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Abstract

As the importance of energy efficiency and smart readiness in the building sector has been
on the rise, the financial evaluation of smart-ready technologies (SRTs) remains a gap in this
field. This study introduces a methodology that comparatively evaluates the cost-benefit
relationship between 11 different SRTs across three European countries—Cyprus, Italy
and The Netherlands. Key performance indicators (KPIs) for energy-focused aspects
such as Country-Specific Energy Savings Potential (CSESP) and Seasonal Smart Efficiency
Coefficient (SSEC) and financial aspects such as Smart Readiness Cost Index (SRCI), Labor
Cost Impact Factor (LCIF), Return on Smart Investment (RoSI), and Smart Investment
Break-Even Period (SIBEP) were used to quantify the performance of the SRTs. The results
indicate that regional labor rates, energy pricing, and climatic conditions—as well as
relative technology cost-benefit tradeoffs—play a significant role in the economic viability
of smart-ready devices. Having low labor costs and energy pricing, Cyprus exhibited
the most cost-effective outcomes among the three countries. Italy showed strong returns
although the initial investments were higher. The Netherlands was observed to benefit
the most from heating-oriented technologies. The study comes to the conclusion that
regionally specific methods are necessary for the adoption of SRTs and that techno-economic
performance cannot be assessed separately from local market dynamics. The proposed
framework supports stakeholders and policymakers in smart building investment and
planning by offering a scalable method for device-level benchmarking. These indicators
are developed specifically for this study and are not part of the official EU SRI (Smart
Readiness Indicator) methodology. Their inclusion supports device-level evaluation and
complements ongoing efforts toward SRI standardization. This research directly addresses
Sustainable Development Goal (SDG) 7 on Affordable and Clean Energy, as well as SDG 11
on Sustainable Development, by evaluating how smart-ready technologies can contribute
to energy efficiency and decarbonization in buildings. Based on the results, further research
is needed to expand the indicator framework to additional technologies, include building
typology effects, and integrate dynamic factors such as CO, pricing and real-time tariffs.

Keywords: smart-ready technologies (SRTs); building automation and control; energy
efficiency; cost-benefit analysis; lifecycle cost assessment
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1. Introduction

The need for decarbonization and increased energy efficiency within the building
sector has been on the rise for the last decades [1], where the concept of “smartness” in
buildings emerged as a critical point for the sustainability of constructed buildings. The con-
cept of smartness within a building refers to its ability to automate control, monitoring,
and optimizing performance in domains such as energy use, occupant comfort and indoor
environment using intelligent and responsive systems [2,3]. Legislative tools such as the
Smart Readiness Indicator (SRI) have been employed by the European Union to facilitate
this shift towards smarter buildings. The SRI measures the building’s ability to show
adaptation to occupant needs, energy grid signals, and environmental conditions [4].

Although there is a high demand for increased technological readiness in buildings, the
financial implications for potential upgrades to building systems remain underexplored in
2025 [5]. Potential investments in these smart-ready automation systems are usually driven
by the enforcement of the European Union through regulation/innovation agendas [2],
but lack detailed economic analysis. For stakeholders, both public and private, who seek
cost-effectiveness, this presents a challenge to achieve decarbonization and sustainability
goals. Furthermore, comparing across regions rather than within a single country provides
a more robust understanding of how local labor, climate, and energy pricing structures
affect performance. This supports broader EU goals of SRI harmonization and policy
scalability across diverse member states.

Smart-ready upgrades indeed offer substantial benefits such as reduced energy bills,
lower maintenance costs and extended lifespan of assets due to optimized control op-
tions [6]. However, there is limited standardized and quantified comparison between
buildings in different geographical regions [7,8]. There is also limited availability of evalua-
tions of smart-ready devices within the context of indicators such as lifecycle cost, return
on investment, and payback period [5,9,10].

The aim of this study is to bridge this gap by calculating key performance indicators
such as the Smart Readiness Cost Index (SRCI), Country-Specific Energy Savings Potential
(CSESP) and Labor Cost Impact Factor (LCIF) for 11 different smart-ready technologies. The
performance indicators introduced in this study are novel economic and energy indicators
that are tailored for evaluating smart-ready technologies at the device level, which are not
currently included in existing SRI frameworks. The evaluation of these devices was carried
out across three EU member states: Cyprus, Italy, and The Netherlands. The cost-based
indicators and energy-saving metrics were applied to estimate the viability and economic
feasibility of these devices across these countries. In this study, Cyprus was taken as the
reference case for benchmarking. The present study introduces a device-level methodology
to address this gap. The findings are presented in Section 4.

2. Theoretical Background

This section establishes the theoretical foundation for evaluating the energy savings
and financial viability of smart-ready technologies at the device level. It outlines a stan-
dardized methodology based on BAC (Building Automation Control) classification and
introduces scalable indicators to assess feasibility across diverse EU regions. Although
many studies address the technological benefits of smart-ready technologies, only a few
examine the financial side at the device or system level. The following studies in the
literature have acknowledged the limitations of smart system evaluation only through
technological and operational aspects. Vimpari and Junnila 2020 [11] showed that Return
on Investment (ROI) and Life Cycle Cost (LCC) values are sensitive to local labor costs
and labor markets. A review study by Cheng and Lee 2018 [10] assessed the performance
of building energy management systems and showed that financial returns calculated
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were inconsistent. Although there are new approaches, such as those by McNeil-Ayuk
and Jrade 2024 [9], that employ Building Information Modelling (BIM) and Lifecycle Cost
Assessment (LCCA) to simulate financial feasibility during early-stage design, they lack
device-level retrofit comparisons across different countries.

To compare device-level energy and financial performance across Cyprus, Italy, and
The Netherlands, scalable metrics are introduced in this study. These three countries were
selected due to their representation of Southern, Central, and Northern Europe, respectively,
thus, reflecting variation in energy needs, climatic zones, and wage structures.

The smart-ready functionalities are categorized by using the framework established
by EN ISO 52120-1:2022 [12]. EN ISO 52120-1 is used to provide a performance-based
framework based on testing protocols and expected operational behaviors. Manufactur-
ers use it to categorize the efficiency of building automation functionalities. Building
Automation and Control (BAC) efficiency classes (A to D) for services such as heating,
cooling, lighting, and ventilation are defined by this ISO file. Classes ranging from A to D
represent a level of automation or control, where D is the basic time control and A is the
fully adaptive and self-learning systems. Each class has a specific numerical coefficient
assigned to it, which reflects the relative energy efficiency of that class based on tests run
by the manufacturer [13,14].

Domain-specific formulas are applied when calculating energy savings from a BAC
upgrade. For single-function upgrades, where only one upgrade takes place within the
domain, the total energy demand after implementation is expressed as:

Single Service Upgrade:

fBaCH
QH,tot, BAC = QHpot 77— 1)
fBACH,ref

where:

QH, tot, BaAC: Total heating energy demand post-upgrade;
Qn, tor: Baseline heating energy demand;

fac, u: Efficiency factor of the upgraded BAC class;
fBAC, H, ref Efficiency factor of the reference BAC class.

When smart devices are considered, many of them are responsible for upgrading
functionalities in multiple areas. An example could be adding both a smart thermostat and
a variable speed pump. Accounting for these combined effects ensures the total energy
savings are not over- or underestimated due to interactive effects between systems. There-
fore, for systems where multiple automation upgrades across control points are present
(e.g., generation, distribution, emission), the combined energy savings are derived using;:

Multiple Combined Upgrades:

Qi ac = Quagon x [Ty x 7LASH @
fBACH,ref

Each ratio represents the improvement of a specific automation component. Thus,
enabling normalized comparison across domains and countries, especially when country-
specific energy consumption data are available [15]. To prevent overestimation, each BAC
upgrade factor is applied only once per domain. In cases where devices influence multiple
services, interactions were modeled conservatively, and potential overlaps were acknowl-
edged as a limitation in the results. The energy savings derived from Equations (1) and (2)

serve as the basis for calculating performance indicators such as CSESP and SSEC.
Country-Specific Energy Savings Potential (CSESP) is used to estimate national-level
energy savings from full deployment of each smart-ready technology. This indicator
reflects energy profiles that are specific to the domains, such as heating and cooling, for
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each country. This acts as an indicator to reveal how climate and infrastructure influence
the potential benefits of smart technologies.

Energy Savings from SRT's (Country X)

ESP =
CSES Baseline Energy Consumption (Country X)

)

The Seasonal Smart Efficiency Coefficient (SSEC) reflects seasonal demand variation,
especially for heating and cooling. Devices with high SSEC values show stronger perfor-
mance in countries with high seasonal heating/cooling loads. The climate zone that the
country resides in plays a significant role in potential performance of smart-ready devices.

Heating/Cooling Energy Reduction(Upgraded SRT)
Baseline Energy Consumption (Country X)

SSEC = x 100 (4)

CSESP gives a broader view of energy savings potential in the national context while
the SSEC is more useful for assessing and evaluating devices that operate on a seasonal
basis, such as cooling systems in Mediterranean climates or heating controls in Nordic
regions. Comparing these indicators across countries allows identification of region-specific
strengths and weaknesses. These insights are critical for informing EU-level SRI bench-
marks and ensuring future scalability and policy alignment of the smart readiness evalua-
tion methodology.

The varying economic conditions, energy consumption intensities, and labor rates
were the key factors when choosing the 3 European countries, as energy savings alone are
not enough to assess economic viability [16]. So, this study introduces several performance
indicators to assess the financial feasibility of the smart-ready technologies used.

Thus, benchmarking is achieved on a wide range of economic and climatic conditions.
For quantifying the energy and cost performance of smart technologies and the savings
estimation and financial metrics LCIF and SRCI can be used. The Smart Readiness Cost
Index (SRCI) evaluates the cost of implementing smart-ready technologies in a building.
A lower SRCI reflects more cost-effective upgrades. The Labor Cost Impact Factor (LCIF)
takes into account only the labor proportion of total cost, which is related to installation,
reflecting regional variations in workforce costs [10,17]. The formula for SRCI and LCIF are

as follows.
SRCT — Purchase Cost + Installation Cost + O&M Cost (Country X) 5)
~ Purchase Cost + Installation Cost + O&M Cost (Reference Country)
I ] X
LCIF — nstallation Cost (Country X) ©)

~ Total System Cost (Country X)

To assess the financial performance beyond energy metrics, the Return on Smart
Investment (RoSI) is calculated based on the Net Present Value (NPV) of projected energy
savings over a 10-year system lifetime. This approach accounts for the time value of money
using a fixed discount rate, and compares the NPV of cumulative savings against the total
investment cost. Devices that have positive RoSI values are deemed financially sustainable
without incentives. Whenever RoSI value is found to be negative, it suggests the need for
policy incentives to support market adoption [3].

Total System over System Lifetime — Total Cost y

RoSI =
05 Total Cost

100 )

The Smart Investment Break-Even Period (SIBEP) is calculated as a simple payback
period, dividing the upfront and operational costs by the average annual energy cost
savings. Unlike the RoSI, this metric does not account for the time value of money. While
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widely used in practice due to its simplicity, this approach may underestimate break-even
timeframes in dynamic market conditions. Future studies may incorporate discounted
payback models for more accurate investment projections. When a device with a calculated
SIBEP value below the assumed lifetime of the smart-ready device is encountered, it is
considered a financially justifiable investment [18].

Installation Cost + O&M Cost

SIBEP = 8
Annual Energy Cost Savings ®)

It should be noted that this study does not differentiate between building typologies
(e.g., residential, office, mixed-use), which can significantly influence energy consumption
patterns and upgrade feasibility. For the purposes of this study, the building is assumed
to be 120 m? residential building. Future work should incorporate typology effects to
improve generalizability.

3. Methodology

This methodology is aimed to assess and compare the energy savings potential, labor
intensity, financial viability, and cost efficiency of the dedicated smart ready technologies
across three countries: Cyprus, Italy, and The Netherlands. The analysis compares the cost
indicators to enable cross-country benchmarking while still considering the local energy
profiles and economic conditions. This study focuses on device-level analysis and does not
include building typology (residential, office, mixed-use) or envelope characteristics such as
insulation, glazing, or HVAC system configuration. These factors significantly affect energy
performance and should be considered in future domain-level or whole-building studies.

3.1. Scope and Reference Framework

The study is conducted entirely at the device level, using technical and cost data
specific to smart-ready technologies. This granularity allows for precise comparison but
limits direct extrapolation to full-building scenarios. While the results inform domain-level
insights, whole-building interpretations would require aggregation models that account for
system interactions and occupancy factors. The focus is on the analysis of 11 representative
smart-ready devices, covering a broad range of building automation and control func-
tionalities. Three factors were taken into consideration while choosing the 11 devices:
(i) availability in all three national markets; (ii) representation of the fundamental build-
ing automation functions (communication, control, and sensing); and (iii) coverage of
applications linked to both heating and cooling. This guarantees representativeness and
comparability within the parameters of the research. The smart ready devices include
sensors, thermostats, communication gateways and controllers.

Cyprus was chosen to be the reference country where all cost-based indicators bench-
marked against its values. Relative assessments for Italy and The Netherlands were derived
from normalization against the reference values in Cyprus. The effects of installing the
selected 11 devices were analyzed through calculation of key performance indicators. Al-
though the Smart Readiness Indicator (SRI) is formally structured at the domain level
(e.g., energy, comfort, grid), this study employed device-level analysis. This approach
was chosen to enable replicable benchmarking based on concrete market data (prices,
installation costs, and technical specifications). While domain-level assessment remains
essential for policy alignment, device-level benchmarking provides granular evidence that
can later be aggregated to domain scales. We acknowledge this methodological choice as a
limitation but also as a necessary first step toward scaling the indicators. This normalization
approach draws conceptually from the ISO 52120-1 framework but extends it by adapting
device-level factors to allow comparative benchmarking across national conditions.
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3.2. Data Sources and Processing

The values of cost, labor, and energy-related parameters were collected using a struc-
tured data gathering process designed to reflect realistic conditions in Cyprus, Italy, and
The Netherlands.

Device costs: Market-available smart-ready technologies (thermostats, sensors, con-
trollers, communication modules) were surveyed using manufacturers’ technical catalogues
and publicly available online databases [19]. Only prices verified by at least two sources
were retained to ensure accuracy and consistency.

Labor costs: Average hourly rates for building and installation professionals were derived
from Eurostat’s sector-specific labor statistics (NACE Rev. 2, Section F—Construction) [20],
supplemented with data from national statistical offices and wage benchmarking reports.
Device-specific installation costs were calculated by multiplying the average hourly wage
by the estimated installation time.

Energy profiles: National databases and EU-level energy balance sheets [21] provided
country-specific energy consumption baselines. These data were used to contextualize
device-level energy savings under different climatic and infrastructure conditions.

BAC efficiency mapping: Each device was assigned a baseline functionality level
and an upgraded control level, mapped to standardized BAC (Building Automation and
Control) efficiency classes (A to D) according to EN ISO 52120-1 [12]. Efficiency factors
were applied to country-specific domain energy consumption to derive projected energy
savings. For devices that influenced multiple services (e.g., heating and cooling), combined
savings were calculated using multiplicative ratios to avoid overestimation.

Calculation of financial metrics: Labor costs and device prices were combined into
the Smart Readiness Cost Index (SRCI) and Labor Cost Impact Factor (LCIF). Financial
performance was further assessed using the Return on Smart Investment (RoSI) and the
Smart Investment Break-Even Period (SIBEP).

To summarize, Figure 1 outlines the methodological steps.

BAC Efficiency -
Study Setup Data Collection Mapping Normatl]llzahI?in +
(EN ISO 52120-1) Benchmarking
1
BACS Selection Energy Savings
O+M Calculation

Energy R

Profiles SRCI CO'"PUfEa‘l(_)ﬂ

Visualization

Final Outputs

Figure 1. Methodological steps included during the calculations.

Energy savings were determined by comparing the ratio of these coefficients for
upgraded and baseline scenarios. The formula used to determine total domain energy
(e.g., heating) after an upgrade for:

A. Single Upgrade Scenario:
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Qn, tot, BAC = Qy,, tot x (M) ©)
fBAC, H ref

where:

Qh, tot, BAc = Total heating energy demand after BAC upgrade

Qu, tor = Initial total heating energy demand

feac, v = BAC efficiency factor of the upgraded control level

fAc, H, ref = BAC efficiency factor of the reference (baseline) control level

B.  Multiple Upgrade Scenario:

Qu tot, BAC = Qp, tot x T (LZBACLH_) .
fBACi, H ref

where the product notation (I'T) captures the cumulative effect of multiple BAC upgrades
across different functionalities. Il is calculated by multiplying the energy-saving factors for
all present upgrades in the domain.

The single upgrade scenario is where only one upgrade was performed within a
domain. The multiple upgrade scenario was where multiple upgrades were present in a
single domain [22].

Labor costs were calculated as:

Labor Cost (€) = Average Hourly Rate x Estimated Installation Time (device-specific)

These were then incorporated into the total cost figures for SRCI and LCIF calculation.

3.3. Country Selection

Cyprus, Italy, and The Netherlands were chosen to represent climatic and economic
variety in the EU. Cyprus was taken as the baseline to provide a reference point for cost
normalization due to its relatively lower labor rates and moderate device prices. Italy was
chosen to represent an average-case scenario, while The Netherlands was chosen to provide
a Northern European contrast with higher labor costs and energy consumption for heating.

This selection enabled a comparative analysis that reflects both climate-related device
performance and cost-related economic feasibility.

3.4. Tools and Computation

All calculations were performed using Excel and verified with Python 3.12-based
scripts for batch processing. Visualization of indicator values was performed using his-
tograms and comparative bar charts for each device and country, also created using Python
scripts. To ensure comparability, all monetary values were expressed in euros (€) and
standardized to 2023 market conditions. The lifetime of all devices was assumed to be
10 years. Energy prices were fixed over the analysis horizon to maintain methodological
simplicity and avoid speculative inflation. The study assumes constant energy prices and
a fixed 3% discount rate to ensure methodological transparency. However, these simplifi-
cations may not reflect market volatility. Future iterations of this analysis should include
sensitivity assessments (e.g., £20% variation) to quantify the impact of fluctuating energy
prices and financial assumptions on economic KPIs. No incentive schemes, tax deductions,
or subsidies were included in the financial calculations. CO, emission costs were also disre-
garded in this study. To enhance reproducibility, an anonymized version of the calculation
spreadsheets will be made available in a Supplementary Materials Repository.
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RLM162 Air Duct Temperature Controller

Main Automation Device

RDFB00KN Flush mount KNX room thermostat

EcoStruxure Panel Server

N543D51 Solar Protection Actuator

UP258D51 Presence Detector

WFW636.D110 Hot Water Meter

G120P-3/35B Variable Speed Drive

UH50-A74-00 Ultrasonic heat meter

RMU710B-1 Universal controller

RVL482 Heating controller

RDS110 Smart Room Thermostat

4. Results

This section provides the results of numerical calculations that have been performed
for different KPIs. The energy savings calculations are based on BAC efficiency ratios, and
while they follow ISO guidelines, they remain dependent on assumed baseline conditions.
We acknowledge that any deviation in real-world baseline values could affect the calculated
savings and derived KPIs.

4.1. Smart Readiness Cost Index (SRCI)

The Smart Readiness Cost Index (SRCI) values for eleven smart-ready devices from
Cyprus, Italy, and The Netherlands are shown in Figure 2. Cyprus continuously exhibits
the lowest SRCI for the majority of devices, 9 out of 11, according to the data, suggesting
a more economical setting for the implementation of smart technologies. This result is a
result of both competitive device price in the Cypriot market and reduced labor rates. The
Netherlands typically has the highest SRCI, whereas Italy typically has moderate SRCI
levels. Broader macroeconomic disparities, including the higher labor and construction-
related costs in the Dutch market, are consistent with this tendency. The observed SRCI
values demonstrate that economic indicators such as labor costs and device pricing have a
significant effect on feasibility and therefore should be considered alongside technological
performance in smart-readiness evaluations.

SRCI Comparison Between Countries

I ftaly
1.00 B Netherlands
1.61

I Cyprus

1.00
1.32

1.00

1.00

1.00

1.55

1.00

1.00

1.00

1.00

1.00

1.56

1.00
1.56

0:0 0:2 0:4 0.‘6 0.‘8 l.‘o l.‘2 1.‘4 1:6
SRCI

Figure 2. SRCI calculated for 11 dedicated devices in Cyprus, Italy, and The Netherlands.

4.2. Labor Cost Impact Factor (LCIF)

The Labor Cost Impact Factor (LCIF) for the same 11 devices is shown in Figure 3. This
index shows how much of the overall installation expenses are attributable to labor alone,
as opposed to the cost of supplies or equipment. Interestingly, for eight of the devices,
The Netherlands had the highest LCIF, indicating a substantial financial barrier to SRT
adoption in high-wage economies. Despite being the standard case, Cyprus exhibits the
greatest LCIF for just three devices, whereas Italy continuously has the lowest overall
labor cost burden. These variations show how labor market factors might impact national
preparedness for smart technology scaling and distort financial attractiveness. To encourage
increased market penetration, policymakers in nations with high LCIF levels may take into
account labor-specific incentives or subsidy programs.
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Main Automation Device

LCIF Comparison Between Countries

I ftaly
EcoStruxure Panel Server B Netherlands
B Cyprus
N543D51 Solar Protection Actuator
RLM162 Air Duct Temperature Controller
UP258D51 Presence Detector
WFW636.D110 Hot Water Meter
G120P-3/35B Variable Speed Drive
UH50-A74-00 Ultrasonic heat meter
RMU710B-1 Universal controller
RVL482 Heating controller
RDS110 Smart Room Thermostat
RDFG0O0KN Flush mount KNX room thermostat
k T T T T T T
4] 10 20 30 40 50 60

LCIF (%)

Figure 3. LCIF given for 11 dedicated devices in Cyprus, Italy, and The Netherlands.

4.3. Country-Specific Energy Savings Potential (CSESP)

The Country-Specific Energy Savings Potential (CSESP) of each smart-ready device
when fully adopted throughout the three target nations is contrasted in Figure 4. Cyprus
consistently has the highest CSESP values for the majority of devices, indicating a significant
opportunity to reduce energy demand, especially in areas like electricity management and
cooling. For heating-focused equipment, on the other hand, this pattern reverses, with
The Netherlands showing superior savings potential because of its colder environment
and higher heating demand. In contrast to Cyprus, The Netherlands and Italy exhibit a
substantially higher CSESP for the Heating Controller. These findings support the need for
climate-sensitive benchmarking in technology evaluations by confirming that climatic and
infrastructure conditions significantly impact the anticipated advantages of SRT adoption.

CSESP (%) Comparison for Devices in Italy, Netherlands, and Cyprus

254

M italy
M Netherlands
B Cyprus

Figure 4. CSESP given for 11 dedicated devices in Cyprus, Italy, and The Netherlands.

4.4. Seasonal Smart Efficiency Coefficient (SSEC)

Figure 5 shows the Seasonal Smart Efficiency Coefficient (SSEC), which separates

savings for six of the eleven devices that are directly associated with seasonal loads,
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such as heating and cooling. Cyprus recorded the highest SSEC values for five of the
six devices, reflecting low baseline automation levels combined with large seasonal cooling
demand. For most devices, however, national differences remained within £2%, suggesting
broadly similar proportional energy use across seasonal loads. The biggest difference is
in the RMU710 B-1 Universal Controller, where Cyprus is ahead of The Netherlands
by 6%. The structural reality that heating and cooling loads account for 65-70% of total
energy demand in all three nations is reflected in these narrow margins, which causes the
relative seasonal efficiency potential to converge. The relatively high SSEC value of the
RMU710 B-1 Universal Controller in Cyprus can be explained by its advanced multi-domain
control functions, which interact strongly with the baseline of low automation levels in the
Cypriot market. This device’s adaptability to both cooling and heating modes amplifies
seasonal efficiency gains where automation penetration is limited. Such device-specific
characteristics explain why results are not solely a reflection of climatic variation.

SSEC (%) Comparison for Selected Devices in Italy, Netherlands, and Cyprus

M ttaly
e Netherlands
BB Cyprus

251

20

SSEC (%)
._.
]

=
(=]
L

Figure 5. SSEC given for 6 dedicated devices in Cyprus, Italy, and The Netherlands.

4.5. Return on Smart Investment (RoSI)

The Return on Smart Investment (RoSI) for 11 devices in Italy, Cyprus, and The Nether-
lands is shown in Figure 6, which shows a diverse range of financial feasibility. With five
devices—most notably the UP258D51 Presence Detector (94.1%), RVL482 Heating Con-
troller (60.3%), and VFW636.D110 Hot Water Meter (50.1%)—achieving exceptionally high
returns, Italy exhibits the greatest RoSI values overall. This suggests advantageous invest-
ment circumstances, probably brought about by high operational savings and balanced
installation costs. Additionally, Cyprus displays favorable RoSI values for eight devices,
with the G120P Speed Drive (48.9%) and the RDS110 Smart Room Thermostat (40.6%)
demonstrating consistently good performance. Despite having fewer high-value findings,
The Netherlands produces respectable RoSI for three devices, namely the Smart Thermo-
stat (15.5%) and the RVL482 Heating Controller (52.8%). The UH50 Ultrasonic Heat Meter
and the G120P Drive in The Netherlands are two examples of devices that show negative
RoSI in at least one country, underscoring the significance of regional cost structures and
energy pricing in assessing viability. These results imply that although certain SRTs show
strong economic returns in a variety of settings, others continue to be extremely susceptible
to local conditions.
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RoSI (%) Comparison by Country and Device

100

B Italy (RoSI) B Cyprus (RosI)
B Netherlands (RoSlI)

RoSI (%)

Figure 6. RoSI given for 11 dedicated devices in Cyprus, Italy, and The Netherlands.

The outcomes shown in Figure 6 were computed without taking into consideration any
incentives that government agencies might offer. Analysis of Figure 6 shows inconsistent
patterns in device-level financial sustainability. Cyprus recorded positive RoSI values for
six devices, while The Netherlands and Italy displayed negative returns for the majority of
devices. This indicates that, under current cost structures and without incentives, large-
scale deployment of most devices is not financially viable.

4.6. Smart Investment Break-Even Period (SIBEP)

The Smart Investment Break-Even Period (SIBEP), which shows how long it will
take for total investment to equal cumulative savings, is depicted in Figure 7. SIBEP
stays within the 10-year device lifespan for the majority of devices, suggesting that these
technologies can fully return their capital within the anticipated time frame. Despite higher
intermediate labor costs, Italy performs better than the other nations in this parameter for
five of the eleven gadgets, indicating good circumstances for a quick return on investment.
The Netherlands, on the other hand, trails behind in SIBEP for high-labor devices, which
supports SRCI and LCIF trends. Crucially, a moderate SIBEP in some situations suggests
that cumulative energy savings eventually balance upfront expenses even when RoSI is
negative. This is especially true when running for extended periods of time or when using
policy support mechanisms.

SIBEP (Years) Comparison for Devices in Italy, Netherlands, and Cyprus

25 N Italy
B Netherlands

W Cyprus

SIBEP (Years)

Figure 7. SIBEP is given for 11 dedicated devices in Cyprus, Italy, and The Netherlands.
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5. Discussion

This study was motivated by the limited availability of financial evaluations of smart-
ready devices, particularly across diverse European regions and shows the importance of
assessing SRTs with multiple economic, climatic, and technical Key Performance Indicators.
The observed variability in the Labor Cost Impact Factor (LCIF) and the Smart Readiness
Cost Index (SRCI) across the three countries shows that the deployment of the SRTs is
influenced by the local economic conditions and structures. These results align with the
study of Vimpari and Junnila (2020) where it is pointed out that the lifecycle cost is very
sensitive to regional labor dynamics and the regulatory environments [23]. It is important
to emphasize that lifecycle considerations underpin the financial evaluation of smart-
ready technologies. Installation costs, operational savings, maintenance requirements, and
replacement intervals all interact over a 10-year assumed device lifetime. Indicators such as
RoSI and SIBEP are therefore not static values but reflect cumulative interactions across the
lifecycle. This highlights the need for future studies to explicitly integrate lifecycle stages,
from procurement to end-of-life, into techno-economic assessments of SRTs.

Due to low labor rates and smaller hardware costs, Cyprus displayed the highest
SRCI values across the countries, where it was leading for 9 out of 11 devices in SRCI
values. These findings support the previous work performed by Li and Wen (2018) [24],
which shows that the barriers related to the cost of SRTs can be mitigated by precisely
targeted investment strategies and efficiencies in the local markets. On the other hand, The
Netherlands was seen to be exhibiting high LCIF values, which indicates that the labor-
intensive installations might prevent SRTs from being widely implemented in high-income
nations unless they are offset by robust financial incentives or labor reduction techniques
based on technology [10].

When the energy aspect was considered, the CSESP values showed that the perfor-
mance of the devices was closely related to the climatic conditions in which they were
placed. Devices with higher cooling efficiency in Cyprus were shown to be more efficient,
while the heating devices showed relatively higher performance in The Netherlands. These
findings were supported by Zhou et al. (2016), where it is stated that climate-sensitive
demand plays a pivotal role when optimizing the performance of smart HVAC systems [25].

When SSEC values were considered, there was relatively low difference between the
three countries, which reinforces the idea that seasonal loads were the dominating factor
for the energy use across Europe (B6hm and Danig 2004) [26]. Nonetheless, higher SSEC
values that were observed for RMU710 B-1 Universal Controller in Cyprus indicate that the
baseline automation levels are equally influential at the local level. During the assessment
of potential benefits of SRTs, the importance of including baseline technological maturity
was highlighted, especially for comparative evaluations [27].

When financial performance was taken into consideration, RoSI and SIBEP values
provided useful insights. For profitability, Italy was the leading country among the three
despite the fact that it had higher labor costs compared to Cyprus. This suggests that the
expenses faced during the installation process can be negated by the operational costs and
benefits. These results are also supported by Deb et al. (2021) [28], where it was shown that
long-term returns can be maximized when the devices are chosen carefully according to
climatic needs and design requirements with respect to data-driven deployment strategies,
so the performance is optimized locally.

However, it should be noted that some devices exhibited negative RoSI values, which
suggests that the need for supportive policies such as tax deductions and subsidies is
critical, especially in high-cost markets. Papadopoulos and Kontokosta (2020) [29] also
support this claim while discussing the importance of dynamic financial models for retrofit
investment strategies.
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When different financial and energy-based KPIs were compared, it is clear that a
one-size-fits-all solution is not realistic when it comes to smart building upgrades. On
the contrary, the results indicate that a geographically localized and tailored approach is
a necessity where economic state, energy pricing, and seasonal demand patterns are all
taken into consideration. The methodology of this study can be employed as the base layer
for the calculation of similar energy performance and economic KPIs for an extended list
of SRTs. Other European countries can begin utilizing it for national and EU-level policy
development and investment strategies.

It should also be noted that the analysis in this study was limited to device- and
country-level parameters. Building typology, envelope properties, window-to-wall ratio,
and baseline automation levels also exert strong influence on energy savings and cost-
effectiveness. These factors were outside the scope of the present device-level comparison
but should be considered in future work.

While this study quantified results at the device scale, its broader contribution lies
in showing how key barriers—labor cost, energy price, climatic conditions, and baseline
automation—shape financial feasibility. Future research should extend this framework
to domain-level analyses, where these barriers can be explicitly mapped and mitigation
strategies such as incentives, training, or technology standardization can be systematically
evaluated. Furthermore, future studies should also investigate how cost-effectiveness eval-
uations might incorporate externalities like social co-benefits and CO, emission reductions.
Finally, more accurate estimates of long-term financial sustainability might be obtained by
including dynamic energy price models and new financing techniques like on-bill financing
or ESCO (Energy Service Company) models.

6. Conclusions

A comprehensive evaluation framework is proposed by this study for the assessment
of energy and financial performance of 11 SRTs, where three European countries were
targeted: Cyprus, Italy, and The Netherlands. The analysis offered an in-depth assessment
of the techno-economic feasibility of device-level smart upgrades by combining energy-
focused metrics like Country-Specific Energy Savings Potential (CSESP) and the Seasonal
Smart Efficiency Coefficient (SSEC) with cost-based indicators like the Smart Readiness
Cost Index (SRCI), Labor Cost Impact Factor (LCIF), Return on Smart Investment (RoSI),
and Smart Investment Break-Even Period (SIBEP).

As a result, it was seen that the climatic conditions, national labor rate differences, and
the baseline automation levels of the three countries notably changed the cost-effectiveness
of the 11 SRTs that were compared. For viability, Cyprus was the leading country for most
of the devices with reduced labor costs and increased favorability for market conditions.
On the other hand, Italy displayed robust RoSI values even though the initial installation
costs were higher. Thus, a good balance between the benefits and the costs was displayed.
Although The Netherlands had higher upfront and labor costs, it demonstrated higher
profitability from seasonal heating-based applications.

It is also important to note that the results indicate that financial viability is a function
of economic and environmental contexts rather than a fixed technological attribute. Thus,
this study supports an approach where SRT deployment is backed by local economic and
environmental contexts.

This research paper contributes to SRT development and design by offering a scal-
able and standardized evaluation methodology paired with country-sensitive evaluation
to stakeholders. This allows for greater information-based decision-making for smart
technology adoption strategies and the built environment.
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In order to improve the accuracy of investment models in the quickly changing field
of smart and sustainable buildings, future research could expand this strategy by including
dynamic factors like CO, pricing, real-time energy tariffs, and behavioral adaptation.
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The following abbreviations are used in this manuscript:

SRI Smart-Readiness-Indicator

SRT Smart-Ready Technology

SRCI Smart Readiness Cost Index

LCIF Labor Cost Impact Factor

RoSI Return on Smart Investment

SIBEP  Smart Investment Break-Even Period
CSESP  County-Specific Energy Savings Potential
SSEC  Seasonal Smart Efficiency Coefficient
BACS  Building Automation Control Systems
HVAC Heating, Ventilation, and Air Conditioning
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