kT buildings

Article

A Comparative Study of Energy Performance Certificates

across Europe

David P. Jenkins 1*(©), Mahsa Sayfikar 1 Antonio Gomez 2

check for
updates

Citation: Jenkins, D.P,; Sayfikar, M.;
Gomez, A.; Fueyo, N. A Comparative
Study of Energy Performance
Certificates across Europe. Buildings
2024, 14, 2906. https://doi.org/
10.3390/buildings14092906

Academic Editors: Yanxue Li and

Fanyue Qian

Received: 5 August 2024
Revised: 10 September 2024
Accepted: 12 September 2024
Published: 14 September 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Norberto Fueyo 2

School of Energy, Geoscience, Infrastructure, and Society, Heriot-Watt University, Edinburgh EH14 4AS, UK;
m.sayfikar@hw.ac.uk

Fluid Mechanics Group, University of Zaragoza, 50018 Zaragoza, Spain; antgomez@unizar.es (A.G.);
norberto.fueyo@unizar.es (N.F.)

Correspondence: d.p.jenkins@hw.ac.uk

Abstract: Using a sample of buildings across chosen European countries, this study compares different
EPC frameworks in terms of their published methodologies and generated outputs. The work
demonstrates that, despite all emanating from a common central point of the Energy Performance of
Buildings Directive, EPC frameworks across Europe exhibit clear differences in their methodologies,
use of inputs/outputs, assessment processes, and assessor protocols. A process is proposed for
comparing EPCs of a building when utilising EPC frameworks from different countries, whilst
noting that direct comparisons of fundamentally different processes can be challenging and itself
requires a designed methodology. When applying this process, EPC ratings can appear similar (when
comparing EPCs designed for similar climate zones) in many buildings, but this can underestimate
the differences in generating those EPC ratings in the first place. As further innovations are designed
for EPCs at the EU level, this study demonstrates why incorporating a bottom-up understanding of
country-specific EPCs will be necessary for successful implementation.

Keywords: EPCs; energy ratings; building modelling; Europe

1. Introduction

The use of Energy Performance Certificates (EPCs) in assessing the energy efficiency
of buildings across Europe has been established for some time. With the introduction of
the Energy Performance of Buildings Directive (EPBD) in 2003 and subsequent recasts and
updates [1], strategies for decarbonising the European building stock are now very much
linked to the energy ratings and guidance emanating from EPC assessments.

However, the common genesis of these EPCs (and, in some cases, aesthetic of the cer-
tificate documents) can give an illusion of harmonisation across the energy rating systems
in Europe. When the approaches of different countries are dissected—to account for calcu-
lation engine, inputs gathered for assessment, assessment protocols, training/background
of assessors, metrics/outputs used—then it is clear that there is a notable divergence of
EPCs across Europe. At one level, this is not necessarily a problem; individual countries
have their own building stock and energy policy, and it is natural (as discussed in the
paper) for energy assessment schemes to be developed with that in mind. Where this be-
comes a potential problem is when changes are made to the EPBD with a view to updating
all EPC approaches across Europe. Rather than updating a single, universal method of
building energy compliance, this will require alterations to many individual, and different,
approaches; and it is unlikely that such changes will translate in the same way across these
different frameworks.

In a positive sense, the range of different approaches to energy assessment seen across
different countries provides a series of case studies, data, and experiences for how to run
EPC-type schemes, even within the boundaries of a common starting point (of the EPBD).
As well as comparing technical assumptions (around inputs and modelling), these different
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approaches can help us understand what EPCs are for (and what they are not), whether the
differences have any consequence on results generated, and whether there is a route (or a
need) for a more harmonised, best-practice approach to energy assessment in Europe.

It is worth noting that many other countries outside of Europe adopt similar schemes
for assessing energy performance of buildings and there is scope for widening a com-
parative study to share good practice. However, this study (helped by the EPBD as a
common factor) focuses on European countries and the implementation of EPCs. This
makes the comparison more appropriate but, also, makes the differences (despite being
within a constrained, centralised European policy) more revealing. The paper achieves this
comparison through (i) overviewing EPC methodologies across chosen countries (linked to
partners of the crossCert project [2]), (ii) comparing results of applying these methodologies
for a selected sample of buildings, and (iii) providing an approach for applying “foreign”
EPC methodologies to “local” buildings.

2. Methodologies across Europe

The EPC frameworks described here are centred around the ten countries involved
with the crossCert project—but this provides a good sample of the different methods in use
across Europe that comply with the EPBD. The detail of, for example, calculation methods
can be found from the referenced documents but this paper will overview key aspects of the
approaches that help summarise the difficulties in achieving harmonisation of EPCs across
Europe. These partner countries are Austria [3], Bulgaria [4], Croatia [5], Denmark [6],
Greece [7], Malta [8], Poland [9], Slovenia [10], Spain [11], and the UK [12]. Further
comparison work is noted elsewhere [13]. The findings discussed below are informed by
these references and other highlighted sources.

When comparing these approaches for this study, the overall EPC framework is
considered to include:

Inputs gathered during assessment;

The protocols of the assessment itself (influencing the role and requirements of the assessor);
A calculation engine used for generating energy /carbon metrics;

The specific output metrics generated.

The following review is based on available information at the time of writing (influ-
enced by the aforementioned references and discussions with project partners from their
respective countries)—though many of these approaches are regularly updated and altered.
Specifically, the review is focusing on areas of difference; but, as the EPC methodologies
have the common starting point of the EPBD, there will clearly be a large amount of
similarity to the purpose and function of EPCs across all European countries.

2.1. Software and Calculations

The EPBD gives some flexibility for the calculation required for an EPC. Options
include steady-state modelling (generally the favoured choice in most EPCs across Europe),
dynamic thermal simulation, or measured energy consumption data—and, for some coun-
tries, the EPC assessor can choose from these options. In some countries, the regulations set
clear guidance for this choice; for example, in the UK, the EPC methodology for residential
and most categories of non-residential buildings uses steady-state modelling, whereas
dynamic simulation is only used for non-residential buildings with complex features. The
accredited calculations can be accessed through various platforms provided by different
commercial providers, but the overall process is generally standardised.
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In Spain, the calculation methodology has been implemented in seven official software
options with a range of calculation engines, including DOE2 [14], TAS [15], TRNSYS [16],
and EnergyPlus [17]. All of these tools can be used for any building type, including new
or existing residential and non-residential buildings. The same applies to Bulgaria and
Austria, where several types of software are available for accessing EPC calculations.

The availability of official software is another variable across different countries. For
example, in Poland and Slovenia, rather than a state-approved piece of software, there are
calculation protocols that are linked to certain ISO standards. This could lead to differences
in assessments depending on the software selected by the assessor. However, it is not a
given that those countries with more standardised software will always produce more
consistent results, as seen in a study comparing multiple energy assessments of the same
buildings in the UK, where standardisation of process and calculation is quite high [18].

With steady-state modelling being very common across building sectors, a simplified
version of a methodology can be applied to certain building types. Examples of this
include the use of RASAP [8] for existing residential buildings in the UK and a simplified
methodology in Spain which uses inference for some input values instead of recorded
values. This allows for more straightforward calculations to be carried out for some,
usually older, buildings where data relating to the building envelope is less accessible, and
so look-up tables of input assumptions (e.g., U-values by property age) can be used.

The use of real energy consumption data is relatively uncommon for generating formal
EPC ratings, though an Operational Energy Rating (based on real energy data) is currently
being tested for inclusion with EPCs [19]. This deviates from the concept of EPCs being
used to describe an “asset” rating (referring to the building and technologies within) rather
than reflecting real operation and behaviour. However, some countries do provide a route
for the use of real energy data, depending on the availability of such data; in Denmark,
Poland, and Slovenia (with non-residential buildings for the latter), monitored energy data
can be used to form an energy rating. In Bulgaria, although the EPC rating is based on a
set calculation of building physics, the assessor can use measured energy consumption
to re-calibrate the final EPC outputs. In the UK, although not directly part of the EPC, a
Display Energy Certificate [20] can be produced for some public, non-residential buildings.
The DEC is based on measured energy consumption and should be displayed alongside
the EPC rating.

2.2. Site Visits and Building Description

It may be imagined that a visit to the site of a building will be a standard requirement
for all EPCs. Whilst this is, in practice, true for most assessments, there are examples
of default or inferred values being used in EPCs that do not necessarily require in situ
surveying. Austria does not mandate a site visit, and Denmark and Croatia allow for
off-site assessment in buildings of a certain age, size, and fuel type. Poland recommends,
rather than mandates, site visits. For the other countries studied, EPC assessors would be
required to visit the property being assessed.

The EPBD does not enforce a particular level of detail on how the building being
assessed should be described. An example of this would be the approach to zoning different
parts of a building, so that different thermal conditions, activities, or building services
can be assigned within the same property. Whilst the majority of the studied countries
use single zone models for residential buildings, their approaches for non-residential
buildings are more diverse. In the Austrian methodology, dividing a space into zones is
only necessary if less than 80% of the building floor area is supplied by the same HVAC or
lighting system, if there are parts of the building that should meet different regulations, or
if there is a temperature difference higher than 4 °C between internal spaces [3]. Denmark
and Greece also use the proportion of floor area served by different systems to set the
criteria for zoning buildings. In Malta and the UK, where the same methodology is used
for non-residential buildings [21], the assessor is required to divide the building into zones
based on activity type, and use the default activity-related values provided for temperature
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setpoints. In addition, sub-zones can be specified for zones with large variations in certain
parameters (e.g., different levels of daylight within a room). Similarly, Bulgaria, Spain, and
Poland have more options to apply zoning, but in a way that suggests two assessors may
zone the building in two slightly different ways.

2.3. Categories of Energy Consumption

Building energy consumption is usually associated with well-defined categories for
heating, cooling, ventilation, domestic hot water, lighting, and appliances. Whilst heating,
ventilation, and hot water are included as categories for all EPCs involved in this study,
there are differences that make direct comparison of EPC outputs difficult. Lighting
energy use is not considered in the EPC rating in Croatian, Polish, and Spanish residential
EPCs—and in Denmark, only the lighting in the communal parts of multi-family homes
is considered. Electrical appliances’ energy consumption is not considered in the EPC
rating in most studied countries, with the exception of Bulgaria (all buildings) and Austria
(non-residential). Of the ten countries studied, the UK and Austria were the only ones
where cooling was not included within EPC ratings for residential buildings—though an
informal calculation is documented in the appendices of the UK methodology [12].

2.4. Specifying Building Systems

With EPCs used to judge energy compliance, rather than detailed building design,
most associated software does not require detailed descriptions of heating, ventilation,
and air-conditioning (HVAC) systems. Efficiencies tend to be specified as averages over a
period of time (e.g., annual or heating/cooling season), and transient operation of systems
are either ignored or highly simplified (e.g., total hours of use per average day).

Even when using a similar level of detail for inputs such as system efficiency or co-
efficient of performance, the source of that information can be different. All the studied
countries have a route that involves using manufacturer-provided information for per-
formance parameters. The UK provides an independent database of standard [22], such
that an assessor would not have to use manufacturer specifications. Poland allows using
default values for efficiency parameters, which are defined based on system type, power,
and age [9]. Bulgaria, where manufacturer estimates are not available, requires on-site
measurements by the assessor (the only country in this selection noted to do so).

For HVAC systems’ operation schedules, default values are provided by the method-
ology in Austria, Greece, Malta, Slovenia, and the UK—linked to activity description.
Denmark uses a different approach where the assessor is required to, manually, specify
the fraction of time that a system is used based on information gathered from the building.
Bulgaria requires the assessor to collect information on site and make an assumption (influ-
enced by building activity) on operation schedules. Poland and Spain have a similar option
for assessors, but with default assumptions available should that more tailored information
not be forthcoming.

2.5. Internal Activity and Occupancy

Steady-state models, using inputs that are averaged over long periods of time
(e.g., monthly or annually), by their very nature do not allow for detailed characterisa-
tion of building occupancy; and, as already stated, it is generally not the purpose of the
asset-focussed EPC to do this (though for some approaches, such as the use of dynamic
simulation with more complex UK non-residential buildings, HVAC scheduling can be
specified at hourly resolution). If information is required that summarises activity or opera-
tion, it is more common to see total hours per average day of occupation being specified
(with an option for distinguishing between weekday and weekend).
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This provides some similarity across countries in terms of level of simplification of
those inputs, but assessors are given slightly different guidance around how to source that
information. In Bulgaria and Poland, assessors collect on-site information (for existing
buildings) and then apply personal judgement to support assumptions around occupancy
schedules—with an expectation that this may differ between two assessors. For most
other countries, the assessor is required to use default hours of operation (which cannot be
modified). Residential buildings are often assumed to have 24 h occupation, though the
UK and Spain provide occupancy hours based on floor area of the building.

Schedules for lighting and electrical equipment (which will be used for calculating
internal heat gains, even if not used towards the energy consumption estimate of the EPC
report) are usually based on similar assumptions as mentioned above and use default
values provided in methodologies. As with other input categories, Bulgaria is an exception
to this, where default values are not available and the assessor collects information about
the usage of lighting and appliances on site. In addition, electricity bills are used to calibrate
power density values.

2.6. Air Exchanges and Temperature Setpoints

A common approach for specifying infiltration rates is to provide default values based
on age (which can be further altered by recording the presence of openings, chimneys, and
flues in a building). The correlations used for linking age and infiltration rates may be
country-specific, but the overall approach is similar across most European countries. For
ventilation rates, most methodologies allow this to be linked to generic activity categories.
Deviating from this rule-of-thumb approach are Denmark, which provides default values
for infiltration rates based on the level of weatherproofing for residential buildings instead
of activity type, and some countries (e.g., Malta, Poland, Slovenia, and the UK) allowing
empirical measurements using blower door tests (but default assumptions would still be
allowed as an alternative to that).

As with some other inputs and choices of methodology, the additional freedom that
the EPBD allows is implemented in the Bulgarian assessment. The assessor in Bulgaria
can run a model using a 0.5 AC/h value for infiltration rate and a measured ventilation
rate using a thermo-anemometer. However, where measurement is not possible, e.g., for
new buildings, the assessor can use other values using their own judgement. As part of
the assessment, the assessor calibrates this model against actual energy consumption data;
and the infiltration rate is usually used as the calibration parameter (within an acceptable
range) to match the modelled results to measured data.

Temperature setpoints for heating and cooling are country-specific (reflecting cultural
approaches to thermal comfort) but there is a similarity in the form of these setpoints. Static
values over relatively long periods of time (e.g., a year) that are not corrected for the season
will generally be used in the (mostly) steady-state calculations for EPCs.

The default setpoints themselves can differ and can be adjusted for activity as well as
building type in some countries—this is seen in Austria, Greece, Malta, Slovenia, Spain,
and the UK. Denmark has a default temperature setpoint of 20 °C, but adjusted values are
provided based on the type of temperature control. Bulgaria has no default values, but
separate official guidelines are available for some office buildings. Assessors can also use
their judgement for most other building types. Poland provides default setpoints based on
level of clothing and the time spent in a space. This indicates a more tailored approach that
depends on the actual operation of the building, rather than using general assumptions
applied to all buildings.

Across all these noted input categories, Table 1 summarises the expected approach of
the assessor in sourcing information for these inputs—ranging from the use of provided
look-up tables to bespoke measurements on site.
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Table 1. Overview of input assumptions across different European EPC methodologies [23].
Lighting and Construction . . . .
HVAC Schedules HVAC Spec. Equipment Schedules Occupancy Thermal Parameters Ventilation Rates Infiltration Rate Setpoints
Austria Defa‘ult. based on Defaulfr values Default values Default values Database available Database available Default values available Fixed
building type available
Bulgaria Assessor Actual values Assessor Assessor Database available Measurement/assessor’s  Measurement/assessor’s Assessor
knowledge knowledge
Default values Depends on use type/
Denmark Assessor available Default values Default values Database available Database available Default values available activitylevel/
control
Depends on use type/
Greece Default b z?sed on Defaul.t values Default values Default values Database available Database available Default values available activity level/
zone activity type available
control
Default values . Depends on use type/
Malta Default b gsed on available for some Default values Default values Database available/ Database available Default values available activity level/
zone activity type buildi . Inference based
uilding categories control
. Depends on use type/
Poland Assessor Defaul.t values Default values Assessor Database available Database available Default values available activity level/
available or assessor but outdated
control
Default based on Default values Measurement/assessor’s Depends on use type/
Slovenia .. Actual values Default values Database available Database available activity level/
zone activity type Or assessor knowledge control
Spain Defa.ult. based on Actual values Default values Default values Database available/ Database available Default values available Fixed
building type Inference based
Default based on D.efault values Database available/ . Default values available Depen(?ls.on use type/
UK . available for some Default values Default values Database available g activity level/
zone activity type buildi . Inference based for some buildings
uilding categories control
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3. Categorising and Comparing EPC Methodologies

The previous section detailed the fundamental differences across EPC methodologies
in chosen European countries. When thinking of future innovations and changes to EPCs,
it can be difficult to summarise how these alterations may work for specific countries,
with Section 2 implying that it is unlikely all EPC methodologies will adapt to such
changes in the same way. Categorising EPC methodologies (as opposed to considering an
EPC as a harmonised, Europe-wide standard) could simplify this process, providing an
indication of whether certain types of EPC approach are appropriate for accommodating
specific innovations.

3.1. Grouping EPC Approaches

There are various ways of defining EPC approaches, but Section 2 has noted, in
particular, different calculation methodologies, input assumptions, and output metrics
(where even “kWh/m?” may not refer to the same measure of kWh).

Calculation methodologies may be steady-state or dynamic in nature, or use real en-
ergy data for some form of calibration. Whilst it is a given that typical building archetypes
in each country will be different depending on local vernacular design and cultural fac-
tors, the way those buildings are defined by inputs is also different—for example, in the
Slovenian methodology, the assessor should provide the heating power and efficiency at
30% operation and the heat loss in the standby mode, in addition to the commonly required
information in other methodologies, such as the Coefficient of Performance (COP), Energy
Efficiency Ratio (EER), and Seasonal Energy Efficiency Ratio (SEER). The assessors charged
with applying these methodologies do not go through the same training regime [23]—and,
indeed, the assessment framework itself may have been developed with a particular type
of assessor education in mind. Finally, countries have some flexibility in the output metrics
that they use in the EPCs—including the metric used to formulate the EPC rating itself.
Not only does this mean a combination of energy, carbon, and cost metrics are being used,
but it is not necessarily the case that (for example) two EPCs displaying an energy metric
are defining the same quantities—some EPCs focus more on primary energy rather than
final energy consumption, and there are also differences in the category of energy used
(e.g., the use, or not, of end-use appliance energy consumption).

Table 2 presents an example of categorising methodologies based on key factors of
difference. In this table, for the sake of consistency, only the methodologies for residential
buildings are considered. However, the same approach for categorisation can be applied
to any methodology. Such a categorisation approach can facilitate the implementation
of next-generation EPC metrics and calculation methodologies, taking into account the
frameworks already in place in countries to make the transition process smoother and more
feasible. Categorisation of methodologies based on more detailed criteria is included in
crossCert reports [24].

Table 2. Categories of assessment methodologies.

Standardisation Level Basis of EPC Metric Rating Type
Low Total primary energy Calibrated asset rating
Medium Heating energy Operational rating and asset rating
High Cost Only asset rating

Based on each categorisation criterion, the studied countries can be grouped as pre-
sented in Table 3.
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Table 3. Categorisation of methodologies applied to chosen countries.
Country Standardisation Level Basis Of EPC Metric Rating Type
Bulgaria Low Total primary energy Calibrated asset rating
Poland Low Total primary energy Operational rating and asset rating
Slovenia Low Heating energy Operational rating and asset rating
Croatia Medium Heating energy Only asset rating
Denmark Medium Heating energy Operational rating and asset rating
Spain Medium Total primary energy Only asset rating
Greece Medium Total primary energy Only asset rating
Malta High Total primary energy Only asset rating
Austria High Heating energy Only asset rating
UK High Cost Only asset rating

It is worth noting that categorising methodologies using criteria such as standardisa-
tion is a partly subjective exercise and does not necessarily capture variations of approaches
across different countries in, for example, use of all input parameters. Country-specific
approaches to such parameters vary from one input to the next, making it difficult to assign
them to one category. For example, while the Maltese methodology treats most inputs
in a standardised way, it does not provide default U-values for residential buildings and
requires the assessors to perform calculations separately. Likewise, for the UK, infiltration
rates should be measured on site for new buildings but there is considerable standardisation
and approximation of other inputs. Therefore, in the categorisation presented above, the
overall approach of each methodology has been considered, rather than a methodology’s
approach to each individual input.

3.2. External Differences

One argument for the described differences in EPC methodologies is that, fundamen-
tally, each country is different. Whilst there may be agreement in the philosophy behind
how and why to assign energy ratings to buildings, it should not be surprising to find
different versions of this philosophy being tailored to specific parts of Europe. Or, to
frame this a different way, even if a fully harmonised, Europe-wide EPC methodology was
constructed, would that be appropriate or fair when applied to each European country? If
using EPCs to generate meaningful change through retrofit recommendations (and new
build options), the assessment of buildings must account for differences in the following:

Climate, and how this impacts the balance between heating and cooling;

Building stock definition, and how country-specific vernacular architecture defines the
baseline from which improvements have to be made;

Cultural approaches to energy use and how (if at all) that can be accommodated into an
assessment that generally views occupants in a simplistic way;

Maturity of markets around heating and cooling technologies, in relation to recommended
improvements in EPCs;

Economies and the building owner’s ability to pay (and financial support for doing this),
again related to the tailoring of any energy efficiency recommendations;

Policy targets around the energy efficiency of buildings (and use of EPCs in those policies).

For some of these factors, it is not necessarily the case that these can be reflected in
simple changes of inputs. For example, when representing climate, two countries could
adopt identical methodologies that merely require different standard weather data as input.
However, if the result of those different climates is that one country has negligible cooling
loads in their building stock, it is unlikely that a methodology would be developed that
centres on cooling load calculation.
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4. Quantifying Implications of Difference

One way of judging the ability of an EPC assessment to represent a building is to relate
it to the modelled Performance Gap [25] when compared to measured energy consumption.
This is an imperfect way of critiquing what is fundamentally a compliance approach (for
standardising energy ratings), rather than an accurate predictor of energy bills. However,
looking at whether some methods are more prone to large Performance Gaps than others
can tell us something about the method itself.

Sixty-five case study buildings across nine crossCert partner countries were selected
for this study. The selection of these case study buildings is based on the availability of
both measured and calculated (from EPCs) annual energy consumption (Table 4). Due to
the data requirements of these buildings (and needing standardized energy assessments
completed for each building), achieving a larger sample of buildings across the target
countries is difficult. These buildings are presented as individual cases that demonstrate
the application of different EPC approaches, not as country-representative samples of
buildings. The Performance Gap was calculated for each building using Equation (1) and
the results are shown in Figure 1, noting the following:

e — 71

Per formance gap; = x 100 1)

1

where e; is the annual actual energy consumption per m? value, and 7; is the calculated
value based on the EPC certificate for building number i.

Table 4. Measured and calculated annual energy consumption on EPC certificates for the case study

buildings.
g el pcnmimey £ g et mommimesy  §
S Consumption (ﬁs\r;ﬁ/l:;?tle(::) g S Consumption (ig\r,ﬁ;:nrgf tle(;?) 3
(KWh/m?/year) Yy o (KWh/m?/year) y o
GR100 207.8 183.8 Greece ESR5 189.6 395.9 Spain
GR101 170.4 124.5 Greece HR-3 103.8 55.5 Croatia
GR102 194.2 2224 Greece HR-6 72.6 77.3 Croatia
GR103 232 621.9 Greece HR-10 45.3 154.9 Croatia
GR104 45.2 86.7 Greece HR-11 86.8 49.2 Croatia
GR105 67.4 40 Greece HR-12 148 192.4 Croatia
GR106 87 310.7 Greece HR-20 183.1 80.3 Croatia
GR107 28.3 271.5 Greece PL-2 31 28 Poland
GR108 198.3 154.1 Greece MT-01 55 33.5 Malta
DK3 160.2 162.5 Denmark MT-10 30.4 108.5 Malta
DK5 68.9 88.6 Denmark MT-03 26.3 114.9 Malta
DK11 104.8 128.6 Denmark MT-12 47.8 92.8 Malta
DK12 97 .4 122.8 Denmark SI-1 37 111 Slovenia
DK13 57.9 75.3 Denmark SI-2 145 305 Slovenia
DK14 114.1 744 Denmark SI-3 133 116 Slovenia
DK15 120.4 119.5 Denmark SI-4 313 362 Slovenia
DK16 85.5 134.9 Denmark SI-7 95 87 Slovenia
DK17 125.4 102.8 Denmark UK1 137 265.9 UK
DK18 59.9 58.3 Denmark UK2 32 923 UK
DK201 142.4 115.6 Denmark UK4 51.4 19.9 UK




Buildings 2024, 14, 2906 10 of 19
Table 4. Cont.
@ Me:asured Total EPC Final Energy I @ Me:asured Total EPC Final Energy I
o Final Energy . c o Final Energy . c
8 Consumption Consun;phon 8 8 Consumption Consun;ptlon 3
(kWh/m?/year) (kWh/m?/year) @) (kWh/m?/year) (kWh/m?/year) S
DK21 124.2 109.5 Denmark UK22 140 151 UK
DK22 114.6 128.3 Denmark UK23 24744 346 UK
DK23 92.3 140.8 Denmark BGO08 187.01 147.2 Bulgaria
DK24 349 71.1 Denmark BG1 57.41 159.8 Bulgaria
ESO1 70.8 645.2 Spain BG2 60.39 87.8 Bulgaria
ES02 31.17 42.3 Spain BG3 86.99 159.9 Bulgaria
ES03 132.4 162.3 Spain BG4 321.95 131.7 Bulgaria
ES13 114.69 315.7 Spain BG5 14.77 127.4 Bulgaria
ES15 65.5 109.8 Spain BG6 98.36 208.5 Bulgaria
ES17 8.03 30.6 Spain BG7 33.94 34.2 Bulgaria
ESR2 74.22 134.1 Spain BG9 64.85 83.9 Bulgaria
ESR3 152.57 439.2 Spain BG10 28.88 210.3 Bulgaria
ESR4 170.29 443.7 Spain
1 00 T T T T T T T T
§ o S @ o ©
0 |- -
8 8 8 8 9
“00F 8 o % o o o
8 @)
2001 © o O
ES ©)
O
@ -300 | © .
D
[0}
€ 400 - 1
£
£ -500 - .
[
o
-600 o
-700 4
@)
-800 |- o §
@)
_900 1 1 1 1 1 1 1 1 1
Bulgaria Poland Slovenia Croatia Denmark Spain Greece Malta UK

Figure 1. Performance Gap variations for the case study buildings.

It is worth noting that variation in EPC approaches extends to the definition of Per-
formance Gap as well—that is, this definition for an EPC varies with the metrics used for
that country. For example, in Denmark, heating is a significant part of a building’s energy
consumption, and the main EPC indicator is based on the heating energy consumption.
In addition, many of the studied buildings use district heating as their source of heating,
which provides heating energy consumption without the need for sub-metering (and is
thus provided for the Danish case study buildings). Therefore, it was possible to calculate
the Performance Gap for the Danish buildings based on the heating energy consumption.
However, it should be highlighted that excluding other categories of energy consumption
might lead to lower (or higher) Performance Gaps compared to other countries. Another
example is the UK4 case study, a non-residential building in England. The EPC approaches
are slightly different across the UK, and EPCs in England and Wales only provide the carbon
emissions for non-residential buildings. Therefore, in order to calculate the Performance
Gap for this building, the actual carbon emissions were calculated using the measured
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energy data. This leads to the Performance Gap for this building being based on the carbon
emissions rather than the final energy values. Another example is the inclusion of electrical
appliances usage in EPC calculations for non-residential Bulgarian buildings (BG5, 6,7, 8,
9, and 10) or the exclusion of lighting usage in Spanish residential EPCs (ESR 2, 3, and 4).
Provided Performance Gaps (in Figure 1) should therefore be seen as a measure of how
close the chosen EPC metric in that country is to an empirical measurement of the same
metric. Comparisons across countries should be carried out with this in mind.

The Performance Gap values for this set of buildings range from 0.77% to 859%,
showing a wide range of variation. Based on the results in Figure 1, 57% of EPCs in
this sample overestimate the energy consumption values, leading to negative values for
the Performance Gap. Hence, in order to use the Performance Gap as a comparison
metric between methodologies, the coefficient of variation for the root mean square error
(CV(RMSE)) for all case studies in each country is calculated (Equation (2)) and presented
in Figure 2.

2,-621 (31*71')2
CV(RMSE) = + )
where ¢ is the average energy consumption per m? for all the buildings in each country.
Figure 2 shows the calculated CV(RMSE) for the studied countries” methodologies.
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Figure 2. Comparison of the Performance Gaps across crossCert countries.

Possible links between the Performance Gap and the general assessment approach
can be explored by assigning each building to a category based on certain features of the
calculation methodology used for the EPC assessment (as described in Table 3). Figure 3
depicts the distribution of the Performance Gap for the case study buildings based on
standardisation levels in the methodologies used for EPC calculations in each country.

Although there is no conclusive trend between the assessment approach and the
Performance Gap in the results, it appears that for the studied sample, the median values
of the gap are generally lower for methodologies with lower levels of standardisation. The
exception is Bulgaria, which is a highly tailored methodology, and has a higher gap than
other tailored methodologies. Further studies on a larger sample of buildings are necessary
to conclude the relationship between the methodology approach and the Performance
Gap, but these outputs do support the earlier observations about the different input and
calculation approaches of the studied countries.
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Figure 3. Relationship between the Performance Gap and the general methodology approach.

5. Challenges of Direct Comparison of Methods

When reviewing multiple EPC assessment approaches, it might be considered that
there is the potential to share best-practice and create composite methods that combine
aspects of different approaches across Europe. As already discussed in this paper, the
differences in methods mean that they are not always directly transmutable with each
other. Applying the same methods to different buildings (and modelling the same building
under several methods) can illustrate this—not just in the comparison of end results, but
the process a modeller might have to go through.

The crossCert project has attempted to test some of these methods against each other
for a sample of buildings across Europe, aiming to discern the impact of different decisions
made across different methods. A designed comparative exercise is documented below to
demonstrate some of the challenges in comparing these different methods.

5.1. Cross-Testing Buildings

The cross-testing method of crossCert involved applying an EPC method from one
country to a building of another, and then comparing that with the native EPC assessment
of that building. Firstly, such a comparison is subject to the difficulties noted in Section 3.
There is therefore a need to, at least, standardise the output metric being used, which may
require converting some output metrics into something consistent across two different
assessments (e.g., primary to final energy). There is then the question of what constitutes
“the EPC method”: is it (a) just the calculation procedure, (b) the calculation procedure
and all input assumptions, or (c) calculation, inputs, and the actions of the assessor? The
comparison described here assumes option (b), therefore including some of the default
input assumptions that an EPC assessor must use in a given country.

One clear difficultly is how to account for weather data. In many countries, an EPC
assessor will have to use a set of design weather data when modelling the building. This
may include several climate zones for that country, or an average weather file for all
buildings in that country. If that is a key part of the overall assessment (and this study
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argues that it is), then applying a “foreign” EPC assessment to a “native” building poses
a challenge. The approach taken by crossCert is to assign climate clusters to a selection
of European countries involved with the project. This ensures that similar weather data,
which are embedded in the EPC approach of a country, can be applied to buildings of
another country (note that most EPC methodologies do not easily allow, or allow at all,
the user to change the weather parameter assumptions even if this was desired). The full
approach of this is documented elsewhere [26] but the climate clusters are shown in Table 5.
One defence of this assumption is that, even within single countries applying local EPC
methods, generalisations are already made about climate regions over quite large areas for
the purposes of standardisation. Therefore, the current weather parameters adopted by
official EPC calculations are not necessarily representing accurate, local weather data.

Table 5. Buildings in each climatic cluster.

Country Cluster 0 Cluster 1 Cluster 2 Cluster 3 Cluster 4
AT—Austria AT1-AT7, AT10 ATS, AT9
BG—Bulgaria BG1, BG3-BG10 BG2
DK—Denmark DK1-DK10
ES3, ES4, ES7, ESS, ES1, ES2, ES5, ES6,
ES—Spain ES9, ES10, ES12, ES11, ES13, ES15,
ES14, ES16 ES17
GR3, GR4, GR7,
GR9, GR10, GR12, GR1, GR2, GR5,
GR—Greece GR11, GR15 GR14, GR17, GRIS, GR6, GR16 GRS, GR13, GR19
GR20
HR1, HR3, HR6,
HR—Croatia HIIZZI,{ﬁ{{IiLI,RIj_ZI? > HR7, HRS8, HR9,
HR10
MT—Malta MT1-MT12
PL-Poland PL1-PL15
SI—Slovenia SL1-SL10
UK—United Kingdom UK1-UK3 UK4-UK22

The sample buildings used in the cross-testing are provided by project partners across
European countries. They are indexed by country and identified by the country’s ISO
3166-1 [27] alpha-2 two-letter code and a generic number, for Austria (AT), Bulgaria (BG),
Denmark (DK), Spain (ES), Greece (GR), Croatia (HR), Malta (MT), Poland (PL), Slove-
nia (SL), and the United Kingdom (UK). To identify buildings that share similar climatic
conditions in different countries, climate information at the building location is used;
specifically, Heating Degree Days (HDDs), Cooling Degree Days (CDDs), global horizontal
irradiation, and annual average ambient temperature. These parameters were recorded for
all building locations in a harmonised manner.

Once the weather at each building location was characterised using the above infor-
mation, a K-Means Clustering algorithm was used to cluster the sample buildings into
five groups. K-Means Clustering [28] is an unsupervised Machine Learning algorithm that
partitions a dataset (of local climates in this case) into K non-overlapping clusters. The
method assigns each data point to a cluster such that the sum of the squares of the distances
between the data points and their respective cluster centroids is minimised. The objective
of K-means is to segregate groups with similar traits and assign them into clusters, which
makes it a powerful tool for data analysis in various applications ranging from market
segmentation to pattern recognition. The decision to use five clusters in the present work
was made by inspecting the building grouping in the clustering space; that is, the clustering
approach provides the indication of the grouping rather than being predetermined.
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Figure 4 shows the results of this clustering process. In the scatterplots, each dot repre-
sents a building; its colour indicates the cluster number to which the building is allocated
(where this cluster numbering does not have any physical meaning). The three scatter plots
are two-dimensional projections of the three climate dimensions used for classification:
HDDs, CDDs, and global horizontal irradiation. The scatter plots are indicative of the wide
range of climatic conditions prevailing at the building locations. The bar graphs indicate
the building distribution in each of the three dimensions: the bar height is proportional to
the number of buildings, and the colour indicates the cluster number. Table 5 presents a list
of the buildings that are included in each cluster. All participating countries share a cluster
with another country, making it possible to cross-test all countries with another country
within that cluster. Cluster 1 has only Greek buildings, but Greece also has some buildings
in other clusters, and therefore it was still possible to cross-test buildings from Greece.
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Figure 4. Building clustering according to the Heating Degree Days, Cooling Degree Days, and annual
global horizontal irradiation [26].

5.2. Cross-Testing Results

With each building assigned a climate cluster, the next stage was to run each building
with a foreign EPC methodology to compare to the native EPC already generated. Members
of the crossCert team were tasked with running these models for the sample buildings.
Whilst some countries adopt relatively black-box modelling that can accommodate quite
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simple input instructions, other methods required more nuance and judgement to the
calculation approach to ensure that, as best as the data would allow, the building was being
correctly modelled in each case. This required the members of the project team to maintain
dialogue through the calculation process, including a workshop activity where many of the
buildings were input into the respective software.

Figure 5 presents a summary of the cross-testing results. The vertical axis represents
the energy label resulting from the native EPC assessment for each building; the horizontal
axis represents the energy category resulting from a foreign EPC assessment. The numbers
indicate the number of times that a building with each native category was given each of
the foreign categories. For instance, the number 5 in row B, column C indicates that five
buildings that were labelled as B in their native assessments were labelled as C in a paired
foreign assessment.
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Figure 5. Summary of cross-testing results: energy labels with “native” vs. “foreign” EPC protocols.

Figure 5 shows high frequencies generally clustered along the diagonal. This would
indicate that, despite the difference in methodologies highlighted in Section 2, the energy
labelling of buildings is reasonably consistent across countries (though clear outliers can be
seen, such as low frequencies along the bottom, G row). Figure 6 presents a similar picture
but using the kWh/m? energy demand returned by the generated EPCs (noting the paired
countries used in each case).

Due to the requirement to carry out climate clustering analysis and then manually
apply an EPC assessment to a building outside the native country, generating a large
sample size is difficult (with EPC assessments generally configured to require an actual
energy assessor rather than something run off a more automated approach). However, the
42 buildings presented in these results are adequate for illustrating the designed comparison
process and indicating the challenges of genuine comparative exercises between different
EPC frameworks.
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Figure 6. Sample building EPC energy demand (kWh/ m?) by foreign and native assessment.

It should also be noted that the comparison of Figures 5 and 6 relate to the final EPC
rating and total kWh/m? value, respectively. These are key (and indeed the main) outputs
of an EPC but are the product of a large range of input data. A typical EPC will also
provide additional outputs to complement this EPC rating. Therefore, an agreement in the
EPC rating from two different methodologies does not necessarily indicate near-identical
EPC frameworks (and, as discussed in Sections 2 and 4, EPC ratings and definitions of
kWh metrics vary with methodology and so are not always indicating precisely the same
information). The results do, however, suggest that for the majority of the buildings, the
compared EPC methodologies are judging that building to a similar level of overall energy
efficiency when compared to the rest of the building stock of that country. Specifically,
38% of the sampled buildings, when assessed using different certification methodologies,
obtained the same energy class. For 45% of the buildings, the energy rating differed by one
energy class, depending on the national methodology used. In 14% of the cases, the energy
rating differed by two energy classes; and in about 3% of the cases, the energy rating was
three classes or more apart.

An analysis was conducted on the few buildings exhibiting significant deviations in
their energy ratings under different methodologies (i.e., those being apart in the two as-
sessments by two or more energy classes). Most of the buildings showing these differences
are those used for the cross-testing between Slovenia and Austria. The discrepancies stem
from documented differences in the certification methods of both countries, namely:

The Slovenian calculation software requires more detailed input data than the Austrian
one, and default values were assumed in the Slovenian software when the data were not
available in the Austrian certificate. For example, the Austrian methodology allows the
input of U-values for building envelope areas, including doors and windows, while the
Slovenian software requires specifying materials and thickness.

User behaviour cannot be tailored in the Austrian software; it is enforced as built-
in values. Replicating the same user behaviour (schedules, setpoints, occupancy) in the
Slovenian software is not always feasible.

The methodologies for calculating thermal bridges differ in the Slovenian and Austrian
procedures, potentially resulting in disparities in the result.
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There is a discrepancy in the definition of the reference area. The Slovenian method-
ology considers the net area, while the Austrian methodology uses the gross area. This
difference can significantly impact the indicators calculated on a per-area basis.

Internal heat gains in the Austrian software are predefined and cannot be modified.
Accurate replication of these internal heat gains in the Slovenian software may not always
be possible.

These differences in calculation methodology have led to differing energy ratings
when both approaches are applied to the same building. Another case with a significant
deviation is the energy rating of an educational building in Slovenia. While the Croatian
methodology assigns it a C energy rating, the Slovenian methodology rates it as G. The
main reason for the substantial difference in the building energy demand is the considerable
variation in heat gains (both internal and solar) and ventilation heat losses calculated in
each methodology. This variation is again due to the different calculation methodologies
used in each software. In the Croatian methodology, the parameters for internal and solar
heat gains, as well as ventilation heat losses, are built-in values associated with the building
typology and cannot be modified.

Some Bulgarian buildings display deviations (of two energy classes) when calculated
using the Spanish and Greek methodologies. These buildings achieve better energy ratings
when calculated using the Bulgarian national methodology than with the Spanish and
Greek methodologies. This is most likely due to the Bulgarian EPC being calibrated
with actual energy consumption measurements, which potentially corrects deviations that
cannot be rectified using other EPC methodologies.

These very specific examples indicate the level of methodological detail that must
be understood when comparing different EPC approaches and attempting to explain
discrepancies. The sample size does not allow for definitive judgements to be made on
wider trends (e.g., what specific deviations may be typical between two countries), but the
case studies quantify this for the buildings studied and provide a methodology that can be
replicated elsewhere.

6. Discussion

Whilst good-practice sharing of EPC methods can be constructive for identifying
possible improvements in assessment, testing individual aspects of those methods (to
judge which is most effective by some measure) is difficult. It should also be recognised
that an EPC approach will tend to be tailored to a specific country over time. It is likely
to, directly or indirectly, reflect the building stock, the main energy uses in that country
(e.g., heating vs. cooling), and also the type of assessor tasked with carrying out those
assessments—where training and education background of assessors differ considerably
across European countries [23].

Although the noted EPC methodological differences of this study illustrate a range of
approaches for assessing energy use in European buildings with great learning potential,
the flipside is that, despite emanating from a common starting point (of the EPBD), there
is a clear lack of harmonisation across EPC methods around Europe. This must be fully
understood before implementing changes that are designed to be applied to all European
assessments—such as the desire to introduce new output metrics within the EPC itself [29].

For areas where there is a degree of harmonisation across countries, such as the use of
energy ratings themselves, it still needs to be understood that these ratings are generated
in different ways and, even when agreement is shown through the cross-testing exercise
presented here, the metrics being produced may not be directly comparable. This research
argues that, actually, such differences in EPC methods and the buildings are not necessarily
a problem if those methods are able to achieve demonstrable impact on that target country.
The EPBD is applying a harmonised philosophy towards energy efficiency assessment, and
how to use resulting energy ratings in local energy policy and carbon targets; but the EPBD
allows those methods to be quite distinct geographically.
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When attempting to compare these methods numerically, there are clearly challenges
that reinforce the suggestion that like-for-like comparisons for EPC methods across Europe
will always be limited. This raises further questions, particularly when designing new
innovations and metrics for future EPCs, around what harmonisation is desirable in EPCs
(as governed by the EPBD), and what is feasible with the EPC frameworks currently in use
across Europe.

7. Conclusions

This study has carried out a comparative exercise of chosen EPC methodologies in
Europe based on (i) a bottom-up understanding of the EPC frameworks themselves and
how they can be categorised, (ii) the ability of a given EPC approach to reflect some form
of reality, and (iii) an indication of differences in outputs when applying multiple EPC
frameworks to the same building.

The work catalogues the differences of EPC assessments and, in doing so, proposes
future classes of EPCs that are distinguished by given criteria. The extent of these differences
suggests that EPCs cannot be thought of as consistent, Europe-wide documents that are
transmutable by location. The Performance Gap of such methods is presented as one way
of quantifying the differences in numerical performance of EPC methodologies, albeit with
several caveats relating to how empirically accurate EPCs should be expected to be. This
illustrates that the quantitative gap with real energy data varies with EPC, but also that the
metric for making this comparison is inconsistent in its definition.

Furthermore, through the use of case-study buildings and to generate quantitative
comparative output, the presented research demonstrates a replicable procedure for com-
paring EPC methods from different (but climatically similar) countries. The results suggest
some level of similarity in output (for such aligned countries), but in a way that may hide
the significant differences in the generation of such outputs.

In totality, the paper presents a diverse set of EPC methods that are likely to require
different implementation approaches as and when current ambitions for EPCs evolve,
accounting for the proposals of next-generation EPCs. Likewise, this work suggests that
there will be limits to how harmonised EPCs can, and should, be across European countries.
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