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1. Introduction
The Energy Performance of Buildings
Directive, (EPBD, Directive 2010/31/EU) and
particularly Article 4.1 recital 14, obliges
Member States (MSs) to “assure that
minimum energy performance requirements
for buildings or building units are set with a
view to achieving cost‐optimal levels”. MSs
shall also “take the necessary measures to
ensure that minimum energy performance
requirements are set for building elements
that form part of the building envelope and
that have a significant impact on the
energy performance of the building
envelope when they are replaced or
retrofitted, with a view to achieving cost‐
optimal levels”.
The cost‐optimal level is defined in Article
2.14 of the EPBD as “the energy
performance level which leads to the lowest
cost during the estimated economic
lifecycle” from two different perspectives:
financial (looking at the investment itself
at the building level) and macro economic
(looking at the costs and benefits of energy
efficiency for society as a whole).
The cost‐optimal levels must be calculated
following specific guidelines. Article 3 and
Annex I of the EPBD define the energy
performance calculation methodology.
Article 5 and Annex III set out how to
undertake comparative analysis between the
different options that results in the
definition of the cost‐optimal levels. Energy
performance must be calculated according
to a specific methodology, which must also
be developed by MSs in line with the
requirements set out in Annex I of the EPBD.

[1]

MSs must report on the comparison
between the minimum energy performance
requirements and calculated cost‐optimal
levels using the comparative methodology
framework provided in Articles 5.2, 5.3
and 5.4 and Annex III of the EPBD.
To support MSs in calculating the cost‐
optimal levels, the EU published
regulations for the comparative
methodology framework (Commission
Delegated Regulation, 244/2012) and
accompanying guidelines (2012/C 115/01)[1].
This report deals with questions relating to
Articles 3‐8 of the EPBD, as well as Annexes I
and III, i.e., it is not limited to issues related
to cost‐optimality, but also touches on
general issues related to procedures for
calculating a building’s energy performance.
It describes the main discussions and
conclusions reached by the Concerted Action
(CA) EPBD on these issues.

2. Objectives
In March 2012, the Commission published
the comparative methodology framework
for calculating cost‐optimal levels of
minimum energy performance
requirements for buildings and building
elements. The comparative methodology
framework was established in accordance
with Annex III of the EPBD and it
differentiates between new and existing
buildings and between different categories
of buildings. Furthermore, a document
guiding MSs on how to perform
the cost‐optimum calculations and
analyses was published in April 2012.

Both documents are available at the European Commission’s web site:
http://ec.europa.eu/energy/efficiency/buildings/buildings_en.htm
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MSs have calculated their cost‐optimal
levels of minimum energy performance
requirements using the comparative
methodology framework and relevant
parameters, such as climatic conditions
and the practical accessibility of energy
infrastructure, and compared the results
of this calculation to the minimum energy
performance requirements in force. If this
calculation demonstrated a deviation
from the requirements larger than 15%,
the MS should have taken action to modify
the requirements, or indicated a way to
make the requirements come within a 15%
deviation within a reasonable period of
time.
One of the primary objectives of the CA
EPBD’s work during 2010‐2015 has been to
facilitate exchange of experiences
between MSs and the EC on how to carry
out calculation of MSs’ cost‐optimal
energy performance levels. Additionally,
MSs were offered the opportunity to
discuss the reports required by the EC and
to suggest improvements to the
accompanying guidelines. Due to MS
calculation of the cost‐optimal levels, it
was possible to create an overview of the
potential impact on MS minimum energy
performance requirements.
The CEN has developed a number of
standards. Though these standards are
not directly implemented in every
national energy performance procedure,
most countries use CEN‐compatible
approaches. The package of CEN
standards relating to the EPBD are
undergoing revision during 2013‐2016, and
new versions of the Standards are
expected by 2016. MSs are following the
progress of this work, and there is close
collaboration between the CA EPBD and
the CEN. In particular, the CA EPBD has
provided the CEN with input towards
preparation of the revised set of
standards. A Liaison Committee was
established with the objective of making
MSs’ needs regarding the usability of the
Standards explicit, in order to contribute
to the effectiveness of the standards from
the MSs’ perspective. The Liaison
Committee acts as a liaison between the
CEN and the EPB Committee (formerly
Energy Demand Management Committee
‐EDMC, representing the MSs) during the
development of the revised EPBD‐CEN
standards, and interacts with the
European Commission and the CA EPBD to
mutually benefit from the knowledge and
experience available. Collaboration
between MSs and the CEN is ongoing.
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The introduction of Nearly Zero‐Energy
Buildings (NZEB) will require an increased
focus on calculation procedures and on
which renewable energy sources (RES) are
to be included in future NZEB
requirements at a national level.
Methodologies for calculating NZEB energy
performance and inclusion of RES in the
calculations have been investigated and
are also discussed in the report “Towards
2020: Nearly zero‐energy buildings”
available from www.epbd‐ca.eu. The
Commission Delegated Regulation (No.
244/2012) states that the calculation of
costs for establishing NZEBs should be
included as a variant in the MS calculation
exercise to identify the cost‐optimal
levels for new and possibly also for
existing buildings.
With the increased energy performance
requirements of NZEBs included in future
national building regulations, compliance
checking of new buildings’ performance
becomes increasingly important. The
significance of quality control in the
entire building process (from design,
through construction to the final building
stages) is a topic that has been discussed,
but will require further attention.

3. Analysis of insights
Since the publication of the EPBD Directive
2010/31/EU, MSs have performed their
own national calculations of cost‐optimal
energy performance levels for new and
existing buildings. Therefore, the focus of
discussions within the CA EPBD has been on
exchange of experiences regarding the
calculations, the identification of
reference buildings and energy saving
measures, the interpretation of the rules
and guidelines provided by the EC, and the
implications on national energy
performance requirements.
The following topics are presented in this
section:
> energy performance calculation
procedures;
> calculating cost‐optimal energy
performance levels;
> energy performance requirements for
new and existing buildings.
Some of these topics were also discussed
within a wider context in the CA EPBD and
therefore are also addressed from
different perspectives in other reports
available from www.epbd‐ca.eu.
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3.1. Energy performance
calculation procedures
Energy performance methodologies have
mostly been dealt with before the
Directive 2010/31/EU, therefore only
special topics that have been discussed
after 2010 are described in this section.
For information about topics previously
discussed, information is available
online[2].
3.1.1 Handling exceptions and
innovative systems
Innovative and not‐commonly‐known
systems and materials, e.g., in preparation
for constructing NZEBs, cannot always be
handled directly by the national energy
performance calculation tools. A survey
among MSs showed that there are three
fundamentally different ways of handling
exceptions and innovative systems in the
MS energy performance calculations:
1. The performance of the innovative
component or system may be evaluated
with a separate (unofficial, but
validated) tool. The results from this
unofficial evaluation would then create
input for the official tool(s) to give the
same effect as calculated by the
separate tool used for evaluating the
performance of the innovative
component/system. An example of this
approach is the calculation of
preheating of ventilation air in
underground ducts using a separate
software. The calculated input is then
dealt with as increased heat recovery
efficiency in the official calculation
tool, resulting in the same annual
improvement of energy performance as
calculated by the separate tool. This
method can be more or less formalised
through its general acceptance and the
implementation of verification
requirements. Among the advantages
are: the method is quick and flexible;
comparison between different tools is
possible; the user can use specialist
tools when appropriate. On the
disadvantages side are: problems with
result verification; results may depend
on selected input data based on
unreliable (user‐dependant) methods;
lack of compatibility of results; unclear
legal aspect; CEN standards are not
available for all innovative
technologies.

[2]
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2. No single calculation tool is prescribed,
and it is thus possible to find a wide
variety (ranging from ordinary, quasi‐
stationary monthly methods to
advanced dynamic simulations) among
those accredited tools that are capable
of calculating or simulating
advanced/innovative technology or
material. The advantages of this
method are: it is flexible as any
appropriate tool may be used; it will
boost competition in the market.
Among the disadvantages are: different
tools will give different results thereby
giving the possibility to use the tool
that gives the most favourable results;
it is necessary to create additional
quality control for results from various
tools. The disadvantages are considered
so serious that this alternative is not
recommended.
3. Advanced or innovative technologies
can be used only after calculation
routines have been implemented in the
official calculation tool(s). The
manufacturers need to provide the
necessary information for evaluating
and implementing the requested
methodology. The main advantages of
this method are: it provides a wide
market introduction for new
technologies; it is legally acceptable;
the quality of the information is
uniform and coherent. The main
disadvantages are: implementation is
slow and expensive; it is costly for the
authorities; it increases the complexity
of the tool; it may exclude small,
innovative market players. With this
approach, it is suggested that groups of
manufacturers in a MS jointly pay for
testing and development as well as
validation, which will produce an
acceptable procedure (which may,
however, require independent
development).
The best solution would be a combination
of the different approaches. The method
chosen and the way different methods are
combined depend to a high degree on the
legal framework of each MS. Using a
combined approach allows for the optimal
solution in any context and offers
increased flexibility. An example of a
combined methodology would be: when a
MS, which is normally using method one or
three, in case the calculations need to
account for an innovative system, allows
the use of alternative calculation tools.

See www.epbdca.eu/outcomes/CA_Annex_4_Procedures.pdf
and www.epbdca.eu/outcomes/CT_Reports_14042011/CT4_Procedures.pdf
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The use of the alternative tool should,
however, only be allowed after
application and proper validation of the
tool and models used.
It will be increasingly important to enable
inclusion of innovative systems and
materials in energy performance
calculations as requirements approach
NZEB levels.
3.1.2 Introduction of renewable
energy sources in the energy
performance calculations
MSs have different approaches on how to
handle RES in their energy performance
calculations and legislation. Electricity
production from photovoltaics (PV) is
generally accepted in most MSs, but there
are differences in how the electricity is
accounted for in the national calculation
procedures. A few MSs allow for an annual
balancing of the electricity production,
while the rest of the MSs balance the
electricity production on a monthly basis –
primarily due to the overall balancing
period of the national calculation tools,
which in most cases is monthly (Figure 1).
More or less the same differences and
approaches apply for RES‐based heating
and cooling production.
Figure 1: Balancing period for electricity production
from RES for selected MSs.
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Beyond considering different RES sources
when calculating buildings’ energy
performance, another issue is the primary
energy‐weighting factor used in the
calculation of the RES contribution and
the amount of RES energy that can be
subtracted from the calculated energy
performance. The primary energy factors
for different types of RES vary among MSs
(Figure 2). The primary energy factor for
biomass varies between 0 and 1.08. This
diversity reflects different political ways
of looking at biomass, beyond pure
combustion chemistry. A primary energy
factor of 0 reflects 100% clean fuel, while
1.08 may indicate that biomass is a scarce
resource and not always possible to
replace. In the first case, almost no
energy saving measures will be profitable
in case of a major renovation. The same
variation in calculations is found for other
heat sources, e.g., district heating that
varies between 0 and 1.52.
From a sample of twenty MSs that
provided detailed information on this
issue, seventeen MSs allow inclusion of
electricity from PV, while twelve allow
electricity from local wind‐turbines and
combined heat and power (CHP) to be
included in the calculated energy
performance of buildings. Nine of these
twenty MSs also allow the inclusion of
electricity from hydropower.
Production of heat from RES is, like the
production of electricity, also accounted
for differently in different MSs. Here the
diversity in possible sources of heat
production is much more significant than
for the production of electricity, and
methods of handling these different
sources vary significantly.
For instance, passive cooling is taken into
account in most MSs’ national calculation
tools, while active cooling technologies
based on RES are in most cases not
addressed, or handled indirectly in the
national tool for calculating buildings’
energy performance.

Figure 2:
Primary energy
factors for electricity,
biomass, and district
heating (average for
selected MSs).
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One way for MSs to increase the share of
RES in a building is to offer subsidies to
building owners for setting up systems
for RES production. From inquiries sent
to selected MSs, it seems that the most
subsidised RES systems for electricity
generation are PV and on‐site wind
turbines. The most subsidised RES
systems for heating are solar thermal‐
and heat pump‐based systems. For RES‐
based solar cooling, only one MS has a
subsidy scheme and other RES‐based
cooling production methods are only
subsidised in a few MSs. In some MSs, the
possibility of obtaining subsidy for RES‐
based systems depends on the
circumstances: either a local utility
company offers subsidies for their local
customers, or subsidies only apply if
certain conditions are fulfilled, e.g.,
replacement of an old oil burner with a
ground coupled heat pump.
Since the implementation of NZEBs must
become the norm by 2018‐2020, there is
an ever‐increasing need for MSs to clarify
their understanding of NZEBs. It is not
possible to compare NZEB requirements
for MSs that already have an established
definition, due to variations in climate
and in the way requirements are set up,
but there are significant variations in the
understanding of NZEB among MSs. This
topic needs close monitoring in the
future, and further information can be
found in the report “Towards 2020: Nearly
Zero‐Energy Buildings” available from
www.epbd‐ca.eu.
It is important for MSs to ensure that
unrealistic low primary energy factors do
not hinder deployment of NZEB efforts
and effective energy saving measures in
existing buildings.
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3.1.3 Estimating realistic energy
savings in Energy Performance
Certificates
Given the fact that most MSs use fixed or
other kinds of default values as boundary
conditions for input data for energy
performance calculations (Figure 3), it is
not surprising that calculated energy
performance normally differs from
measured energy consumption.
Consequently, the calculated energy
savings due to energy upgrades suggested
in the Energy Performance Certificate
(EPC) will also deviate from the energy
savings actually achieved. On the other
hand, the aim of the EPC is not to
calculate real energy consumption and
hence energy savings but, rather, to
compare building energy performance
under a standard pattern of use.
Adjusting input boundary conditions to
actual values may result in realistic (in
comparison with measured energy
consumption) calculations of energy
demands. This is also the case for the
simpler, quasi‐stationary calculation tools
using monthly average values.
The optimal solution for creating EPCs and
calculating realistic energy savings is
achieved by carrying out three
calculations: one calculation using default
values to calculate the label itself and
then one with actual input parameters for
calculating energy performance both
before and after implementing energy
saving measures. This suggestion however,
is not required in any MS. Additionally,
actual values may be difficult to identify,
so it is necessary to make adjustments for
reality. Even if actual values are available,
there are still issues that cause calculated
energy savings to differ from the savings

Figure 3: Type of input parameters used in MSs for internal loads in energy performance calculations.
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achieved: the ‘prebound’ effect, i.e.,
before refurbishment, users of buildings
with poor energy efficiency are using less
energy than predicted, and the ‘rebound’
effect, where users of energy‐refurbished
buildings use more energy[3] than
predicted; therefore the amount of energy
saved is lower than expected.
There is no doubt that this issue will
continue to be a central part of MSs’
discussions on achieved energy savings
and on how the EPC can be used as a tool
to promote and assess energy savings. The
EPC as a tool for building benchmarking,
independent of user behaviour, is
undoubtedly very valuable. This is
comparable to car energy labelling,
where although no‐one expects to be able
to obtain the same degree of economy as
stated by the manufacturer, it is
generally agreed that the relative
comparison between two cars is reliable.
EPCs should continue to act as a
benchmarking tool for buildings that is
independent of user behaviour. It may
however be supplemented by additional
calculations for realistic energy
consumption and hence savings valid for
the actual building and its use, e.g., use
of realistic indoor temperature,
ventilation rate, hot water consumption,
pattern of use of heating systems in
moderate southern EU climates, etc.
3.1.4 Buildings as providers of
demand side flexibility
A collaboration between the three
Concerted Actions (i.e., the CA on the
Renewable Energy Sources Directive, the
CA on the Energy Efficienty Directive and
the CA on the Energy Performance of
Buildings Directive) has been established
to investigate the possible promotion
within the three Directives of Demand
Side Flexibility (DSF), i.e., flexible use of
electricity by customers based on price
signals.
DSF has the potential to contribute to an
affordable, reliable and sustainable
electricity system. DSF is considered to
have many and significant potential
benefits as it increases the flexibility of the
electricity system. The existing electricity
system already includes a high degree of
flexibility provided mostly by stand‐by
power plants and a few large customers.
The increase of intermittent (renewable)
generation will result in a greater need
[3]
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for flexibility. However, DSF is not
expected to deliver this flexibility alone:
storage, fuel shift technologies, more
interconnection between MSs and optimal
functioning of the EU internal energy
market will all contribute to meeting the
need for flexibility.
Buildings conditioned by a heat pump or by
direct electric heating, especially NZEBs
with large inertia and, thus, with a long
time constant, will be able to offer induced
or postponed use of electricity especially in
periods with fluctuating electricity
production from renewable energy. In this
way, the building can use extra electricity in
periods with abundance and help reducing
the peak‐demand by postponing demand in
periods with shortage. A building’s thermal
mass and its built‐in potential water storage
can provide flexibility by shifting the
temperature setpoint within the acceptable
comfort range (or even more in hours
outside use) and thus allow for acceleration
or delay of energy demand. In case of
overheating or undercooling a building in
periods of abundant RES‐based electricity,
the building’s overall energy consumption
will increase, while overall CO2 emissions
may well decrease. If DSF is going to be
included in MS building energy requirements
in the future, there is thus a clear need for
new regulation and calculation procedures,
both taking into account the value of
flexibility for the electricity grid.
There is little doubt that DSF in general
will draw increased interest in balancing
the growing production of electricity from
RES and hence the fluctuating production
that is sometimes out of phase with
traditional electricity demand. This will
call upon buildings to become active
players and provide their share of DSF in
the future by induced use of green
electricity at periods with abundance and
deferred use in periods with shortage of
green electricity.
It is not always possible to directly
address innovative and uncommon
systems and materials in the national
most energy performance calculation
tools, e.g., in preparation for
constructing NZEBs. Three
fundamentally different ways of
handling exceptions and innovative
systems were identified.
There is a large diversity among MSs
regarding inclusion of RES in national
definitions and requirements. In some

Minna SunikkaBlanka & Ray Galvina (2012). Introducing the prebound effect: the gap between performance and actual
energy consumption. Building Research & Information. Volume 40, Issue 3, 2012.
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cases, RES contributions are calculated
with a primary energy factor of 0,
making almost no energy saving
measures cost effective.
Standard calculations, as carried out in
the EPC, are the best tool for
benchmarking buildings without
influence of the users. Estimates of
realistic energy savings require
additional calculations, taking into
account user behaviour.

3.2 Calculating costoptimal
energy performance levels
The EPBD requires MSs to report on the
comparison between their legal minimum
energy performance requirements and
calculated cost‐optimal levels using the
comparative methodology framework.
The Comparative Methodology Framework
is accompanied by Guidelines from the
Commission to enable the MSs to:
> Establish at least nine reference
buildings – one for new buildings and
two for existing buildings subject to
major renovation, for single‐family,
multi‐family, and office buildings
respectively. In addition to office
buildings, MSs must establish reference
buildings for other non‐residential
building types for which energy
performance requirements exist, e.g.,
educational buildings, hospitals, hotels
and restaurants, sports facilities,
wholesale and retail trade services
buildings, and other types of energy‐
consuming buildings. Several building
types can be represented by the same
reference building type, e.g., hotels
and prisons, or offices and universities,
if appropriate.
> Define packages of energy efficiency
measures to be applied to these
reference buildings.
> Assess the primary and final energy
needs of the reference buildings and
the impact of the applied improvement
measures.
> Calculate the life cycle cost of the
building after energy efficiency
measures are implemented, by applying
the principles outlined in the
comparative methodology framework.
The Guidelines give reasonable
recommendations on how to carry out
calculations of the cost‐optimal levels and
provide an overview of the input
parameters and results. However, some
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MSs have decided not to use the tables
suggested in the Guidelines, but rather
adapt the data to the format used in their
own national calculation tool in order to
make reporting more targeted to their
needs.
The use of only one reference building per
building type does not cover the wide
differences in the real building stock.
According to experience from test runs,
3‐4 reference buildings for each building
type would be necessary in order to get a
representative picture of the building stock
diversity. When analysing the existing
building stock, it is possible to identify a
large number of different building types
due to differences in construction and use.
Based on this, some MSs have defined up to
184 (in the case of The Netherlands)
different reference buildings to describe
their building stock, while other MSs simply
used the minimum number (nine) as
described in the Guidelines.
For any reference building, a number of
variations on packages of energy saving
measures must be calculated in order to
identify the cost‐optimal level. There is a
large diversity in the number of
calculations carried out in different MSs.
The Flemish region of Belgium, for
example, used random variations of
energy saving measures and calculated
more than 100,000 combinations for each
reference building. Other MSs have
carefully selected, among logical
packages, the variation of energy saving
measures to calculate, and have thus
limited the number of calculations
significantly.
The methodology for calculating cost‐
optimal levels seems to work well, as it
delivers interesting results and the effort
needed to make the calculations is
manageable. Calculation of numerous
variants of energy‐saving measures or
packages of measures is necessary in order
to obtain accurate cost‐optimum values. A
minimum of ten variants per reference
building must be calculated in order to
identify the cost‐optimal level, but
somewhere between twenty and fourty
variants seems to be the ideal number in
order to more clearly identify the cost‐
optimal level. Even so, many of the
calculated cost curves are quite flat (i.e.,
they show little difference in energy
performance compared to investment
levels) and, in many instances, no
individual, clear optimal point could be
identified. This means that many MSs find
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a cost‐optimal range of measures by
combining the building envelope and the
technical systems rather than an
individual optimal point. The cost‐optimal
level is often defined at the lower end of
the range to ensure the lowest possible
energy consumption within the optimal
range of costs (Figure 4).
Most MSs (27) have submitted[4] their
calculation of their cost‐optimal levels.
Lessons learned from the cost‐optimal
calculations vary significantly among MSs.
Exchange of experiences and information
during CA EPBD discussions (see box on the
right) have been of great value for the
development of the current Guidelines, and
potential further advice provided by the
Commission.
Implications of cost‐optimality
calculations on national energy
performance requirements
Examples from selected MS calculations of
the cost‐optimal levels for new and
existing buildings are given next in order
to illustrate the huge variety among MSs
in setting requirements that are within
the acceptable range of 15% from the
calculated cost‐optimal level.

Figure 4:
Example graph
showing the cost
optimal range of
different packages
of energy saving
measures.

In Slovakia, the 2013 minimum energy
performance requirement for blocks of flats
was 126 kWh/m².year. Due to the results of
the calculation of the cost‐optimal levels,
these requirements will be tightened to
63 kWh/m².year in 2016. The NZEB
requirement, which will be the minimum
requirement by 2019 (for public buildings)
and by 2021 (for all buildings) is estimated
to be 32 kWh/m².year (see Figure 5).
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Lessons learned relating mainly to the
calculation process
> The input from experts with experience
in this kind of calculation (e.g.,
development of scenarios for reference
buildings) is essential to support
legislative changes, and in particular to
address real complexities rather than
just presenting academic exercises for
simple example buildings. This would
result in more widely applicable
Guidelines and better results.
> Minimum energy performance
requirements are usually set at the
national level and do not take into
account the possibilities for RES at the
regional, local, district or site level.
Therefore, the cost‐optimal level is
often a compromise, using only those
technologies that can be used in all
localities. As a result, some real cost‐
optimal packages with RES may be
missed. More flexible minimum
requirements with a focus on local
conditions should be recommended to
trigger the use of RES depending on the
specific local conditions, e.g., a local
source for small‐scale hydropower.
> Cost‐optimal levels derived from non‐
renewable primary energy might not
always be cost‐optimal for individual
users because they are based on
analyses of reference buildings rather
than a specific building, as required by
the EPBD. Decisions on energy saving
measures for the building owner might
need technical‐economic analyses that
are adjusted to the actual building.
Wish list for additional advice
> Provide further guidance on choosing the
type and characteristics of reference
buildings.
> Provide further clarification of economic
scenarios.
> Improve description of how to establish
typologies for new residential buildings.
> Define standard forms for reporting on
energy management systems.
> Define common variants of packages for
energy efficiency.
> Extend the calculation period to 60 years
to reflect the typical economic life of
buildings. In particular, the 30‐year
period does not fully account for the
benefit of installing longer‐lasting fabric
improvements.

[4]

http://ec.europa.eu/energy/en/topics/energyefficiency/buildings
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In the Flemish region of Belgium, the
cost‐optimal level for residential and non‐
residential buildings was calculated in the
spring of 2013. In Flanders, the primary
energy use (kWh/m².year) is not an
indicator used for checking compliance
with Flemish building regulations.
Instead, the so‐called E‐level (primary
energy consumption divided by a
reference value) is used. The results
(Table 1) indicate that the cost‐optimal
level for residential buildings with PV is
E50, which should be compared with the
2014 requirement of E60. For offices and
schools, the cost‐optimal level without PV
is E57, which is close to what is already
defined in the 2014 Flemish building
regulations. Since the E57 level is close to
the 2014 requirement, further steps are
planned in order to gradually reach NZEB
levels by 2021 (and E55 by 2016).
In the expected 2021 Flemish building
regulations, the E‐level requirements will
be E30 for residential buildings, and E40
for offices and schools. These more
demanding levels represent the expected
future cost‐effective levels.
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Table 2 summarises the Danish cost‐
optimal levels in comparison with the
energy requirements for new buildings in
the 2010 Danish building regulations
(BR10). Analyses are based on a financial
perspective (i.e., effects on the whole
building stock). The gap between the
BR10 energy regulations and the
cost‐optimal levels is shown as a
percentage of the cost‐optimal level of
requirements in kWh/m².year primary
energy, inclusive of renewables.
A negative gap indicates that the
requirements in the Danish BR10 are
tighter than the cost‐optimal level.
The BR10 includes the 2010‐2015
minimum energy performance
requirements in Denmark. Two voluntary
classes, LEB2015 (Low Energy class 2015)
Figure 5: Calculation of costs and primary energy use in block of flats
with indication of the current requirements level, the requirement
level from 2016 and the 2020 level (NZEB) for different heating
sources (example from Slovakia). Conversion factors for primary
energy used in the calculations are biomass: 0.2; natural gas: 1.36;
CHP district heating: 0.7. The blue curve (a) represents heat pumps
and biomass solutions while the red curve (b) represents heat
sources that are feasible for all locations.

In order to find the cost‐optimal point,
different packages of energy‐saving
measures were chosen, reflecting the
interaction between various measures.
Generation of random combinations of
measures is believed to help identify a
more accurate optimum. These randomly
generated combinations also included
improbable and clearly non‐optimal
packages. Although those were excluded
from the calculations, the number of
packages calculated per reference
building was still more than 100,000.

Table 1:
Comparison of
energy
performance levels
for new and
existing buildings in
Flanders, Belgium.
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and B2020 (Building class 2020) are both
already defined in the BR10 as prospects
for minimum requirements for 2015 and
2020 respectively. Only the relevant heat
supply sources in relation to Danish heat
plans are included in the calculations.
In relation to the new housing examples,
the present minimum energy requirements
in the BR10 all show gaps that are
negative, with a deviation from the cost‐
optimal point of up to 16%. With the
planned tightening of the requirements for
new houses in 2015 and again in 2020, the
energy requirements can be expected to
be tighter than the cost‐optimal point in
the current price structure. However, it
must be expected that the costs for the
necessary improvements and for new
technologies will decrease, and hence
future requirements and cost‐optimal
points will eventually converge.
In relation to new office buildings, there
is a gap of 31% between cost‐optimality
and the 2010 requirement. In relation to
the 2015 and 2020 requirements, there
are negative gaps to the point of cost‐
optimality based on 2014 prices.
If the gaps for all new buildings are
weighted on an average, based on a mix
of building types and heat supply for new
buildings, in Denmark, there is a gap of
3% on average for new buildings, in the
current regulations (BR10). The planned
tightening of the energy performance
requirements in 2015 and 2020, using
today's prices, is 34% and 49% more strict
than the cost‐optimal levels.
Many MSs have noted that one or more
building types had more lax minimum
energy performance requirements than
the calculated cost‐optimal levels
(resulting in more than 15% difference
between the two). In many cases, the
identified gap has already been addressed
by changing the national legislations, or
will soon result in new, tighter national

LEVELS



AUGUST

2015

minimum energy performance
requirements. A survey showed that nine
countries saw a tightening of 11% to 25%
on the energy performance requirement
between 2011 and 2014.
In most cases, the curve defining the
calculated cost‐optimal level is almost
horizontal over a range of equally cost‐
optimal combinations of energy saving
measures around the cost‐optimal level.
This means that there is little additional
investment required to obtain additional
energy savings if the building is within the
cost‐optimal range. Many MSs have thus
decided to define their cost‐optimal level
at the lower end of the range to ensure
the lowest possible energy consumption
within the optimal cost range.
Most MSs have experienced that one or
more building types have more lax energy
performance requirements than the
calculated cost‐optimal levels (with more
than 15% difference between the two).

3.3 Energy performance
requirements for new and
existing buildings
MSs deal with setting energy performance
requirements for new and existing
buildings in different ways.
Especially for existing buildings subject to
major renovations, the diversity is
immense. Some MSs set requirements only
for those individual building components
that are being renovated or replaced,
while other MSs set requirements for the
whole building.
Setting requirements for new buildings
also differs among MSs, not only in terms
of energy performance levels, but also in
terms of other properties in the building
envelope. For example, there are
substantial differences in the units of
measure used by MSs (kWh/m2,

Table 2: Cost optimal requirements for new buildings in the Danish Building
Regulations 2010. For the different building types and heat supply, the table shows the
cost optimum in kWh/m2.year primary energy and the percentual gap between the
costoptimal level and the 20102015 requirements

ENERGY

PERFORMANCE

REQUIREMENTS

comparison with reference building,
kg CO2/m2). There are also differences
among the properties of the building
envelope. For example, infiltration is
handled very differently by MSs (e.g.,
compulsory tests versus quality
certification programmes). On the other
hand, most MSs tend to set limits on U‐
values. There are also very different ways
of checking compliance. For example,
Sweden set requirements that are verified
through comparison with the measured
energy consumption two years after
taking the building into use. Designers
thus need to establish a margin that can
absorb the variations caused by user
behaviour and different climates.
Compliance checking and setting
requirements for new and existing
buildings has been one of the focus areas
during 2010‐2015. Additionally, setting
requirements for technical building
systems has also been discussed.
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3.3.1 Energy performance
requirements for renovation of
existing buildings
The two main methods for setting
requirements for existing buildings
subject to major renovation both have
advantages and disadvantages (Table 3).
The main advantages of component
requirements are that they are easy to
explain, confirm and enforce, and
therefore they offer the possibility for
increased user acceptance. On the other
hand, this method is difficult to regulate
(especially indoor works are difficult or
impossible to check) and does not lead to
improvements of adjacent areas or
components. Moreover, it is not easy to
decide which measure to implement first
without a holistic approach.
Applying whole‐building requirements
makes it easy to set ambitious energy
Table 3:
Pros and cons for
the different
approaches for
setting energy
performance
requirements to
existing buildings
subject to (major)
renovation.
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requirements for major renovations,
change of use and extensions, and to
avoid costly energy measures, which may
only have a small effect on the energy
demand of the building. However, there
are no requirements ensuring the use of
energy‐efficient components for normal
maintenance or minor refurbishments,
and there is a risk that additional costs
due to requirements for the whole
building may be a hinderance for
implementing energy‐saving measures at
all. Moreover, in many cases, especially in
the case of refurbishment of small
buildings, the owner and craftsmen are
the only players involved and there is no
architect nor engineer to encourage (or
design and calculate) a holistic approach.
A combination of whole‐building and
component requirements makes it easier
to tighten the requirements, as there are
possible alternative solutions that can
meet the overall requirement. However,
this approach also implies the negative
points for each of the individual paths.
Only two MSs/regions have only whole‐
building requirements in force, while seven
MSs/regions rely solely on component
requirements. The other MSs/regions
require a combination of component and
whole‐building requirements (Figure 6).
Some MSs, even some of those MSs with
combined requirements, have suggested
that setting requirements for building
components that are being replaced or
renovated is sufficient to ensure an
optimal energy performance of the
renovated building. In an earlier study[5], it
has even been suggested that “compliance
with whole‐building energy performance
requirements may hinder major
renovations if the procedure for meeting
the regulations is too complicated or too
costly”. It seems that a combination of
whole building and component
requirements is the optimal solution to
ensure a holistic approach for energy
savings in the building stock in general.
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3.3.2 Requirements for
technical building systems in
new and existing buildings
The EPBD uses the term technical building
system (TBS) in the recitals and Articles 1,
2, 8 and 11. Article 8 calls for minimum
standards for energy performance,
installation, dimensioning, adjustment
and control. These standards are
obligatory in existing buildings, and they
refer to system performance rather than
product performance or whole building
performance.
Most MSs have TBS performance
regulations of some kind in place and
about two‐thirds report having the same
requirements for TBS for new and
existing buildings. The EPBD does not
require that MSs set regulations for TBS
in new buildings, though most MSs apply
TBS regulations to new, as well as
existing buildings. In most cases, there
are no requirements for carrying out a
whole building energy performance
calculation to prove compliance, as
minimum TBS requirements are
considered sufficient.
When TBSs are being installed in new
buildings, regulations might require design
calculations to be carried out so that
system energy performance can be
evaluated. However, in existing buildings,
the original design information for TBSs
will not usually be available, nor will
building data (in the form of dimensions,
heat loss, etc.). So, in the context of
system replacement in existing buildings,
it may be too difficult and time‐
consuming to carry out a rigorous system
design and performance evaluation. TBS
requirements are thus often limited to
performance requirements for each
individual component.
More detailed information about TBS
regulations is found in the report on
“Inspections”, available from
www.epbd‐ca.eu.

Figure 6:
Number of MSs that
set requirements
for existing
buildings subject to
major renovation
as wholebuilding
or component
requirements.

[5]

Thomsen et al (2009). Thresholds related to renovation of buildings  EPBD definitions and rules. SBi 2009:02. Danish
Building Research Institute, Aalborg University.
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3.3.3 Checking and enforcing
compliance for new buildings
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Figure 7:
Most countries check compliance with the requirements for new
buildings on more than one occasion.

MSs have different approaches to
demonstrating compliance with energy
performance requirements, and some have
adapted their regulations to implement
Article 27 of the EPBD on penalties.
With the progressive increase of the
energy performance requirements
included in national regulations, the issue
of checking compliance of energy
performance of new buildings becomes
increasingly important. An effective
compliance scheme becomes a crucial
element of regulation, especially in the
context of NZEB.
As previously indicated, the requirements
set by MSs affect different parameters of
the building (e.g., U‐values, infiltration,
system efficiency, overall performance,
etc.). MSs may choose to check different
elements at different stages.
Compliance with energy performance
requirements is checked at different stages
of the building process in different MSs.
Some MSs even check compliance several
times during the building process (Figure 7).
In addition to the energy performance
requirements for new buildings, most
countries also set other requirements.
Figure 8 shows some of these requirements.

Figure 8: MSs that set requirements in addition to energy
performance requirements for new buildings.

Compliance check and quality control
regarding the airtightness, thermal
bridges, summer comfort and availability
of daylight in new buildings require
increased attention, as buildings are
moving towards NZEB, since these topics
account for an increasing share of
buildings’ total energy consumption.
A special compliance check philosophy is
in place in Sweden, based on an
operational rating system applied to new
houses or apartments after two years of
operation. It is not necessary to measure
single parameters as long as the measured
value of energy consumption complies
with the building code.
A combination of whole building and
component requirements seems to be
the optimal solution for ensuring
implementation of the most effective
energy saving measures in existing
buildings – not only when undertaking
major renovations, but also when
renovating minor parts of the building.

Many MSs have chosen to prescribe the
same TBS component requirements for
new, as well as for existing buildings
when replacing TBSs.
With the progressive increase of energy
performance requirements included in
national regulations, the issue of
checking new buildings’ compliance with
requirements becomes more and more
important. An effective compliance
scheme becomes a crucial element of
regulation, especially in the context of
NZEB.
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5. Lessons learned and
recommendations
Energy performance calculation
procedures
Innovative and not‐commonly‐known
systems and materials cannot always be
handled directly by the national energy
performance calculation tools. It is
recommended that MSs ensure smooth
inclusion of innovative systems in energy
performance calculation methodologies in
order to promote the design of NZEBs.
Development of new energy efficient
products is often ahead of the capabilities
of energy performance calculaton tools,
and there is a need for flexibility to
include them in the calculations.
MSs implement different approaches as to
how to handle renewable energy sources
(RES) in their energy performance
calculations and legislation. In some cases
contributions from RES, e.g., biomass, are
calculated using a primary energy factor
of 0, making almost no energy saving
measures cost‐effective. It is important
for MSs to ensure that primary energy
factors do not hinder implementation of
NZEBs. According to the EPBD, it is
required that the RES be located “nearby”
the building if it is to be taken into
account in the building’s energy
performance. Also, there are significant
differences among MSs on how far
“nearby” is, ranging from “at the building
and the building site” to “within the
borders of the MS”.
Most MSs use standard inputs for energy
performance calculations and thus these
results are generally not in line with the
measured energy consumption. Calculated
energy savings presented in the EPC are
therefore often different from the energy
savings actually experienced. However,
standard calculations, as carried out for
the EPC, are the best tool for
benchmarking buildings without influence
of the users, while a supplementary
calculation can provide realistic energy
savings. Cost‐effective renovation towards
NZEB requires improved methods for
estimating realistic energy savings.
Several MSs have issued different
guidelines for calculating realistic energy
use and savings, as summarised in a report
from CIBSE[6].

[6]
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Calculating cost‐optimal energy
performance levels
There is an increased focus on setting out
adequate and cost‐optimal energy
requirements in the national building
regulations. Additionally, the cost‐optimal
calculation exercise resulted in
recommendations for an update of the
Guidelines to the Regulations for
cost‐optimal calculations, e.g., more
guidance on choosing the type and
characteristics of reference buildings,
more clarification on economic scenarios
and improved Guidelines of how to
establish building typologies.
In most cases, the curve defining the
calculated cost‐optimal level is almost
horizontal over a range of equally cost‐
optimal combinations of energy saving
measures around the cost‐optimal level.
It is recommended that MSs set their
requirements at the lower end of the
cost‐optimal range.
Many MSs have experienced that one or
more building types have looser energy
performance requirements than the
calculated cost‐optimal levels. Many MSs are
working on closing, or have already closed,
this gap by implementing tighter national
minimum energy performance requirements
for new and existing buildings.
Energy performance requirements for
new and existing buildings
With the increased energy performance
requirements for NZEB included in future
national building regulations, compliance
checking of the performance of new
buildings becomes increasingly important.
Compliance with requirements is not limited
to energy performance requirements, but in
several MSs also includes other aspects like
airtightness, daylight levels, summer
comfort, etc. There are different
methodologies for compliance checks used
in MSs depending on the assessment method
and the requirement(s) to be checked.
There are two fundamentally different
approaches to setting requirements for
existing buildings subject to major
renovation, namely whole building
requirements or component requirements.
Neither of the two methods is ideal and it
is recommended that a combination of the
two is implemented. The main advantages

Cheshire D. & Menezes A.C. (2013). Evaluating operational energy performance of buildings at the design stage.
CIBSE TM54:2013.
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of a combined approach are: it is easy to
strengthen requirements when an
alternative is available; the approach is
helpful during the setup of funding
schemes; it is possible to achieve the cost
optimum for each component; and there
is an easy and direct connection to the
energy performance indicator(s). It is
recommended that requirements should
ensure maximum energy savings without
implementing requirements that are too
rigid, too costly or too complicated.
Works that do not require a building
permit or which are performed inside the
building are especially difficult to
monitor.
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Setting standards for technical
building systems (TBS) is obligatory in
existing buildings, and it refers to
system performance rather than
product performance or whole
building performance. Even though it
is not obligatory to set standards for
TBS in new buildings, it is
recommended to prescribe the same
component requirements in new and
existing buildings. This will make it
easier for the industry to deliver
highly efficient components as only
one set of rules apply, and
consequently prices will decrease as
the market increases.
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