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1. Introduction
With the adoption of the Energy
Performance of Buildings Directive
(Directive 2010/31/EU ‐ EPBD) in 2010,
both the building industry and Member
States (MSs) faced new challenges. One of
the most prominent among them is the
progress towards new Nearly Zero‐Energy
Buildings (NZEB) by 2021 (or by 2019 in
the case of public buildings), while in
parallel supporting the transformation of
existing buildings into NZEBs. Thus, since
2010, the Concerted Action EPBD (CA
EPBD) has been discussing the issues
related to moving 'Towards 2020 – Nearly
Zero‐Energy Buildings' promoting
dialogue and the exchange of best
practices among MSs and thereby
contributing to a more effective
implementation of the EPBD in the MSs.
The work focused on the transposition of
the Directive 2010/31/EU into national
law, namely on the national detailed
application in practice of the framework
definition of NZEB, and on the national
plans for increasing the number of NZEBs.
This report summarises the main
outcomes of the discussions on this topic
from March 2011 to March 2015. The
successful contribution on MSs progress
towards 2020 is based on the active
participation of the national delegates
(representing national authorities in
charge of implementing the EPBD),
including information gained from
questionnaires, national studies, poster
presentations, and study tours.

2. Objectives
Article 9 of the EPBD requires that “Member
States shall ensure that (a) by 31 December
2020 all new buildings are nearly zero‐
energy buildings; and (b) after 31 December
2018, new buildings occupied and owned by
public authorities are nearly zero‐energy
buildings”. MSs shall furthermore “draw up
national plans for increasing the number of
nearly zero‐energy buildings” and
“following the leading example of the
public sector, develop policies and take
measures such as the setting of targets in
order to stimulate the transformation of
buildings that are refurbished into nearly
zero‐energy buildings”.
A NZEB is defined in Article 2(2) of the
Directive 2010/31/EU as “a building that
has a very high energy performance, as
determined in accordance with Annex I. The
nearly zero or very low amount of energy
required should be covered to a very
significant extent by energy from
renewable sources, including energy from
renewable sources produced on‐site or
nearby”.
The specific CA EPBD activities on the topic
'Towards 2020 – Nearly Zero‐Energy
Buildings' support the MSs through the
exchange of experiences regarding already
existing high performance buildings, ranging
from low energy buildings to passive houses,
zero‐energy and zero‐emission buildings,
and even to buildings with an energy
surplus.
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Figure 1:
Two NZEBs visited
by CA EPBD:
on the left, a single
family demonstration
house in Berlin
(Germany); on the
right, a renovated
multifamily house in
Graz (Austria).

The discussion topics included the
different national applications of the
NZEB definition, the most common
building and service system solutions,
calculation methods, supporting
documents (e.g., guidelines), awareness‐
raising activities for the general public,
subsidies and other available incentives
and support policies, etc.
A particularly important objective has
been the integration of Renewable Energy
Sources (RES) into the NZEB national
implementation. This is part of the EPBD
requirements, as the nearly zero or very
low amount of energy consumed in NZEBs
should be covered to a very significant
extent by energy from renewable sources,
but it also links to the RES requirements
from Directive 2009/28/EC (Renewable
Energy Sources Directive ‐ RESD). In
accordance with the RESD (Article 14(4)),
by 31 December 2014 MSs must, in their
building regulations and codes, or by
other means with equivalent effect,
require the use of minimum levels of
energy from renewable sources in new
buildings and in existing buildings that are
subject to major renovation.
One of the main objectives of this period
(for all MSs) has been to ensure that the
national application of the EPBD NZEB

Figure 2:
Timeline of NZEB
related actions
according to the
EPBD.

definition is feasible at both technical
and financial levels. For this reason, four
study tours have been organised to
better evaluate the particularities of
NZEB in different environments and
applications. These study tours have
included visits to already existing
buildings (new and renovated) that are
close to the performance expected from
an NZEB.
There is a very close link between the
NZEB discussion and the CA EPBD
activities on ’Energy performance
requirements using cost‐optimal levels’,
because the cost‐optimal minimum
energy performance requirements will
have to meet the NZEB level by the end
of 2018 for public buildings, and by the
end of 2020 for all other new buildings.
Additionally, both topics involve work on
calculation procedures. This has fostered
the exchange of views, challenges and
ideas between technical and economic
experts from the MSs.
Finally, discussions have also focused on
the national plans for increasing the
number of NZEBs.
The timeline for actions by the MSs and
the EC related to NZEBs (Article 9 of the
EPBD) is presented in Figure 2.
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3. Analysis of insights
3.1 Mapping of national
applications of the NZEB
definition
3.1.1 National applications of the
definitions in place by April 2015
Continuous work and discussions have
taken place from 2011 to 2015, gathering
and comparing the status of national
applications of the NZEB definition in the
MSs. Table 1, which is taken from a special
CA EPBD report[1], presents an overview of
the available information regarding the
detailed national definitions in April 2015,
based on the national plans for increasing
the number of NZEBs and the work within
the CA EPBD. Figure 3 presents the main
elements of the NZEB definition of the
Directive 2010/31/EU Article 2(2).
According to Table 1, which was reviewed
by the national representatives of the
participating countries, about 40% of the
MSs do not yet have a detailed definition
of the NZEB in place. Some of them state
this clearly in their national plan for
increasing the number of NZEBs. About
60% of the MSs have laid out their detailed
NZEB definition in a legal document, but a
few of them emphasise the draft status of
the definition, or that the definition
might be updated later on. The relevant
legal documents are either building
regulations, energy decrees and official
guidelines, or the national NZEB plans.
The very high energy performance is
expressed in at least nine MSs by requiring
that the building must fall into one of the
top energy classes of the energy
performance certificate. Other countries
give specific information about the ratio
of the tightening of the energy
requirements compared to the 2014 level
(or the 2012 level in some cases). These
tightening ratios are between 10‐25% and
50‐60%. Denmark states a tightening of
even 75% but relates it to an earlier
energy performance requirement (2006).
The vast majority of EU countries (twenty
three MSs and one of the three Belgian
regions) use a primary energy indicator in
kWh/m².year, in line with Annex I of the
EPBD, either in their detailed NZEB
definition, or in their current energy
performance requirements for new
buildings. Two additional MSs and the
other two Belgian regions use either E‐
levels (a figure for primary energy use
[1]
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Figure 3:
Graphical interpretation of the NZEB definition according to Articles 2
and 9 of the EPBD.

divided by a reference primary energy
use), or include primary energy as a
calculation result, but not as the
indicator.
In most MSs, the limits for the nearly zero
or very low amount of energy required are
placed on more than just primary energy.
The additional parameters include U‐
values of building envelope components,
mean U‐values of the building envelope,
net and final energy for heating, cooling
and possibly other energy uses and CO2
emissions.
While about one third of the countries
have only indirect requirements for the
recommended ‘very significant extent of
renewable energy’, those with direct
requirements set them mostly as an
energy share of the primary energy use.
The required renewable energy share
varies from > 0% to > 50%. A few other
countries set specific minimum renewable
energy contributions in kWh/m².year.
Applying ‘indirect’ requirements means
that, due to the low maximum value of
primary energy use allowed for NZEBs, the
use of energy generated from RES is
implicit, although a specific minimum
required amount is not included in the
national definition.
By April 2015, about 60% of the MSs have
laid out their detailed NZEB definition in
a legal document and the vast majority
of MSs use a primary energy indicator in
kWh/m2.year. While many MSs require a
renewable energy share of the primary
energy or a minimum renewable energy
contribution in kWh/m².year, others use
indirect requirements, such as a low
non‐renewable primary energy use that
can only be met if renewable energy is
part of the building concept.

Overview of national applications of the Nearly ZeroEnergy Building (NZEB) definition, Detailed report, April 2015,
available at www.epbdca.eu/wpcontent/uploads/2016/01/Overview_of_NZEB_definitions.pdf
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Table 1: Overview of the available information regarding the detailed national NZEB definitions (April 2015)
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3.1.2 Number of requirements for
NZEB
Work in the CA EPBD and the EC’s two
progress reports on NZEB[2] have shown
that the specific NZEB definitions in the
countries vary considerably in the number
of requirements used. The following CA
EPBD analysis from October 2013 takes
into account a sample of fifteen MSs. Not
all of them had already officially fixed
NZEB definitions, thus the plans of MSs
that were still then working on this topic
are also included. On the other hand, not
all countries with legally fixed NZEB
definitions, as pointed out in 3.1.1, have
been part of this study.
While two countries set, or planned to
set, only one specific NZEB requirement,
namely primary energy, the other
countries use, or planned to use, up to six
additional requirements. Those additional
requirements included CO2 emissions,
final energy, mean U‐values, maximum
transmission losses, efficiency factors of
the whole building service system or part
of it, etc.
General energy performance requirements
for buildings, but also those specifically for
NZEBs, are linked to historical background
in most countries. Requirements enacted
by early energy legislation are retained and
tightened, but rarely abandoned
completely. Thus, there are:

> countries that use many different

requirements for new buildings in
general, and tighten most of these
requirements or define additional ones
specifically for NZEBs, e.g., Denmark
and Germany;
> countries that use many different
requirements for new buildings in
general and use few specific
requirements for NZEBs, e.g., Belgium‐
Flemish Region, Cyprus, Estonia, The UK
Table 2:
Main arguments in
support of either few
or many NZEB
requirements.
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England & Wales, and the Czech
Republic;
> countries that use few requirements for
new buildings in general and many
specific ones for NZEBs, e.g., Latvia.
In the sample of fifteen countries, 80%
have set primary energy requirements,
53% have set requirements for using
renewable energy, and 33% have set final
energy use requirements as specific NZEB
requirements.
Additionally, many countries limit
transmission losses for NZEBs (40%) and/or
demand certain building services
efficiencies (40%). Ventilation loss
requirements are used specifically for
NZEBs in 20% of the sample countries.
Heating energy limits for NZEBs are set in
27% of the countries. Only one country
includes both final energy use limits and
heating energy use limits in its NZEB
definition. There are two countries in the
sample with CO2 emission requirements,
of which one sets no primary energy
requirement. It is interesting to note that
two countries have set specific NZEB
indoor comfort requirements.
The main arguments in support of either
few or many NZEB requirements were as
in Table 2.
MSs have adopted a wide range of
detailed definitions of NZEB. While
some countries set or plan to set only
one requirement, which is typically
primary energy, CO2 emissions or
delivered energy, other countries use or
plan to use many additional
requirements. Those additional
requirements include mean U‐values,
maximum transmission losses, minimum
efficiency factors of the whole building
service system or parts of it, etc.

Few NZEB requirements

Many NZEB requirements

> easier to explain what a NZEB is
> easier to prove what a NZEB is
> easier to check what a NZEB is
> easier to reach a cost‐optimal

> easier to adequately accommodate different

solution (due to a higher
flexibility in the approach)

[2]

A N D

building types

> draws attention to important design phases
through detailed, transparent design rules

> draws attention to the construction phase
(together with additional checks)

> accelerates innovations for various products

available at ec.europa.eu/energy/en/topics/energyefficiency/buildings/nearlyzeroenergybuildings
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3.2. Convergence between the
concepts of NZEB and cost
optimal energy performance
requirements
Based on EPBD Article 5 ‘Calculation of
cost‐optimal levels of minimum energy
performance requirements’ and Article 9
‘Nearly Zero‐Energy Buildings’, the
beginning of the years 2019 (for new public
buildings) and 2021 (for all new buildings)
will be the convergence point between the
cost‐optimal calculations and the definition
of NZEB: by 2019/2021, NZEB shall have a
cost‐optimal combination of building
envelope and building service systems.
As a result, the cost‐optimal calculations for
2012 have to be reviewed for 2019/2021[3],
since there are certain factors like prices,
technological developments and primary
energy factors that will change between
now and 2019/2021. Ten MSs reported in
March 2013 that they have performed
studies that take into account estimated
changes in the following parameters:

> primary energy conversion factors: eight
MSs;

> energy prices: nine MSs;
> investment costs: five MSs;
> technology and efficiency developments
and innovations: three MSs.

Three countries have studied all four factors
listed above. Other factors that were
examined (but only one factor per MS) were
CO2 reduction costs and discount factors.
The primary energy conversion factors, or
more precisely the non‐renewable primary

[3]
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energy factors for the national electricity
mix and for district heating energy will
decrease because higher rates of RES will
be integrated into their generation
systems in the near future. Applied
estimations included e.g., in Denmark
electricity primary conversion factors of
2.5 in 2012 and 1.8 in 2020, and district
heating conversion factors of 1 in 2012
and 0.6 in 2020. Hungary used values of
1.12 for the 2012 primary energy
conversion factor for district heating
based on combined heat and power
(CHP), and 0.65 for 2020.
The estimated increases of the energy
prices that were used in the calculations
were between 2‐3% per year and 5‐6%
between 2012 and 2020 in total.
The development of loan interest rates
and of financial incentives might be
additional factors that can be also
analysed in the cost‐optimal calculations.
However none of the ten countries have
claimed to have studied these evolving
factors so far.
MSs reported that, using the present
costs, technologies, and primary energy
conversion factors, the currently available
national applications of the NZEB
definition are not fully in compliance with
the cost‐optimal requirement, because
there is no certainty about the evolving
influence factors for the calculations for
the year 2019/2021, see Figure 4. Only
one country (Denmark) reported that it
has used the study on evolving factors to
adjust its national application of the NZEB
definition. Other countries might follow.

Figure 4: Strong
fluctuation of the
crude oil price
complicates the
prediction of
2019/2021 NZEB
boundaries.

This is coherent with the EPBD Article 4(1) timeline for costoptimal reports, whereby the first report was due by June
2012 and the following five years later (June 2017). Due to the actual date of adoption of the Delegated Regulation on
the costoptimal methodology, a formal extension was granted to MSs for submitting the first reports by March 2013,
which in practice brings the fiveyear review to be done before March 2018.

9
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Therefore, the topic is certainly worth
revisiting in the future when developments
in existing and new technologies, as well
as the cost of these technologies, may
change the picture, and hence initiate new
calculation results and new discussions.
Updated cost‐optimal calculations using
expected evolving influence factors can
give indications of the changes necessary
for the detailed national application of the
NZEB definitions in the coming years. In
2020 they can be used to fix the final
requirements for NZEBs.
Ten MSs performed a cost‐optimal study
for 2019/2021 (e.g., for NZEBs), taking
into account evolving parameters such
as primary energy conversion factors,
estimated energy prices, investment
costs, and technology efficiency
developments and innovations. The
update of cost‐optimal calculations with
expected values of evolving influence
factors in the coming years might allow
for iterations of the national NZEB
definitions.

3.3. MS approaches to introduce
renewable energy sources
(RES) in NZEB
Figure 5:
Balancing period for
heat production
from various RES
sources in MSs
national calculation
tools.

The CA EPBD has continously discussed
national boundary conditions for the use
of RES in buildings in general, but also
specifically for NZEBs. The analysis
described in this section of the report was
produced in May 2014 based on input from
twenty MSs.
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MSs allow for almost all forms of RES to
be taken into account, but there are
differences in how electricity is
accounted for in the national calculation
procedures (for more details see the
report on Energy Performance
Requirements Using Cost‐Optimal Levels,
available at www.epbd‐ca.eu), as well as
in the primary energy factors which MSs
use. For example, two MSs (Estonia and
Malta) allow for an annual balancing of
electricity production, but most of the
other MSs balance electricity production
on a monthly basis – primarily due to the
overall balancing period of the national
calculation tools, which in most cases is
monthly. More or less the same
differences and approach apply for
heating and cooling production using RES.
The thermal RES strategies used in most
MSs are solar thermal, ‘green’ district
heating (both are used in eighteen MSs)
and biomass (in seventeen MSs). The
applied balancing periods for thermal
RES are presented in Figure 5.
The EPBD recommends that the nearly
zero or very low amount of energy
consumed in NZEBs is to be covered “to a
very significant extent by energy from
renewable resources, including energy
from renewable sources produced on‐site
or nearby”. In the national definition of
‘nearby’, there are significant
differences among MSs, ranging from at
the building itself (e.g., The UK and
France for photovoltaic (PV) panels) and
the building site (e.g., Austria, Slovenia,
Slovakia), to within the borders of the MS
(e.g., Malta). Belgium‐Flemish Region
defines ‘nearby’ as on‐site, except for
district heating and participation. The
Netherlands and Bulgaria have defined it
as RES installed at a maximum distance
of 10 and 15 km respectively. In
Denmark, RES is considered ’nearby’ as
long as the building owner has an
economic interest (e.g., investment) in
the RES system and the RES system is
located in the same municipality or a
neighbouring municipality of the building
site. Lithuania has not defined ‘nearby’,
but accepts all RES regardless of where
the energy source and power generation
equipment are located. More than half
the MSs have not yet outlined a
definition of ‘nearby’.
Taking into account different RES must be
discussed further in the future in order to
verify the boundary between the building
and the surrounding utility grids, and to
avoid double counting of RES production
on the MS level.
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MSs have different approaches on how to
handle RES in their energy performance
calculations and legislation. Moreover,
the primary energy factors used for
renewable energy sources and
technologies differ considerably among
MSs. Energy from RES can include both
those located on‐site or nearby the
building. ‘Nearby’ has so far been
defined only by some countries and
rather differently, ranging from ‘on the
building itself’ to ‘within the country’.

3.4. NZEB in energy
performance certificates (EPC)
The CA EPBD collected Energy
Performance Certificate (EPC) layouts
that have been adapted to include NZEBs.
The examples from the MSs show that
there are widely different methods for
including NZEB in the EPC. Often no
adaptation is needed, or only small
adjustments or additional energy
performance classes; a scale may be
suitable for including NZEBs and even the
‘plus energy’ building level (a building
that produces more energy than it
consumes over an annual period). Many
MSs chose not to show the NZEB level
explicitly on the EPC front page. The
approaches can be distinguished as
follows (the list of countries is indicative
and meant only to illustrate the various
approaches):
> no change at all: use of existing layout,
no adaption, a NZEB is class A (or A+ or
similar): the Czech Republic, Italy,
Hungary;
> no change in the layout but addition of
guidelines for NZEBs: France;
> addition of one or several classes in
order to present NZEBs: Croatia,
Denmark, Lithuania, Luxembourg,
Portugal, Slovakia, The Netherlands;
> small changes in the layout regarding
indicators or design: Austria, Estonia;
> new layout, change from scale to
classes, NZEB is class A or A+: Germany
(for residential buildings), Latvia;
> addition of a NZEB indicator to the
existing scale (e.g., an arrow similar to
the current minimum energy
performance requirements): Germany
(for non‐residential buildings), Malta.
The survey showed that in most cases
adaptations to present the NZEB‐level on
[4]
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the EPC are rather insignificant. However,
not all countries foresee integrating an
NZEB indicator on the EPC at this stage.
They want to make EPCs as user‐friendly as
possible, and point out that an additional
indicator will render the EPC less
understandable for the building owners,
tenants and other building users. If the
possible advantages of an indication of the
NZEB‐level, e.g., better communication of
the 2019/2021 minimum requirements, are
to be exploited in all MSs, the requirement
to include this indicator may need to be
added to the next version of the EPBD.

3.5 Practical experiences with NZEB
3.5.1 Selected examples of NZEB
in the countries
The CA EPBD identified examples of existing
buildings that have an energy performance
level in the expected range of NZEB (or
approaching NZEB level) in the different EU
MSs. In total thirty‐two practical examples
of NZEB‐like buildings from twenty different
MSs have been collected and published in a
specific CA EPBD report[4].
Though the selected buildings cover a
wide range of climates, building types and
sizes, the cross analysis gives a good
overview of what kind of buildings are
expected to be NZEB in the different
countries and EU regions. For example the
average U‐values in the buildings are
0.29 W/m².K (walls; range:
0.065–1.97 W/m².K ), 1.16 W/m².K
(windows; range: 0.70–4.5 W/m².K),
0.14 W/m².K (roof; range:
0.06–0.55 W/m².K) and 0.29 W/m².K
(ground/cellar ceiling; range:
0.68 – 2.19 W/m².K). The realised
U‐values can be as low as 0.065 W/m².K
for walls and roofs and 0.70 W/m².K for
windows, and demonstrate the highest
level of energy efficient building
technologies currently available. On the
other hand there are a few examples
presented with more conventional
U‐values of up to 1.97 W/m².K for walls,
and even 4.5 W/m².K for windows, in one
of the Southern European countries. The
higher U‐values are partly acceptable due
to the warmer climatic conditions, but
also show that some of the technical
developments for energy efficient building
components are not yet available and/or
used in all EU MSs. In addition, the more
conventional U‐values and building
components result in lower costs.

Erhorn, H. and ErhornKluttig, H.: Selected Examples of Nearly ZeroEnergy Buildings. Report of the Concerted Action EPBD.
2015, available at www.epbdca.eu/wpcontent/uploads/2011/05/CT5_Report_Selected_examples_of_NZEBsfinal.pdf
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The buildings are often heated by heat
pumps, followed by gas boilers and
connections to a district heating net. Hot
water is mostly generated in combination
with the heating system. Where cooling
systems are used, these often involve
thermally activated building
components[5] in the cooling strategy.
About three quarters of the buildings use
a mechanical ventilation system with heat
recovery. Only three of the buildings in
the report rely on natural ventilation
(window opening) for fresh air.
In terms of RES, PV panels are the most
common option, with nearly 70% of the
NZEB examples using them. Solar thermal
panels are part of the energy concept in
more than half of the buildings. Other
renewable energy used in the buildings is
geothermal (from ground source heat
pumps), biomass and district heating with
high shares of renewable energy. The
average percentage of the total final
energy use that comes from RES is 70% for
the thirty‐two buildings, but can be as
high as 216% in one of the so‐called ‘plus
energy’ houses included in the collection.
The improvement compared to the current
national requirements is between 21% and
202%, with an average of 74%. A (net) zero
energy building has an improvement ratio
of 100%. An improvement ratio of more
than 100% is possible if the building is a
‘plus energy’ building. The average of the
additional costs compared to the current
national requirements is 208 €/m² or 11%
of the total costs. However there are also
buildings with zero additional costs and
buildings with up to 473 €/m² or 25% of the
total construction and technology costs. It
must be noted though that some of these
buildings are special demonstration
projects or prototypes, and they may not
really be representative of the future
typical costs of NZEBs when these
technologies become standard.
Nearly all MSs have started to gather
experience from practical examples of
NZEB‐like buildings. The case studies show
a wide range of building envelope
qualities and types of building service
systems and included RES. The most
dominant technologies are: increased
insulation and high performance windows,
as well as mechanical ventilation systems
with heat recovery, heat pumps and PV
applications. There are differences
[5]
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between climatic conditions, though, and
some of the solutions are less frequently
adopted in Southern European MSs.
The average of the additional costs is
11% of the total cost, or 208 €/m².
However one NZEB case study resulted in
no additional costs.
3.5.2 NZEB apartment buildings
NZEB apartment buildings (new buildings
and renovations) have been the focus of a
detailed comparison between eight
available documented examples in six MSs
(Austria, Croatia, Denmark, Finland,
Germany and Spain) with the following
main results:
> The average U‐values of the building
envelope components are 0.20 W/m².K
(external walls), 0.12 W/m².K (roofs),
and 0.33 W/m²K (cellar ceilings/ground
slabs). Windows are mostly triple‐glazed
and result in an average U‐value of
1.0 W/m².K.
> The building service systems are often
connected to the district heating unit,
sometimes with solar support. Other
systems include heat pumps, gas boilers
and combined heat and power units.
Domestic hot water (DHW) is mostly
generated centrally by the generator(s)
of the heating system. Only one case
study includes a cooling system, and
uses a reversible heat pump for
generation and a floor heating system as
distribution system.
> The most frequently applied RES
systems are on‐building solar thermal
and PV systems. In all cases with district
heating systems, the district heating
generation also includes RES: biogas and
geothermal via a heat pump are each
applied in one system.
> During the construction phase, a few
projects had difficulties with workforce
quality regarding new technologies and
airtightness. Other projects had no such
difficulties.
> While two projects reported an energy
consumption that meets or even
undercuts the predicted energy use, a
few projects will need another
monitoring year to take care of systems
and automation that did not work
according to plan.
> Most of the projects reported that the
costs were affordable or financially
attractive to the tenants. Additional

Thermally activated buildings components are ceilings, floors or walls that include pipes or ducts with water or air for
either heating or cooling, thus activating the building mass of the component and reducing the heating or cooling load.
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costs compared to conventional
buildings were as low as 0 €/m² for the
Croatian and one Finnish example,
20 €/m² for the Danish example,
27 €/m² for the Spanish example and
25 €/m² for the second Finnish example.
> Under ‘experiences with the project’,
several projects specifically reported user
satisfaction and improved quality of life.
A detailed analysis of renovated apartment
blocks in Austria focused on the
technologies used for renovating multi‐
family houses into NZEBs or even ‘plus
energy’ houses. One innovative technology
that was identified is a prefabricated
facade system that also contains the
installations and several renewable energy
measures. The CA EPBD also studied
financing methods for such deep
renovation projects in Austria. Besides
identifying an interesting financing method
that uses the money of private investors
(with acceptable paybacks) for the
renovation of certain buildings in
combination with governmental and local
subsidies, discussion also focused on
whether the support of some pilot projects
with high subsidies could help meet the
targeted high renovation rate in general.
Apartment buildings are an interesting
building type when it comes to the
implementation of NZEBs, as they are
rather similar in all EU MSs and
represent a significant portion of the
building stock. The CA EPBD has
analysed several examples of NZEB‐like
apartment buildings and found
comparable building concepts in many
countries, as well as interesting
financing approaches. Most of the
projects reported that the costs were
affordable or financially attractive to
the tenants. Several projects specifically
reported user satisfaction and improved
quality of life.
3.5.3 Singlefamily houses used
as pilot projects
In the EU, single‐family houses are the most
common building type, and thus attract the
most MS interest. Thus the CA EPBD
collected various MS experiences with high‐
performance single‐family houses.
British experts reported that there is
often a difference between the predicted
(calculated) energy performance and the
measured results of the buildings. It
should be noted though, that this is
relative. While the absolute amount of
deviation in energy use is often smaller in
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high performance buildings, the deviation
percentage increases with the reduction
of energy needs. The following reasons for
these differences have been determined,
based on experience with high
performance buildings:
> deviations between design and as built;
> significantly lower seasonal efficiency of
boilers and heat pumps than predicted
and expected;
> problems with mechanical ventilation
systems, including draughts, noise,
faults and poor performance;
> poor workmanship on the installation of
solar thermal systems;
> different user behaviour in reality than
assumed in the calculations;
> use of control systems that are too
complicated for the users.
Some countries, e.g., Austria and
Germany, have good practical experience
with high performance houses. In those
countries, fewer failures at the
construction site are found, and houses
with a higher energy efficiency than that
required by national regulations have a
dominant share in the market of new
residential buildings.
Finally, the experience in The UK shows
that it is difficult to introduce NZEBs in
countries in which the average time which
people stay in a purchased home is about
seven years before a new home is bought
and the old one is sold. This makes
investment in energy efficient technologies
rather difficult, as they rarely pay back
within that short timespan.
There is often a significant difference
between the predicted (calculated)
energy performance of buildings and the
measured results. There are countries
with good practical experience with high
performance houses, where this type of
house already has a dominant share in
the market of new residential buildings.
In these countries, the differences
between the predicted and the actual
performance are smaller.
3.5.4 Public buildings as leading
examples
In Article 9, the EPBD sets earlier
implementation dates for NZEB for new
buildings occupied and owned by public
authorities. Public buildings shall be used as
leading examples for the process of moving
towards NZEB. There is already a variety of
high performance public buildings in several
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countries, some of which are presented in
the catalogue of selected examples of
NZEBs produced by the CA EPBD (see
footnote 3). Germany, the focus of a CA
EPBD study tour on this issue, uses
prominent buildings like the ‘Reichstag’
(the Federal Parliament building), several
ministry buildings, and community buildings
e.g., schools and kindergartens, as
lighthouses for the general development in
the building sector. School buildings can be
used as a special means of communication
with pupils and their families, and can thus
reach many different groups of the society.
This approach is also applied in several
other countries, such as Ireland, The UK,
Denmark, Italy and Norway. The national
approaches are supported by several EU
projects, e.g., the EU FP7 School of the
Future[6] and the IEE ZEMedS[7].
In Germany and Latvia, there are specific
research and funding programmes for new
and retrofitted community‐owned
buildings at NZEB level. There are several
communities in different countries (e.g.,
Denmark, Germany and Belgium‐Flemish
Region) that have implemented their own
energy decree, with energy performance
requirements that are further tightened
in comparison to national minimum
requirements. The requirements apply to
community buildings and buildings built
on community land. The German Federal
Government has committed to build its
own new buildings at NZEB level already
since 2012. An interesting measure is the
installation of an energy commissioner
responsible for the energy efficiency of
all federal buildings of Germany.

[6]
[7]
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ventilation systems with summer mode
(bypass of heat exchanger). Reversible heat
pumps are a common solution where
mechanical cooling is needed.
According to practical experience, the
following conclusions can be drawn:
> The use of shading and night ventilation
are the most important passive cooling
strategies.
> Thermal mass can only be used
effectively in climates with significant
differences between day and night
outdoor air temperatures.
Additional experience in warm climate
countries shows that ground‐coupled heat
exchangers for ventilation (earth cooling
tubes) work well in France, Portugal and
Greece and that insulation is effective in
warm climates, as it can reduce energy
needs for both heating and cooling.
The experience with high performance
buildings in France led to NZEB
requirements combining energy
performance and comfort by limiting the
primary energy use, the new bioclimatic
indicator (relating heating, cooling and
artificial lighting demand) and the indoor
temperature accounting for the intensity
of discomfort.
In countries with a warm climate, a
combination of NZEB requirements for
energy performance with specific comfort
criteria might be advisable. The essential
issue is to create indoor conditions that
allow occupants to feel comfortable
without air‐conditioning during warm
periods, or to reduce the cooling load
where cooling is still necessary.

The use of public buildings as leading
examples is already in place in several MSs.
Various instruments, e.g., financial
support for communities, specific research
programmes, tighter energy performance
requirements, etc., are in use.

3.6. National plans to increase
the number of NZEB

3.5.5 NZEBs in Southern Member
States
A key challenge for NZEB in Southern MSs is
to ensure the environmental comfort
without the use of significant energy for
cooling. The technologies most frequently
used to reduce the cooling energy demand
in the MSs are solar control features (e.g.,
mobile or fixed shading devices and
structures, including verandas), night
ventilation, ground‐coupled heat exchanger
for pre‐cooling of ventilation air, and

Article 9, paragraph 1 of the EPBD indicates
that “Member States shall draw up national
plans for increasing the number of nearly
zero‐energy buildings”. The article also
includes further information on what must
be included in the national plans, namely:
the detailed application in practice of the
NZEB definition (including a numerical
indicator of primary energy use expressed in
kWh/m2.year), intermediate targets (by
2015) and information on policies and
financial measures to increase the number
of NZEB.

EU FP7 demonstration project School of the Future (260102), available at www.schoolofthefuture.eu
IEE project ZEMeds (IEE/12/711), available at www.zemeds.eu
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In order to support MSs in this work, a
possible structure for the national plans
was developed. In general, there seem to
be two ways to structure the national
NZEB plans: either with the focus on the
content topics, as defined in the EPBD
Article 9, i.e., a report topic by topic, or
by concentrating on the building type
(new/existing/public/residential/
non‐residential).
The drafts of the national NZEB plans have
been discussed during this CA EPBD period.
Three key aspects of the national plans have
been specifically analysed by the CA EPBD:
> intermediate targets for improving the
energy performance for new buildings
by 2015;
> policies and financial or other measures
adopted for the promotion of NZEBs;
> national requirements and measures
concerning the use of energy from RES
in new and existing buildings.
The intermediate targets indentified were
not all planned for 2015, as stipulated in
the EPBD. Instead, MSs are developing
these targets over the whole period
between 2013 and 2019/21. Several
countries plan to set more than one
intermediate target between 2013 and
2019/21. However there are twelve
countries that foresee a tightening of the
energy performance requirements within
the year 2015, as shown in Figure 6. The
targets can be grouped into the following
headers (see Figure 7): envelope quality,
building service system efficiency, passive
house standard, net energy demand, final
energy demand, primary energy demand,
CO2 emissions, renewable energy sources,
earlier implementation of NZEBs and lower
building energy performance classes.
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The policies and financial or other
measures for the promotion of NZEBs,
including measures for using RES,
demonstrate a wide variety. They include:
> policies and requirements, e.g.,
requirements for integrating RES,
renovation roadmaps, including in the
context of Article 4 of the Directive
2012/27/EU (Energy Efficiency Directive
– EED), green deals, etc.;
> using the public sector as a frontrunner,
e.g., retrofit programmes for local
authority‐owned buildings, model
contracts for Energy Service Companies
(ESCOs), financial subsidies for RES
measures in public buildings, etc. For
example, Ireland’s National Energy
Efficiency Action Plan (NEEAP) and the
Energy End Use Efficiency and Energy
Service Plan include specified aims for
energy efficiency improvement (in GWh
of savings) by 2015 and 2020. In both
plans, the public autorities play an
exemplary role. They are only allowed
to buy or lease buildings rated at least
A3 from 2015 onwards, purchase energy
efficient equipment and vehicles (Triple
E register), display EPCs in buildings
over 500 m², and apply green tenders;
> financial incentives, e.g., loans with
reduced or 0% rates, tax credits, third
party financing, revolving funds, the use
of EU Structural and Investment Funds,
etc.;
> demonstration programmes and
buildings, e.g., exemplary NZEBs,
educational excursions, exhibitions of
energy saving technologies, etc. For
example, Germany runs several
demonstration programmes for new
buildings up to the level of plus energy
houses and energy efficient renovation
of existing buildings;
Figure 6:
Timing of planned
intermediate
targets for energy
performance
requirements in the
different MSs as
stated in the
national plans for
NZEBs, and the
deadline for NZEBs
in 2019/2021. The
black lines show
foreseen time spans
in which a
tightening of energy
performance
requirements is
planned in a
country.
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Figure 7: Type of planned intermediate targets for improving the
energy performance of new buildings in the different MSs as
contained in the national plans for NZEBs (not an exhaustive list).

> research work, e.g., virtual and real
energy research centres, data studies,
building material research, etc.;
> communication with and education of
various target groups, e.g., central
databases with information for the
public, information and training of
builders, communication campaigns,
energy agencies, etc. For example, an
interesting approach from Belgium
(Flemish region) is to position the NZEB
as a brand with practical guide on how
to build a NZEB, lists of NZEB
frontrunners (architects, energy
experts, construction companies,
installation companies, manufacturers
and banks), demonstration buildings, TV
programs and cheaper loans.

4. Main outcomes

By presenting specific interesting national
examples as best practices, inspiration
has been shared with all countries
participating in CA EPBD from 2010‐2015.
MSs have planned intermediate targets
towards NZEBs, not only for 2015 but
also over the whole period from 2013 to
2019/2021.
The CA EPBD activities supported the
MSs in developing their national plans
towards NZEBs by giving inspiration
through the presentation of interesting
examples for financial incentives and
demonstration programmes, as well as
communication and education, etc.
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5. Lessons learned and
recommendations
With many details in the national
applications of the Nearly Zero‐Energy
Buildings (NZEB) definition still under
development in a significant number of
Member States (MSs), the exchange of
information in the Concerted Action EPBD
(CA EPBD) has proven to be very helpful
for those responsible for the
implementation of the EPBD in MSs.
A major challenge is the convergence point
between the NZEB definition and the cost‐
optimal energy performance requirements.
Several major parameters cannot be easily
predicted over the next five years. These
parameters include future performance of
new technologies and existing technologies
that will be further improved in the coming
years, cost developments of technologies,
future primary energy factors (mainly for
electricity, as well as for district heating
and cooling), due to changes in the
infrastructure, cost developments of
energy carriers, labour and planning, as
well as boundaries like changing climate
and lifestyle. Therefore, NZEB levels will
perhaps need to be based on the updated
cost‐optimal calculations due by March
2018, at the latest.
The national applications of the NZEB
definition need to show a clear direction,
although the exact values might still have
to be adjusted by the MSs at a later stage,
when costs and the other influencing
factors become predictable with a higher
degree of certainty. However, a clear
indication of the tightening range (e.g.,
30‐50% better energy performance
compared to the current requirements) is
necessary for the building industry,
investors and planners to stimulate timely
technological innovations and
developments.
NZEB pilot and demonstration projects
have been realised in the MSs, along with
promotion and subsidy programmes to
support their early market
implementation. Despite the current
financial crisis in Europe, these kinds of

A N D

O U T C O M E S

A U G U S T

2 0 1 5

projects and programmes should be
continued and extended to all European
countries and to more types of buildings
(many MSs only have experience with one
or just a few building types). Experience
in some MSs shows that state investment
in financial incentive programmes is a
win‐win situation, because of the payback
from the increased number of jobs and
tax revenues.
Rehabilitating the existing building stock
into more energy efficient buildings
remains one of the main difficulties to be
overcome, even more so when the targets
are as high as they are with the NZEB. MSs
must improve their national plans for the
gradual tranformation of existing buildings
into NZEBs and their long‐term strategies
for mobilising investment in the
renovation of the national building stock,
and quicken the pace of implementation.
Initial experiences show that it may be
difficult to reach the same level of NZEB
minimum energy requirements for new
and renovated buildings with equivalent
timelines, because the cost‐efficiency is
different. The requirements regarding
primary energy use and renewable energy
contribution will also have to take into
account the resulting costs. A life cycle
assessment approach should be considered
for the future. This is in accordance with
the EPBD NZEB requirements for existing
buildings, which refer to the need for
continuous policy and financial support,
without target dates (contrary to the
NZEB provisions on new buildings).
A major focus should be on motivating
building owners to renovate buildings to
the NZEB level. Therefore, successful
examples without subsidies are needed,
while unsuccessful examples or negative
press articles are significant barriers that
have to be overcome. Roadmaps for
renovation in several steps might also be
helpful.
As stimulation instruments, tax reductions
have been suggested together with special
programmes for buildings under multi‐
ownership, pilot projects and a database
of successful examples.
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The sole responsibility for the content of this report lies with the authors. It does not
necessarily reflect the opinion of the European Union. Neither the EASME nor the
European Commission are responsible for any use that may be made of the information
contained therein.
The content of this report is included in the book “2016 – Implementing the Energy
Performance of Buildings Directive (EPBD) Featuring Country Reports”,
ISBN 978‐972‐8646‐32‐5, © ADENE 2015
More details on the IEE Programme can be found at
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