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Abstract. The Energy Performance of Buildings Directive recast, voted in
March 2024, aims to boost the amelioration of the Energy Performance
Certificate (EPC) with the introduction of new indicators in a dedicated
template (Annex V), as a key tool towards the decarbonization of the
building sector, in line with the Green Deal’s climate neutrality goals. In this
context, the H2020 Energy Performance Certificate Recast project develops
a new generation of EPC focused on existing residential buildings. The
paper presents the state of progress of the Energy Performance Certificate
Recast methodology, comparing it with the standard national procedure in
different EU partner countries. The novelty of the work is the testing
methodology of a new generation of this tool, which aims to overcome the
barriers identified in the current EPC procedure across Europe and to
validate the reliability and user-friendliness of this new approach. The final
goal of the work is to prove the applicability and potentialities of this
innovative approach, providing a clear and punctual presentation of each
step of the assessment and the testing methodology of the new generation of
Energy Performance Certificate, coupled with its application in an Italian
case study as a Proof of Concept.

1 Introduction

Decarbonization is one of the main objectives for the global energy transition and Europe is
on the frontline, having set - with the Green New Deal - the goal of zero net emissions of
Greenhouse Gases (GHG) by 2050 [1]. Currently, buildings’ construction and operation are
responsible for 40% of the energy consumption and 36% of the energy-related greenhouse
gas emissions in the European context. Moreover, 75% of EU buildings are not energy
efficient. Therefore, energy retrofit is a priority to cut energy needs and tackle energy
poverty, helping people reduce energy use and energy bills.

In December 2023, at the COP28 UN Climate Change Conference in Dubai, a set of
actions was identified to accelerate the path, including an agreement to transition away from
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fossil fuels and to reduce global emissions by 43% by 2030. Focusing on the construction
sector, a dedicated initiative, the so-called Buildings Breakthrough has been defined under
the Breakthrough Agenda, to strengthen international collaboration to decarbonize the
building sector and make clean technologies and sustainable solutions the most affordable,
accessible, and attractive option in all regions by 2030.

To address the decarbonization of the European building stock, the revised Energy
Performance of Buildings Directive (EPBD) promotes buildings’ efficiency and renovation
through several actions: (i) set Minimum Energy Performance Standards to upgrade the
worst-performing 16% of the EU building stock from energy label G to at least energy label
F by 2030 and the 26% to at least energy label E by 2033, (ii) require an Energy Performance
Certificate (EPC) for all public buildings, for buildings undergoing major renovation and for
the ones for which a rental contract is renewed, (iii) set charging infrastructure for electric
vehicles in both residential and non-residential buildings, (iv) require an EPC for all buildings
which are offered for sale or rent and state the energy label in all advertisement, (v) include
in National Building Renovation Plans roadmaps for phasing out fossil fuels in heating and
cooling by 2040 and stop financial incentives for the installation of systems powered by fossil
fuels, (vi) provide a Building Renovation Passport to facilitate users’ access to information
and lower costs through a step-by-step renovation process, (vii) include renovation
considerations in public and private financing rules and establish instruments to help low-
income households [2].

By placing more value on the EPC, the latest EPBD recast [3], paves the way for a new
generation of EPCs, characterized by the implementation of a common template with a
defined set of indicators presented in Annex V “Template for energy performance
certificates”. Most of the recommended indicators are related to energy efficiency (e.g., the
energy performance class, the calculated annual primary energy use, and consumption, the
calculated annual final energy use and consumption, the renewable energy production on-
site and the share of renewable energy out of the energy use), while the decarbonization issue
is addressed through the indication of the operational greenhouse gas emissions and of the
greenhouse gas emission class. Annex V reports also some suggested indicators related to
plant systems characterization, including renewable energy production and storage systems,
building’s envelope characterization, pollution due to the building’s operation, indoor
thermal comfort and air quality, sustainable mobility and metered energy consumption.
Moreover, the new generation EPC should include, when present, a link to the smart
readiness assessment of the building and the Digital Building Logbook. Besides the EPC’s
indicators, the latest EPBD promotes another important aspect to increase the potentialities
of this tool: a user-centric approach for EPC comprehension and assessment. Making the
final user (e.g., household, tenant) a central figure in the decarbonization path of the building
stock would become a win-win solution to boost the implementation of a common and user-
friendly language within a new generation of EPC, with clear and easy-to-understand
indicators. Moreover, as stated in Art. 16, the certificate will be issued by independent experts
after an on-site visit, thus ensuring its reliability and affordability. In this way, the new
generation EPC will represent a key tool to support energy retrofit and trigger new
investments in the building sector’s efficiency.

In this context, the H2020 Energy Performance Certificate Recast (EPC RECAST)
project [4] is part of a cluster of 12 other Horizon 2020 projects (QualDeEPC [5], U-CERT
[6], X-tendo [7], D*2EPC [8], E-DYCE [9], ePANACEA [10], crossCert [11], EUB
SuperHub [12], iBRoad2EPC [13], TIMEPAC [14], CHRONICLE [15], SmartLivingEPC
[16]), started between 2019 and 2022, which work in continuous cooperation to enhance the
development of new generation EPCs, through non-disclosed expert workshops to discuss
outcomes and share knowledge, as well as, open events where all the projects are presented
together to send a stronger message to all the stakeholders. Among them, the EPC RECAST
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project aims to develop a well-structured process and a toolbox to support the implementation
and validation [17] of a new generation of EPCs, with a focus on existing residential
buildings, for which retrofit is one of the most challenging and pressing issues. It involves
11 partners composing a multidisciplinary consortium, ranging from the research activity
(e.g., CSTB, Tecnalia, Fraunhofer-Gesellschaft, Luxembourg Institute of Science and
Technology, Politecnico di Milano) to industrial activity (e.g., EDF, ENGIE, BIMEO,
ENBEE, R2M Solution) and international associations (e.g., REHVA).

To verify the compliance of the overall methodology in terms of user-friendliness and
reliability of the calculation results [ 18], the project has framed a testing approach on selected
case studies (i.e., buildings and dwellings from the different consortium partner countries).
The state of progress of the methodological framework is described in section 2, followed by
the application of the method to an Italian case study as a proof of concept of the overall
approach in section 3. Afterward, the main results in terms of the applicability of the
methodology and potentialities for improvement are highlighted and reported in the
conclusions.

2 Methodology

The EPC RECAST testing method aims to assess both a valid national EPC, through the
standard procedure currently in use in each country, and a new generation one, using the
procedure developed in the project, benchmarking then the new process and output with the
current ones. It is based on four main steps (Fig. 1): (i) site inspection preparation, (ii) on-
site data collection, (iii) in-office modelling and calibration, (iv) EPC and Renovation
Roadmap creation and delivery.

It involves actors with different levels of knowledge and familiarity with the energy
performance assessment and certificates, namely the EPC RECAST case study responsible,
who performs the new procedure, the EPC assessor, who performs the standard procedure,
and the building or dwelling owner.

The active involvement of these different actors responds to the strong importance given
to the user centric approach by the overall project methodology to deliver a clear, consistent
and effective new generation EPC for both experts (e.g., EPC assessors, building energy
auditors, engineering or construction companies and operators in charge of building
refurbishment and/or renovation) and non-experts (e.g., building owners, dwellers and
occupants, policymakers in charge of new legal recommendations’ proposals on building
renovation and refurbishment or revisions of the EPBD and other EU policies, banks and
insurances needing consistent data for granting loans upon request).

The “site inspection preparation” is the first step of EPC RECAST testing method, which
aims at preparing all the preliminary documents and analysis necessary for the application of
the new energy performance assessment procedure. The EPC RECAST case study
responsible oversees this phase, during which an overall presentation of the project is
performed to the EPC assessor and the building or dwelling owner. At the same time, the
case study responsible and the assessor co-define the common input data necessary for the
energy consumption calculation, coupled with a preliminary analysis of the measured data
collected for the case study and related to indoor and outdoor climate conditions (i.e.,
temperature and humidity), indoor air quality and energy consumption.

The second step, the so-called “on-site data collection” involves both the case study
responsible, who explains to the assessor and the owner how the visit will be carried out and
then collects the case study geometrical data through an Augmented Reality scanning
procedure, and the EPC assessor, who collects the case study geometrical data through the
standard national procedure currently in use in the respective EU country. During the audit,
usually, the EPC RECAST responsible presents to the case study owner how the new
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generation EPC and Renovation Roadmap look like to better explain the key differences
between the two EPC versions, the added value concerning the standard national EPC, but
also to collect feedback to further improve the procedure.

The “in-office modelling and calibration” step involves both the case study responsible
and the EPC assessor. In this phase they perform the energy simulation following,
respectively, the new approach based on automatic conversion of collected data into the
calculation engine and the standard approach based on the national calculation tool.
Moreover, for some specific case studies, the EPC RECAST case study responsible calibrates
the numerical model using the energy consumption measured data collected for the specific
building or dwelling.

The fourth step is the “EPC and Renovation Roadmap creation and delivery”, it is
dedicated to the final output development, and it involves the case study responsible, the EPC
assessor, and the case study owner. At this point of the procedure, the assessor completes the
standard national EPC, while the EPC RECAST case study responsible completes the new
generation EPC and finally compares their respective outputs results through the Quantitative
Verification Strategy, explained more in detail in the following subsection.
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Fig. 1. EPC RECAST testing method. Authors’ elaboration.
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2.1 The Quantitative Verification Strategy

The Quantitative Verification Strategy is a procedure defined within the EPC RECAST
project to verify the effective improvement of the EPC RECAST calculation process for the
building energy consumption assessment. It is based on eight different Evaluation Strategies,
namely an energy consumption comparison between the elements of the new generation EPC
and the standard one in terms of climatic and building use conditions, input data collection
method, calculation method, and output generation process. One of the comparisons focuses
on the benchmark between the calculated energy consumption values and the measured ones,
obtained by the Long-Term Monitoring (LTM) campaign on the specific case study, to assess
the reliability of the EPC RECAST data through the overall procedure from collection and
modelling to the final data assessment of the new generation EPC.

In particular, the case studies selected for the monitoring have been equipped with several
LoRaWAN sensors for collecting long-term data. LoRaWAN is the protocol that runs "on
top of' the LoRa (short for Long Range) modulation which manages the network
connectivity. In other words, LoRa is a new and emerging wireless standard and LoORaWAN
is the wireless sensors that provide ultra-long range to industry standard gateways. The
collected data concern actual energy consumption and indoor conditions and they will be
used in energy model calibration for further assessing the reliability of the EPC RECAST
approach.

Fig. 2 graphically represents the elements considered within the Evaluation Strategies,
clustered by three main areas: (1) climatic and building use conditions, (2) data collection,
(3) calculation tool.
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Fig. 2. EPC RECAST Evaluation Strategies elements. Authors’ elaboration.

For the first area, the elements considered for the standard EPC and the new generation
one are respectively: (1.1) standard climatic and building use conditions, namely the weather
data and the standard occupancy profiles reported in the national regulations for the energy
consumption calculation in residential buildings or the weather file recorded by the national
weather stations, and (1.2) measured climatic and building use conditions, represented by the
outdoor temperature and humidity data obtained through LTM and by the occupancy profiles
extrapolated from the measured indoor temperature and energy consumption data. For the
second area: (2.1) standard data collection, namely the national procedure currently in use in
each country for collecting input data about the building or dwelling geometry, envelope and
plant systems’ characteristics, and (2.2) EPC RECAST data collection, carried out using an
Augmented Reality geometrical scan which directly collects in the building or dwelling 3D
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model all the information about the envelope and plant systems’ characteristics. Finally for
the third area: (3.1) standard national software, namely the calculation tool currently in use
in each country for the energy consumption assessment, and (3.2) the EPC RECAST
calculation engine, based on an online interface automatically filled in through the XML file

generated by the scanning tool.

Combining the elements described above, each Evaluation Strategy allows to compare
the reliability and effectiveness of a specific phase of the EPC RECAST testing method, as
well as of the whole process, from a technical and quantitative point of view. The first
Evaluation Strategy, presented in Fig. 3, compares the energy consumption calculated
through the new generation procedure, apart from model calibration, with the energy
consumption measured through the LTM campaign. Its objective is to evaluate the reliability
of the EPC RECAST process when it involves a non-calibrated numerical model.
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Fig. 3. Scheme of Evaluation Strategy no.l. Authors’ elaboration.

The second Evaluation Strategy allows instead the comparison between the energy
consumption calculated through the whole new generation procedure, including the model
calibration, and the energy consumption measured through the LTM campaign. Its objective
is to assess the impact of using a calibrated numerical model.

The third Evaluation Strategy compares the energy consumption calculated through the
new generation procedure with the energy consumption calculated through the new
generation procedure combined with the standard data collection. Moreover, this Evaluation
Strategy benchmarks the results of the two calculations with the energy consumption
measured through the LTM campaign. Its objective is the assessment of the EPC RECAST

data collection’s impact.

The fourth Evaluation Strategy allows the comparison between the energy consumption
calculated through the new generation procedure and the energy consumption calculated
through the standard national procedure. Its objective is to evaluate the reliability of the EPC

RECAST process.

The fifth Evaluation Strategy compares the energy consumption calculated through the
standard national procedure with the energy consumption calculated through the new
generation procedure combined with the standard national software. Its objective is the
impact assessment of the EPC RECAST data collection within the standard national
procedure for issuing an Energy Performance Certificate.

The sixth Evaluation Strategy compares the energy consumption calculated through the
new generation procedure and the energy consumption calculated through the standard

6
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national procedure combined with the EPC RECAST calculation engine. Its objective is to
assess the impact of EPC RECAST data collection within the new generation procedure.

The seventh Evaluation Strategy compares the energy consumption calculated through
the standard national procedure with the energy consumption calculated through the new
generation procedure combined with the standard data collection. Its objective is to evaluate
the reliability of the EPC RECAST process when the data are collected through the standard
method currently in use in each country.

Finally, the eighth Evaluation Strategy, graphically summarized in Fig. 4, allows the
comparison between the energy consumption calculated through the new generation
procedure and the energy consumption calculated through the standard national procedure
combined with the EPC RECAST data collection. Its objective is to evaluate the reliability
of the EPC RECAST calculation engine when the data are collected through the new
generation method proposed within the project.
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Fig. 4. Scheme of Evaluation Strategy no.8. Authors’ elaboration.

The application of the Evaluation Strategies in each case study has been a milestone for
the proof of concept of the overall EPC RECAST approach and case by case one of the eight
strategies has been selected depending on its specific characteristics and the preliminary data
analysis on the measured data.

3 Case studies for the application of the testing approach

The applicability of the developed methodology has been one of the main important goals to
reach since the definition of the project, for this reason, the testing approach, described in the
previous section, has been applied to several case studies in 6 EU countries corresponding to
the EPC RECAST consortium partner countries (France, Germany, Italy, Luxembourg,
Slovakia and Spain). In some cases, for each recruited building there is only one dwelling,
while in some other cases, there is more than one, so the EPC RECAST testing approach will
be applied to a total of 81 dwellings, corresponding to a total of 57 buildings. Fig. 5 presents
the distribution of the case studies in the six EU countries and highlights the number of
dwellings where Long-Term Monitoring is undergoing. The different case studies have been
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selected to be representative of the European building stock in terms of construction types
and materials, building typologies, energy performance, heating and DHW systems, energy
carriers, climate conditions, etc. To analyse a wide variety of the above-mentioned technical
features, the case studies have been selected among buildings or dwellings constructed in
different periods from 1900 to today and subjected to different levels of renovation actions.
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Fig. 5. Number of dwellings per consortium partner country. Authors’ elaboration.

In the following subsection the current state of progress about the application of the
testing approach to an Italian case study is presented.

3.1 Application of the methodology in a real case study

The case study described in this section has the goal to show and discuss the status of the
testing approach validation on a residential building in Italy.

Specifically, the selected case study is an apartment in a multifamily building built in
2008 located in Lombardy Region. It is a three-room flat on the last floor of the building,
composed of a living room with a kitchen, two bedrooms, and a bathroom (Fig. 6) and with
a habitable surface of 66 m? (165 m® of volume). Moreover, the property is completed by a
private terrace onto which all the rooms” windows open.
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Fig. 6. Italian case study: fagade view and plan. Authors’ elaboration.
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The building has a traditional reinforced concrete structure for pillars and beams, while
the envelope is realized with different layers. The external walls are made of bricks,
completed with polystyrene insulation and plaster coating on the outside and with rockwool
insulation and plasterboard on the inside. The roof is instead composed by wood boards, with
polystyrene insulation and metallic sheet finishing. Finally, the floor is made of an insulated
concrete slab. To complete the envelope, double glazing windows with aluminium frame are
installed everywhere. As regards the plant systems, the apartment is heated and cooled with
a radiant floor powered by a centralized gas boiler in the winter season and by a centralized
electrical cooling system in summer. Moreover, the flat is equipped with a single flux
centralized mechanical ventilation system, while the DHW is produced by a centralized gas
boiler and solar panel collectors.

The case study is part of the buildings and dwellings selected for the Long-Term
Monitoring campaign, therefore, according to its plant systems’ characteristics, the following
set of sensors has been installed for collecting data about the climatic conditions and the
energy vectors for heating, cooling, DHW and electricity: (i) an optical pulse sensor on the
electrical meter for reading the hourly consumption, (ii) ultrasonic flow meters for DHW and
heating mass flow detection, (iii) temperature sensors for measuring DHW and heating inlet
and outlet water temperature, (iv) temperature and humidity sensors for measuring the indoor
and outdoor climatic conditions. All the collected data are sent via router to the EPC
RECAST monitoring platform through a dedicated LoRaWAN network. In addition to the
installed sensors, the energy and water consumption of the case study are also monitored
through the smart meter already present in the dwelling. For both the monitoring solutions,
the data have been collected for more than one year, from February 2022 to November 2023.

The first step of the testing method (site inspection preparation) includes the preliminary
analysis of the measured data collected through the Long-Term Monitoring campaign.
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Fig. 7. Italian case study, temperature/humidity over time graph. The heating period indoor and
outdoor mean temperatures are respectively equal to 21.26°C and 12.63°C, while the cooling period
indoor and outdoor mean temperatures are respectively equal to 26.76°C and 26.55°C. Authors’
elaboration.
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The indoor and outdoor climatic conditions, registered by the installed sensors with an
hourly timestep, allow to understand the relationship between the energy consumption for
heating and cooling and the indoor-outdoor temperature difference.

Therefore, besides the temperature/humidity over time graph presented in Fig. 7, a more
detailed analysis has been carried out calculating the mean indoor and outdoor temperatures
registered during the heating period, defined by DPR 412/1993 [19] from 15" October to 15
April for Lecco (climate zone E) and during the cooling period, set from the end of May to
the end of September based on experience.

As regards the energy consumption, the measured data for thermal energy has been
collected through the smart meter and therefore the values corresponding to heating, cooling
and DHW can be read separately. Presenting the consumptions both for thermal and electrical
energy, Fig. 8 highlights a small difference between the energy consumption for heating and
cooling, while the highest amount of energy is used for lighting, cooking, and appliances.
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Fig. 8. Italian case study, thermal and electrical energy consumption measured between February
2022 and November 2023. Authors’ elaboration.

In the context of EPC RECAST project, the measured data presented above allows to
make a realistic correlation between the energy simulation of the apartment and what happens
in real conditions. In particular, the outdoor climatic conditions are useful to understand the
influence of the case study’s specific location and of its surroundings on the standard
simulation conditions currently in use in Italy, while the indoor temperature and humidity
data allows to analyse the real condition of building use set by the occupants.

Finally, the measured data referred to the energy consumption will be used at the end of
the testing approach to verify the effective reliability of the EPC RECAST methodology.

During the second step of the testing method (on-site data collection), the case study
responsible collected the apartment geometrical data through the augmented reality scanner
(Fig. 9 and Fig. 10) provided by the partner BIMEO, which allowed a fast survey of each
room element (e.g., walls, floor, ceiling, windows, and doors).
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Fig. 9. Italian case study, on-site data collection using BIMEO app, (a) room scanning, (b) 2D
geometrical model of the apartment, (c) 3D geometrical model of the apartment, (d) information
automatically collected through the scanning of a room, (¢) EPC RECAST case study responsible
showing the scanning tool to the EPC assessor. Authors’ elaboration.
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Fig. 10. Italian case study, geometrical model enrichment, (a) information automatically collected
through the scanning of a wall, (b) wall’s questionnaire. Authors’ elaboration.

In parallel to the EPC RECAST data collection procedure by the BIMEO app, the EPC
assessor performs the geometrical survey through the standard national procedure currently
in use in Italy, which is commonly done using a tape measure or laser meter and manually
collecting additional information from the owner about building materials, thermal
properties, and plant systems characteristics.

The enriched geometrical data collected on-site by the case study responsible, and the
information collected by the EPC assessor, have then been used as input for the respective
calculation tools (Fig. 11).

The EPC RECAST process automatically generates an XML file of the data collected on-
site, which has been imported into the calculation engine. This tool is structured as an online
interface in which the case study responsible can check all the data and eventually add/modify
some information, keeping in mind that the unknown values are calculated as mean values
from related standards/regulations.
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In the current practice, the EPC assessor needs, instead, to proceed with a manual sketch-
based survey and build the model using a standard national calculation tool, where he/she
manually adds all the technical information collected during the on-site inspection.

Referring to the Fig. 1, the current state of validation of the EPC RECAST testing method
has completed Step 1 and Step 2.

The following steps foresee the data mining of the inputs collected in Step 2 to model and
calibrate the results, which will become inputs for the Renovation Roadmap development
and the assessment through the Quantitative Verification Strategy of Step 4.
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Fig. 11. Italian case study, calculation tools, (a) EPC RECAST online interface, (b) standard national
calculation tool (TERMOLOG by Logical Soft). Authors’ elaboration.
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4 Conclusions

The present work provides an overview of the research activities of the EPC RECAST project
related to the development of the new generation EPC, with a focus on the testing and
verification phase of the developed approach through its application in real case studies. The
specific case study described in the paper allows to assess both the applicability of the testing
approach at its current state of progress and the limits and potentialities for improvement of
EPCs as key tools towards the decarbonization of the building sector. Two out of four steps
of the developed methodology have been applied and validated. The collection of Long-Term
Monitoring data through the IoT sensors in fact has proved to be affordable in terms of costs
and at the same time reliable in terms of data quality and amount of storable information and
the data collection tool proved its rapidity and adequate precision in scanning rooms of
different dimensions and complexity. Moreover, the potentiality of the questionnaires and
the georeferenced photos for the geometrical data enrichment avoids the loss of information,
which is recorded by professionals as a very common barrier in the current practice. The
complete validation of the methodology will be the subject of future publications once the
two remaining steps will be applied and verified.

Regarding the improvement of EPCs, the state of progress of the EPC RECAST testing
approach identifies the monitoring of real conditions (such as weather and internal set point
and use conditions) as a critical element, not considered in the current Italian certification
schemes, but potentially able to increase the reliability of the building’s energy assessment
as well as the reliability of the certificate from the user’s perspective, providing an easy-to-
understand parameter directly related to the operational costs faced by the occupants.
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