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1. General information
The Concerted Action EPBD (CA EPBD)
has the main objective of assisting the
EU Member States (MS) transpose and
implement the recast Directive
2010/31/EU on the Energy Performance
of Buildings (EPBD), published on 19
May 2010, as well as the continued
implementation of the actions initiated
with the initial EPBD, Directive
2002/91/EC, published on 16 December
2002. The CA EPBD brings together the
national authorities implementing this
legislation, and other bodies appointed
and entrusted by them to do so. It
fosters exchange of information and
experiences amongst representatives
designated by all 27 MS, plus Norway
and Croatia.
The CA EPBD is organised around 7 main
sets of topics, including one focussing on
the Energy Performance (EP)
requirements using the cost-optimal
methodology and its implementation, as
mentioned in the recats EPBD: “MS shall
calculate cost-optimal levels of minimum
energy performance requirements using
the new comparative methodology
framework and compare the results of
this calculation with the minimum energy
performance requirements in force.”
The CA EPBD has supported and will
continue to support the MS by
exchanging experiences in the path of
implementing a cost-optimal
methodology. Regulations, Guideline
documents and experiences by the MS
have been all analysed and discussed.

Through such information exchange, the
MS supported one another, as well as the
EU Commission, in the development and
implementation of the regulations and
their future revisions.
This report summarises the main
outcomes of the discussions on costoptimality in the period 2011-2012,
including conclusions and statistics about
national plans on specific issues.

2. Objectives
The recast EPBD obliges the MS to ensure
that minimum EP requirements are set
with a view to achieving cost-optimal
levels (art. 4). The MS must also take the
necessary measures to ensure that new
buildings, buildings undergoing a major
renovation, and replaced or retrofitted
building components that form part of the
building envelope, meet the requirements
set with a view to achieving cost-optimal
levels (art. 6 & 7).
The cost-optimal level is “the energy
performance level which leads to the
lowest cost during the estimated
economic lifecycle” (art. 2.14).
The MS must report on the comparison
between the minimum energy
performance requirements and the
calculated cost-optimal levels, using the
Comparative Methodology Framework
(art. 5.2, 5.3, 5.4 and Annex III) provided
by the EC.
The cost-optimal framework is not
intended for comparisons between MS,
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Figure 1: Definition of Cost-optimal range derived
from the costs of several variants. Source: Boermans,
Bettgenhäuser et al., 2011, Cost-optimal building performance
requirements - Calculation methodology for reporting on
national energy performance requirements on the basis of cost
optimality within the framework of the EPBD, ECEEE.
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3.1 Cost-optimal procedures

The relevant legal document providing the
framework is the Commission Delegated
Regulation (EU) No 244/2012 of 16
January 2012 (hereafter, ‘the
Regulation’). To help the MS, the
Regulation is accompanied by Guidelines
(2012/C 115/01) (hereafter, ‘the
Guidelines’) outlining how to apply the
framework for calculating the costoptimal performance level. The
Regulation is based on a CEN package of
standards. Moreover, the Commission
provides information on the estimated
long-term energy price developments to
be used in the calculations.
A proposal for the framework was adopted
by the European Commission on 16
January 2012, and the Council approved it
on 1 March 2012. The framework was
announced, and thus became legally
binding, on 21 March 2012; the Guidelines
were published on 19 April 2012.

but rather as a tool by which the MS can
determine if their regulations are too lax
compared to the economic optimum, and
by which the Commission can analyse
whether the building energy
requirements in a particular country
deviate too much (more than 15%) from
the cost-optimal levels calculated for
that same country.
The CA discussed questions relating to
articles 3-8 of the recast EPBD, as well as
to Annexes I and III. In the period 20102012, the work concentrated primarily on
the cost-optimal procedure.

3. Activities under 'Energy
performance requirements using
the cost-optimal methodology'
The following topics are presented in this
report:
> Cost-optimal procedures:
legal framework;
early experience on cost-optimality
calculations.
> Compliance checks for energy
requirements in new buildings.
> Requirements for existing buildings.
Some topics were also discussed within a
wider context in the CA EPBD. They are,
therefore, also described in their relevant
chapters from their perspective.

According to the Regulation, the MS must
submit to the Commission reports with
comparisons to their current national
requirements, at regular intervals of
maximum five years, with the first report
due by 21 March 2013, one year after the
adoption of the Regulation.
The comparative methodology framework
requires MS to:
> Define reference buildings that are
characteristic and representative of their
functionality and climate conditions. The
reference buildings must cover
residential and non-residential buildings,
both new and existing ones.
> Define the energy efficiency measures
that are assessed for the reference
buildings. These may be measures for
buildings as a whole, for building
elements, or for a combination of
building elements.
> Assess the final and primary energy
need of the reference buildings, as well
as that of the reference buildings with
their defined energy efficiency
measures applied.
> Calculate the costs (i.e., the net
present value) of the energy efficiency
measures during the expected economic
life cycle applied to the reference
buildings, taking into account
investment costs, maintenance and
operating costs, as well as earnings from
the energy produced.
The MS may decide whether the national
benchmark used as the final outcome of
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the cost-optimal calculations is the one
calculated with a macroeconomic
perspective (looking at the costs and
benefits of energy efficiency investments
for the society as a whole), or from a
strictly financial viewpoint (looking only
at the investment seen from an investor's
perspective). The MS must make the
calculations under both these
perspectives, and choose the perspective
on which they shall base their energy
performance requirements.
3.1.1. Recommendations from the CA
EPBD on the development of the legal
framework
As early as in December 2010, CA EPBD
started to discuss the possibilities and
challenges for the implementation of the
cost-optimal procedure as outlined in the
recast EPBD. The CA EPBD agreed that the
comparative framework could be a
powerful instrument to guide the MS to
improve their energy requirements, and
produced a first list of recommendations
sent to the EC about issues that needed to
be addressed in the process of finalising
the Regulation and the Guidelines. These
recommendations included the following:
> A too rigid comparison methodology can
have a negative effect on setting
national requirements, e.g. exposing
that a MS prescribed requirements that
are stricter than those calculated using
the cost-optimal methodology, even
though there may be well substantiated
reasons why a MS should impose stricter
requirements.
> Reference buildings must be as
representative as possible for the
national building typologies and historic
changes in building tradition. From the
experience of several countries, it
seems a satisfactory approach to have
experts define, in consultation with the
market, a number of not too
complicated reference buildings for
different user typologies. Based on
these buildings, sensitivity studies can
lead the way to cost-optimal levels.
> There is much statistical data for the
existing residential buildings, but the
amount of information available about
non-residential buildings is often very
scarce. The use of synthetic data could
be a solution for the definition of
reference buildings to these building
types.
> One of the major challenges will
probably be setting up reliable and upto-date cost databases, as well as
providing software tools, which can
produce a large number of variant
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calculations that can form the lower
edge of the cost curve.
> Generally, results show that switching
to a societal perspective calls for more
efficient buildings, though without
showing huge differences compared with
the private investor perspective.
3.1.2. Early experience on costoptimality calculations
The CA EPBD discussed the common
framework for a cost-optimal
methodology after its formal publication.
In December 2011, a team of researchers
from the Joint Research Centre (JRC)
presented to the CA EPBD the results from
their first test calculations using this
methodology.
The JRC test calculations included an
analysis to investigate the sensitivity
regarding cost-related functions (interest
rate, investment cost, running costs,
energy price development, VAT, cost of
environmental damage). Furthermore, the
analysis covered the calculation period,
energy conversion factors, incentives for
Renewable Energy Sources (RES) (only
photovoltaics -PV), and the discount rate.
Figure 2 shows the results of calculations
for 7 cases (bottom) using different
calculation periods, as well as the
variation in calculated primary energy
consumption for each case (top).
In the sensitivity analysis, shifting from
the financial to the societal perspective
had almost no impact on the point of costoptimality, while a large increase in the
energy prices resulted in a shift towards
the most energy-efficient set of energy
saving measures. However, the curve
shifted towards a straight line, and the
optimum was clearly not within the
selected range of energy saving measures.
In the case of extreme increase in energy
prices, the shape of the curve is
completely dominated by this one factor.
The main results of the first test runs can
be summarised as follows:
> Because of the complexity and nature of
the data, it is suggested to involve, in
the data preparation and the
calculations, only experts skilled in the
field of energy performance of
buildings.
> In order to be sure that the optimal
point/zone has been identified as a
minimum requirement, at least 10
variants per reference building should be
used. However, to obtain a clear curve,
more variants (20-30) are needed.
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Figure 2:
Test calculations
(financial
perspective) on a
new reference
building. At the
top are the
variations of the
calculated
primary energy
consumption for
7 cases. The plot
on the bottom
shows the results
from different
calculation
periods for each
case, with a
linear rather
than a curved
shape that fails
to clearly define
the optimum.

> The cost-optimal appears to be not only
a point, but an interval (a range of
values).
> The results for the financial and societal
perspectives do not show significant
differences in the cost-optimal range
but, in general, as expected, they show
that switching to a societal perspective
calls for more energy-efficient buildings.
> Changes in some input factors, namely,
the discount rate and the growth rate of
energy prices, have significant impact
on results.
> Changes in the primary energy factors
have a direct effect on the horizontal
position of the curve, thus directly
changing the recommended or
mandated primary energy level.

Early experiences show that the results of
applying the methodology depend strongly
on the selected reference buildings and
economic criteria, but sensitivity analysis
and early experience provide a good
insight into curve dynamics.
CA EPBD has discussed early experiences
from MS who had already applied a costoptimal calculation. Some MS that had
carried out a cost-optimality study on
their national energy regulations based on
an early draft of the Regulation, have
presented their early experiences and
results. The highlights and the main
conclusions from such studies are
described next.
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In the case of Spain, the example in
Figure 3 shows results from cost-optimal
calculations representing the Madrid
region (climatic Zone D3) for the winter
situation. In this case, where the
reference building is far away from the
cost-optimal level, the curve shows a nice
shape with a clear optimum. The
estimated additional cost for obtaining a
30% increase in the energy performance
for new buildings is about 10%.
Furthermore, the calculation exercise
showed that there is a different costoptimal level for each building typology
located in each individual climatic zone.
The situation will differ in the case of
cooling calculations, which are more
complicated to carry out. In Spain, and in
regions with similar climates, a
compromise must be sought between
heating and cooling savings in the search
for the optimum energy performance.
When analysing the existing building stock
in The Netherlands, there is a number of
challenges that need to be dealt with, but
the prime challenge is the diversity of the
existing building stock. This is one of the
reasons for establishing a large number
(184) of reference buildings in The
Netherlands. In an attempt to determine
the requirement levels for components in
existing Dutch buildings, the following
procedure was investigated:
> establish energy savings opportunities
for components and systems, based on
characteristics derived from reference
building models;
> determine possible case-scenarios for
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building components and technical
building systems for rehabilitation;
> analyse the cases (cost, benefit,
feasibility);
> check the consistency of the sets of
measures in buildings;
> formulate requirement levels for the
existing buildings.
Reference building models were used to
verify the assumptions made on the
building component level. For components
in the building’s thermal envelope and
with a specific user pattern, the energy
need per m is proportional to the Uvalue. The energy savings are proportional
to the change in the U-value. Reference
buildings are being used to determine the
energy use and savings for the buildings
technical installations, as well as the
costs (capacity related default values
were used for costs). Furthermore, a
number of reference buildings were used
to check the validity for packages
(combinations of thermal envelope and
technical systems improvements) of
energy saving measures (Figure 4).
In Germany, a sensitivity analysis was
carried out, and the results were plotted
in a radar chart (Figure 5) in order to
investigate which parameter influenced
the life cycle cost the most. Looking at
the averages, most parameters have equal
impact on the life cycle cost, but some
parameters, like the energy price and the
general price development, result in the
most significant variations in the cost
calculation results, in line with the
conclusions of the JRC study.
Figure 3: Early
experiences
(January 2012)
on costoptimality
calculations for
Madrid, Spain
region. Different
building model
configurations
will show
different
optimums (see
blue dots
following the
same shape as
the red line, but
above the red
line representing
the costoptimal).
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Figure 4:
Number of
referencebuilding models
defined in
MS/regions to
represent existing
buildings in the
analysis of costoptimal levels for
energy
performance
requirements
(Spring 2012).

Figure 5: Radar chart showing which parameters have
the largest impact on the life cycle cost in the German calculations.

In Slovenia more than 150 scenarios were
constructed based on combinations of
thermal envelope improvements (external
walls, roofs, floors and windows) and
different combinations of heating and
ventilation installations (Figure 6).
Comparing the cost-optimal calculations
with the current Slovenian EP
requirements for new buildings, it seemed
that the then existing current
requirements were beyond (i.e., more
demanding than) the cost-optimal point.
Calculations of the cost-optimal levels

were also conducted for 2 of the 4 building
types identified in the TABULA project;
namely, single-family houses and blocks of
flats. The introduction of subsidies has
changed the prioritised/optimal
technologies from condensing gas boiler to
ground/water heat pump. From the
analysis, it is evident that subsidies are
efficient and have a great impact on the
selection of the cost-optimal solutions. In
general, the lowest net present values are
found for good insulation levels (> 200
mm), low-e double glazing, natural
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Figure 6: Current requirements in Slovenia are more demanding
than the cost-optimal point for the test calculations.

ventilation and condensing gas
boilers/heat pumps (with solar collectors
being close competitors). Currently, a PV
net feed-in tariff is not allowed in
Slovenia, but if this changes, it will clearly
change the conditions and thus the results
of the cost-optimal calculations.

Figure 7: French investigations show that airtightness
complies fully with the requirements in buildings where
the quality management is in place, while only for 80% in
buildings without quality management.

It will be challenging to identify the
appropriate reference buildings in many
Member States, but a number of
solutions exists e.g., building typologies,
stock analysis, etc..
3.2 Compliance checks for energy
requirements in new buildings

With the increased EP requirements for
Nearly Zero-Energy Buildings (NZEB)
included in future national building
regulations, the compliance checking of
the performance of new buildings
becomes increasingly important. If
buildings do not meet the requirements, it
will be impossible to obtain costoptimality both for buildings and for
building components. One particular issue
that needs special attention is the
airtightness of the building envelope.
Without sufficient airtightness, the
building will not be able to meet the
strict requirements for NZEB buildings.

Moreover, leaky buildings will cause an
obstacle for cost-optimal solutions; e.g.,
for mechanical ventilation systems, the
overall efficiency will be influenced by
parallel air-flows through holes and
cracks. Figure 7 shows the importance of
quality management. All buildings with
quality management in place comply with
the requirements, while only 80% of the
buildings without quality management
comply with the requirements.
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In most MS, the check of energy
requirements is conducted by calculation.
However, in Sweden, the compliance check
philosophy in place is based on measured
energy use. During the design phase,
compliance is checked using the assetrating approach. After the building is taken
into use (after 2 years, in order to let
concrete dry and other functions to get
stabilised), compliance is checked using
the operational rating approach, together
with the Energy Performance Certificate
(EPC). The holistic approach underlying the
operational rating does thus include an
evaluation of the airtightness of the
building. The cost-optimal requirements in
Sweden must match both the calculated
and the measured energy use. It will be
interesting to follow the Swedish
experience on this holistic approach in the
years to come.
Compliance checks for energy
performance requirements in new
buildings are crucial for achieving costoptimal solutions towards Nearly ZeroEnergy Buildings.
3.3 Requirements for existing
buildings

There are different practical ways used by
MS to set EP requirements for existing
buildings and, among all MS, the whole
range can be found: building
requirements, component requirements
and a combination of the two. According
to the recast EPBD, both kinds of
requirements need to be set. There are
advantages and disadvantages attached to
each of the approaches. The approach
used in each MS depends on many factors,
including building tradition, national
building regulations and the capability of
checking compliance with the
requirements.
In the spring of 2012, a small survey
revealed that 2 MS/regions have solely
whole-building requirements, while 7
MS/regions rely solely on component
requirements. In 17 MS/regions, there is a
combination of component and wholebuilding requirements.
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A combination of whole-building and
component requirements can lead to
more energy savings.
The setting of requirements for
retrofitted and replaced building
components that form part of the building
envelope and have a significant impact on
the energy performance of the building is
mandatory. The primary advantages of
component requirements are that they
are easy to explain, confirm and enforce,
and they therefore offer the possibility for
increased user acceptance. On the other
hand, they are difficult to regulate
(indoor works are especially difficult or
even impossible to check), and they do
not lead to improvements of adjacent
areas or components. Moreover, without a
holistic approach, it is not easy to decide
which measure to implement first.
However, energy performance
improvements that are implemented in
combination with ordinary, planned
renovation works will require only a
marginal investment cost for the energy
savings, and thereby ensure better costeffectiveness.
The setting of requirements for existing
buildings that undergo a major renovation
is also an obligation of the recast EPBD.
Applying whole-building requirements, on
the other hand, makes it easy to set
ambitious EP requirements for major
renovations, change of use and
extensions, as well as to avoid costly
energy measures that only have a small
effect on the energy demand of the
building. However, there are no
requirements ensuring the use of energyefficient components for normal
maintenance or minor refurbishments,
and there is the risk that additional costs
due to requirements for the whole
building may be a hindrance in
implementing energy saving measures at
all.
In many cases, especially in the case of
minor refurbishments, it is a matter of
the owner and craftsmen to secure
compliance with the requirements.
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5. Lessons learned and
recommendations
Cost-optimal procedures
The Comparative Methodology Framework
is a powerful instrument to guide the
Member States (MS) in the process of
checking the level of their minimum
Energy Performance (EP) requirements,
and to greatly improve the energy
performance of the building stock.
However, it is important to understand
that a too rigid comparison methodology
can have a negative effect, by reducing
the freedom of the MS to set more
demanding requirements.
Early experiences of cost-optimal
calculations and analyses in various MS
show that the use of the cost-optimal
procedure provided awareness about the
importance of the economic criteria. It
seems that it is possible to obtain
different cost-optimal levels, depending
on the assumptions used in the
calculations. The initial results show that,
in some MS, the present requirements are
below cost-optimal levels, but others have
minimum requirements that are already
more demanding than the cost-optimal
level calculated by the EPBD regulation.
Results from calculations show that
switching to a societal perspective asks
for more efficient buildings, though with
only small differences when compared
with a private investor perspective.
Some MS (e.g., Estonia, the Flemish
region of Belgium, and Lithuania) found
that their current energy requirements
are too lax compared with their
calculated cost-optimal level. In Estonia,
the new cost-optimal minimum
requirements were tightened by 20-40%
and in some cases even up to 200%
compared with the current requirements.
Information from the individual MS about
the influence of the cost-optimal
calculations on the current requirements
is available in some of the country reports
in this book.
According to the Regulations, the MS
should define a minimum of 9 reference
buildings – one for new and two for
existing buildings, for respectively singlefamily, multi-family, and office buildings.
Ideally, the reference buildings are
defined based on the characteristics of
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the existing building stock. Among MS and
regions that have a reference model for
their existing building stock, the number
of reference building models differs
significantly.
The experience within the Concerted
Action (CA) on the Energy Performance of
Buildings Directive (EPBD) was
instrumental in informing the final
content of the Regulations, the costoptimal framework methodology and the
Guidelines before they were adopted. The
topic has been discussed in depth since
December 2010, and the practical
application of the Regulation was
discussed in detail during 2011-2012.
Compliance checks for energy
requirements in new buildings
With the increased EP requirements for
Nearly Zero-Energy Buildings (NZEB)
included in future national building
regulations, the compliance checking of
the performance of new buildings
becomes increasingly important. The
methodologies on compliance checks of EP
requirements used in MS differ depending
on the assessment method, i.e., use of
calculated or measured energy
consumption.
In addition to the whole building energy
performance, it is also relevant to talk
about the compliance check of the
performance of different components
such as ductwork airtightness and building
airtightness. Without sufficient
airtightness, the building will not be able
to meet the strict requirements for NZEB.
Moreover, leaky buildings will create
obstacles for cost-optimal solutions,
namely by disturbing the performance of
mechanical ventilation systems.
Requirements for existing buildings
There are advantages and disadvantages
associated with both the component and
the whole-building approach for setting EP
requirements for the existing building
stock. The approach used in the MS
depends on many factors, including the
building tradition, national building
regulations and the capability of checking
compliance with the requirements. A
combination of component and wholebuilding requirements is required by the
recast EPBD. This combination can ensure
the implementation of measures that can
save more energy.
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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 EACI 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 “Implementing the Energy
Performance of Buildings Directive (EPBD)”, ISBN 978-972-8646-28-8,
© ADENE 2013 (pages 37-46)
More details on the IEE Programme can be found at
ec.europa.eu/energy/intelligent
This individual report and the full book of national reports 2012 can be downloaded from
www.epbd-ca.eu and also from www.buildup.eu

