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Okvir za energetsku i klimatsku politiku EU predvida da energetski sistem Evrope postane de-
centralizovan, dekarbonizovan i voden zajednicom. Takode, postoji sve veéa potraznja za energetski
efikasnim reSenjima i inteligentnim sistemima u zgradama koji ne samo da mogu poboljsati udobnost
i pogodnost, veé i smanjiti potroSnju energije i uticaj na Zivotnu sredinu. Ambiciozni planovi za pov-
ecanje udela obnovljivih izvora energije i poboljsanje energetske efikasnosti u zgradama zahtevaju
kontinuirano unapredenje politike i istraZivanja za nove i efikasne pristupe i instrumente imple-
mentacije. Poboljsanja u efikasnosti zgrada, u pogledu energije i drugih resursa, zahtevaju siste-
matski pristup koji prevazilazi trenutnu uobicajenu praksu pracenja i optimizacije potrosnje energije.
Jedno od inovativnih resenja koje moze pomoci u odrzivoj transformaciji zgrada u EU je Indikator
spremnosti za koriséenje pametnih tehnologija, koji je Evropska unija uvela 2018. godine prilikom
izmene Direktive o energetskoj efikasnosti zgrada.

Ovaj rad predstavlja prakticne elemente SRI revizije sa naglaskom na identifikaciju energetske
fleksibilnosti u tri razlicite zgrade u Sloveniji i Hrvatskoj. Dobijeni rezultati jasno ukazuju na to da
SRI moze postati vazan alat za prelazak na energetski efikasnije i odrzivije izgradeno okruzenje.
Podstice prelazak sa tradicionalnih, jednosmernih, potrosackih zgrada (potrosaci) ka fleksibilnijim,
zgradama sa odgovorom na potraznju koje proizvode energiju i uzimaju u obzir povremenu prirodu
obnovljivih izvora energije (proizvodaci-potrosaci). Takode, na osnovu iskustava stecenih tokom
pocetnog testiranja SRI u Sloveniji i Hrvatskoj, identifikovane su kljucne kompetencije SRI revizora.
Zakljucak rada objektivno predstavija izazove buduce implementacije SRI u Sloveniji i Hrvatskoj.

The framework for EU energy and climate policy foresees Europe’s energy system becoming
decentralised, decarbonised and community led. Also, there is an increasing demand for energy-
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efficient solutions and intelligent systems in buildings that cannot only enhance comfort and conven-
ience, but also reduce energy consumption and the environmental impact. The ambitious plans for
increasing the share of renewable energy sources and improving energy efficiency in buildings re-
quire continuous improvement in policy and research for new and efficient implementation ap-
proaches and instruments. Improvements in building efficiency, regarding energy and other re-
sources, require a systematic approach that goes beyond the current common practice of energy-
consumption monitoring and optimization. One of the innovative solutions that can help in the sus-
tainable transformation of the EU building stock is the Smart Readiness Indicator (SRI), introduced
by the European Union in 2018 while amending the Energy Performance of Buildings Directive.

This paper presents practical elements of the SRI auditing with the emphasis on identification
of energy flexibility in three different buildings in Slovenia and Croatia. Obtained results are clearly
indicating that the SRI can become an important tool for the transition to a more energy-efficient and
sustainable built environment. It encourages a shift from traditional, one-dimensional, consumption-
based energy buildings (consumers) towards more flexible, demand-response buildings that produce
energy and consider the intermittent nature of renewable energy sources (prosumers). Also, based
on the experiences derived from the initial testing of SRI in Slovenia and Croatia, the key competences
of SRI auditors have been identified. The paper's conclusion objectively presents the challenges of
future implementation of SRI in Slovenia and Croatia.

1. Introduction

The key reason for energy performance assessment of buildings is to evaluate and improve their
energy efficiency, reduce energy consumption, and minimize environmental impact. This assessment,
if properly conducted, helps identify opportunities for cost savings, enhances occupant comfort, and
supports compliance with regulations and sustainability goals, such as reducing greenhouse gas emis-
sions and achieving climate targets like those outlined in the EU Green Deal [1]. It also informs
stakeholders, including property owners, tenants, and policymakers, enabling informed decisions
about building upgrades, investments, and long-term energy planning.

Energy efficiency and the integration of renewable energy sources (RES) in buildings are cen-
tral components of the National Energy and Climate Plans (NECPs) of all 27 European Union mem-
ber states [2]. These plans outline strategies to meet EU-wide targets for reducing greenhouse gas
emissions, improving energy efficiency, and increasing the share of renewables by 2030. The pro-
posed update to Slovenia’s NECP includes measures such as financial incentives for building reno-
vations, the promotion of nearly zero-emission buildings, and the integration of smart technologies
to enhance energy management [3]. Similarly, the updated proposal for Croatia’s NECP outlines
measures including financial support for energy-efficient building renovations, the promotion of ad-
vanced and comprehensive renovation strategies, and the integration of RES, such as solar energy
and biomass, into building energy systems [4]. Both Slovenia and Croatia clearly recognize the piv-
otal role of the building sector in achieving their energy and climate objectives, aligning with the
EU’s broader goals for a sustainable, energy-efficient, and low-carbon future.

One of the innovative solutions that can help in the sustainable transformation of the EU build-
ing stock is the Smart Readiness Indicator (SRI), introduced by the European Union in 2018 while
amending the Energy Performance of Buildings Directive. According to the Annex IV of the newest
recast of the European Commission’s Directive (EU) on the energy performance of buildings (EPBD)
[5], the Commission shall establish the definition of the SRI and a methodology by which it is to be
calculated, in order to assess the capabilities of a building or building unit to adapt its operation to
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the needs of the occupants and of the grid and to improve its energy efficiency and overall perfor-
mance. Currently, the SRI is an optional, voluntary scheme designed to evaluate the technological
readiness of buildings to enhance their interaction with occupants, integrate seamlessly with energy
grids, and improve operational efficiency. The EPBD recast emphasizes the importance of digitaliza-
tion and smart technologies in achieving a decarbonized and energy-efficient building sector by 2050
[5]. It also encourages the use of advanced technologies such as smart meters, sensors, and building
automation systems to optimize energy use and improve building performance. A key aspect of the
EPBD recast is improving comfort, health, and well-being for occupants. In this context is important
to mention that the SRI is a very important metric that evaluates how well buildings provide real-time
feedback, adaptive control, and user-friendly interfaces to enhance the occupant experience while
encouraging energy-saving behaviours [5].

Currently, the SRI is being officially tested in 15 EU countries, including Croatia and Slovenia,
with the support from various EU-funded projects to prepare for its large-scale implementation [6].
Considering the process of EU legislative development, it is reasonable to expect that in the coming
years, the SRI will become mandatory through future revisions of the EPBD. This would integrate
the SRI more deeply into energy performance certification processes and energy audits for buildings.

The SRI evaluates smart building capabilities across critical domains such as heating, cooling,
domestic hot water, ventilation, lighting, dynamic building envelope, electricity management, electric
vehicle charging, and monitoring and control systems [7]. According to [8], by focusing primarily on
the energetic system, SRI left out essential topics in digitalization, such as security and connectivity,
and the smartness of the building with the users, as it is the smart use of spaces, waste management,
and noise pollution. Al Dakheel et al. [9], proposed a complementary approach to SRI’s framework
by providing a quantitative assessment of technological performance. In this context, proposed indi-
cators and thresholds can serve as benchmarks within the SRI framework, providing a more quanti-
tative analysis of each system’s efficiency and responsiveness, enabling a more precise evaluation of
how technological upgrades align with smart readiness goals [9]. According to [10], SRI has the
potential to contribute to the evolution of energy performance certificates (EPCs), from static to dy-
namic, incorporating real-time data for more accurate EPC certification. According to [11], the SRI
methodology opens up new possibilities for demand response approaches by leveraging information
from appliances (e.g., number of fridges, cookers, occupancy levels, etc.). Lilliu et al. [12], provided
a comprehensive review of novel business models related to energy flexibility, demand response, and
energy communities, including both relevant reviews and novel business or pricing models that have
been proposed in the past. The main aim of these new models is to encourage more buildings and
prosumers to join and actively participate in the smart energy context. Zoghi et al. [13], moved from
a single building approach to the neighbourhood scale and proposed a framework that underpins in-
tricate urban planning and design strategies oriented around smart city concepts and fostered the con-
tinuity and effectiveness of urban regeneration initiatives in a more efficient and smarter way.

The research work described in this paper was inspired by the recommendations proposed by
Garzia et al. [14], which highlights the need for a more integrated and comprehensive approach to
building performance assessment by combining the SRI and EPCs. This approach would address the
current gaps in evaluating the full benefits of smart technologies alongside energy efficiency, provid-
ing a more holistic understanding of a building's capabilities and performance. This paper presents
practical elements of the SRI auditing with the emphasis on identification of energy flexibility in
three different buildings in Slovenia and Croatia. Obtained results clearly indicate that the SRI can
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become an important tool for the transition to a more energy-efficient and sustainable built environ-
ment. It encourages a shift from traditional, one-dimensional, consumption-based energy buildings
(consumers) towards more flexible, demand-response buildings that produce energy and consider the
intermittent nature of renewable energy sources (prosumers). Also, based on the experiences derived
from the initial testing of SRI in Slovenia and Croatia the key competences of SRI auditors have been
identified. This paper also objectively discusses the main challenges of future implementation of SRI
in Slovenia and Croatia.

2. Methodology

This chapter provides guidelines for effective SRI auditing, including an overview of the work-
flow and quality assurance, and tips for identifying energy and flexibility potentials. An overview of
the SRI rating process is given in Figure 1.

Preparatory activities Process of SRI auditing
Preparation & organization of

Reports, drawings, etc. SRl audit
(site-visit)
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of building’s use patterns .
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Energy and flexibility
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Creation of the report and targets

presentation of main
findings

Implementation plan

Figure 1. Overview of the SRI rating process

It is clear that the SRI is a complex indicator and assessing a building's smart readiness requires
a comprehensive, methodical approach. Auditors must be properly trained and up to date with the
latest standards and technologies. They must be familiar with data-collection techniques and capable
of using the software and tools that are standard in the industry for modelling, analysis, and evaluation
(energy management, SCADA, etc.).

The SRI rating process should not be conceived as a one-time evaluation. Effective SRI auditing
requires a lot of data to be collected in a systematic manner, which is a prerequisite for the auditor to
propose effective measures not only for conserving energy but also making buildings adaptive and
responsive to the users’ needs and the grid’s demands. To become effective, data gathering should be
coordinated, and in this context a thorough preparation is essential. Before a site visit, the SRI auditor
should be familiarized with the building's documentation, previous audits, drawings, and available
operational data. Based on a preliminary analysis of the available data, the auditor should prepare a
detailed checklist for the missing SRI parameters that should be collected during the site visit.

Interviews and meetings with building occupants, facility managers, and owners are essential
to understand their perspectives, concerns, and requirements. Their feedback can provide insights into
user satisfaction, which is a crucial aspect of smart readiness and sustainability.
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Site visit must be properly planned, and the SRI auditor should visually inspect the condition
of the equipment, systems, and living/working spaces. During the site visit, the auditor should check
installed smart technologies, their operational settings, and user interfaces. After the site visit the
auditor should analyse the collected data on energy-use patterns, control systems, occupancy patterns,
heating, ventilation, and air conditioning (HVAC) operations, the performance of renewable-energy
systems, indoor environmental quality, etc. In this process, auditor should utilize energy-management
systems and other data-logging tools like SCADA to get real-time data for accurate analysis. Building
Energy Models (BEM) are used to determine the building's energy performance and for the calcula-
tion of the sustainability indicators. Results are compared with established benchmarks or standards.

Calculation of the SRI should be the basis for the identification of the performance-improve-
ment opportunities. The first step in this process is the identification of the limitations of installed
systems in terms of smart operations. The SRI rating does not only focus on energy, but also on
adaptability, user comfort, and the building's potential to respond to the grid’s demands. Once the
necessary information about the building and its operation has been collected, these data can be used
to calculate the SRI. For the calculation of the SRI, a standard SRI-assessment package comprising a
calculation sheet can be used. The SRI-assessment package is available free of charge and it can be
provided upon request by filling out a form available at the EUSurvey service web site [15]. In the
framework of the presented research work, a detailed assessment method (Method B) was used for
the calculation of SRI for the selected buildings. Detailed descriptions of this method is given in [7].
Also, the general framework for the contribution of building automation, controls and building man-
agement on the energy performance of buildings is given in European Standard EN 15232-1 [16].
The SRI service catalogue is mainly a Building Automation and Control Systems (BACS) checklist
that was derived from this standard.

Before the final meeting and presentation of the main findings, SRI auditor must always discuss
main recommendations with the building’s owners, occupants, facility and energy managers. The
final list of recommendations should be balanced, including the proposal of new and advanced, smart
solutions, clear explanations of retrofitting opportunities, and optimization strategies for existing sys-
tems. After the presentation of the main findings, the auditor should compile a detailed report outlin-
ing the findings, analysis, recommendations, and potential benefits. To improve the quality of its
services, the auditor should create a system where stakeholders can provide feedback on the assess-
ment process and findings. For the auditor it is very important to utilize the feedback to continuously
improve the assessment process and improve the competitiveness of its services. The auditor should
keep detailed records of every step in the process, from preliminary the assessment to the final rec-
ommendations. This not only ensures transparency, but also provides a reference for future assess-
ments or disputes.

To enable a systematic reduction of energy consumption, it is essential to propose monitoring
of the energy consumption and encourage feedback after implementing the changes. This will help in
refining future audits and understanding the actual impact of all the implementations.

By understanding the value of the SRI and its implications, energy and facility managers, own-
ers, and occupants and other stakeholders like Energy Service Companies (ESCOs) and utilities can
identify numerous measures to improve energy efficiency and flexibility, thus maximizing the bene-
fits of their smart building technologies. The SRI auditor must always use data analytics from in-
stalled smart systems and available metering devices to analyse occupants’ behaviour patterns. En-
ergy efficiency and flexibility measures should always be tailored to the actual energy usage and
according to when and how spaces within the building are used.
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The most crucial step is for the SRI auditor to provide comprehensive comments on the assessed
systems and components. For instance, when evaluating the potential for installing a roof-top photo-
voltaic (PV) plant for local electricity generation, the auditor should consider the orientation of the
roof, potential shading issues, and grid-connection possibilities. Within the SRI report's comments,
the auditor should detail the possible size of the PV plant, its distance from the current transformer
station, and, if 15-minute interval electricity consumption data is available, provide a basic simulation
of future electricity generation. This should also cover self-consumption and potential benefits from
optimizing with local storage.

A helpful tip for analysing operational performance and identifying the flexibility potential can
come from the use of a load factor and load-duration diagram. The load factor is the ratio of average
load to the maximum load recorded over the observed period of time. The average load can be deter-
mined based on the total energy consumed over the observed period of time. The load duration dia-
gram can be constructed from a load diagram so that cumulative durations of any particular load over
the observed period are plotted in sequence together (Figure 2).
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Figure 2. Creation of a Load Duration Diagram

The load-duration diagram indicates not only the peak load but also the duration of peak loads
over the observed time interval, which is important for a consideration of demand-control strategies.
It also provides an insight into the variable and fixed demands, which provide a basis for determining
operational performance and potentials for improvements. By correctly identifying and managing
controllable loads, demand can be shifted to off-peak hours when energy is cheaper and more abun-
dant. This not only leads to cost savings, but also improves the overall efficiency of the grid. Addi-
tionally, the proper identification of controllable and uncontrollable loads is crucial for better plan-
ning, control and interaction with the grid. In periods of high demand, being able to reduce control-
lable loads can prevent overloading and ensure grid stability. If controllable loads can be properly
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managed, they can be matched to times when renewable-energy production is high, reducing reliance
on non-renewable energy sources. For consumers/prosumers, managing controllable loads effectively
can result in significant cost savings.

SRI auditing should always be combined with the Retro-commissioning or Re-Commissioning
(Re-Co) activities. Re-Co is a methodical process of testing an existing building’s energy-intensive
systems like HVAC and any other equipment to make sure they are still functioning according to the
original design intent or to adjust and correct any deviation from the original design [17]. It focuses
on improving the overall performance of a building by investigating and improving how systems
operate together. In the context of SRI auditing, Re-Co activities can be considered as part of an SRI
audit where the main emphasis is on the identification of low-cost, energy-efficiency measures that
can be easily implemented. In this process data from existing meters and systems that continuously
monitor the building's energy performance should be utilised. The inspection of the on-site metering
system is a direct connection between Re-Co and SRI auditing. On-site metering is important because
it provides first-hand information about energy performance. Both the Re-Co expert and the SRI
auditor need to check the following issues:

— How is the energy consumption metered and monitored?

— How is the operation of the equipment/processes controlled and who is responsible for de-

fining operational parameters of the main equipment?

— How is the existing metering equipment accurate and reliable?

From the service providers point of view, it should be noted that the SRI and Re-Co activities
can be combined, and this combination has the potential to become an attractive business for engi-
neering or energy-service providers. Key factors are teamwork with maintenance personnel, a good
selection of buildings and a focus on effective low-cost measures. Even though they might give rise
to some additional costs, Re-Co services can be carried out successfully and be a cost-effective part
of the SRI and EPC generation process because they will generate additional extra benefits for the
owners and building users. Cooperation with ESCOs and utilities can help in identifying and imple-
menting energy and flexibility solutions based on SRI findings, and they might operate on perfor-
mance-based contracts, ensuring actual energy and flexibility savings.

3. Results and discussion

The building stocks in Slovenia and Croatia are characterized by a large proportion of older
buildings that lack modern energy efficiency and smart readiness features. Approximately 70% of
buildings in Slovenia were constructed before 1990, a period when energy efficiency standards were
minimal or non-existent. In both countries these older buildings have a significant impact on the
overall performance of the national building stock, particularly when it comes to achieving modern
energy and smart readiness goals.

For buildings constructed before 2000, the absence of regulations related to the management of
technical systems means that the SRI score is typically very low. Buildings constructed between 2000
and 2020 benefited from improvements brought by regulations focusing on energy savings and ther-
mal protection. However, the lack of specific provisions for smart readiness, such as automated build-
ing management systems or integration with smart grids, means that the SRI score for these buildings
remains low, typically between 15% to 35%.

Recently, both countries implemented stricter requirements for nearly Zero-Energy Building
standards, mandating enhanced energy performance and the inclusion of modern features such as
electric vehicle (EV) charging infrastructure in certain building types. Despite these advancements,
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the integration of smart readiness functionalities remains limited. Looking ahead, all new or renovated
buildings in Slovenia will need to meet nearly Zero-Emission Building standards and, also comply
with stricter requirements for smart building management systems. While these measures mark sig-
nificant progress, Croatia’s and Slovenia’s ability to reach higher SRI classes will depend heavily on
the development of supporting infrastructure, such as smart grids and advanced digital solutions.

One of the key challenges for both countries lies in the renovation of existing buildings, which
constitute the majority of the building stock. Many ambitious projects struggle to achieve meaningful
SRI improvements due to the lack of robust infrastructure and regulatory alignment with emerging
smart readiness standards. For example, limited interoperability with smart grids and the absence of
advanced automation technologies are common barriers.

This raises important questions about how Slovenia and Croatia should adapt the SRI method-
ology to reflect current infrastructure and building stock characteristics while ensuring compliance
with EU-level standards and comparability with other member states. Solutions could include priori-
tizing the development of a smart grid infrastructure, encouraging retrofitting with smart technolo-
gies, and providing financial incentives to support these upgrades.

Croatia has introduced the SRI into its national legislation via the Act on Amendments to the
Building Act [18]. Spearheaded by the Ministry of Physical Planning, Construction, and State Assets,
and supported by the Energy Institute Hrvoje Pozar (EIHP), Croatia has embarked on an official pilot
phase of SRI implementation, supported by three LIFE projects SRIZMARKET, SRI-ENACT, and
tunES. This phase aims to examine SRI’s potential within Croatia’s specific building context, sup-
porting both the development and refinement of the SRI methodology. The primary objectives of this
pilot phase include customizing the SRI to address Croatia's building sector's unique needs, evaluat-
ing potential energy efficiency gains, and identifying any adjustments to ensure the SRI framework
is both practical and effective in Croatia. The pilot will involve testing the SRI framework on a rep-
resentative sample of over 200 buildings, providing a comprehensive analysis of its applicability and
potential benefits [6].

The similar approach is also applied in Slovenia where the SRI has been included into national
legislation via the Regulation on Efficient Use of Energy in Buildings [19]. Slovenian SRI test phase
is led by the Ministry for Environment, Climate and Energy, with support from the Jozef Stefan In-
stitute's Energy Efficiency Centre and the Goriska Local Energy Agency. This initiative is conducted
in cooperation with the Horizon 2020 project TIMEPAC and LIFE project tunES [6]. The test phase
aims to assess a sample of at least 50 representative buildings, encompassing various typologies, ages,
and uses. Assessments are carried out by personnel from the Jozef Stefan Institute, the Goriska Local
Energy Agency, and external assessors trained through dedicated workshops. The test phase is ex-
pected to last two years [6].

Selected buildings, two in Slovenia and one in Croatia, have provided a real testing environment
with the full support of owners and maintenance staff and open access to all requested data necessary
for the SRI and sustainability rating. According to [20], this represents an opportunity with unusual
research access. The data used for the SRI calculation was derived from energy audits, energy con-
sumption data and interviews conducted with the building owners, facility and energy managers.
Methods B with default domain weightings, along with tool variant 4.5, was utilized to assess the
smart readiness of each building. Detailed description of this method is given in [7]. However, in
Slovenian case, the SRI-assessment package provided by European Commission was used. The SRI-
assessment package is available free of charge and it can be provided upon request by filling out a
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form available at the EUSurvey service web site [15]. In the Croatian case, the SRIZMARKET as-
sessment tool was used. This web tool implements the default methodology for calculating the SR,
including Methods A and B, but it also allows easy customization of all the aspects of the methodol-
ogy that can be adapted at Member State level, such as the catalogues of services, the weighting
factors, the mandatory services and/or technical domains to be assessed [21].

During the site visit and in communication with the energy and facility managers, the smart
features present in each building were identified. These can include intelligent energy-management
systems, automation and control systems, renewable energy integration, smart lighting, HVAC sys-
tems, and sensor networks. The analysis considered factors such as energy-consumption patterns,
implemented energy-efficiency measures and the utilization of renewable energy sources. By em-
ploying this approach, a comprehensive evaluation was conducted to determine the level of smart
readiness of the buildings and identify areas for potential improvement. Table 1 lists the buildings
selected for the analysis.

Table 1. Overview of analysed Croatian and Slovenian buildings

Building Code Building type Status
HR-01 Office building Existing, after renovation
SI-01 Large commercial building Existing, modern building
SI-02 Complex of buildings for educational and research purposes | Existing, after renovation

In the case of the Croatian building, all domains are present and have been evaluated. This
building is a classic office building located in north-western Croatia. For the Slovenian buildings, all
domains are present except for a dynamic building envelope. These buildings are located in central
Slovenia.

In all three addressed use cases, electric vehicle (EV) charging infrastructure is present, but it
is rudimentary and lacks optimization capabilities. A peculiarity of the Slovenian case is that the first
use case represents a large complex of buildings belonging to the educational and research sector.
This complex was evaluated as a whole, rather than evaluating each building separately, because it
operates as an interconnected system, sharing infrastructure such as energy management, heating,
cooling, and smart technologies. Evaluating the SRI at the complex level enabled an assessment of
how these systems function together, offering insights into overall efficiency and functionality. Cen-
tralized management systems for utilities, lighting, and security are integrated across the entire com-
plex, making the whole-complex evaluation more representative of actual operational conditions.

The SRI calculation results for all three buildings are presented in Figures 3, 4, and 5. The
current SRI scores are relatively modest, largely influenced by the year of construction or the timing
of the most recent renovations. In all three analysed cases, the key functionality related to grid inte-
gration (key functionality 3) has the lowest scores. This is primarily due to former legal restrictions,
which provided minimal opportunities to monetize flexibility through investments or cost savings.
These legislative barriers significantly limited the ability of the assessed buildings in Croatia and
Slovenia to adapt and contribute to a more flexible grid system.

However, recent changes in Slovenia's electricity tariff system over the past months have cre-
ated a more favourable environment for leveraging flexibility opportunities within the market. This
positive development has the potential to improve the SRI scores in future assessments by enabling
buildings to better integrate with and contribute to grid flexibility.
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In all three cases, a so-called "smart renovation” scenario, focusing on the implementation of
the most modern monitoring and control systems, has been simulated, with the results presented in
Figures 3, 4, and 5. In all three cases SRI scores almost doubled demonstrating significant enhance-
ments in the building's smart readiness. This increase highlights the comprehensive impact of the
renovation on automation, user controls, and energy management, positioning all three use cases as a
benchmark for smart-ready, energy-efficient buildings. It was assumed in all scenarios that the exist-
ing energy management systems would be upgraded with demand-response functionalities and feed-
back mechanisms for occupants. These upgrades are expected to enable reductions in electricity and
heat consumption, increased energy flexibility, and enhanced information accessibility for building
users.

However, achieving these improvements will require the installation of a significant number of
new smart sensors and meters, dimmable LEDs equipped with occupancy and daylight sensors, as
well as battery storage systems integrated with the energy management system. As an example, the
feasibility of a potential battery system for a complex of buildings belonging to the educational and
research sector is presented in Table 2.
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Figure 3. Comparison of SRI scores before and after renovation of the selected
office building in Croatia (HR-01)
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Figure 4. Comparison of SRI scores before and after renovation of a selected
large commercial building in Slovenia (S1-01)
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Figure 5. Comparison of SRI scores before and after renovation of a complex of buildings
for educational and research purposes in Slovenia (SI1-02)

Evaluating the complex as a whole allowed the identification of synergies and inefficiencies
between buildings. For example, excess heat generated in one building (server room) might be uti-
lized by another, which would be overlooked in individual assessments. It also provided a better
understanding of how shared resources, such as renewable energy installations, EV charging stations,
or ICT systems, impact the overall smart readiness. A collective evaluation streamlined the process
by focusing on the overall performance of shared systems and infrastructure rather than repeating
similar evaluations for each building. An SRI assessment at the campus level also provided actionable
data to guide campus-wide energy and smart readiness upgrades. It enabled the prioritization of in-
vestments, focusing on systems or areas that provide the greatest overall impact.

Table 2. Results of economic analysis of the battery installation at the addressed complex
of building for educational and research purposes in Slovenia

Units Values
Installed battery power (C=0.5) kw 200
Installed battery capacity kWh 400
Investment EUR 170,000
Economic lifetime years 10
Required return on equity % 5.0
Fixed annual maintenance costs EUR 2,000
Expected annual savings EUR/year 24,500
Simple payback period years 6,9
Internal rate of return % 7,3
Net present value EUR 19,182.51

In the context of the future utilization of the SR, it is important to note that office buildings, as
well as educational and research institutions, often strive to showcase their sustainability and innova-
tion efforts. This is why these buildings represent an ideal testing ground for various pilot actions and
why they were selected to be part of the official testing phase. An SRI evaluation highlights the col-
lective impact of their infrastructure, supporting broader goals such as achieving carbon neutrality
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and advancing research on smart technologies. A comprehensive SRI evaluation also facilitates the
comparison of a building's performance with other office buildings, campuses, or research centres
both nationally and internationally. This provides a clearer benchmark for the overall smart readiness
of similar buildings or campuses, encouraging collaboration and healthy competition.

Combining activities such as SRI auditing, EPC evaluation, and energy auditing is crucial for
cost competitiveness. Decision-makers can gain a more comprehensive, actionable, and cost-effective
understanding of their infrastructure's readiness to integrate smart technologies. This approach ulti-
mately leads to better long-term outcomes in terms of sustainability, functionality, and efficiency.

Based on the experiences derived from the SRI testing phases in Slovenia and Croatia, the fol-
lowing key competences of SRI auditors have been identified:

— Atechnical and engineering background is necessary for effective SRI auditing. The auditor
should be capable of analysing energy consumption within buildings, with the focus on
identifying current inefficiencies and proposing measures to ensure maximum efficiency.
Mechanical engineering is essential for understanding HVAC systems, the thermal proper-
ties of buildings, and energy-efficiency methods. Electrical engineering is necessary for
evaluating a building’s electrical systems, smart grid connections, and potentials for renew-
able-energy integrations such as PV systems. Civil engineering is necessary to understand
the building envelope, structural components, and materials that can influence energy per-
formance.

— The auditor should be capable of using various energy-performance assessment tools and
software used for energy modelling and SRI evaluations.

— Creating an effective data-collection plan for the data-collecting activities within the scope
of the SRI auditing is very important. The auditor should be able to analyse complex data
sets, often derived from energy-management systems, SCADA or other monitoring tools.
The auditor should be able to verify and validate all the data and assessment results and to
draw conclusions.

— The auditor should have a clear understanding of the benefits and positive impacts of smart
devices and systems on the overall energy consumption in buildings. This includes renew-
able-energy systems and their integration within building systems.

— Soft skills are very important for effective SRI auditing. Engaging with a building’s occu-
pants, owners, and other stakeholders requires good interpersonal abilities. The auditor
should have the ability to convey complex technical information in a clear and understand-
able manner to non-experts.

— The key technologies for smart buildings are continuously evolving. Staying updated with
the latest technologies, methods, and research is vital. Familiarity with local, national, and
international standards for a building’s energy efficiency and smart readiness is very im-
portant.

— The auditor should have a clear understanding of the financial implications of identified
recommendations, so that the solutions proposed are both sustainable and economically vi-
able.

A background in mechanical, electrical, or civil engineering provides a strong foundation for

SRI auditors. However, it is the combination of technical expertise, soft skills, and a commitment to
continuous learning that truly makes them effective in this role.
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4, Conclusion

The presented research clearly confirms that special attention must be given to the proper ex-
planation of the SRI score. The SRI score is not merely a percentage of smartness. SRI auditors
should emphasize potential energy efficiency and flexibility improvement measures when explaining
their findings. During the testing phases and the initial period of SRI implementation, it would be
highly beneficial to define benchmark values for different building types to ensure a proper under-
standing of SRI scores and potentials for improvement. Additionally, addressing the high costs of
smart technologies and implementing measures to promote their benefits to the public is essential.
This is crucial for achieving an appropriate level of smartness in buildings and for adapting to climate
change.

The Slovenian and Croatian testing phases revealed that the current methodology for SRI cal-
culation does not adequately address the complexity of mixed-use buildings (e.g., those combining
residential, commercial, and retail spaces). A one-size-fits-all approach is problematic because dif-
ferent space types have unique energy consumption, comfort requirements, and building service
needs, which must be treated separately. Mixed-use buildings often have distinct occupancy patterns,
such as commercial spaces being occupied during the day and residential spaces at night, affecting
energy consumption and the effectiveness of smart technologies. Furthermore, these buildings typi-
cally feature more complex systems and services, making assessments and optimizations more chal-
lenging. Conflicting interests among occupants also add complexity, as commercial tenants may pri-
oritize energy savings, while residential tenants might prioritize comfort. A potential solution is to
calculate the SRI separately for each type of space (e.g., residential, commercial, retail) and then
aggregate the results into a single score using a weighted-average approach. The weights could be
based on floor area, energy consumption, or other relevant criteria. However, the feasibility of this
approach must be tested on a larger sample of mixed-use buildings.

From an implementation perspective, a major challenge is the public’s perception of the SRI as
merely another bureaucratic requirement for property sellers and landlords, rather than a valuable tool
for enhancing a building's smart readiness. It is critically important to share examples where SRI
implementation has delivered tangible benefits, such as reduced energy bills or enhanced occupant
comfort. Combining the SRI evaluation with energy audits and energy performance certifications can
demonstrate how the SRI serves as a roadmap for improving building performance and ensuring
compliance with future regulations.

— Continued research is vital to assess the SRI’s impact in terms of energy savings, opera-
tional efficiency, and user satisfaction, thus providing a framework for further enhance-
ments to the EU building sector. The exact impact of the SRI, particularly regarding actual
energy savings, system optimization, and occupant satisfaction, can only be fully under-
stood and validated through real-world measured data. Key areas for future research in-
clude:

— Monitoring and Verification of Energy Savings: Quantifying actual energy consumption
and savings by comparing pre- and post-renovation data to validate estimated savings im-
plied by the SRI score.

— Energy Management System and Operational Efficiency: Assessing the effectiveness of
smart functionalities in reducing operational costs, improving fault detection, and optimiz-
ing maintenance needs.
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— User Satisfaction and Behavioural Insights: Evaluating how occupants respond to enhanced
control systems, real-time data access, and adaptive functionalities, and whether these fea-
tures influence behaviour toward energy-saving practices.

— Smart Grid Interaction and Energy Flexibility: Investigating how buildings interact with
smart grid infrastructure, particularly in the context of demand response and load manage-
ment capabilities.

By exploring these areas, future studies can provide valuable insights into how SRI improve-

ments can be translated into tangible outcomes, contributing to the advancement of smart buildings
and their potential for energy efficiency, user-centred design, and environmental sustainability.
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