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Executive Summary

The SmartLivingEPC project has a goal of incorporating the key elements of Industry 4.0 into a Smart Energy
Performance Certificate. This certificate will be generated using digital tools and will gather essential assessment
data for both the structural elements and systems of a building from Building Information Modeling (BIM)
knowledge. It will include enriched information pertaining to energy efficiency and sustainability for both the
initially designed and the actual performance of the building.

SmartLivingEPC will furnish insights into the operational behavior of a building by introducing a novel rating
system. This rating system will be constructed through a balanced consideration of various factors, such as the
building's life cycle performance, its level of intelligence, and the performance of its technical systems, which will
be assessed through technical audits. These new methodologies will build upon established European standards,
while simultaneously spurring the development of fresh technical standards for Smart Energy Performance
Certificates. The expanded certification framework will also encompass considerations related to water usage,
noise pollution, and acoustics.

The novel elements of the SmartLivingEPC concept are based on:

a) anovel certification rating methodology, which will refer to the actual energy consumption of building
systems, integrating actual information from smart sensors and power meters. The methodology will be
based on the assessment of different aspects of the building, including the buildings energy performance,
sustainability, smartness and condition of technical systems, delivering a novel rating scale. SmartLivingEPC
aspires to deliver the next generation rating practices, through an enhanced approach, which will integrate
additional energy and sustainability related parameters into the building’s assessment procedure.

b) the synergies with building sustainability relevant instruments: specific sustainability indicators of the
Level(s) scheme will be incorporated enhancing the information provided and support a life cycle
approach.

c) the enhancement of the digital construction practices and Industry 4.0 building services with the
integration of processes compatible with the digitally structured environment. In particular, it will deliver
an Energy Performance Certificate (EPC) fully compatible with BIM literacy, which will retrieve information
from smart meters and digital twins. Also, SmartLivingEPC steps towards achieving the integration of the
SRI rating into the EPC procedure;

d) the compatibility with digital building logbooks, which allows a variety of data, information and documents
to be recorded, accessed, enriched and organized under specific categories. It will entail all required
elements and features, that will allow its integration into digital building logbooks, facilitating in this
manner transparency, trust, informed decision making and information sharing.

e) theintegration of the findings of regular building technical systems audits in the process of calculating the
energy class of the building; The technical audit literacy has delivered numerous standards and procedures
in recent years which deliver significant information on the actual performance of building technical
systems. SmartLivingEPC will integrate this information into the buildings energy performance evaluation
procedures, both on asset and operational level assessment.

f)  Further to that, SmartLivingEPC aims to the development of a new rating scheme for neighborhood scale,
based on the assessment of individual building units and on additional building complex parameters.

As we transition to an era where building units can interact energetically through smart grids, and where the
systematic link between buildings can demonstrate the energy optimization potential at the neighborhood level,
it becomes important to introduce a new energy classification methodology at the building block level. This
methodology should consider that energy performance is influenced not only by the individual building, but also
by the urban context and the local microclimate.The methodology will consider the energy infrastructure and
services on a building block scale, as well as the interaction of buildings allowing the issuance of a certificate at
a building complex level.

The project aspires to develop a new rating scheme for neighborhood scale, based on the assessment of
individual building units and additional building complex parameters with the aim of energy performance
certification of building complexes. The energy infrastructure and services on a building block scale, as well as
the interaction of the block buildings, were studied. During this task, the differences that the building had in
relation to the neighborhood(street lighting, network services, smart grids, energy communities, etc.) were
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determined. Another aspect that was investigated was how buildings interacted with each other at a
neighbourhood level and how this interaction affected the energy performance from that perspective.
Deliverable D2.2 presents the main aspects of the asset complex EPCs, identifying the required conditions, the
calculation input, as well as the prescribed results of building complex EPCs.
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1 Introduction

1.1 Work package and Task description

This deliverable belongs inside Work Package 2 (WP2), which focuses on the formulation of strategies for
evaluating building performance. D2.3 plays a crucial role in this work package, as its objective is to establish the
computation technique for asset ratings within the context of SmartLivingEPC. The main aim of D2.3 is to
establish a rigorous, all-encompassing, and widely recognized approach for determining asset ratings along with
the weighting procedure proposal. The proposed technique aims to incorporate a range of performance metrics,
encompassing energy efficiency, environmental sustainability, smart preparedness, as well as non-energy factors
such as indoor environmental quality and accessibility. There are a series of tasks to be performed:

Methodological Design: The objective of this assignment is to provide a calculating methodology that considers
the diverse performance indicators incorporated into the SmartLivingEPC asset rating. This encompasses the
process of establishing precise definitions for the algorithms, models, and weighting factors associated with each
indicator. The process will incorporate European standards and technical audits. This measure guarantees that
the evaluations of assets are not only precise but also in accordance with established European rules and optimal
methodologies. The objective of this assignment is to address the data collection and validation process
pertaining to the asset rating calculations in the context of the pilots. The document will delineate the many
categories of data that are to be gathered, the origins from which this data will be obtained, and the methods by
which its accuracy and reliability will be verified, frequently through the implementation of technical audits.

Methodological Testing: Prior to finalizing the methodology, a validation process will be conducted with real-
world data, commonly referred to as pilot data, to ascertain the accuracy and dependability of the proposed
approach. This assignment will entail the examination of the pilot structures, the application of the prescribed
technique, and the subsequent analysis of the obtained outcomes.

The final step entails the documentation of the approach, encompassing the algorithms employed, the data
prerequisites, and the validation procedures. The purpose of this material is to provide a complete guide for
stakeholders who will be utilizing the SmartLivingEPC asset rating system.

Every task included in this set aims to provide a valuable contribution towards the advancement of a strong and
dependable technique for calculating asset ratings. This objective, referred to as Deliverable D2.3, is the central
focus of our work. The effective accomplishment of these tasks will yield a methodology that may be employed
to evaluate the performance of buildings in a thorough, standardized, and practical manner.

1.2 Scope and objectives of the deliverable

The SmartLivingEPC project requires a methodical and strategic approach in order to achieve its ambitious goal
of rethinking energy performance in the built environment. Every individual component of the project is essential
in realizing the overarching objective. The deliverable D2.3, entitled "Asset rating calculation methodology of
SmartLivingEPC v1," is not an exception. This section provides a comprehensive explanation of the scope and
aims of D2.3, aiming to clarify its significance within the larger context of the project. The scope of D2.3 is
multifaceted, encompassing both the theoretical and practical aspects of asset rating calculation within the
SmartLivingEPC framework. At its core, this deliverable presents the following aspects:

The technique, as outlined in D2.3, offers a thorough explanation of the technique employed for calculating asset
ratings. It includes a detailed account of the various procedures, algorithms, and instruments utilized to ascertain
energy performance ratings.

To harness the significant impact of Building Information Modelling (BIM), D2.3 places emphasis on the
harmonious integration of the asset rating technique with BIM. This ensures that the ratings produced are not
only precise but also extensively influenced by the abundant data provided by BIM models.
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The built environment encompasses a wide array of building types, encompassing both residential dwellings and
tertiary buildings. D2.3 assures that the proposed approach possesses adaptability and applicability across a wide
range of building kinds, hence accommodating the distinct requirements of each.

To ensure the accuracy of asset ratings, it is crucial to employ a robust framework for data collection. D2.3
provides a comprehensive overview of the methodologies and recommended approaches for gathering data,
with the aim of ensuring that the evaluations are grounded on dependable and pertinent information.

The asset rating calculation approach proposed in D2.3 will be utilized as the fundamental framework for the
SmartLivingEPC system. The implementation of a uniform approach to assess building performance will facilitate
the comprehension and comparison of asset evaluations among stakeholders. The standardization of
SmartLivingEPC is of utmost importance in facilitating its widespread acceptance since it guarantees the ratings'
universal applicability and acceptance. Furthermore, the methodology will be created with the intention of being
flexible, hence enabling future modifications and enhancements. The necessity of adaptability is paramount in
light of the swift progressions in building technology and sustainable practices. The objective of D2.3 is to provide
a technique that is both adaptable and resilient, with the purpose of ensuring the longevity of SmartLivingEPC as
a tool for evaluating building performance.

Expected Outcomes

The anticipated result of this study is the development of a thorough and all-encompassing system for calculating
asset ratings and proposed scale rating and weighting scheme. The proposed methodology aims to
comprehensively address several dimensions of building performance, encompassing energy efficiency, non-
energy related aspects, smart readiness, and environmental sustainability.

A comprehensive guide will be created to provide users with clear instructions on the application of the
methodology in a user-friendly manner. The intended audience for this guide comprises diverse stakeholders,
encompassing building owners, facility managers, and policy-makers. It will provide comprehensive instructions,
presented in a sequential manner, for the computation of asset ratings. In addition to the user guide,
comprehensive technical documentation will be generated at v3 of this deliverable to provide detailed
information on the algorithms, data requirements, and validation methods (by using pilot buildings). This
document will function as a scholarly resource for specialists and academics who are interested in delving into
the technical intricacies of this methodology.

The proposed rating methodology will undergo evaluation on a subset of designated pilot buildings, and the
ensuing outcomes will be meticulously recorded. The obtained results will serve to confirm the employed
methodology and additionally offer valuable insights into its practical applications and limitations. The proposed
technique will be specifically developed to ensure smooth integration with pre-existing systems, including
Building Information Modeling (BIM) tools and digital building logbook. This integration will facilitate the
adoption of SmartLivingEPC by stakeholders, streamlining the implementation process. Thus, the approach
employed will adhere to the appropriate European standards, so guaranteeing its suitability and recognition
within the European Union. The contribution of Deliverable D2.3 to the overarching goals of the SmartLivingEPC
project will be substantial. The use of this instrument will offer a dependable, uniform, and all-encompassing
means of evaluating the performance of buildings, therefore encouraging the adoption of more sustainable and
efficient building methodologies.

The main objective of this deliverable is:

The development of a new rating scheme for building and neighbourhood scale, based on the assessment of
individual building units and additional building complex parameters.

The secondary objectives are:
e  Shifting from the unit building scale to the complex building scale,
e Exploring the interaction between buildings,

e |dentifying energy-consuming services unique to neighborhoods,
e Creating a neighborhood certificate.

As we move into an era, where building units will be able to interact energetically through smart grids but also
through energy communities, energy classification on a neighborhood scale is expected to become particularly
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important in the coming years. SmartLivingEPC will launch and introduce a new energy classification
methodology at the neighborhood level, which on the one hand will be based on the categorization of individual
building units, on the other hand, will consider the energy infrastructure and services on a district scale, as well
as the interaction of buildings. The result is expected to be a certificate at a complex level, which will allow energy
savings at the level of neighborhood energy infrastructure. The SmartLivingEPC complex certification scheme will
be demonstrated in the district of Leitza, Spain where 6 buildings nearby have been selected.

1.3 Relations to other tasks and deliverables

This deliverable holds significant importance as a fundamental component of Work Package 2 (WP2). The
completion of this deliverable is closely intertwined with various tasks in Work Package 2, establishing a coherent
structure for the development of assessment processes.

The present effort, D2.3, is closely linked to the research conducted in Task T2.1, which centers on the analysis
and integration of Smart Readiness Indicators (SRIs) into the SmartLivingEPC framework. The approaches and
classifications that were formulated in Task 2.1 to evaluate smart technology in buildings have been incorporated
into the asset rating calculation methodology presented in Deliverable 2.3. This measure guarantees that the
evaluations of assets encompass not only energy efficiency but also the building's smart readiness, thereby
offering a comprehensive perspective on building performance.

The objective of task T2.2 is to integrate energy and non-energy considerations into the categorization of
buildings under the SmartLivingEPC framework. The approaches that have been created in this study, including
those pertaining to the consumption of non-energy resources like as water and noise, have been incorporated
into D2.3. The asset rating computation in D2.3 is enhanced to encompass a wider range of building performance
indicators, hence increasing its comprehensiveness. The results from this task are to be used in the classification
and rating scheme of the methodology.

The relationship between Task T2.3, which focuses on Environmental Life-Cycle Assessment (LCA), and its
integration into the SmartLivingEPC project is of academic interest. The primary objective of T2.3 is to conduct
an environmental life-cycle assessment of buildings, utilizing various methods and standards such as the Level(s)
system. The sustainability indicators and calculation techniques outlined in T2.3 have been integrated into the
asset rating calculation methodology described in D2.3. This measure guarantees that the evaluations of assets
also encompass the environmental sustainability of the building, rendering them more comprehensive and in
line with the sustainability objectives set by the European Union.

The connection to Task 2.4, which involves technical audits and inspections, is under discussion. The
incorporation of a system into the SmartLivingEPC platform. The objective of T2.4 is to include the results
obtained from technical audits and inspections into the asset ratings (e.g. based on the data found on-site certain
parameters are classified — like water efficiency). The processes and procedures that were created in Task 2.4 for
the purpose of incorporating audit findings have been integrated into Deliverable 2.3. The utilization of current
and verified data guarantees that the evaluations of assets are founded on the most recent information, hence
augmenting their dependability and trustworthiness. The objective of T2.5 is to establish a comprehensive
assessment methodology for building complexes, which includes the evaluation of individual building units as
well as other relevant factors at the neighborhood level. The approaches proposed in Task 2.5 will yield
significant insights into the interplay between buildings and their surrounding infrastructure, including smart
grids and energy communities. The aforementioned insights will be incorporated into the asset rating calculation
process of D2.3 for building complex. This integration will enable a more sophisticated and all-encompassing
evaluation, including the building's contextual placement within a broader complex or neighborhood .

Task T2.5 and T2.6 and the SmartLivingEPC Asset Rating Calculation technique is our primary focus. Task 2.6
aims to integrate the findings from many preceding activities, such as the SRI analysis, energy and non-energy
assessments, life-cycle evaluations, Level(s) framework, and technical audits. These inputs will be synthesized
and incorporated into a unified rating system known as the SmartLivingEPC rating system, which will provide
weighted ratings. D2.3 is the pinnacle of this endeavor, offering a user-friendly asset rating that can be seamlessly
incorporated into digital building logbooks and evaluated inside a Building Information Modeling (BIM)
framework.

Page 17



HE Grant Agreement Number: 101069639
Document ID: WP2/D2.3/IR

The primary objective of D2.3 is to consolidate the many approaches and outcomes from these tasks into a
cohesive and comprehensive system for calculating asset ratings. The proposed technique possesses the
capability to encompass a diverse array of performance metrics, while also exhibiting flexibility in its applicability
across various scales, ranging from individual buildings to building complexes and communities.
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2 Asset rating calculation methodology -
BUILDING EPC

2.1 Indicators derived from SmartLivingEPC asset assessment

The SmartLivingEPC (SLE) asset assessment places significant emphasis on the calculation of a building's primary
energy consumption and its indicators. The methodology involves a dual-phase process: firstly, assessing the
energy demands of the edifice, encompassing heating, cooling, ventilation, dehumidification/humidification, and
domestic hot water (DHW) [1]. The architectural design of a structure can exert a substantial influence on the
well-being, satisfaction, and efficiency of its occupants [2]. A diverse array of metrics can be employed to define
buildings, extending beyond energy-related indicators such as energy efficiency and carbon emissions [3].
Indicators considered in the SmartLivingEPC concerning non-energy indicators are indoor environmental quality
(IEQ) including radon risk assessment, seismic class, and accessibility [4].

The concept of "indoor environmental quality" (IEQ) refers to the overall condition of a building's air quality,
temperature, lighting, and ambient noise levels. Inadequate IEQ can give rise to many health issues, such as
asthma exacerbations, headaches, and fatigue and thus is considered an important part of the assessment [5-6].
Among the indoor air quality parameters, particular attention was given to the presence of radon as this one
poses a significant non-energy-related risk that can potentially severely affect the health of occupants [7]. The
accumulation of radon gas has significant health risks, notably an elevated likelihood of developing lung cancer,
which has been acknowledged by the World Health Organization (WHO) as the second leading cause of this
disease, following smoking [8]. The potential for radon exposure can be influenced by various factors, including
the geographical location and geological characteristics of the building site, as well as the construction and
ventilation systems employed in the building [9]. The implementation of radon testing and, if deemed necessary,
the adoption of radon mitigation measures by building proprietors will effectively mitigate the danger associated
with radon exposure [10].

Another non-energy indicator of high importance, especially for countries at higher risk, is the consideration of
seismic risk class. Seismic retrofitting is a viable alternative for building proprietors seeking to enhance the
earthquake resistance of their structures [11]. A set of retrofitting techniques has been analyzed for their
contribution to the reduction of seismic vulnerability in buildings [12]. Hence, a significant non-energy variable
might be denoted by the seismic risk class, ranging from SR1 to SR4 [13]. Improved methodologies have been
formulated to quantify seismic risk and loss assessment in reinforced concrete buildings [14].

The Smart Readiness Indicator (SRI) is an emerging metric that has been developed with the purpose of assessing
a building's ability to accommodate the requirements of its occupants and enhance its energy efficiency. It
functions as an indicator of the level of intelligence exhibited by a building, with regards to its capacity to utilize
technology in order to enhance performance and promote the well-being of its occupants. One of the primary
elements of sustainable and responsible investing (SRI) pertains to the emphasis placed on energy efficiency.
This particular aspect has witnessed notable advancements with the integration of Artificial Intelligence (Al)
within intelligent buildings [15]. The SRI also includes a quantitative evaluation of the capacity of buildings to
change loads, a critical factor in optimizing energy consumption patterns [16].

The adaptability of SRI has been investigated in several climates, including cold climate countries, indicating that
its applicability is not restricted to specific climatic conditions [17]. It is anticipated that the indicator will exert a
substantial influence on the total energy efficiency of buildings. The metric in question functions as a holistic
assessment that not only prioritizes energy efficiency, but also takes into account the adaptability and resilience
of the building infrastructure [18].

The SRI, or Smartness Rating Indicator, is a versatile instrument capable of accommodating technological
developments and legislative modifications, hence rendering it a resilient metric for evaluating the intelligence
of buildings. The anticipated function of this technology is crucial in facilitating the shift towards developing
infrastructure that is both sustainable and intelligent.

The LEVEL(S) framework offers a complete methodology for evaluating the sustainability performance of
buildings, with a particular emphasis on environmental indicators. These indicators quantify different

Page 19



Smart
living
HE Grant Agreement Number: 101069639 0] J
Document ID: WP2/D2.3/IR

dimensions, including carbon emissions, material utilization, water usage, and trash production, with the
objective of mitigating the substantial environmental impact associated with buildings. As an illustration, it has
been observed that buildings account for around 50% of all extracted materials and overall energy consumption,
as well as approximately one-third of water consumption and trash creation [19].

The framework employs a life-cycle perspective, encompassing the environmental consequences spanning from
the initial design stage to the ultimate disposal phase of a structure. This is consistent with the overarching
objectives of circular economy concepts, which strive for comprehensive environmental monitoring and long-
term sustainability [20]. The significance of reversibility and durability as potential indicators for evaluating
circular construction technologies is underscored by LEVEL(S), which is essential for ensuring the long-term
viability of projects [21].

Additionally, LEVEL(S) demonstrates its potential in facilitating the adaptive reuse of cultural heritage buildings
by providing a comprehensive range of environmental impact indicators specifically designed for these distinct
contexts [22]. The utilization of the LEVEL(S) framework enables stakeholders to discern areas of high
sustainability impact and make well-informed choices aimed at enhancing the ecological efficiency of buildings.

2.1.1 SRI —rating procedure and dedicated output indicators

The final report of the second SRI technical study [8] investigated three potential SRl assessment methods (i.e.,
Method A, Method B, and Method C). Methods A and B are based on the assessment of the smart-ready services
that are present, or planned at the design stage, and their functionality level. The assessment aims to determine
with sufficient reliability what services are present or planned, and if so, the functionality level for each of those
services. For this purpose, when available, digital models of buildings, including building information models or
digital twins, may be used. The main difference is that Method A considers a reduced service catalogue, and thus
spans a subset of the smart-ready services considered in Method B. Consequently, Method A requires less effort,
time, and potentially expertise. By default, Method B would require an on-site inspection of the assessed object.
Alternatively, Method C aims to be based on measured data, quantifying the operational smartness of in-use
buildings.

Method A and B are asset methodologies included in the SRI assessment package produced by the SRI support
team, whereas Method C is considered a potential future evolution towards an operational assessment. The
generic process of the SRl assessment following Method A or B is outlined in Figure 1.

Site visit to building \‘
—1 /_\ SRI
@ Checklist of assessment

oy
smart-ready =y —_—
m 0 —o services and =7 > | — T
- =z A
|
|
|
|
|

SRI calculation

functionalities
smart-read
Expert Y tool

catalogue
\_/‘ A : 5 i T |

Digital model
of building

Figure 1: Generic SRI asset assessment process. Method A or B.

The results of the SRI assessment shall be included in the SRI certificate, as indicated in D2.1. The output data of
the calculations is depicted in Table 1.

Table 1: SRI assessment output data

Description Symbol Unit
Total smart readiness score SR %
Total smart readiness rating SR 1ass -
Smart readiness score, per key functionality SRy %
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2.1.2 Energy indicators — SmartLivingEPC rating procedure and the

dedicated output indicators

The SmartLivingEPC (SLE) asset assessment lays considerable importance on the computation of a building's
primary energy usage. The technique entails a two-step procedure: initially, determining the energy
requirements of the structure, including heating, cooling, ventilation, dehumidification/humidification, and
domestic hot water (DHW) [23]. The aforementioned needs are subject to influence from a multitude of
elements, including but not limited to weather conditions, building geometry, orientation and position, envelope
features, and occupancy scenarios [24]. The second stage entails the computation of energy losses within the
subsystems of the primary Technical Building Systems (TBS). These subsystems encompass heating, domestic hot
water (DHW), ventilation, air conditioning, and lighting [25]. The calculation approach primarily relies on the

guidelines outlined in the European Performance of Buildings Directive (EPBD) [26].

The energy indicators are summarized in the following table:

Table 2: Energy indicators

ASSET calculation
No ENERGY PERFORMANCE INDICATORS at Building Level MU methodology according
to:
Non-Renewable Primary Energy Consumption for the Heating )
12 system (Electric vector & Thermal vector) kWh/m?y | EN 52000-1
34 Renewable Prl.mary Energy Consumption for the Heating kWh/m2,y | EN 52000-1
system (Electric vector & Thermal vector)
56 Non—Renewab.Ie Primary Energy Consumption for the DHW kWh/m2,y | EN 52000-1
system (Electric vector & Thermal vector)
Renewable Primary Energy Consumption for the DHW system
7 kWh/m2 EN 52 -1
8 (Electric vector & Thermal vector) /m2,y 52000
9,1 | Non-Renewable Primary Energy Consumption for the Cooling
kWh/m2 EN 52 -1
0 | system (Electric vector & Thermal vector) /m2,y 52000
11, | Renewable Primary Energy Consumption for the Cooling
kWh/m2 EN 52 -1
12 | system (Electric vector & Thermal vector) /m2,y 52000
13 Non-.Rer?ewabIe Primary Fnergy Consumption for the kWh/m2,y | EN 52000-1
Ventilation system (Electric vector)
14 Renewable Prl.mary Energy Consumption for the Ventilation kKWh/m2,y | EN 52000-1
system (Electric vector)
15 Non-Renewab.Ie Primary Energy Consumption for the Lighting kKWh/m2,y | EN 52000-1
system (Electric vector)
16 Renewable Prl.mary Energy Consumption for the Lighting kWh/m2,y | EN 52000-1
system (Electric vector)
17 Non-Renewab.Ie Primary Energy Consumption for the BAC kWh/m2,y | EN 52000-1
system (Electric vector)
18 Renewable Primary Energy Consumption for the BAC system kKWh/m2,y | EN 52000-1
(Electric vector)
Total Non-R le Pri E i Th |
19 otal Non-Renewable Primary Energy Consumption, Therma KWh/m2.y | EN 52000-1
vector
Total Non-R le Pri E i El i
20 otal Non-Renewable Primary Energy Consumption, Electric KWh/m2.y | EN 52000-1
vector
21 | Total Renewable Primary Energy Consumption, Thermal vector | kWh/m2,y | EN 52000-1
22 | Total Renewable Primary Energy Consumption, Electric vector | kWh/m2,y | EN 52000-1
23 | Building’s Energy Performance Class for the Heating system A.G SLE class
24 | Building’s Energy Performance Class for the DHW system A.G SLE class
25 | Building’s Energy Performance Class for the Cooling system A.G SLE class
26 | Building’s Energy Performance Class for the Ventilation system |A...G SLE class
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27 | Building’s Energy Performance Class for the Lighting system A..G SLE class
29 | Building’s Energy Overall Performance Class A..G SLE class
30 | Renewable Energy Ration (RER) % EN 52000-1
1-

332 Exported Primary Energy, Electric vector & Thermal vector kWh/m2,y | EN 52000-1

The SLEPC rating incorporates a comprehensive array of intermediary energy characteristics, which have been
developed in accordance with the updated EPBD requirements. The flexibility of the SmartLivingEPC (SLEPC)
evaluation system in national contexts is a notable characteristic. It is noteworthy that each Member Stat (MS)
of the European Union (EU) possesses its own defined protocols for assessing the energy performance of
buildings, which are frequently customized to suit local circumstances, rules, and energy sources. The SLEPC
rating system has been specifically developed to align with national rating systems, functioning as an overlay that
can integrate and augment pre-existing approaches.

The SLEPC rating method starts by utilizing the national rating as a baseline benchmark. Subsequently, it
integrates supplementary levels of evaluation, including Smart Readiness Indicators (SRI), non-energy
performance metrics, and sustainability indicators, among various other measures. This approach guarantees
that the SLEPC rating is both comprehensive and in accordance with national standards and procedures. The
inclusion of a known country-specific rating system facilitates a smooth transition for stakeholders, enabling
them to more readily embrace the SLEPC rating, which offers a more thorough evaluation.

SLEPC provides the adaptability of its methodology to incorporate potential future modifications or revisions in
national procedures, by leveraging existing national rating systems. The long-term sustainability and relevance
of the SLEPC rating system are of utmost importance due to the dynamic nature of the building performance
assessment domain, which undergoes periodic revisions in standards and technologies.

In the context of building performance evaluation, it is imperative to comprehend the differentiation between
final energy and primary energy. The term_"final energy" pertains to the energy that is utilized by the various
end-use systems within a structure, including but not limited to heating, cooling, lighting, and appliances. The
energy being referred to is the one that is directly employed within the building for a multitude of purposes. It
can be seen from the figure that there is an example of final energy consumption versus primary energy
consumption.

FINAL ENERGY (KWh/m?/year)

Thermal | Electric Total
Heating 0 150 150
Cooling "o 37,5 37,5
DHW 0 48,5 48,5
Lighting 0 6,5 6,5
Ventilation 0 0 0
TOTAL 0 2425 2425

PRIMARY TOTAL ENERGY kWh/mzlyear)

Thermal | Electric Total
Heating 0 195,5 1955
Cooling 0 133,75 133,75
DHW 0 72,245 72,245
Lighting 0 36,25 36,25
Ventilation 0 0 0
TOTAL 0 437,745 | 437,745
THRESHOLDS 0 - 400
ENERGY CLASS | C

Figure 3: Example of final energy (thermal and electric vectors) and total primary energy
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In contrast, primary energy encompasses the complete energy cycle, commencing with the extraction of raw
energy resources, followed by their conversion into practical forms, and ultimately their utilization within the
building. The processes encompass the dissipation of energy that takes place, notably during the generation,
transmission, and distribution of electricity. The concept of primary energy offers a more holistic perspective on
the energy consumption of a structure, encompassing the entirety of its environmental consequences resulting
from energy utilization.

The utilization of national conversion factors is a crucial element in the computation of primary energy within
the SmartLivingEPC (SLEPC) rating framework. The utilization of conversion factors is crucial in the process of
converting final energy consumption into primary energy units. It is of utmost significance to note that these
elements show variations across different countries, which can be attributed to the distinct energy composition,
efficacy of energy conversion and distribution networks, and various other localized circumstances.

The SLEPC rating system integrates national conversion factors into its methodology to ensure that primary
energy calculations are harmonized with local circumstances. This aligns with the general strategy of SLEPC,
which involves leveraging existing national rating systems and procedures to ensure adaptability and relevance
across various EUMSs. SLEPC employs country-specific conversion factors to ensure the accuracy and
comparability of its main energy estimates, hence enabling a more nuanced and contextually sensitive evaluation
of building performance. We have prepared a tool for the calculation of energy ratings. The figure presents an
example of a primary energy rating, but it must be mentioned that not all EU countries have energy ratings for
all the consumers like heating/cooling/DHW/lighting/ventilation.

PRIMARY ENERGY RATING RENEWABLE (kWh/mZ/year)

Class Thermal | Electric Total
Heating D Heating 0 20 20
Cooling C  |cooling "0 40 40
DHW B DHW 0 15,5 15,5
Lighting A |Lighting 0 20 20
Ventilation A Ventilation 0 0 0
TOTAL C TOTAL 0 95,5 95,5

Figure 4: Example of primary energy rating (including rating for main consumers) along with renewable energy

Another focus of our research work was related to the RER (renewable energy ratio) that is also one of the main
energy indicators. The metrics for each system are computed and classified according to their source of energy,
distinguishing between renewable and non-renewable sources, as well as differentiating between electric and
thermal vectors. The present study examines the consumption of primary energy in both non-renewable and
renewable forms across many sectors, including heating, domestic hot water (DHW), cooling, ventilation,
lighting, and building automation and control (BAC) systems. The primary consumption of non-renewable and
renewable energy can be classified into two categories: thermal and electric vectors (see figure below).

These indicators, when considered together, offer a holistic perspective on the energy performance of a
structure. These assessments not only provide a detailed evaluation of individual systems, but also contribute to
a comprehensive performance classification that considers several dimensions of energy efficiency and
sustainability. The SLEPC rating demonstrates its efficacy as a strong and comprehensive instrument for assessing
building performance, in accordance with European standards, and enabling well-informed decision-making
among diverse stakeholders.

RENEWABLE ENERGY RATIO (%)
Thermal | Electric Total
Green energy 0% 21,8% | 21,82%
TARGET 30%
NEEDED 8%
PRIMARY RENEWABLE 35,82
(kWh/m2/year)

Figure 5: Example of analysis of RER — based on energy vectors
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This technique not only strengthens the legitimacy and dependability of the SLEPC rating, but also ensures its
consistency with national energy policies and regulations, hence fostering wider acceptance and implementation
within the European Union (EU).

The SmartLivingEPC (SLEPC) assessment system utilizes a scoring method to convert the computed primary
energy consumption into a readily comprehensible and comparative energy performance classification. The
energy score is quantified as a percentage and thereafter assigned to a performance class ranging from A to G,
in accordance with the following mapping. We propose a rating score based on the same rating scale
methodology agreed at EU level for SRI. Thus, we have converted the primary energy class to a score similar to
that of SRI.

Table 3: Primary energy class to score

Primary energy class \ Score
A 90-100%
B 80-90%
C 65-80%
D 50-65%
E 35-50%
F 20-35%
G 0-20%

The process simplifies the intricate calculations and diverse parameters associated with evaluating the energy
efficiency of a building into a comprehensible score and classification. The utilization of scores and classifications
provides valuable information that can facilitate educated decision-making processes related to energy efficiency
enhancements, financial investments, and the development of policies. Moreover, the score is needed later on
for the global assessment between energy, non-energy, environmental and SRl values.

ENER

GY INDICATORS

. %4 P ———
Y, 3 A —
— a2 y -
—S= , P ’
(
ENERGY NON-ENERGY “ LEVEL(S) ASSET RATING
PRIMARY ENERGYCLASS | C | ENERGYSCORE  |87,56]  wssc
FINAL ENERGY (kWh/m’/year) Ventiation | 0
[ Etectic | Total | ventsaton o T Lighting s 20
Heating | Lighting  ® 6,5 Heating 2 DHW e 15,5
g:wng DHW s 49,5 g:"w"'“g R re— Cooling  m— 10
Cooling memmm 37,5 ¢
Lighting ok, o Lighting 0 Heating s 20
Ventilation Meee——eroust > Ventilation 0 0 50
0 5 100 150 200
Ventiation 0
PRIMARY NON-RENEWABLE ENERGY (kWh/m’/year| ventiation o
I B Lighting = 16,25 R B
Hoatigy |l D DHW e 56,745 oo ) 3 DHW 0
Cooling it o Cooling [ [
rm——
DHW. i 9 i DHW 0 Cooling 0
Lighting 0 ) Y Healing  me— 1755 (Lighting
Ventiation ) 0 50 100 150 200 [|Ventiiation 0 0 0 Heating 0
0 05 1
RENEWABLE ENERGY RATIO (%]
Ventdation [thermai | Electric [ Total |
Heating Lighting s 36,25 Green energ
Gociing DHW e 72,245 ENERG)
DHW 0 £ TARGET 30%
" Cooling  me—— 1337
Lighting 0 s ? 1378 NEEDED 8% ‘
ey
ventiation il el PRIMARY RENEWABLE T g
TOTAL 0 50 100 150 200 250 (kWh/m2/year)
THRESHOLDS 0 | - | 400 87,55 (o
ENERGY CLASS i CH | c
&
Heating
Cooling
DHW
Lighting
Disclaimer: internal tool is under development and it is meant for testing purposes at this moment
TOTAL

Figure 6: Example of the energy rating assessment procedure (draft version)

In brief, the SLEPC rating system has been developed with the intention of being thorough and flexible. The
assessment framework offers a comprehensive evaluation of building performance that surpasses conventional
energy performance ratings. Moreover, it exhibits adaptability to harmonize with the varied and dynamic
national rating methods within the EU. This feature enhances the tool's effectiveness in promoting energy
efficiency and sustainability, not just at the individual building level but also within the wider framework of
energy policy and regulation in the EU.
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2.1.3 Non-energy indicators - SmartLivingEPC rating procedure and

The
alon
thor

the dedicated outputs indicators

recognition of non-energy indicators is deemed significant by the SmartLivingEPC (SLEPC) rating system,
gside the crucial consideration of energy performance in building assessment. These factors offer a more
ough perspective on the entire performance of a building and contribute to the holistic aspect of the SLEPC

rating. The non-energy indicators are specifically formulated to evaluate different facets of building performance

that

are not directly linked to energy usage but are of utmost importance for ensuring occupant well-being,

health, and environmental sustainability.

The

The

classification of non-energy indicators:

Indoor Environmental Quality (IEQ) refers to the overall condition of the indoor environment in terms of
factors that can affect the health, comfort, and productivity of occupants. These considerations encompass
elements such as the purity of air, the level of thermal comfort, and the performance of acoustics. Indoor
Environmental Quality (IEQ) plays a crucial role in ensuring the well-being of occupants and can also have a
significant influence on productivity within commercial environments.

The evaluation of water resource utilization efficiency encompasses an analysis of fixtures, appliances, and
water recycling systems.

The assessment of radon risk in buildings involves the evaluation of potential exposure to radon, a
naturally occurring radioactive gas that poses health hazards.

The assessment of the structural integrity of buildings in regions prone to earthquakes is conducted to
evaluate the risk associated with seismic activity.

The Accessibility Index quantifies the level of accessibility of a facility with regards to individuals with
disabilities, taking into account several aspects such as the presence of ramps, elevators, and appropriate
signage.

non-energy indicators are summarized in the following table:

Table 4: Non-energy indicators

No | NON-ENERGY INDICATORS at Building Level MU ASSET calculation methodology according to

1 Visual comfort — artificial illuminance level Lux EN 16798-1:2019/ ISO/CIE 20086:2019(E) +
SLE

2 Visual comfort Color rendering (CRI) - EN 16798-1:2019/ ISO/CIE 20086:2019(E) +
SLE

3 Visual comfort Artificial lighting sources | K EN 16798-1:2019/ 1SO/CIE 20086:2019(E) ) +

temperature SLE
4 Acoustic comfort - Sound pressure | dB EN 16798-1:2019/ SR EN I1SO 717-1 + SLE
level/frequency

5 Acoustic comfort — Global sound pressure level | dB(A) | EN 16798-1:2019/ SR EN I1SO 717-1 + SLE

6 Acoustic comfort — Reverberation time RT60 sec EN 16798-1:2019/ SR EN I1SO 11654 + SLE

7 Thermal comfort — Operative temperature °C EN 16798-1:2019/I1SO 7730:2005+ SLE

8 Thermal comfort — PMV index - EN 16798-1:2019//1SO 7730:2005+ SLE

9 Thermal comfort — PPD % EN 16798-1:2019//1SO 7730:2005 + SLE

10 | Indoor air quality — CO2 level PPM | EN 16798-1:2019 + SLE

11 | Indoor air quality - Radon risk rating - SLE rating

12 | Accessibility index rating - SLE rating

13 | Water consumption efficiency rating % SLE rating

14 | Earthquake hazard risk - EU standard on earthquake risk assessment
from SR1 to SR4 (SR — seismic risk)
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2.1.3.1 Building zoning

The SmartLivingEPC (SLEPC) rating system places significant importance on the notion of building zones as a
fundamental aspect of evaluating non-energy factors, including Indoor Environmental Quality (IEQ), noise levels,
thermal comfort, and lighting conditions. A building typically exhibits variability in terms of its utilization and
environmental conditions. Various sections or zones inside the building may possess distinct requirements and
characteristics, necessitating a thorough assessment of each zone for a comprehensive appraisal.

The significance of doing zonal analysis lies in the recognition of the inherent variability in outdoor conditions.
Specifically, zones in close proximity to crowded streets exhibit various levels of noise and air quality in
comparison to zones situated more internally. The functional requirements of various zones differ from one
another. As an illustration, it is worth noting that a classroom setting often necessitates particular lighting and
acoustic requirements, whilst a library environment would demand distinct settings to provide ideal comfort and
functionality.

Occupant behavior can lead to variations in temperature and humidity conditions between different zones inside
a building, such as kitchens or restrooms compared to living or sleeping quarters. These variations are driven by
the specific activities that occur in each zone.

The energy utilization patterns within a building might exhibit substantial variations between different zones,
hence exerting an influence on the overall energy efficiency of the structure.

The methodology employed by the SLEPC rating system involves the utilization of a zonal approach for the
assessment of buildings. This technique entails the subdivision of the structure into smaller, separate regions
that serve certain functions, which are then evaluated individually. The assessment of each zone is conducted by
considering pertinent factors. The Indoor Environmental Quality (IEQ) of each zone is assessed and evaluated
based on measurements and ratings of air quality, thermal comfort, and acoustic circumstances.

The assessment of lighting levels, both natural and artificial, is conducted to verify that they align with the specific
requirements of each zone.

The levels of external and internal noise are assessed and compared to established standards to determine their
compliance with the intended purpose of each zone. The assessment of temperature and humidity levels is
conducted in relation to the unique requirements of each zone in order to determine thermal comfort.

Zonal scores and overall rating: The building is evaluated based on specific indicators, with each zone being
assigned its own set of ratings. These scores are subsequently combined to determine the overall SLEPC rating
for the building. The utilization of zonal analysis facilitates a more comprehensive comprehension of building
performance, hence facilitating the implementation of focused interventions aimed at enhancing it. The
implementation of a zonal approach within the SLEPC rating system enhances the precision and
comprehensiveness of evaluating a building's performance. This approach considers the intricate
interrelationships among diverse environmental and functional factors, which can exhibit substantial variations
across distinct sections within a given building.

The SLEPC rating system not only evaluates the performance indicators of individual zones within a building but
also integrates a weighting mechanism that takes into account the surface area of each zone in relation to the
overall surface area of the building. This stage is of utmost importance in order to achieve a more precise and
fair assessment of the building's comprehensive performance.

The significance of zone weighting lies in the principle of proportional representation. It suggests that zones with
larger surface areas are expected to have a stronger influence on the overall performance of a building, hence
necessitating a proportionally larger impact on the final SLEPC rating.
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Quiet street
Noisy street

Figure 7: Example of building zoning - based on position/destination

Resource allocation is a crucial aspect of effectively managing interventions and allocating resources for change.
One way to enhance this process is by comprehending the weighted relevance of each zone, as it enables
prioritization based on their significance. The utilization of weighting in the evaluation process guarantees that
the total assessment remains unbiased by the performance of smaller, less influential zones.

Methodology for Weighting: The methodology employed involves the calculation of the surface area for each
zone, which is then stated as a percentage relative to the overall surface area of the building. The percentage is
subsequently employed to assign appropriate weights to the scores of each performance indicator, such as
indoor air quality, visual, noise, and thermal comfort, for the designated zone.

2.1.3.2  Indoor air quality rating scheme

The assessment of Indoor Air Quality (IAQ) holds significant importance as a constituent of the evaluation of
Indoor Environmental Quality (IEQ) in the SmartLivingEPC (SLEPC) rating system. In order to offer a thorough and
precise assessment of indoor air quality (IAQ), the system places emphasis on two primary indicators: carbon
dioxide (CO2) concentrations and the potential danger of radon exposure.

The Significance of Carbon Dioxide Levels and the Risk of Radon

The concentration of carbon dioxide (CO2) in the atmosphere. High concentrations of carbon dioxide (COz2) inside
indoor environments may serve as an indicator of inadequate ventilation, potentially resulting in reduced
cognitive performance and discomfort experienced by individuals present in such places. The monitoring of
carbon dioxide (CO.) levels is of utmost importance in evaluating the efficacy of a building's ventilation system
and guaranteeing the welfare of its occupants.

Radon Risk: Radon, a naturally occurring radioactive gas, has the potential to accumulate within buildings, with
a particular propensity for lower levels such as basements. The potential health consequences of prolonged
exposure to elevated levels of radon are significant, notably an augmented susceptibility to developing lung
cancer. The evaluation of radon risk is of utmost importance in guaranteeing the well-being and security of
individuals residing within a building.

The evaluation methodology employed in this study will be discussed in this section.

Carbon dioxide (CO2) levels are quantified in parts per million (ppm) throughout different areas within the
building. Subsequently, these data are assessed in accordance with defined criteria in order to ascertain the
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sufficiency of ventilation and the overall quality of the air. The method of calculation was developed and
presented in Deliverable D2.1.

The assessment of radon risk involves the utilization of specialized detectors to measure the levels of radon.
Based on the concentration levels and duration of exposure, the risk is then classified into three categories: 'Low,’
'Medium,' 'High and 'Extreme ' (Low - score 100, Medium — 75, High — 50 and Extreme — 25)

INDOOR AIR QUALITY

CO, Radon Zone Score

ppm - % -
Building zone1 1500 Low risk 25 83,33
Building zone2 1200 25 91,67
Building zone 3 2500 Score 25 70,00
Building zone 4 3800 25 63,16
Building zone 5
Building zone 6 100,00
Building zone n

. C | 7104

Figure 8: Example of scoring for Indoor Air quality (IAQ) for 4 zones

The weighted ratings are subsequently combined across all zones in order to compute the overall performance
indicators for the building. This practice guarantees that the performance of each zone is precisely represented
in the building's final SLEPC rating, offering a more intricate and all-encompassing evaluation. The SLEPC rating
system delivers a balanced and equitable evaluation by including zone weighting that is based on surface area.
This approach allows for a more targeted and effective approach to enhancing building performance.

For indoor air quality (IAQ) we have two indicators: CO: levels (a quantitative indicator) and Radon risk (a
qualitative indicator).

CcO, Radon Zone Score
ppm - % -
Building zone 1 1500 ) 25 91,67
Building zone2 1200 OWMSk 55 95,83 €O, levels (ppm)
Building zone 3 2500 Score 25 85,00 Building zone n
Building zone 4 3800 25 81,58 SUi:ging zone g
ildi ullding zone
gu!ld!ng zone 5 100,00 Building zone 4 3800
uilding zone 6 -
Building zone n B“!Id!ng zone 3 2500
Building zone 2 1200
B 8852 Building zone 1 1500
0 1000 2000 3000 4000
Default User
CO2 level 25
Radon risk 75
[ 0,00 [ 100 [ ]

Figure 9: Example of scoring and weighting between the two IAQ indicators

The default values for weigthing are 50 for both indicators but the users have the choice to modify them
according to national priorities. In the example above the radon pollutant is considered more important than
CO:2 level. If we must judge based on the impact on health this approach is valid.
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2.1.3.3 Thermal comfort rating scheme

The evaluation of thermal comfort is an essential component of the SmartLivingEPC (SLEPC) assessment system,
which focuses on Indoor Environmental Quality (IEQ). The optimization of thermal conditions is not solely an
issue of energy efficiency, but it also has a substantial impact on the well-being and productivity of individuals
occupying a building. The SLEPC method employs two primary metrics for evaluating thermal comfort: the
Predicted Mean Vote (PMV) for both winter and summer seasons, and the quantification of Overheating as a
proportion of hours of overheating.

The PMV is an index used to forecast the average thermal sensation ratings, ranging from cold to hot, that would
be given by a significant number of individuals when exposed to a uniform environment. The calculation of PMV
is conducted for both the winter and summer seasons to assure comfort throughout the entire year.

The indicator of overheating quantifies the proportion of time during which indoor air temperatures surpass
26°C, resulting in a state of discomfort. The problem of overheating can pose a considerable concern, particularly
in structures characterized by insufficient airflow or inadequate cooling mechanisms.

Assessment Methodology: The PMV is determined by the consideration of various elements, including air
temperature, mean radiant temperature, air velocity, humidity, garment insulation, and metabolic rate. The PMV
score is a numerical scale that limits from -3 to +3, with values closer to zero indicating an optimal level of thermal
comfort. Distinct computations are conducted for the winter and summer periods to accommodate fluctuations
that occur due to seasonal changes.

The calculation of the proportion of hours during which the temperature is above 26°Cis then conducted in order
to evaluate the potential for overheating. Weighting and integration are employed to incorporate the PMV and
overheating signs into the overall SLEPC rating, with consideration given to the surface area of each zone. This
approach ensures that these crucial measures of thermal comfort are adequately represented in a proportional

manner.
THERMAL COMFORT

Winter Summer Winter Summer Overheating Zone Score
PMV PMV PPD PPD % % %
Buildingzone1 0,5 0.8 10,3%  18,6% 15,00% 25 59,35
Buildingzone2 0,2 09 5,8% 22,2% 5,50% 25 83,05
Building zone3 0,6 05 12,6%  10,3% 2,50% 25 92,22
Building zone4  -0,5 09 10,3%  22,2% 5,00% 25 82,78
Building zone 5
Building zone 6
Building zone n
| C | 985
THERMAL COMFORT - weighting
Default User
PMV winter 33,3333
PMV summer 33,333
Overheating 33,3333
| 100,00 0

Figure 10: Example of scoring and weighting between the thermal comfort indicators

The SLEPC rating method offers a thorough evaluation of a building's thermal environment by integrating PMV
and Overheating as significant indications of thermal comfort. This approach gives a nuanced assessment of the
building's thermal conditions. This factor contributes to the comprehensive IEQ assessment and provides
practical insights for specific activities aimed at enhancing thermal comfort. It is important to mention that the
calculation and rating procedure are based on EN 16798-1:2019//I1SO 7730:2005. The weighting between the
three indicators is equal but there is the possibility of user-defined values.
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2.1.3.4  Visual comfort rating scheme

The aspect of visual comfort holds great importance within the realm of Indoor Environmental Quality (IEQ),
since it has a major impact on the well-being, productivity, and overall happiness of occupants. The
SmartLivingEPC (SLEPC) rating system utilizes a comprehensive methodology to evaluate visual comfort, with a
specific emphasis on four primary factors: llluminance, Daylight Factor, Color Rendering, and Color Temperature
of artificial lighting sources.

The Significance of Visual Comfort Indicators

The concept of illuminance refers to the measurement of the amount of light that falls on a llluminance,
quantified in lux, refers to the quantity of light that is incident upon a certain surface. Ensuring appropriate levels
of illuminance is essential for optimizing task performance, promoting comfort, and minimizing ocular strain and
tiredness.

The Daylight Factor is a metric used to quantify the extent to which natural illumination is present in a given
area. It is represented as a percentage of the outside illuminance. The impact of natural light on mood and
productivity has been extensively demonstrated, therefore establishing its significance as a crucial element in
the evaluation of building performance.

Color rendering is a term used to describe the degree to which artificial illumination sources accurately depict
the colors of objects. The presence of high color rendering is of utmost importance in environments such as art
studios, retail businesses, and medical facilities, where the accurate discernment of colors holds significant
importance.

Color temperature is a metric measured in Kelvin (K) that characterizes the degree of warmth or coolness
exhibited by artificial illumination. The influence of different color temperatures on mood and focus renders it a
significant factor to be considered in diverse building zones.

Weighting and Integration: The visual comfort indicators are assigned weights according to the surface area of
the corresponding zone, so assuring a proportional representation in the total SLEPC rating.

VISUAL COMFORT

llluminance  Target DFm,BRE Target CRI CT Zone Score

lux lux % | % = K % =
Building zone 1 150 300 3 6 80 4000 25 | 7222
Building zone 2 250 300 7,26 6 80 6000 25 80,56
Building zone 3 100 300 5,26 6 80 4000 25 77,47
Building zone 4 180 300 4,5 6 80 4000 25 | 80,97

Building zone 5
Building zone 6
Building zone n

| c | s
Default User
lluminance 25
Daylight factor 25
Color rendering 25
Color temperature 25
| 100,00 0

Figure 11: Example of scoring and weighting between the thermal comfort indicators

1.1.1.1 Acoustic comfort rating scheme

The acoustic comfort of a building is a crucial component of Indoor Environmental Quality (IEQ) that has a
substantial impact on the physical and mental well-being, concentration levels, and overall pleasure of
individuals occupying the space. The SmartLivingEPC (SLEPC) rating system utilizes a focused methodology to
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evaluate acoustic comfort, with specific emphasis on two primary metrics: Sound Pressure Level (Global) and
Reverberation Time.

The Significance of Acoustic Comfort Indicators:

The global sound pressure level is a measure of the acoustic intensity of sound in the environment. The
measurement of sound intensity in a certain setting is quantified using decibels (dB(A), where A represents the
A-weighting filter), as the sound pressure level. Elevated sound pressure levels have the potential to induce
feelings of discomfort, tension, and diminished productivity, rendering them a vital consideration in the
evaluation of acoustic comfort.

The reverberation time is a metric that quantifies the period it takes for sound to attenuate in an enclosed
environment, typically measured in seconds. Extended reverberation durations have the potential to impede
speech intelligibility and diminish the aesthetic appeal of music, so exerting an influence on the acoustic
characteristics of a given environment.

ACOUSTIC COMFORT

Lp NR RT Rtoptim Zone Score

dB - sec sec % -
Building zone 1 100 35 05 0,6 25 67,50
Building zone 2 45,5 35 0,9 0,6 25 71,79
Building zone 3 25,5 35 12 0,6 25 75,00

Buildingzone4 458 35 15 06 25 | 5821 |

Building zone 5
Building zone 6
Building zone n

| c | 6813
Default User
Sound pressure V. 50
Reverberation time 50
[ 100,00 0

Figure 12: Example of scoring and weighting between the acoustic comfort indicators

1.1.1.1 Other non-energy qualitative indicators

The assessment of accessibility is a fundamental component within the SmartLivingEPC (SLEPC) rating system.
The assessment encompasses a spectrum of ratings, ranging from 'Poor’ to 'Excellent,' which gauges the level of
accessibility and navigability for individuals with disabilities within the premises. This assessment takes into
account various factors, including the presence of ramps, elevators, signage, and the dimensions of doors and
corridors.

Information

Fair: The building has some accessibility

features, but improvements are needed

to ensure compliance with accessibility
standards and regulations

Figure 13: Example of scoring for accessibility indicator

The SLEPC approach also evaluates the potential for earthquakes, classifying structures into four distinct
categories based on their level of risk.
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e SR1 (Seismic Risk Level 1): Structures that possess a significant vulnerability to structural failure in the
event of a seismic event that meets the criteria for the ultimate limit state.

e  Structures falling under the classification of SR2 (Seismic Risk Class Rs Il) are characterized as buildings
that are prone to significant structural deterioration when subjected to the design earthquake.
However, it is improbable for these structures to experience a loss of stability.

e  SR3(Class Rs lll): Structures that have the potential to exhibit structural deterioration following a seismic
event, without posing a considerable risk to overall structural integrity, but with the potential for
substantial non-structural degradation.

e  SR4 (Seismic Response Class IV): projects anticipated to exhibit a seismic response comparable to that
achieved in projects planned in accordance with existing regulations.

EARTHQUAKE SEISMIC CLASS

Information Score

Seismis class 3 - SR 3
This category includes buildings that may
suffer minor damage in the event of an
earthquake. For example, plaster may fall, 80,00
cracks and fissures may appear in the walls,
without endangering the lives of the
occupants.

R1 Class Rs |, which includes buildings with a high risk of
collapse at the design earthquake corresponding to the
ultimate limit state;

R2 Class Rs I, which includes buildings which are likely
to suffer major structural degradation under the design
earthquake but where loss of stability is unlikely;

R3 Class Rs lll, which comprises buildings which under
the effect of the design earthquake may show structural
degradation which does not significantly affect structural
safety, but in which non-structural degradation may be
significant;

R4 Class Rs IV, corresponding to constructions in which
the expected seismic response is similar to that obtained
in constructions designed on the basis of the
requirements in force.

Figure 14: Example of scoring for earthquake risk

Water efficiency is evaluated by considering the following factors:

e  Water Fixture Efficiency: An examination of the effectiveness of faucets, showerheads, and toilets in the
conservation of water.

e The topic of discussion pertains to the efficiency of appliances, namely in terms of their water usage, with
a focus on dishwashers and washing machines, where relevant.

e The examination of water reuse and recycling systems encompasses an analysis of the prevalence and
efficacy of technologies such as greywater recycling and rainwater gathering.

e The topic of discussion pertains to the effectiveness of landscape irrigation systems, namely those utilized
in outdoor spaces such as gardens and lawns.

e The implementation of leak detection and repair systems is crucial to ensuring water efficiency due to its
ability to identify and rectify water leaks.
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WATER EFFICIENCY
Information

Poor: Water consumption is significantly
above the recommended level for the
building type and occupancy rate, and no
rainwater harvesting or graywater reuse
systems are in place.

1. Water fixtures efficiency

2. Appliance efficiency — if the case
3. Water reuse and recycling systems
4. Landscape irrigation efficiency

5. Leak detection and repair

Figure 15: Example of scoring for water efficiency

The SLEPC rating system incorporates each of these variables, assigning weights to them according to their
respective influence on the overall performance of the building. The SLEPC rating system provides a detailed and
practical evaluation of a building's overall performance and safety characteristics by integrating comprehensive
indicators for accessibility, earthquake risk, and water efficiency. This factor adds to the comprehensive Indoor
Environmental Quality (IEQ) assessment score and offers significant insights for implementing focused actions
aimed at enhancing building quality.

2.1.3.5 Weighting scheme and rating

The SmartLivingEPC (SLEPC) rating system has been developed with the intention of being comprehensive and
adaptable, enabling modifications to accommodate individual user requirements or geographical factors. The
system assesses the performance of a building across various dimensions, which encompass:

e Indoor Air Quality (IAQ)
e Thermal Comfort

e Visual Comfort

e Acoustic Comfort

e  Accessibility

e Earthquake Seismic Class
e  Water Efficiency

The default weight for each of these indications in the overall SLEPC rating is determined based on established
best practices and expert recommendations. However, it is important to acknowledge that various areas and
users may possess distinct priorities. To accommodate this diversity, the SLEPC system offers the flexibility to
adjust the weighting of these indicators according to individual preferences.

Customizable Weighting: Individuals are provided with the opportunity to modify the predetermined weights
assigned to each indication in accordance with their requirements or considerations. As an example, in areas
characterized by a significant susceptibility to seismic activity, auditors may opt to assign a greater level of
importance to the Earthquake Seismic Class indicator. In regions where the availability of water is limited, the
Water Efficiency indicator may be assigned greater importance. In educational or healthcare environments, there
is often a prioritization of IAQ and Acoustic Comfort.

The Enhancement of the SLEPC System by Customizable Weighting
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WEIGHTING
Indicator Default User
Indoor air quality 20
Thermal comfort 15
Visual comfort 15 —
Acoustic comfort 15 e
Accesibility " 10
Earthquake seismic class 15 fs kY
Water efficiency 10 ~ -

Figure 16: Example of weighting and class/score calculation for non-energy

The Significance of the Region: Enables the SLEPC rating to be better calibrated with regional vulnerabilities and
preferences, such as places prone to seismic activity or regions experiencing water scarcity.

User-Centric: This feature allows users to customize the SLEPC rating according to their individual requirements
and concerns, hence enhancing the practicality and applicability of the rating.

The holistic assessment approach employed by the SLEPC system guarantees a well-rounded and thorough
evaluation, even when using customized weighting. This is achieved by the inclusion of a predefined set of key
indicators. The inclusion of customizable weighting enables users to enhance their decision-making process by
obtaining more comprehensive information regarding building enhancements, investments, and policy planning.
The SLEPC rating system, with its provision of extensive customization options, not only facilitates a thorough
evaluation of a building's performance but also enables the accommodation of individual user requirements and
geographical factors.
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2.1.4 Environmental analysis - SmartLivingEPC rating procedure and
the dedicated outputs indicators

The integration of environmental sustainability is a fundamental principle within the SmartLivingEPC (SLEPC)
rating system. The primary objective of the system is to offer a thorough assessment of the environmental impact
of a building, encompassing a range of indicators that evaluate the building's ecological footprint and its overall
performance. The indicators have been specifically developed to conform to the Level(s) framework, which is a
European methodology utilized for evaluating and disclosing the sustainability aspects of buildings. The
indicators are the following:

Table 5: Environmental indicators

Indicator Name

Indicator Description

Units

limate change
(global warming
potential)

Indicator denoting the potential global warming resulting from
the discharge of greenhouse gases into the atmosphere.
Climate change is the consequence of human-induced
emissions on atmospheric radiative forcing, specifically heat
radiation absorption, which has been identified as a subject of
paramount concern. Subsequently, this phenomenon may yield
adverse ramifications on vital components such as ecosystem
health, human well-being, and material welfare. The majority
of these emissions have been observed to accentuate radiative
forcing, leading to an elevation in surface temperatures on
Earth, commonly acknowledged as the greenhouse effect.
Consequently, this indicator emphasizes the imperative areas
of safeguarding, namely human health, the natural
environment, and the built environment.

kg CO2 equivalents
per kg [kg CO2 eq /
kel

Ozone depletion

Indicator of emissions to air that causes the destruction of the

kg CFC 11

potential stratospheric ozone layer. equivalents [kg CFC
11 eq]

Acidification In the realm of environmental phenomena, a reduction in the | mole H+

potential pH level of rainwater and fog measurements ensues, | equivalents [mol H+

subsequently eliciting adverse consequences for ecosystems.
Such effects manifest in the leaching of soil nutrients and
heightened metal solubility into the soil matrix. The
ramifications of acidifying pollutants extend across diverse
domains, including soil quality, groundwater, surface waters,
living organisms, ecosystems, and even the integrity of
constructed materials such as buildings. Among the chief
contributors to acidification are emissions of sulfur dioxide
(SO2), nitrogen oxides (NOx), and ammonia compounds (NHXx).
Areas warranting particular concern and protection encompass
both the natural environment and the constructed urban
landscape, as well as human health and the safeguarding of
vital natural resources.

eq.]

kg SO2 equivalents
per kg

[kg CO2 eq / kgl

Eutrophication
aquatic freshwater

In the realm of freshwater ecosystems, an observable
phenomenon emerges in the form of amplified growth
measurements of aquatic plants or the proliferation of algal
blooms, both of which can be attributed to the elevated
presence of nutrients. This influx of nutrients contributes to a
state of excessive enrichment, resulting in the exacerbation of
aquatic plant growth or the burgeoning of algal populations.

kg P equivalents

kg P eq.]
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Indicator Name

Indicator Description

Units

Such a scenario warrants scholarly attention, as it pertains to
the subject of freshwater ecotoxicity, which delves into the
repercussions of toxic substances on the delicate balance and
functionality of these vital aquatic environments.

Eutrophication Marine ecosystem reaction measurement to excessive | kg N equivalents
aquatic marine availability of a limiting nutrient.

(kg N eq.]
Eutrophication Enhanced quantification of nutrient accessibility within the soil | mole N equivalents
terrestrial consequent to the infusion of botanical fertilizers. [mol N eq.]
Photochemical Indicator delving into the measurement and subsequent effects | kg NMVOC
ozone formation of nitrogen oxides (NOx) and non-methane volatile organic | equivalents

compounds (NMVOC) on the domains of 'Human Health' and
'Terrestrial Ecosystems' protection. Emphasizing photo-oxidant
formation, which engenders the generation of reactive
chemical species such as ozone through solar irradiation on
specific primary air pollutants, the research explores the
potential deleterious consequences of these reactive
compounds on human health and the environment, including
detrimental effects on crops. The pertinent areas of protection

under scrutiny encompass human health, the built
environment, the natural habitat, and essential natural
resources.

[kg NMVOC eq.]

Depletion of abiotic
resources - minerals
and metals

Indicator delving into the concept of "abiotic resource
depletion," an essential metric for measuring the exhaustion of
natural non-fossil resources. Abiotic resources encompass
diverse natural sources, such as iron ore, crude oil, and wind
energy, which are characterized by their non-living origin. This
indicator holds significant prominence within sustainability
discussions, and consequently, various methodologies have
emerged to characterize contributions to this domain. The
divergent approaches adopted in these methodologies often
stem from disparities in problem definitions. As a result, the
scope of this indicator may encompass solely natural resources
or extend to encompass human health and the natural
environment, thereby warranting comprehensive
consideration.

kg Sb equivalents
[kg Sb eq.]

Depletion of abiotic
resources — fossil
fuel

Indicator of the depletion of natural fossil fuel resources.

Mega Joules [MJ]

Water use

Indicator of the amount of water required to dilute toxic
elements emitted into water or soil.

Cubic meters [m?3]

Use stage energy
performance

“Operational energy consumption”: primary energy demand
measurement of a building in the use stage, generation of low
carbon or renewable energy.

kilowatt-hours per
square meter per
year [kWh/m? /yr]

Life cycle Global

Warming Potential

“Carbon footprint assessment” or “whole life carbon
measurement”: building’s contribution to greenhouse gas
(GHG) emissions measurement associated with earth’s global
warming or climate change.

kg CO2 equivalents
per square meter
per year

[kg CO2 eq./m?/yr]
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Indicator Name

Indicator Description

Units

Bill of quantities,
materials, and
lifespans

The quantities and mass of construction products and
materials, as well as estimation of the lifespans measurement
necessary to complete defined parts of the building.

Unit quantities,
mass, and years

Construction &
demolition waste
and materials

In the context of construction, renovation, and demolition
activities, the aggregate volume of waste and materials
produced serves as the basis for computing the diversion rate
pertaining to reuse and recycling, adhering to the principles
outlined in the waste hierarchy.

kg of waste and
materials per m?
total useful floor
area

deconstruction,
reuse, and recycling

potential for future material recovery and reuse, encompassing
disassembly considerations to optimize the ease of
deconstructing essential building components, is imperative.
This entails a comprehensive assessment of the feasibility of
reutilizing and recycling said components, along with their
associated sub-assemblies and constituent materials.

Design for Building design extent assessment of facilitation future | Adaptability score
adaptability and adaptation to changing occupier needs and property market
renovation conditions; a building proxy capacity to continue to fulfill its
function and for the possibility to extend its useful service life
into the future.
Design for In the realm of architectural design, the evaluation of the | Deconstruction

score

Use stage water
consumption

The comprehensive quantification of water utilization for an
average building inhabitant, encompassing the ability to
distinguish between potable and non-potable water supplies,
as well as facilitating the identification of regions facing water
scarcity.

m3/yr of water per
occupant

Each of these indicators is computed using defined techniques to assure precision and comparability. Within the
SLEPC rating scheme, the allocation of weights for each indicator is initially established as equal, with each
indicator being assigned a weight of 5.88. Consequently, the cumulative weight of all indicators amounts to 100.
This technique maintains equilibrium by assigning equal significance to every facet of environmental impact and
sustainability within the comprehensive evaluation. Nevertheless, it is important to acknowledge that the
weighting of each indication can be altered, allowing for adjustments to the value of 5.88 if deemed appropriate
by an energy auditor. In places characterized by a notable degree of water shortage, the 'Water Use' indicator
may be accorded greater significance in the evaluation process. The inherent flexibility of the SLEPC rating system
enables it to effectively accommodate and respond to unique environmental circumstances and individual
priorities. To calculate the score for the LEVEL(S) reference values must be proposed during the project. Based
on these references a score/environmental class can be computed.
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LCA Indicators
Project value Weighting
default user
Climate change (global warming potential) kg CO2 equivalents per kg [kg CO2 eq / kg] 150 5,88%
Ozone depletion potential kg CFC 11 equivalents [kg CFC 11 eq] 37,5 5,88%
Acidification potential kg SO2 equivalents per kg [kg CO2 eq / kg] 48,5 5,88%
Eutrophication aquatic freshwater kg P equivalents [kg Peq.] 6.5 5,88%
Eutrophication aquatic marine kg N equivalents [kg N eq.] 7.5 5,88%
Eutrophication terrestrial mole N equivalents [mol N eq ] 8,5 5,88%
Photochemical ozone formation kg NMVOC equivalents [kg NMVOC eq.] 9.5 5,88%
Depletion of abiotic resources - minerals and metals kg Sb equivalents [kg Sb eq.] 10,5 5,88%
Depletion of abiotic resources — fossil fuel Mega Joules [M.J] 11,5 5,88%
Water use Cubic meters [m3] 12,5 5,88%
Use stage energy performance kilowatt-hours per square meter per year (KkWh/mz2 /yr) 100 5,88%
Life cycle Global Warming Potential kg CO2 equivalents per square meter per year (kg CO2 eq./m2/yr) 14,5 5,88%
Bill of quantities, materials, and lifespans Unit quantities, mass, and years 15,5 5,88%
Construction & demolition waste and materials kg of waste and materials per m2 total useful floor area 16,5 5,88%
Design for adaptability and renovation Adaptability score 2 5,88%
Design for deconstruction, reuse, and recycling Deconstruction score 8 5,88%
Use stage water consumption m3/yr of water per occupant 19,5 5,88%
100,00% 0%

Figure 17: Example of LCA indicators with default weighting

2.1.5 Data collected from technical audits

2.1.5.1  Nature of audit data

As explained in D2.1 under the EPBD inspections audit data is produced for HVAC systems for eligible buildings.
The two key parameters produced are the actual system efficiency and the extent to which the system is correctly
sized to provide the required service. The specific outputs depend on the MS specifications and the audit level
but invariably include the above parameters. The subsections below provide some concrete examples by HVAC
type but more details are included in D2.1.

2.1.5.2 Mapping audit outputs with EPC inputs for heating systems and hot water

The key space energy heater performance aspects are:

e Sizing of the space heat generator (specifically the degree of oversizing in relation to the need)
e Seasonal efficiency of the space heat generator

e Correct positioning of the heat emitters

e Quality of insulation of the distribution system piping

e Information on the characteristics/energy performance of the pumping system

e Information on the spatial resolution of the control of the heat emitters

e Information on the appropriateness of the positioning off the sensors

e Information on the amount and appropriate sizing of the hot water storage

e Information on the insulation quality of the hot water storage

For the DHW system:

e type and size of heat generator used for domestic hot water production

e sizing, thermal insulation, temperature levels and control strategy of any storage vessel

e sizing, performance (including fouling and scaling), thermal insulation and temperature control of heat
exchanger

e auxiliary energy requirements (e.g. circulation pump)

e temperature levels, operation timing and control strategy of circulation lines

Each of the above can be mapped to corresponding parameters in the EPB asset-based energy performance
calculation standards which will be shown in the M20 version of this report. Thus, they can be used to adjust and
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improve the accuracy of heating and hot water energy performance calculations used to generate EPCs providing
the EPCs are generated in accordance to the EPB calculation standards.

2.1.5.3 Mapping audit outputs with EPC inputs for cooling systems

The key air conditioner system energy performance aspects can be reported (depending on the level of
inspection adopted) can be:

e The specific cooling load

e The specific cooling capacity

e Assessment of the air-conditioning efficiency

e Assessment of the sizing compared to the cooling and ventilation requirements of the building

e Assessment of the system efficiency including maintenance and controls

e Characteristics of the air conditioning and/or ventilation system that can be compared to design
specifications or inputs of energy calculations

e Information on any parameters suspected to be useful to measure concerning energy efficiency of the
refrigerator.

Each of the above can be mapped to corresponding parameters in the EPB asset-based energy performance
calculation standards which will be shown in the M20 version of this report. Thus, they can be used to adjust and
improve the accuracy of air conditioning energy performance calculations used to generate EPCs providing the
EPCs are generated in accordance to the EPB calculation standards.

Furthermore, the following advice that may improve the system energy performance:

e Advice on location, function and settings of controls, sensors and indicators

e Advice to the owner to reduce energy consumption if energy consumption recordings show that the
equipment in not running in accordance with the use of the building

e Advice to record meter readings on regular basis if meters are installed but no consumption records are
available

e Advice on the use of shading devices.

2.1.5.4 Mapping audit outputs with EPC inputs for ventilation systems

The key ventilation system energy performance aspects can be reported (depending on the level of inspection
adopted) can be:

e Assessment of the size compared to the cooling and ventilation requirements of the building

e Assessment of the system’s efficiency including maintenance and controls

e Characteristics of the air conditioning and/or ventilation system that can be compared to design
specifications or inputs of energy calculations

e  Electrical power consumed by the fan(s).

Each of the above can be mapped to corresponding parameters in the EPB asset-based energy performance
calculation standards which will be shown in the M20 version of this report. Thus, they can be used to adjust and
improve the accuracy of heating and hot water energy performance calculations used to generate EPCs providing
the EPCs are generated in accordance with the EPB calculation standards.

Furthermore, the following advice may improve the system’s energy performance:

e Proposals to improve the results in terms of energy impact, including

e possible replacement of the system, subsystems or components and the economic justification of choices

e Advice on the location, function and settings of controls, sensors and indicators

e Advice to the owner to reduce energy consumption if energy consumption recordings show that the
equipment is not running in accordance with the use of the building
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Advice to record meter readings on a regular basis if meters are installed but no consumption records are
available
Advice on the use of shading devices.

In addition, the following aspects have relevance for the IAQ and IEQ of the ventilation system:

State, integrity and cleanliness of the ductwork (including observations)

Total air flow rate extracted and/or supplied by the air handling unit

In case of presence of specific ventilation systems for the reduction in the concentration of specific gas
(e.g. radon), the operation or not of these specific ventilation systems during the inspection

In case of a central system, the pressure before and after the unit and the air filter

Missing, blocked or damaged air filters and blanking plates in place

Frequency of air filter changing or cleaning, and time elapsed since the last change or cleaning as well as
discrepancies between written records of air filter changes and visual evidence

Any evidence that occupants find the air delivery arrangement unacceptable

Cleanliness and correct functioning of the air inlets and outlets.

Furthermore, the following advice may improve the IAQ/IEQ:

Advice regarding the cleaning of exhaust and supply systems to ensure a good air quality
Advice for improvement includes the adjustments to be made to ensure that it agrees with the design.

1.1.1.1 Audit data from inspections of Building Automation and Control Systems
This will be added following the M20 version of D2.1.

1.1.1.1 Integration of audit data into the SmartLivingEPC asset methodology

In principle HVAC audit data, gathered through audits implemented under Articles 14 and 15 of the EPBD, could
help to inform the energy parameters for the SLEPC asset methodology listed in the table below.

Table 6: Mapping of SmartLivingEPC KPIs to findings from HVAC audits

Energy parameters Asset Operational
retroactive periodicall

1 2 3 4 Calculated Measured
energy/on-site audit) - 4 - SRI

The audits would return information on the actual sizing and efficiency of heating and ventilation systems, as
operated, in the buildings subject to inspection and hence would tend to occur in a different sequence to a
conventional EPC assessment and calculation.
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2.1.5.5  Procedures for the use of audit data within SLEPC

HVAC audits are currently required under Articles 14/15 of the EPBD for buildings with certain characteristics.
The frequency with which mandatory HVAC audits are conducted is set at the Member State level but they are
likely to be more frequent than the issuance of an EPC in most cases. Nor do the audits generally occur at the
same time as an EPC assessment, calculation and certificate is issued. In part for this reason the audit information
is not currently made use of in EPCs. This is a waste as in principle the information these audits contain could be
used to refine the EPC HVAC performance calculations. Doing so would make the audit information more salient
as it could affect the EPC rating and building owners (and the market in general) are known to place value on
higher EPC ratings.

For the above to happen from a procedural perspective the EPC would need to be amendable in the light of the
information gathered from the audit as shown in the following figure.

Static EPC

Periodic energy audits under Art
14/15 of EPBD

Audit findings lead to
Revision of EPC calculation

Partly dynamic EPC

EPC class redetermined and
certificate revised & reissued

Figure 18: Energy calculation: General structure of heating and DHW standards - EN 15316 — series

Under this schematic, if an EPC has been calculated using a standard asset calculation methodology (e.g. aligned
with the EN ISO asset calculation methodology for the energy performance of buildings), then the EPC would
need to be capable of being updated each time an HVAC energy performance audit is conducted to reflect the
additional information contained within the audit.

Permitting this to happen would be beneficial for the following reasons:

e The HVAC is the dominant part of almost all building’s energy use and thus EPC ratings are sensitive to the
performance attributed to it

e The EPBD asset methodology makes a number of assumptions about how the HVAC is operated that may
be inaccurate — inclusion of the HVAC audit data would allow the actual performance characteristic to be
captured leading to more accurate EPC

e HVAC systems performance can be adjusted (especially in response to audit recommendations) which
would alter the real energy efficiency of the building
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e HVAC systems are likely to be upgraded or replaced much more rapidly than the building fabric and thus
are inherently more dynamic — significant changes in the HVAC characteristics can lead to significant
changes in the real energy efficiency of a building and EPCs ought to be better at reflecting (and hence
encouraging) upgrades

e Such upgrades or replacements should also be subject to EPBD Article 8(1) and 8(9) requirements
regarding the energy performance of technical building systems, thus the audit could both serve as a
means of determining the impact that such measures have had while acting as a means of verifying that
they have been respected

e  Electronic EPC registration systems are already in use in some MSs and in principle such systems could be
structured to allow EPCs to be recalculated and reissued (electronically) every time significant changes in
the building energy performance are reported in the system

e Were such systems to already include the default EPC asset information for the HVAC systems then it
would be possible to adapt the data in the system to reflect the audit findings each time an audit is
conducted — this would encourage building owners/managers to act upon audit recommendations as doing
so would lead to an improved EPC rating

e Such a system would also encourage the owners/managers of buildings subject to periodic HVAC audits to
consider uprating the HVAC system (perhaps through a replacement of all or part of the system) faster
than may otherwise be the case as the impact on the EPC rating would be reported at the frequency of the
audit. This could be an important stimulus for building owners looking to upgrade the performance to
meet minimum EPC rating requirements (now under consideration in the EPBD recast proposals), or simply
to demonstrate faster progress in the energy performance of a portfolio of buildings.

For all of the above reasons it makes sense to leverage the value of the HVAC audits and to use them to both
enable a more dynamic (and hence valuable) EPC rating and also to allow audits and EPCs to support the critical
Article 8 objectives which are one of the key mechanisms to accelerate the transformation of Europe’s buildings
to higher energy efficiency levels. On top of this, the potential value of such audits in reflecting real service
delivered and in particular informing insights into the quality of ventilation delivered can also be leveraged
through the SmartLivingEPC IAQ/IEQ KPIs. The experience of the Covid-19 pandemic has demonstrated how
critical IAQ is to minimizing transmission of viruses and hence to health and productivity, and hence the value of
this aspect alone is very significant and should be a big motivating factor towards both more common and
frequent audits and dynamic EPCs.

2.2 Inputs for buildings — SLE & BIM integration

2.2.1 SmartLivingEPC assessment with a BIM environment

The incorporation of Building Information Modeling (BIM) into the SLEPC evaluation process signifies a
noteworthy progression in the digitalization of building performance assessments. Building Information
Modeling (BIM) functions as an all-encompassing digital depiction of a building's physical and functional
attributes, serving as a dependable repository for the necessary data needed for SmartLivingEPC evaluations.
The interconnection between BIM and SLEPC can be observed through the utilization of BIM as a source of input
data for the computation of diverse indicators.

For the calculation of energy demand BIM has the capability to provide comprehensive geometric information,
encompassing building orientation, surface areas, and thermal characteristics of materials, which can be utilized
in the computation of energy demand. The data is of utmost importance in the determination of the heating and
cooling requirements of the structure. An instance of this is when the Building Information Modeling (BIM) model
incorporates data pertaining to the U-values of walls, windows, and roofs. This data can then be inputted directly
into the SLEPC assessment tool, enabling the calculation of the Building's Energy Performance Class for Heating,
Cooling, and other systems.

As concerns of non-energy indicators BIM has the capability to supply pertinent data concerning IAQ, specifically
with regards to HVAC systems. This includes comprehensive details such as system specifications, precise
locations, and operational schedules. The provided data possesses the potential to facilitate the computation of
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carbon dioxide (CO2) concentrations and radon hazard (qualitative based on EU radon map), both of which serve
as pivotal metrics for evaluating the IAQ the SLEPC grading system.

The use of Building Information Modeling (BIM) can moreover provide valuable information regarding the
materials employed in the construction of a building, encompassing their thermal characteristics, as well as the
building's orientation. The provided data can be utilized for the computation of the Predicted Mean Vote (PMV)
throughout both winter and summer periods, along with determining the proportion of hours characterized by
discomfort caused by excessive heat. It can also be used to provide data concerning visual comfort indicators
such as illuminance and daylight factor. This includes information on window dimensions and orientation, glazing
materials, and even the reflectivity of internal surfaces. The provided data can be utilized for the purpose of
quantifying the availability of natural light as well as evaluating the efficiency of artificial lighting systems. For
noise evaluation it is also a good way to gather information regarding the composition of walls, floors, and
ceilings or their acoustic proprieties (e.g. density, sound insulation, etc.). This data may be leveraged to assess
sound pressure levels and reverberation times, which serve as crucial metrics for evaluating acoustic comfort.

BIM is also useful to calculate sustainability indicators like global warming potential and water use. This includes
information on the specific materials employed, their quantities, and the corresponding environmental impact
factors associated with them. The provided data is suitable for direct utilization in Life Cycle Assessment (LCA)
computations.

In brief, Building Information Modeling (BIM) functions as a comprehensive data store that has the potential to
optimize and augment the assessment procedure of SmartLivingEPC. The incorporation of this technology
enables a more precise, effective, and all-encompassing assessment, which is in line with the goals of the SLPC
initiative aimed at advancing energy-efficient and ecologically conscious constructions.

2.2.2 Retrieving input data from BIM documents

Building Information Modelling (BIM) functions as a comprehensive digital depiction of a building's physical and
functional attributes. A Building Information Modelling (BIM) project commonly encompasses a substantial
amount of data that can be promptly used for SLEPC evaluations. The BIM project encompasses several essential
categories of information that relevant to SLEPC.

2.2.3 BIM for accurate and comprehensive asset evaluation

This chapter will be completed up to M22, for the next version of this deliverable.
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2.3 SmartLivingEPC rating procedure for asset assessment of
buildings

The primary objective of the SLEPC rating technique is to offer a thorough assessment of a building's performance
by incorporating multiple indicators into a unified rating system. The technique can be categorized into four
primary groups, namely Smart Readiness Indicators (SRI), Energy Indicators, Non-Energy Indicators, and LEVEL(S)
Indicators. Each category possesses a distinct collection of specific indications, and each indicator is allocated a
score according to predetermined criteria.

Default and User-defined

weighting SRl i

similar to SRI

______ s 3 &
o ﬁ\©9-@g@ ®
\ o@@oo

4, y
°4: /
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TECHNICAL AUDIT & VISUAL INSPECTIONS 3

Figure 19: Visual representation of the connections between KPI’s

The rating procedure operates as follows:

First step - The first step involves the identification of individual indicators. Scoring in the context of this
discussion refers to the process of evaluating or assigning numerical values to SRl indicators. SRl indicators assess
the smart readiness of the building by considering its ability to accommodate inhabitants' requirements, optimize
energy usage, and demonstrate satisfactory overall performance. Each component of the SRl is assigned a score.
Energy indicators are utilized to evaluate the energy efficiency of a building by considering various aspects such
as heating, cooling, lighting, and ventilation. A score is assigned to each parameter, often ranging from A to G.
Non-energy indicators encompass a comprehensive evaluation of various factors, including 1AQ, thermal
comfort, visual comfort, acoustic comfort, accessibility, seismic risk, and water efficiency. Each element is
evaluated according to certain parameters. Assess the environmental impact of the building using LEVEL(S)
techniques, which encompass several elements such as global warming potential, water consumption, and life
cycle analysis. The scoring of each component is determined by its environmental impact.

Second step — The second step involves the implementation of a weighting scheme. The distribution of weights
to various variables in a sustainability assessment is a crucial factor that can have a substantial impact on the
ultimate evaluation of a structure. Numerous techniques have been suggested to tackle this intricate matter. The
Analytic Hierarchy Process (AHP) is a frequently employed approach that facilitates a methodical and organized
approach to addressing many criteria within decision-making procedures [27]. The Analytic Hierarchy Process
(AHP) has been utilized within the realm of urban sustainability to effectively prioritize and assign weights to
sustainability indicators. This approach offers decision-makers a reliable and comprehensive framework [28].
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An alternative strategy that has garnered considerable interest is the application of fuzzy multi-criteria decision-
making techniques, exemplified by the Decision-Making Trial and Evaluation Laboratory (DEMATEL). The
approach described enables the prioritization of sustainability indicators in a manner that is adaptable,
considering the inherent uncertainties and ambiguity associated with human judgment [29].

Within the realm of building refurbishment, particularly in developing nations, the Analytic Hierarchy Process
(AHP) has been utilized to construct a system of assigning relative importance that is customized to address the
distinct requirements and obstacles present within the local environment [30]. This methodology guarantees
that the weighing system is both pertinent and suitable for the prevailing circumstances.

Building assessment systems are progressively incorporating social sustainability indices. The significance of
social sustainability, which includes factors like accessibility, health, and well-being, is currently acknowledged
as a fundamental element of comprehensive sustainability evaluations.

It is important to acknowledge that the selection of a weighting scheme can significantly influence the ultimate
evaluation and, as such, should be chosen with great consideration. The transparency of the scheme, its scientific
validity, and its alignment with the values and priorities of the stakeholders should be ensured. Various schemes
may exhibit varying degrees of suitability depending on the specific characteristics of buildings or the particular
phases within a building's life cycle.

As concerns the non-energy indicators it is mentioned the IEQ as one of the critical indicators. The weighting
within the framework of SLEPC holds significant importance in evaluating the sustainability of a building. The
idea of Indoor Environmental Quality (IEQ) is multifaceted, encompassing several sub-components including air
quality, thermal comfort, lighting, and acoustic circumstances. The significance of each of these sub-components
may fluctuate based on the requirements and preferences of the tenants of the building, as well as the building's
purpose and geographical position.

An effective strategy for assigning weights to Indoor Environmental Quality (IEQ) indicators involves the
utilization of a classification and scoring system that incorporates both objective and subjective evaluation
techniques.

In their study, Heinzerling et al. [31] put out a weighting and categorization scheme to assess and analyze the
literature pertaining to models for evaluating IEQ, with a specific emphasis on commercial buildings. Lai and Yik
conducted a study utilizing the Analytical Hierarchy Process (AHP) to evaluate the perceived significance of
Indoor Environmental Quality (IEQ) through interviews conducted with both end-users and building experts [32].

Furthermore, Piasecki et al. conducted a comprehensive analysis of different models pertaining to indoor
environmental quality (IEQ), specifically focusing on thermal and acoustic comfort, indoor air quality, and lighting
quality. The authors also examined the effects of various weighting strategies on the overall index IEQ [33].
Although the studies offer significant insights into the intricacies of assessing Indoor Environmental Quality (IEQ),
it is crucial to tailor these overarching frameworks to meet the specific needs of the SLEPC project. In essence,
the weighting scheme for IEQ should possess the necessary adaptability to cater to the varying requirements of
different buildings, while also exhibiting resilience to yield significant and valid comparisons. The concept has the
potential to be modified in accordance with empirical evidence or input from stakeholders, so assuring its
alignment with the overarching objectives of improving sustainability and promoting the well-being of occupants
in the built environment.

The weight assigned to each category (SRI, Energy, Non-Energy, LEVEL(S)) is determined based on its significance
within the overall assessment. The default weighting scheme has the flexibility to be modified according to
individual requirements or regional considerations. In regions susceptible to earthquakes, greater emphasis may
be placed on evaluating the risk associated with seismic activity.

Extended research must be conducted in this direction.
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ENERGY

LCA
NON-ENERGY
SRI

Class Score  Weighting Weighting Class Score
(-) (-) default user (-) (-)
C 87,55 25

81,33 25
C 66,77
c 72,55 25
25,64 25
0 66,77 C

Figure 20: Example of SMARTLIVING EPC rating

Third step - Computation of the SmartLivingEPC Final Score

Smart

The ultimate score of the SLEPC is determined by aggregating the scores from each category according to the
designated weighting scheme. The score is a quantifiable measure that signifies the comprehensive functioning

of the structure.

Fourth step - SmartLivingEPC Final Class

The SLEPC class of a building is determined based on the final result, which falls within the range of A to G. A
higher score corresponds to a higher performance, while a lower number indicates worse performance.
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3 Asset rating calculation methodology -
COMPLEX EPC

3.1 General description of the assessment methology

Developing the SLEPC asset rating procedure for a building community involves creating a system to evaluate
and rate the various assets that a community possesses. In general, community assets can be physical (like
infrastructure, natural resources), social (like community cohesion, cultural heritage), economic (like local
businesses, employment rates), or environmental (like green spaces, clean air).

SLEPC asset rating calculation methodology is conceived following a step-by-step approach.

Step 1 - Identify the objective of the SLEPC procedure, its purpose and the involved stakeholders (who will use
the ratings and for what ?)

Step 2 - Identify and categorize all the possible assets into categories such as by function (residences, schools,
hospitals, parks, historical landmarks, community organizations), type (physical, social, economic,
environmental), or importance (levels) and then decide on the range of assets to be assessed (public
infrastructure, cultural assets, community services, environmental conditions ) and included in the SLEPC rating.

Step 3 - Set the boundaries for the assessment such as geographical or administrative boundaries and then
develop criteria for evaluating each asset, reflecting community values and goals, such as sustainability,
inclusivity, accessibility and propose measurable indicators for each criterion (for instance energy consumption
for inside comfort, energy consumption for night lighting, green space per capita for environmental health or the
number of accessible public spaces for the criterion of inclusivity etc.; SLEPC selected criteria and indicators must
be relevant to the community’s specific context and needs, ensuring relevance of the assessment procedure for
the building complex level.

Step 4: Based on the input from different experts of the SLEPC consortium (or other experts), weights are
assigned to different categories and indicators based on their importance or relevance to the community's goals;
an overall scoring system will be then conceived for each indicator with defined benchmarks (class) for each
score.

Step 5: Data Collection for each indicator (BIM files, audits etc.), using ethical and effective data collection
methods and Analysis Use statistical methods or qualitative analysis to interpret the data and assign scores to
each indicator

Step 6: Assign a final rating to the community based on the aggregated scores (rating) and compare these ratings
against past ratings or ratings of similar communities for context (benchmarking) Use the ratings to highlight
areas of strength and areas needing improvement

The final SLEPC complex level procedure will also include a feedback mechanism for community members and
stakeholders to respond to the ratings.

In the following, six already existing methodologies for the assessment of the community energy efficiency and
sustainability are shortly introduced, according to the step-by-step procedure presented before.

1. LEED for Neighborhood Development (LEED-ND)

Purpose: To rate neighborhoods based on sustainable development.

Criteria: Includes smart location and linkage to public transportation, neighborhood design and land use, green
infrastructure and buildings, and innovation in design.

Data Collection: Through planning documents, site visits, stakeholder interviews.

Page 49



Smoﬂ

HE Grant Agreement Number: 101069639 0] J
Document ID: WP2/D2.3/IR

Rating: Certified, Silver, Gold, or Platinum based on points achieved.

2. STAR Community Rating System

Purpose: To measure sustainability at the community level.

Criteria: Evaluation of built environment, climate and energy, economy and jobs, education, arts and community,
equity and empowerment, health and safety, and natural systems.

Data Collection: Community surveys, government reports, and direct measurements.

Rating: Certified, 3-STAR, 4-STAR, 5-STAR based on performance measures.

3. The WELL Community Standard

Purpose: Focuses on health and wellness within sustainability.

Criteria: Includes air, water, nourishment, light, fitness, temperature, sound, materials, mind, and community
aspects.

Data Collection: Site assessments, policy reviews, and performance metrics.

Rating: Certification based on adherence to WELL requirements.

4. EcoDistricts Protocol

Purpose: Focuses on neighborhood-scale sustainability.

Criteria: Three imperatives — Equity, Resilience, and Climate Protection; and six priorities — Place, Prosperity,
Health + Wellbeing, Connectivity, Living Infrastructure, and Resource Restoration.

Data Collection: Community engagement, local data, and policy analysis.

Rating: Certification based on project performance and continuous improvement.

5.1SO 37120: Sustainable Development of Communities — Indicators for City Services and Quality of Life
Purpose: Provides a set of standardized indicators for city services and quality of life, applicable to communities.
Criteria: Wide range of indicators covering economy, education, energy, environment, finance, fire and
emergency response, governance, health, recreation, safety, shelter, solid waste, telecommunications,
transportation, urban planning, wastewater, water, and sanitation.

Data Collection: Data is gathered from municipal records, surveys, and other sources.

Rating: Not a rating system but provides benchmarks for comparison and improvement.

6. Community Energy Planning

Purpose: Specifically for assessing and planning a community’s energy use and sustainability.

Criteria: Energy consumption patterns, renewable energy potential, energy efficiency opportunities, greenhouse
gas emissions.

Data Collection: Energy audits, local energy data, stakeholder consultations.

Rating: Typically not a rating but a strategic plan for improving community energy use and sustainability.
Implementation Considerations:

Stakeholder Engagement: Involve community members, local businesses, and government officials in the
assessment process.

Data Accuracy: Ensure accurate and current data collection for reliable assessments.

Customization: Tailor the methodology to the specific context and needs of the community.

Continuous Improvement: Use the results for setting targets, tracking progress, and continuous improvement in
sustainability practices.

Integration: Consider how the energy and sustainability goals integrate with other community objectives like
economic development and public health.

All these methodologies provide structured frameworks for assessing and improving the sustainability and
energy efficiency of communities. They emphasize not just environmental aspects but also economic, social, and
governance factors, leading to holistic community development.
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3.1 Indicators of the building complex SLEPC

This chapter will be completed up to M22, for the next version of this deliverable.

3.2 Rating assessment and benchmarking procedures of the
SLEPC building complex

This chapter will be completed up to M22, for the next version of this deliverable.
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4 SmartLivingEPC outcomes

4.1 SmartLivingEPC certificate

The SmartLivingEPC (SLEPC) Certificate aims to be a comprehensive document that encapsulates various aspects
of a building's performance, from energy efficiency to environmental impact and smart readiness. The certificate
is designed to be user-friendly and informative, providing a holistic view of the building's attributes and
performance metrics. Here's a breakdown of the proposed models for the certificate:

Basic Information

Building Address and Geolocation: The certificate starts by providing the building's address along with its latitude
and longitude, offering a geographical context.

e Type of Building and Physical Characteristics: Information about the type of building (e.g., residential,
commercial), its total floor area, volume, and year of construction are included to give a snapshot of the
building's physical attributes.

e Climate: The climate of the building's location is also mentioned, as it has a significant impact on various
performance metrics.

Performance Summary

e Overall Rating and Sub-Categories: A short text summarizes the building's overall rating, breaking it down
into categories like smart readiness, energy consumption, and comfort. This provides a quick overview of
where the building excels and where it needs improvement.

e Potential for Improvement: Another section outlines the building's potential to reach a higher class, based
on proposed solutions detailed in an annex. This encourages building owners to take actionable steps for
improvement.

Detailed Metrics

e Energy Indicators: This section provides a detailed breakdown of the building's energy performance,
including metrics like final energy, primary non-renewable and renewable energy, and exported energy.
Each metric is presented in kWh/m2, along with its corresponding energy class and renewable energy
ratio.

e Environmental Indicators: Metrics like Life Cycle Global Warming Potential are included, along with their
values and classes, to give an idea of the building's environmental impact.

e Smart Readiness and Non-Energy Indicators: These sections delve into the building's smart readiness
capabilities and other non-energy performance metrics like indoor air quality, thermal comfort, and water
efficiency. Each sub-category is scored and classified to provide a comprehensive view.

Administrative Details

Certificate Number, Date, and Validity: The certificate concludes with administrative details like the certificate
number, date of issue, and validity period, along with the signature of the energy assessor for authentication.

In the following figure there are some examples of graphical representations of these certificates.

Page 53



HE Grant Agreement Number: 101069639

Document ID: WP2/D2.3/IR

SMARTLIVING BUILDING

martLivingEPC Proje

aborated according t

Latitude x longitude: 44.44188, 26.129843
Type of building: Primary school

Year of construction: 1967 / Climate : Moderate
Software used: SLEPC v1.0.2023

FINAL ENERGY (building level)
PRIMARY ENERGY NON-RENEWABLE
PRIMARY ENERGY RENEWABLE
EXPORTED ENERGY 0
TOTAL PRIMARY ENERGY

LEVEL(S)

EUROPEAN COMMON CERTIFICATE

energy carrier. See annex 1 for det

Energy flexibility and storage.
(Comtort

Convenience.
Health, well-being and accessibilty
Maintenance and faut prediction

Name of the assesor:
John MURPHY

Diploma no./date:
0919R/10.08.2022

Building address: Blvd. Pache Protopopescu 109a, Bucharest, ROMANIA

Total floor area: 2545 m? / Volume of the building: 8144 m*

ENERGY INDIC

243 (kwh/m’/year)

342 (xWhep/m’/year)
95,5 (kWhep/m*/year)
(kWhep/m’/year)
438 (kWhep/m’/year)

Environmental indicators

Life cycle Global Warming Potential (kgCO,/m’/year)
Potential

Due to the extensive use of non-certified wood the
building performs low. It is urgent to change the

CERTIFICATE

The bullding is rated D as an average value performing
the worst as concerns the smartiness while for energy
consumption is rated A. When it comes to comfort,
wellbeing, security tis rated average (D).

Potential

Actual
The building has the potential to reach B class (score
90,2/100) based on the proposed solutions found in
Annex 1 of this certificate.

\TORS

Renewable energy ratio
B [2182% ]
» 30% target
C

Class
Score

J

[Cimata change (gicbal warming potential)
(Cacne depleton potentel

cass [EN

Class _Final
Visual comfort C
Thermal comfort

Indoor air quality

Water efficiency
Accesibility
Earthquake risk

Certificate number/date: 25484/17.09.2023
Centificate valid until: 17.09.2033

SMARTLIVING BUILDING CERTIFICATE

ording to SmantLivingEPC Project no.

elaborated

Building sddrss: Bivd. Pache Protopopescu 108, Bucharest,
M-

ROMANLA
Latitude x Iongitude: 4444138, 26.129843

Type of building: Frimary schaol

Total floor area: 2545 m* / volume of the building: 8144 m*
vear of construction: 1967 / climate : Moderate

Software used: SLEPE v1.0.2023

ENERGY INDICATOR

NON-ENERGY INDICATORS

FINAL ENEREY (Building leve )
FRIMARY ENERGY NON-RENEWABLE
FRIMARY ENERGY RENEWABLE
EXPORTED ENERGY

TOTAL PRIMARY ENERGY

EUROPEAN COMMON CERTIFICATE

Certificate number/date: 25484/17.09.2023
certificate valid until: 17.09.2033

Actugl

The buiding is rated D as an averaze value
performing the worst as concems the smartiness
whie for energy consumption is rated A. When it
comes 10 comfort, wellbeing, security it i raed
average (0). The building has the potential to reach B
ass [score $0,2/100) based on the proposed
‘solutions found in Annex 1 of this certificate.

R fyzar)
(W jy=ar)
{Wihepjmjyear)
e fyear)
436 [WWhep/mifyear]

name of the assesor: John MURPHY
Diploma no./date: 09198 /10.08.2022

d acc

SMATL

Buiding adress: Bivd Pache Protopopescy 109, Bucharest, ROMANIA

Latitude x 4444188, 26129843
Type of building: Primary schocl

Total floor area: 2545 i Voluma of the building: B1144 m?
Year of construction: 1967 / Climate: Moderate

\&ilwim used: SLEPC v1.0.2023

The buikding iz rated D a3 an avarage valus performing the worst 2
When it comes to comfort, walbsing, security it is rated average (D).

= @
[ ) () 5 um
L LIl

The buikiing has the potential to reach B class {rating 90,2/100)
]  cinen {raiing 83
h

ENERGY INDICATORS

B B DN G e R TIRICATE

107101

Building P halo

[FoL EHERGY (Eubtng o)

taTeL P EnERgY

Use stage encrgy petomsnos.
Ul cyce Gt Warsing Potertiol
Bt quantiis,

et an s zpane

tis urgent to change the energy camier. See annex 1 for details.

SMA DINESS INDICATORS
T

oy ity and stomge

Comior o

Comenience s

ot weberg ans

enmece ol et =S

EUROPEAN COMMON CERTIFICATE

cuss ([l

Centificate numiber/date: 25484/17.09.2023
Certificate valid unti: 17.09.2033

Figure 21: Example of SLE EPC model #1 to 3
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The SLEPC Certificate is designed to serve as a comprehensive assessment tool for evaluating the performance
of buildings. It provides a multifaceted evaluation that surpasses the scope of conventional energy certificates.
The primary objective of this initiative is to enhance building performance and contribute to broader
sustainability objectives by incorporating a diverse set of indicators and practical insights.

4.2 SmartLivingEPC labelling and performance classes

The SmartLivingEPC incorporates a system of labeling and performance classification, denoted by letters A to G,
together with a number score ranging from 0 to 100. This approach provides a complete and clearly
comprehensible means of assessing a building's performance across various aspects. The application of a
combined methodology involving alphabetic and numeric grading facilitates a comprehensive evaluation of a
building's performance, offering both a concise overview (A to G) and a more intricate comprehension (0 to 100).
The inclusion of a color scheme that transitions from red to green enhances the intuitive comprehension of the
information, hence increasing its accessibility to individuals who may lack familiarity with building performance
measures.

The alphabetic grading system has been widely employed in diverse contexts, ranging from the categorization of
energy efficiency in appliances to the evaluation of academic performance. It offers an instantaneous and readily
comprehensible indication of the level of excellence or effectiveness. In contrast, the numerical score provides a
more detailed comprehension of the building's performance. As an illustration, consider two buildings that are
both assigned a 'B' grade. However, their respective numeric scores of 85 and 89 suggest a marginal yet
potentially significant variance in their performance.

PRIMARY TOTAL ENERGY (kWh/m?/year)
Electric
Heating
Cooling
DHW
Lighting
Ventilation
% 4,% TOTAL 0 437,745 | 437,745
4*6)_‘ THRESHOLDS 0 - 400
ENERGY CLASS “ c

Figure 22: Example of labeling and scoring for the SLEPC Certificate

The utilization of a color-coding scheme proves to be highly successful as a visual signal. Colors are widely
recognized as symbols of caution or safety, and the progression from red to green serves as an efficient means
of conveying performance levels in a simple manner. This feature is particularly advantageous for stakeholders
who may be constrained by time or lack the necessary skills to thoroughly examine the intricacies, yet desire a
concise comprehension of a building's sustainability and efficiency.

This multifaceted methodology of categorization has significant efficacy for several reasons:

¢ Inclusivity refers to the ability of a system or approaches to accommodate a wide range of individuals,
including both experts who possess the capacity to discern subtle variations in numerical scores, and
laypersons who can readily comprehend alphabetic and color-coded ratings.

e Actionability: The inclusion of a comprehensive numerical score provides a framework for implementing
targeted strategies aimed at enhancing performance. As an illustration, a structure with a numerical rating
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of 89 may necessitate minor adjustments to attain the classification of 'A’, whereas a building with a rating
of 81 may demand more significant modifications.

e The marketability of a building can be enhanced by a high rating, which has the potential to positively
impact property value.

e Policy Alignment: The aforementioned labeling system demonstrates a strong congruence with policy
objectives, as it offers a uniform metric that can effectively facilitate regulatory adherence and incentivize
desired behaviors.

e The utilization of color schemes in behavioral economics aims to leverage behavior cues that can
incentivize building owners to enhance their rating. This approach is reminiscent to the impact observed in
consumer choices through the implementation of health "star ratings" on food packaging \

4.3 SmartLivingEPC certificate validity

The SmartLivingEPC (SLEPC) Certificate demonstrates a strong and comprehensive capability for evaluating
several facets of building performance. The approach employed is multifaceted, surpassing conventional Energy
Performance Certificates (EPCs) by encompassing not just energy efficiency but also environmental effects, smart
readiness, and additional indicators related to non-energy performance. This is in line with the increasing focus
on comprehensive building evaluation frameworks, such as BREEAM or LEED.

The certificate's validity is enhanced through the incorporation of various indications, each accompanied by its
own score and categorization framework. This facilitates a more intricate comprehension of a building’s
functionality. The use of Building Information Modelling (BIM) and digital twins for data collection adds a layer
of accuracy and reliability to the certificate. Studies have shown that BIM can significantly improve the quality of
the data used for building assessments.

The SLEPC Certificate could serve multiple stakeholders:

e Decision-Making: For building owners and occupants, the certificate can serve as a roadmap for
improvements, supported by the "potential to reach" scores and proposed solutions. This aligns with
studies that highlight the importance of actionable insights in building assessments.

e Financial Risk Assessment: For financial institutions, the comprehensive nature of the certificate can serve
as a risk mitigation tool, aligning with the growing importance of ESG criteria in investment decisions.

e Policy and Regulation: For public authorities, the certificate can serve as a data-driven tool for policy
formulation, especially in the context of EU directives like Fit for 55 and the revised EPBD.

e Construction and Design: The certificate's compatibility with BIM and digital twins can streamline the
construction process, making it more efficient and sustainable.
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5 Using SmartLivingEPC assessment methodology
for Pilots

Figure 23: The 9 SLEPC pilots

The SmartLivingEPC project offers an extensive variety of pilot cases, which serve as an optimal setting to
showcase the adaptability and utility of the asset rating methodology that was developed as part of the project.

The methodical development and proof of data, which serves as the foundation of the asset assessment process,
is fundamental to the methodology. This process entails the collection of comprehensive data pertaining to
energy usage, indoor environmental conditions, and building designs. The selection of data sources is wide,
including technical audits and Building Information Modelling (BIM) in addition to loT technologies. By employing
this comprehensive strategy, a robust and dependable dataset is obtained in preparation for analysis. The
verification of data via technical examinations is of the utmost importance, as it guarantees not only precision
but also adherence to European standards. The implementation of this stringent procedure ensures that asset
evaluations are accurate and comply to well-established standards.

The methodology's applicability to real-world scenarios is verified through the utilization of data obtained from
the pilot cases. The utilization of real performance data in this iterative process of testing and refinement is
critical in order to guarantee the methodology's practical applicability and dependability. The knowledge
acquired from these pilot cases will be of great worth in the process of enhancing the methodology and
showcasing its efficacy in various building classifications and utilization situations.

In each pilot case, the methodology involves a detailed calculation of both energy and non-energy indicators:

e Energy related set of indicators include parameters like heating, cooling, ventilation, lighting, and
renewable energy usage. The methodology calculates the total energy needs, taking into account the
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specific characteristics of each building, such as installed load, HVAC systems, and renewable energy
installations. For instance, in residential buildings, the focus might be on heating and hot water efficiency,
while in educational institutions, lighting and ventilation might be more prominent.

e Non-Energy related set of indicators encompass aspects such as indoor environmental quality, including air
quality (like COz levels and radon risk), thermal comfort (operative temperature, PMV index), visual
comfort (illuminance level, color rendering index), and acoustic comfort (sound pressure level,
reverberation time). Additionally, factors like accessibility and seismic risk are also considered, ensuring a
comprehensive understanding of the building's performance beyond energy consumption.

This dual-focus approach is crucial for a holistic assessment of building performance.

The SmartLivingEPC project, with its array of pilot cases, showcases a robust and comprehensive approach to
asset rating, emphasizing the significance of both energy and non-energy indicators. This methodology is
designed to be applied across various building types, ensuring a standardized yet adaptable framework that
aligns with European standards for accuracy and applicability.

Each pilot case presents unique challenges and requirements, requiring a tailored application of the
methodology:

e In residential structures like the CERTH/ITI nZEB Smart House and the detached dwelling, the focus might
be on optimizing energy usage while ensuring high indoor environmental quality for occupant comfort.

e  For educational and public buildings like Frederick University and the Leitza Town Hall, the methodology
will assess energy efficiency in heating, cooling, and lighting, alongside ensuring optimal conditions for
learning and public services.

By analyzing data from these diverse buildings, the project can fine-tune its approach, ensuring that the
methodology is not only theoretically sound but also practically viable. This iterative process of testing with actual
performance data from the pilot cases is essential for confirming the methodology's effectiveness and
adaptability.

The Smart Readiness Indicator (SRI) plays a pivotal role in the SmartLivingEPC project, particularly in the context
of the diverse pilot cases. In each pilot case, the SRI will be used to evaluate the presence and effectiveness of
smart technologies. This includes loT systems, intelligent HVAC controls, smart lighting, and energy management
systems. By applying the SRl in the pilot cases, this element of the SmartLivingEPC methodology can be confirmed
and enhanced on an ongoing basis. Through the review of empirical data, the project can enhance the ease of
use of the SRI, thereby guaranteeing that it precisely characterizes the intelligent readiness of buildings and
successfully contributes to their comprehensive evaluation of sustainability.

In the pilot cases, LCA will be used to identify key areas where environmental impacts can be reduced. This could
involve selecting more sustainable materials, improving energy efficiency, or implementing waste reduction
strategies.

Through the implementation of this approach across a wide variety of buildings, the SmartLivingEPC initiative
intends to illustrate the efficacy of its asset rating system in practical situations. The knowledge acquired from
these pilot cases will be of significant worth in enhancing the methodology and demonstrating its feasibility in
various building types and utilization scenarios.
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6 Conclusions and future work

The goal of this deliverable is to depict the brand-new methodology for calculating asset ratings as part of the
SmartLivingEPC project. This involves developing a novel system for assessing the energy and environmental
performance of buildings, taking into account ratings from smartness, energy, sustainability, and technical audits.
The new system will integrate results from WP2 tasks, including SRI, energy and non-energy analysis, LCA,
Levels(s), and building systems energy auditing, into a unified, weighted rating system.

The deliverable laid the foundation for the development of an asset methodology for building and building
complex scale. A comprehensive analysis of the existing assessment schemes was carried out, with a particular
focus on urban sustainability frameworks and neighborhood sustainability assessment tools. The findings reveal
that urban sustainability frameworks are organized into three dimensions: environmental, economic, and social,
with an additional institutional dimension. However, it was observed that the institutional dimension of
sustainability was inadequately represented. The neighborhood sustainability assessment tools also
demonstrated an underrepresentation of the social and institutional dimensions. Furthermore, significant
progress was made in the identification and classification of energy-consuming services at the neighborhood
scale. The analysis indicated that infrastructure for transportation and street lighting, followed by urban forests
and drinking water provision, were the most prominent energy-consuming services.

The deliverable explored and analyzed the most advanced discussions as well surrounding the concepts of Energy
Communities, Smart Grids, and Building Units' Interaction. This comprehensive analysis contributed to the
foundational understanding of these concepts. Building upon this work, collaborative discussions were held with
project partners to determine the most appropriate criteria for delimiting the energy performance evaluation
areas. This determination is one of the bases for issuing energy efficiency certificates at the neighborhood level,
ensuring accurate and effective evaluation. Future work for the development of energy efficiency certificates at
the neighborhood level includes the validation of the indicators detected through the implementation of surveys
according to the Delphi method. Focusing on methodologies to assess energy and sustainability in communities
involves evaluating how efficiently communities use energy, manage resources, and implement sustainable
practices.

This new asset EPC is intended to be more user-friendly, incorporating all necessary elements and features for
integration into digital building logbooks. This integration will enhance transparency, trust, and information
sharing, aiding decision-making in the construction sector among building owners, occupants, financial
institutions, and public authorities. A key aspect of the SmartLivingEPC is its assessment within a BIM
environment, where all required input data is sourced from BIM documents. The ultimate outcome of this task
is to establish a methodology for calculating asset ratings at the building level, specifically for Building EPCs.

Future work
Chapters 2.2, 3.2 and 3.3 will be filled with relevant information.

This deliverable will be continuously completed, improved, reviewed and updated on the course of the project
ripening. The assessment methodologies for the holistic certification of single buildings (building EPC) or for
building complex level (complex EPC) will be also improved and adapted based on new data from other similar
projects, updated or new standards, or additional feedback from consortium partners, to ensure they remains
relevant, effective. At utmost importance is also the practical implementation of the rating procedures for the
pilot buildings. That is why one of the main future preoccupations will be the testing phase of the SLEPC.

We will ensure practical implementation, transparency of the entire process, data sources, and results, sensitivity
(ensuring that assessments covers as much as possible European countries, communities types etc.), and
efficiency in terms of time and resources.

By enhancing each step with these detailed considerations and examples, the asset rating methodology becomes
more robust, inclusive, and tailored to the specific needs and context of the users.
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