
better-set carbon neutrality measures.

Support measures to improve designers’ and builders’ skills for
nZEB implementation. Vocational education and training, includ-
ing reskilling and upskilling the workforce, via targeted projects,
at regional, national and local levels, must be provided [17]. Con-
tinuing professional development for architects and engineers is
essential. Developing a new generation of building energy model-
ers and experienced certifiers goes hand in hand. Public adminis-
trations should integrate building energy modeling in the permit
process and enforce energy performance contracting.

Study strengths and limitations.
Eastern Europe has a temperate-continental climate influenced

by Scandinavian-Baltic weather in the Baltic countries and Poland,
the Mediterranean in Croatia, and the oceanic climate of the Black
Sea in Bulgaria and Romania. The similar climate conditions enable
the possibility to extend the results of this study to other countries.
The study on nZEB definitions and solutions can be transferred to
other European countries with similar climatic conditions and eco-
nomic characteristics such as energy costs and price of materials,
and local labor for initial investment.

The research methodology involved questioning national
experts from ten Eastern European countries. The study builds on
existing literature [5,20] and provides a current overview on nZEB
with a focus on EE. Active and well-known national experts were
selected based on available publications on building energy effi-
ciency. The review of the nZEB regulation lasted almost two years,
which allowed for revising and refining the content and increasing
its consistency. During the study period, four study visits were con-
ducted in Poland and Czechia, and intensive contact with the four
Visegrad countries regarding high-performance buildings
occurred. Under any circumstance, the study cannot be representa-
tive, conclusive, or comprehensive. The literature review did not
provide significant insights regarding the state of nZEB implemen-
tation in EE countries. Very little information is available in Eng-
lish. On the opposite, the most valuable information emerged
from the experts’ responses to the questionnaire. The responses
provided by experts and the statistical information provided by
official ministries and energy agencies in each respective country
are made available in an open-access dataset (Appendix I). There-
fore, the study is considered a new overview regarding nZEB
implementation in Eastern European countries. The overview pro-
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vided by experts is prospective, and the recommendations are
practically based on experiences and learned lessons of nZEB
implementation in EE countries during the last five years.

The paper’s strength is the cross-comparison of the recent nZEB
national plans in Bulgaria, Croatia, Czechia, Estonia, Hungary, Lat-
via, Lithuania, Poland, Romania, and Slovakia. Europe is in a sensi-
tive ecological and energy security transition that requires
strategic choices and future-proof concepts. Therefore, this paper
provides a focused, critical overview of nZEB and its implementa-
tion barriers and potential in eastern Europe [32]. At the same
time, the study suggests recommendations for nZEB performance
improvement to help decision-making on the national, regional,
and European levels. Thus, the study provides an opportunity to
review the existing nZEB requirements, compare them, and
improve them to prepare for the next renovation step. Without
reviewing the nZEB plans and requirements for new constructions,
any future renovation plans will lack the foundation to address
serious challenges, including mechanical ventilation and heating
decarbonization. Policymakers and funding agencies should adopt
a holistic approach that includes the people who should imple-
ment this transition. Benchmarks for national energy efficiency
contributions are needed. The public sector should set an exem-
plary role in implementing and promoting nZEB.
4.3. Implications for practice and future research

The overall number of newly built nZEB in Eastern Europe is
low, and the overall annual construction rates are low. To put the
reader in the picture and better understand the nZEB implementa-
tion plans in EE countries, one must recognize the influence of the
geopolitical situation of Eastern European countries. The energy
security problems associated with the transition from fuel and coal
to gas can jeopardize many countries’ sovereignty and autonomy.
Many EE countries integrated nZEB definitions and regulations that
allow onsite or off-site coal use. Countries such as Estonia, Latvia,
and Poland that border Russia and can experience freezing winters
prefer to keep coal as a viable energy source using highly efficient
boilers or district heating stations for fuel security. Therefore, the
evolution of nZEB plans in Eastern Europe cannot be influenced
by Brussels’ ambitions toward carbon neutrality by 2030.

However, climate change remains a pressing problem that all
Eastern European countries must face. Studies on future climate
impact on nZEB design and performance confirm the increase of
cooling loads and the imminent overheating risk in the continental
climate (D’Agostino et al., 2022). Therefore, national nZEB plans
should tackle this issue and encourage onsite renewable energy
as much as possible to encourage the building needs, assure ther-
mal comfort and neutralize the carbon emissions associated with
buildings construction and operation. The proposal of the new
EPBD recast is ambitious on the decarbonization of heating and
cooling systems in the EU’s buildings and drastically improves
the case for heat pumps. By ending financial incentives for fossil
fuel boilers in 2027. Therefore, the exploration of the hydrogen
path as an alternative for natural gas after 2030 and its influence
on the buildings’ associated carbon emissions and national energy
mixes should be considered.

Moreover, the calls for insulation and rollout of heat pumps to
’get off gas’ in Western Europe are not on the same level in Eastern
Europe. Eastern Europe is in a state of transition from solid fuels to
natural gas and renewable energies. The EU’s plans to include gas
and nuclear in the ’green’ ranking leave policymakers and investors
confused in Eastern Europe. Also, the shortage of construction
materials, especially timber and bio-based materials, during the
last two years is delaying the proliferation of nZEB and increasing
their prices further. The abovementioned aspects are all considered
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hindering factors in developing consistent and long-term strategies
for nZEB in Eastern Europe and further slowing the market uptake.

Therefore, future research should focus on nZEB case studies
and cost-optimality studies in EE countries. The next challenge
for Eastern European countries is to develop nZEB renovation plans
and address embodied and operational carbon emissions [32]to-
ward buildings’ carbon neutrality road maps [42]and carbon taxa-
tion [63]. Other Eastern European countries such as Bosnia and
Herzegovina, Serbia, and Slovenia should be added. The quality of
the nZEB plan will deepen and strengthen the expertise of the con-
struction sector to move towards nZEB renovation, integrating
more renewable energy sources in buildings and circularly using
resource-efficient materials. The current nZEB plans and require-
ments should be revised to open the door for pragmatic and ambi-
tious plans for a building renovation wave across Eastern Europe.
5. Conclusion

The proliferation of nZEB in Eastern Europe is not happening
fast enough. The current national plans for nZEB are generally
insufficient. This paper reviewed and analyzed the regulations in
ten EE countries under scrutiny regarding building energy effi-
ciency, heating, and cooling energy demand requirements, thermal
comfort, renewable energy shares, and construction quality. The
review is based on the 2018 EPBD recast requirements to achieve
carbon neutrality by 2050. Many nZEB definitions in EE countries
and measures for heating systems fail to phase out fossil fuels.
The EPBD cost-optimality approach is not fully adopted to define
the nZEB performance targets. Also, the primary energy demand
calculation refers to misleading energy carriers’ conversion factors.
Indoor environmental quality requirements regarding discomfort
risk and mechanical ventilation are not well developed in most
nZEB national plans. The paper provides technical recommenda-
tions, including revising the EPC schemes and standardizing their
calculation methods. An improved compliance process and quality
assurance of the nZEB design, construction, and operation are
essential. The paper reports on the next steps that need to be taken
by public authorities to develop open access and central nZEB
implementation methods and databases. Following those recom-
mendations can assure consistency and help authorities better-
set carbon neutrality measures.
Energy efficiency Heating & cooling

Bulgaria
[16] ✔

[26] ✔

Croatia
[46] ✔

[64] ✔ ✔

[71] ✔ ✔

Czechia
[68] ✔ ✔

[36]
[3] ✔

[35] ✔ ✔

[44] ✔ ✔

Estonia
[2] ✔ ✔

[69] ✔
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✔

✔
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✔ ✔

✔

✔ ✔

✔

(continued on next page)



(continued)

Energy efficiency Heating & cooling Comfort & IEQ Renewables Construction quality

[56] ✔ ✔ ✔

[38,39] ✔ ✔ ✔ ✔

[54] ✔ ✔ ✔

[1] ✔

[53] ✔ ✔ ✔

Hungary
[28] ✔ ✔ ✔ ✔

[59] ✔ ✔

[60] ✔ ✔

[45], p. 2) ✔ ✔ ✔

Latvia
[33] ✔ ✔ ✔

[63] ✔ ✔ ✔

[70] ✔ ✔

Lithuania
[61] ✔ ✔ ✔

[72] ✔ ✔ ✔

[1] ✔ ✔ ✔

Poland
[9] ✔ ✔ ✔ ✔ ✔

[24,23,22] ✔ ✔ ✔ ✔

[27] ✔ ✔ ✔

Romania
[62] ✔ ✔ ✔

[49] ✔ ✔ ✔ ✔

[47,48] ✔ ✔ ✔

[25] ✔ ✔ ✔ ✔

[65,66] ✔ ✔ ✔

Slovakia
[37] ✔

[13] ✔ ✔ ✔

[31] ✔ ✔ ✔
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Barnaś, Multi-criteria optimisation of an experimental complex of single-
family nearly zero-energy buildings, Energies 13 (2020) 1541.

[25] A. Fratean, P. Dobra, Control strategies for decreasing energy costs and
increasing self-consumption in nearly zero-energy buildings, Sustainable
cities and society 39 (2018) 459–475.

[26] D. Gospodinova, K. Milanov, M. Minchev, P. Dineff, Techno-economic
feasibility analysis of nearly-zero hybrid energy system for the city of Sofia
in Bulgaria, in: in: 2019 11th Electrical Engineering Faculty Conference
(BulEF). IEEE, 2019, pp. 1–8.

[27] K. Grygierek, J. Ferdyn-Grygierek, Multi-Objective Optimization of the
Envelope of Building with Natural Ventilation, Energies 11 (2018) 1383,
https://doi.org/10.3390/en11061383.

[28] A. Horkai, A. Talamon, V. Sugár, Nearly Zero-Energy Regulation and Buildings
Built with Prefabricated Technology: The Case of Hungary, International
Journal of Architectural and Environmental Engineering 12 (2018) 428–436.

[29] Irena, Cost-competitive renewable power generation: Potential across South
East Europe, Joanneum Research and University of Ljubljana, Abu Dhabi, 2017.

[30] IWU, 2016. EPISCOPE and TABULA [WWW Document]. Monitor Progress
Towards Climate Targets in European Housing Stocks. URL https://episcope.
eu/welcome/ (accessed 1.31.21).

[31] Jacobs, P., Borsboom, W., de Gids, W., 2019. Indoor air quality in Nearly Zero
Energy Buildings, reduction of exposure. Presentatie tijdens AIVC in Gent, 15-
16 oktober 2019, 1-9.

[32] I. Jankovic, A. Mayer, D. Staniaszek, X. Fernández Álvarez, Ready for carbon
neutral by 2050?, Assessing ambition levels in new building standards across
the EU, BPIE, Brussels, Belgium, 2022

[33] K. Januševičius, G. Streckienė, Solar assisted ground source heat pump
performance in nearly zero energy building in Baltic countries,
Environmental and climate technologies 11 (2013) 48–56.

[34] N. Kampelis, K. Gobakis, V. Vagias, D. Kolokotsa, L. Standardi, D. Isidori, C.
Cristalli, F.M. Montagnino, F. Paredes, P. Muratore, Evaluation of the
performance gap in industrial, residential & tertiary near-Zero energy
buildings, Energy and Buildings 148 (2017) 58–73.
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