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A B S T R AC T

The hospitality sector is facing growing scrutiny over its energy consumption and carbon 
emissions, placing hotels under pressure to pursue net-zero greenhouse gas (GHG) 
targets while maintaining high service quality. This study investigates the adoption of 
energy reduction technologies in the Irish hotel industry and their link to sustainable 
hotel operations through digital transformation, specifically via the adoption of robotics, 
AI and service automation (RAISA). Survey responses were collected from various star 
category hotels within Ireland. Valid survey responses were included in the data analysis 
which involved linear regression and bootstrapping. The theoretical underpinning 
of the study was diffusion of innovations theory. Results indicated  an  uneven 
adoption, with energy software and automation systems being more prevalent among 
innovators and early adopters, while technologies such as smart thermostats are more 
common among the late majority. Energy software strongly correlates with overall RAISA 
adoption, highlighting its role as a digital enabler. The study indicates that the adoption of 
sustainability-driven energy reduction technologies can bolster broader digital adoption.  
By demonstrating how sustainability-driven energy reduction technologies can catalyse 
broader digital transformation, the study provides actionable insights for hotel managers 
seeking to enhance operational efficiency and sustainability, as well as for policy- 
makers aiming to design targeted interventions that accelerate technology adoption across 
the sector. The research also contributes theoretically by linking energy management to 
RAISA adoption within the framework of the diffusion of innovations, offering a model 
for understanding technology adoption pathways in the hospitality sector.
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1.  Introduction

Globally, the hotel industry is facing a  multitude 
of challenges, including rising operational costs,  
increasing energy consumption, stringent environ-
mental regulations, and heightened customer expec-
tations. Hotels are highly resource-intensive, and 
sustainable operations have become a pressing concern, 
requiring the sector to reduce greenhouse gas (GHG) 
emissions while maintaining high levels of service and 
profitability. Achieving this balance is critical not only 
for environmental responsibility but also for long-term 
competitiveness and financial performance.

Linking sustainability and digitalisation, the 
European Commission (2021) highlights that sustain-
ability transitions can benefit from digital technologies 
which in turn can drive innovation, creating new 
opportunities for competitiveness. Digital sustainability 
refers to the deployment of smart technologies that 
support sustainable economic growth while integrating 
the United Nations Sustainable Development Goals 
(Mondejar et al., 2021). Organisations seeking to elevate 
their digital maturity need to undergo a comprehen-
sive digital transformation across every facet of their 
operations (Aslanova & Kulichkina, 2020). With ad-
vancements in technology, hotels have increasingly 
adopted robotics, artificial intelligence and service 
automation (RAISA) solutions such as in-room 
smart technologies which may enable hotels not only 
to reduce costs, waste and energy consumption but 
also to enhance operational efficiency, design inno-
vative service experiences, boost revenue while 
transforming business models and the nature of work 
(Webster & Ivanov, 2019).

This study was carried out in Ireland. The Irish 
government is committed to reducing GHG emissions 
by 30% by 2030 (Conefrey & Hanrahan, 2022). How-
ever, the Environmental Protection Agency (2025) 
projects that, under current trends, Ireland is likely to 
achieve only a 23% reduction, requiring comprehensive 
policy implementation across all sectors, including 
hospitality. Hotels are facing steep increases in energy 
costs, with reports of an 88% year-on-year rise (“Irish 
Hotels Federation [IHF] members report escalating 
business costs”, 2022). To address this, many Irish 
hotels have begun adopting RAISA technologies and 
innovative energy-reduction solutions. For example, 
Sligo Park Hotel has upgraded boilers, implemented 
LED lighting, and actively monitors energy use 
to reduce its carbon footprint (Sustainable Energy 
Authority of Ireland, n.d.).

This exploratory study investigates the adoption 
of energy-reduction technologies in the Irish hotel 
industry and examines their relationship with the 
broader uptake of RAISA technologies. The study is 
guided by the following research question: To what 

extent and through what mechanisms does the 
adoption of energy technologies predict the uptake of 
RAISA in Irish hotels?

The study has the following four objectives, to:
1.	 Measure the adoption rate of RAISA technologies 

across Irish hotels.
2.	Explore the distribution of RAISA adoption rates 

by hotel star category within the four provinces of 
Ireland (Ulster, Munster, Connacht, Leinster).

3.	Classify hotels into the five adopter categories based 
on the diffusion of innovations.

4.	 Investigate the impact of energy monitoring and 
conservation technologies on overall RAISA 
adoption, identifying which energy technologies 
most strongly influence digital transformation in 
the sector.
The study limits its scope to examining patterns of 

association between the adoption of energy reduction 
technologies and RAISA adoption, identifying which 
energy technologies are most strongly linked with 
broader digitalisation. Due to the cross-sectional survey 
design, these analyses measure association rather than 
causal impact. The primary data is visualised through 
the theoretical lens of diffusion of innovations theory 
(Rogers et al., 2014).

2.  Literature review

This section is divided into four sub-sections. It begins 
with a review of energy technologies and sustainability, 
followed by a review of digitalisation and RAISA. The 
third sub-section examines the integration of these 
domains, and the final section presents the grand 
theory of diffusion of innovations that guides this study.

2.1.  Energy technologies and sustainability

Climate has changed significantly due to the change 
in the proportionality and concentration of GHGs in 
the atmosphere, and the global average temperature 
has gradually increased (Mikhaylov et  al., 2020), 
leading to climate change. The United Nations’ COP27 
summit emphasised the urgent need for climate action 
(Frangoul, 2022). Climate change is a significant crisis 
facing humanity (Conefrey & Hanrahan, 2022). The 
primary sources of GHG emissions in the hospitality 
sector come from lighting, heating, cooling and cooking 
(Dube & Nhamo, 2021).

The new technological revolution (Industry 4.0) could 
help to combat climate change (Ben Youssef & Zeqiri, 
2022). For instance, adopting smart Industry 4.0 technolo-
gies, such as internet of things (IoT) enabled systems 
and smart heating, ventilation and air conditioning 
(HVAC) controls, present significant opportunities  
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for improving energy efficiency in hotels (Karvounidi 
et  al., 2024) and reducing their carbon footprint. 
Specifically, energy management systems (EMSs) are 
integrated platforms that monitor, control, and optimise 
the energy consumption of buildings in real time by 
collecting data from subsystems such as HVAC, lighting 
and other loads. Modern EMSs incorporate IoT sen- 
sors, advanced analytics and AI to support fault detec-
tion and automated control of energy use, thereby 
enhancing operational efficiency and sustainability 
(Akbulut et al., 2025; Kozlovska et al., 2023).

With the development of technology, the advantages 
of innovative solutions are recognised, which lead to 
savings in resources and energy sources in hotels, and 
they become the subject of research, innovation, and im- 
plementation in the hotel industry (Floričić, 2020). For 
instance, Kong et  al. (2022) asserted that under ex- 
perimental and field conditions, occupancy-based 
HVAC control systems, which include smart ther-
mostats or occupancy sensing, can reduce HVAC 
energy consumption by approximately 17% and 24% 
compared to traditional constant‑setpoint control. 
Predictive maintenance, enabled by IoT sensors and AI 
analytics, can contribute significantly to energy savings 
in hotels by ensuring that equipment such as HVAC, 
refrigeration and other building systems operate at 
optimal efficiency and by preventing energy-intensive 
malfunctions (Anubala, 2023). Arfiansyah and Arifin 
(2021) observed that the room control automation 
system in the Grand Hyatt Hotel Jakarta, in 62 days, led 
to 29.06% electricity savings. Yousef and Chaer (2025) 
underscored the potential of IoT-driven smart meter-
ing systems to optimise energy efficiency by analysing 
energy consumption patterns of 11 hotels in London 
and then conducting a detailed investigation in one 
selected hotel where IoT-enabled smart metering was 
implemented. Guercio et al. (2023) studied a 5-star hotel 
located in southern Italy, characterised by high energy 
consumption. They used TRNSYS software to simulate 
replacing the existing air conditioning system with 
one powered by renewable energy.

The adoption of these energy monitoring and conser-
vation technologies may facilitate greater digitalisation 
and RAISA adoption among hotels.

2.2.  Digitalisation and robotics, artificial 
intelligence and service automation (RAISA)

Digital transformation involves leveraging new 
technologies to revolutionise business processes, 
enhance customer experiences and develop innovative 
business models (Aras & Büyüközkan, 2023).

The Fourth Industrial Revolution or Industry 4.0 (IR 4.0) 
revolution, characterised by emerging technologies  
such as automation, robotics, artificial intelligence, cloud 
computing, IoT, big data, 3D printing and blockchain  

(Falwadiya & Dhingra, 2022), significantly influences 
the hospitality and tourism sectors (Osei et al., 2020).

Substantial advancements have been observed 
globally within the domains of RAISA (Sharma 
& Aggarwal, 2024; Yan et al., 2025). RAISA has facilitated 
numerous service innovations, such as mobile check-
in and check-out, keyless room access, in-room AI 
assistants, robotic services and AI-driven chatbots 
(Yan et al., 2025). Although these technologies have 
the potential to boost operational efficiency, lessen 
staff workloads and elevate guest experiences, their 
broader implementation in the hospitality sector is 
still constrained by factors such as uncertain return 
on investment (ROI), data privacy concerns, early-stage 
technological development, and the sector’s continued 
reliance on human-centred service (Ozdemir et al., 2023). 
Accordingly, the extent and pace of RAISA adoption may 
differ between different countries. For example, Fu et al. 
(2026) observed that hotels in China have implemented 
more sophisticated AI and robot-enabled services, 
facilitated by rapid national digitalisation, lower 
technology-acquisition costs, and strong partnerships 
with domestic technology providers. By contrast, 
hotels in Australia have largely concentrated on more 
established mobile-based technologies. Australian 
hotel managers associated the slower uptake of RAISA 
with several contextual constraints, including narrower 
profit margins resulting from higher operating costs, 
a more risk-averse business culture, stringent data 
privacy regulations, geographic distance from global 
innovation hubs and cost-effective suppliers, and a less 
technologically competitive domestic market. Together, 
these institutional and market-specific factors help 
account for differences in RAISA adoption between 
the two countries and provide important context for 
understanding cross-national variation. Furthermore, 
different hotels within the same country can have dif-
ferent speeds of digitalisation, as was underscored 
by García-López et  al. (2025), who concluded that 
digitisation in Andalusian (Spain) hotels flows at dif- 
ferent speeds. Yang et  al. (2024) used diffusion of 
innovations theory to suggest that in the Chinese 
hospitality market, budget hotels may focus on specific 
digital tools for operational efficiency while high-star 
hotels engage in more intensive and comprehensive 
digital transformation. The different rates of RAISA 
adoption by different hotels may be influenced by 
several factors. For instance, Nikopoulou et al. (2023), 
based on the 502 responses of an online questionnaire 
sent to managers of hotels in Greece, concluded that 
the intention to adopt digital technology is influenced 
by the digital maturity of organisations, financial 
resource availability and government regulations.

These studies underscore that the diffusion of 
innovative technologies is influenced by different 
factors, and different countries or different provinces 
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within the same country can be at different stages of 
diffusion and thus may fall under different categories 
of  adopters, as discussed under the theoretical 
framework of the study.

2.3.  Energy technologies and RAISA for 
sustainable operations

Contemporary sustainability discourse increasingly 
recognises that sustainability extends beyond environ
mental protection to include social and economic 
dimensions, often conceptualised as the triple bottom 
line of planet, people and profit (Dube & Nhamo, 2021; 
Elkington, 2020). Within the hotel sector, sustainability 
initiatives are no longer driven solely by environmental 
compliance but also by operational efficiency, workforce 
challenges and long-term competitiveness. Recent 
studies indicate that hotels that adopt sustainability-
oriented technologies often achieve improved financial 
performance, enhanced employee productivity and 
stronger brand positioning (Jones et al., 2016).

Across Europe, the hospitality sector is currently 
facing significant challenges, including labour shortages 
linked to declining birth rates. Ireland’s total fertility rate 
(TFR) has been declining, reaching 1.5 births per woman 
in 2023, well below the 2.1 replacement level (United  
Nations – Department of Economic and Social Affairs 
Population Division, 2022). RAISA technologies, in-
cluding AI-enabled service systems, robotics and 
automated customer interaction platforms, have been 
increasingly recognised as potential solutions to 
mitigate workforce constraints while enhancing guest 
experience, cost savings and operational efficiency 
(Ivanov & Webster, 2021; Kim et al., 2022).

Simultaneously, rising energy costs pose a major 
operational challenge for hotels, particularly in Europe, 
where energy price volatility and climate policy 
targets are reshaping industry priorities (Karvounidi 
et al., 2024; Thomas, 2022). The adoption of energy 
monitoring and conservation technologies, such as 
IoT-enabled EMS, predictive maintenance systems and 
smart HVAC controls, has demonstrated substantial 
potential to reduce operational costs while supporting 
environmental sustainability goals (Akbulut et al., 2025; 
Bekele et  al., 2024; Kozlovska et  al., 2023; Pastor,  
2025). However, the adoption of environmental tech-
nologies, which may lead to greater digital maturity, 
may be constrained by several barriers, such as high 
purchase and implementation costs (Chan et al., 2020; 
García-López et al., 2025). To offset the high cost of 
expensive technologies, government grants and 
subsidies can exert a  statistically significant effect 
on a hotel’s willingness to adopt such technologies 
(Ezzaouia & Bulchand-Gidumal, 2020; Oloso, 2025).

A  few researchers (Ka et  al., 2023; Nikopoulou 
et  al., 2023; Zaragoza-Sáez et  al., 2024) suggest that 

the adoption of one class of technology can serve as 
a stepping stone toward broader digital transformation, 
particularly among sustainability and efficiency-focused 
operators. For instance, the introduction of property 
management systems (PMSs) may reshape hotels’ daily 
operations and enhance their digital maturity (Ka et al., 
2023). Despite increasing recognition of the potential 
complementarities between sustainability-driven energy 
technologies and digital transformation initiatives, there 
remains limited empirical evidence examining the extent 
to which the adoption of energy technologies predicts 
RAISA uptake for sustainable operations, particularly 
within the Irish hotel sector. Addressing this gap, the 
present study investigates how the adoption of energy 
monitoring and conservation technologies may catalyse 
RAISA adoption in Irish hotels, thereby contributing 
to the broader discourse on sustainable and digitally 
enabled hospitality operations.

2.4.  Theoretical framework: Diffusion of 
innovations theory

To investigate how RAISA and, particularly, energy 
management technologies are being adopted within 
the Irish hotel sector, this study employs Everett 
Rogers’ diffusion of innovations theory as  a  foun-
dational theoretical framework. Rogers (2014) asserts 
that the characteristics of an innovation determine 
its rate of adoption and the five attributes of inno-
vations are  (a)  relative advantage, (b) compatibility, 
(c) complexity, (d) trialability and (e) observability.

The diffusion of innovations theory is particularly 
effective for examining the rate and pattern of adoption 
of innovation among various user groups.  The 
diffusion of innovations theory segments adopters 
into five categories based on their behaviour and timing 
of adoption. This segmentation provides valuable 
insights into how innovations permeate the sector:
1.	 Innovators (2.5% of the total sample): These are the 

pioneers who adopt the technology first. These may 
be forward-thinking hotel groups or luxury brands 
that lead experimentation, often piloting cutting-
edge technologies such as advanced EMS that 
leverage real-time data, AI-driven analysis and 
building automation to optimise energy use.

2.	Early adopters (13.5% of the total sample): This 
group consists of strategic leaders who are acutely 
aware of the need for change. Typically, boutique 
or upscale hotels that view innovation as a strategic 
differentiator may fall under this category. Their 
endorsement helps shape industry benchmarks and 
accelerates broader uptake.

3.	Early majority (34% of the total sample): While 
not being leaders themselves, these individuals or 
organisations tend to embrace innovation after they 
are presented with clear evidence of the benefits 
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of adopting the innovative product or idea. Mid-
range or business-focused hotels that implement 
proven solutions, having observed benefits such 
as cost reduction and improved service efficiency 
among early adopters, may fall under this category.

4.	 Late majority (34% of the total sample): More risk-
averse operators who adopt only after clear evidence 
of industry-wide success, regulatory support and 
peer endorsement. Typically, smaller, independently 
owned hotels with limited resources may fall under 
this category.

5.	Laggards (16% of the total sample): They are the 
traditionalists, resistant to change and the most 
difficult to convince. They may not necessarily be low 
on resources, but may believe, “Why fix it if it’s not 
broken?”. Satisfied with their legacy systems, they 
may be reluctant to replace them with innovative 
technologies.
Figure 1 demonstrates the classic adoption curve, 

with time depicted on the horizontal axis and the 
cumulative percentage of adopters implementing an 
innovation on the vertical axis.

Figure 1. Diffusion of innovations theory
Source: authors, based on Rogers (1984)

By proposing a  metric for RAISA adoption and 
examining its distribution across hotel star categories 
and provinces, the study applies the diffusion of 
innovations framework to segments of the Irish hotel 
sector accordingly. Furthermore, the theory supports 
the investigation of how specific technologies, such as 
energy monitoring and conservation systems, influence 
the overall RAISA adoption rate, thereby helping to 
identify which innovations act as potential catalysts 
for wider digital transformation in the sector.

3.  Methodology

This study was the first baseline study on the rate of 
adoption of innovative RAISA-backed technologies 
by the Irish hotel sector. There are four provinces in 

Ireland: Ulster, Connacht, Leinster, and Munster. At 
the time of the study, 833 hotels were registered with 
Failte Ireland, the Irish tourism board. The distribution 
of hotel star ratings in the Irish hotel sector indicates 
a strong concentration in the mid-to-upper categories. 
Specifically, there are 365 four-star hotels and 283 
three-star hotels, together forming the majority of the 
sector. At the higher end, there are 36 five-star hotels, 
representing a  smaller but significant premium 
segment. In the lower tiers, the sector includes 77 two-
star hotels and 72 one-star hotels. This distribution 
highlights a sector dominated by mid-range to upscale 
properties, with relatively fewer establishments at both 
the luxury and budget ends of the spectrum (Fáilte 
Ireland, 2024).

A survey questionnaire was designed with a list of 
innovative RAISA-backed technologies for both front-
end and back-end hotel operations, for online circulation 
among the entire population of 833 listed hotels in 
Ireland. The questionnaire was developed particularly 
to capture emerging energy-reduction technologies in 
the hotel sector, for which, to the best of our knowl-
edge, no previously validated unified measurement 
scale exists. Survey items were generated through 
an extensive review of academic literature, industry 
reports and online sources documenting technologies 
currently implemented or under consideration in hotel 
operations. To strengthen content validity and enhance 
clarity, the draft questionnaire was reviewed by 
experts. Feedback from this review was incorporated to 
refine item wording, improve relevance and enhance 
the overall quality of the questionnaire.

While the initial population of interest included 
833 hotels, at the time of data collection between 
May 2024 and 2025, many hotels were being used as 
asylum centres mainly for Ukrainian war refugees 
and were therefore not operating as conventional 
hotels. This significantly reduced the response to the 
survey. Furthermore, it is speculated that the lack of 
any incentive for the respondents, whether in cash or in 
kind, may have contributed to the limited number of 
responses. Only 91 responses were obtained, which, 
after data cleaning, were reduced to 79. This low 
response rate was mitigated by bootstrapping.

3.1.  Bootstrapping

Given the limited availability of hotel-level data in 
Ireland, particularly regarding the adoption of 
innovative technologies, the sample size was 
very small, comprising only 79 valid responses. A tra-
ditional statistical analysis based on large sample 
assumptions would not have yielded reliable or robust 
insights. To address this constraint and enhance the 
validity of the analysis, a bootstrapping approach was 
employed. From the original dataset of 79 responses,  
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1,000 bootstrap samples were generated. Each sample 
was constructed by randomly selecting observations 
with replacement, maintaining the same sample size  
as the original. For each bootstrap sample, key summary 
statistics and model estimates, such as adoption rates 
by hotel star rating and province, were recalculated. 
Bias-corrected confidence intervals were derived from 
the resulting distributions, offering more accurate and 
stable measures of uncertainty. The bootstrapping 
approach provided several benefits in this context:  
it improved generalisability, required no assump-
tions about the underlying data distribution, enhanced 
model robustness by mitigating the influence of 
outlier observations, and enabled better estimation 
of variability in the results. A 0.632 version of the same 
methodology was applied to confirm the results of 
a normal bootstrap.

3.2.  Construction of the adoption rate variable

To quantify the extent of innovative technologies 
adoption across Irish hotels, a composite “adoption 
rate” score was developed based on responses to three 
key survey questions. This score serves as a numeric 
proxy for the intensity of technology adoption at 
both the individual hotel and broader sectoral level, 
or sector-wide levels. At individual hotel level, the 
first component was a binary indicator capturing 
actual usage, derived from responses to the question:  

“Do you use innovative technologies like robotics, 
artificial intelligence and service automation in your 
hotel operations?” responses were coded as 1 for yes 
and 0 for no resulting in the variable “use of tech-
nology”, representing the presence or absence of such 
technologies in the respondent’s hotel. The second 
component measured perceived hotel-level adoption 
through the question: “In your opinion, the current 
level of adoption of innovative technologies in your 
hotel operations is: … ”, with responses ordinally 
coded as 1 (low), 2 (moderate) and 3 (high), creating the 
variable “hotel technology level”. The third component 
captured perceptions of sector-wide adoption via 
the question: “As per your knowledge, the current 
level of adoption of innovative technologies in the 
hotel sector of Ireland is:”, with identical ordinal 
coding to form the variable “sector technology level”. 
These three variables were combined into a simple 
additive index: “adoption rate = use of technology 
+ hotel technology level + sector technology level”. 
This resulted in a  continuous measure ranging 
from 2 to 7, where a score of 2 reflects limited usage 
and uniformly low perceptions of adoption, while 
a score of 7 indicates active usage and high levels of 
perceived adoption both within the hotel and across 
the sector. The internal consistency of the three-item 
scale was assessed using both standard Cronbach’s 

alpha and ordinal alpha. The standard alpha, based 
on numeric coding of the items, was 0.60. Although 
classical guidelines often cite 0.70 as a  typical 
threshold for acceptable reliability, values between 
0.60 and 0.70 may be acceptable or tolerable for early 
or exploratory research, especially with short scales 
(George & Mallery, 2024; Nunnally, 1978). Ordinal 
alpha based on polychoric correlations, which more ap- 
propriately accounts for ordinal and dichotomous 
response formats, yielded a higher estimate of 0.73, 
consistent with recommendations that reliability coef- 
ficients above 0.70 indicate satisfactory internal 
consistency in social science measurement (DeVellis 
& Thorpe, 2021; Gadermann et al., 2012). The average 
inter-item correlations (0.34 for standard and 0.47 for 
ordinal) further suggest moderate coherence among 
the items, supporting the overall internal consistency 
of the scale.

For this exploratory study, a  composite index 
(unweighted) was used. Weighted indices or factor-
analytic models were considered, but due to the 
modest sample size and the heterogeneous nature of 
the indicators (dichotomous, ordinal and perceptual), 
which violates key assumptions underlying latent 
variable modelling, a parsimonious additive index was 
selected as a transparent and theoretically defensible 
approach consistent with the study’s exploratory 
objectives. So, a composite index (unweighted), which 
integrated actual behaviour (usage), organisational 
self-assessment (internal perceptions), and broader 
market awareness (external perceptions), capturing 
both tangible and attitudinal dimensions of innovation 
uptake, was used. This multidimensional structure 
aligns with the diffusion of innovations theory 
(Rogers et  al., 2014), which emphasises the role of 
both individual and contextual factors in innovation 
diffusion.

3.3.  Linear regression modelling

To examine the relationship between the adoption of 
innovative technologies (RAISA) and the implemen-
tation of energy reduction systems within the Irish 
hotel industry, a  multiple linear regression model 
was employed. This analytical approach enables the 
quantification of the extent to which variations in 
energy-related innovations can predict or explain the 
adoption of broader innovative technologies (RAISA). 
Linear regression is a commonly used statistical method 
that models the relationship between a dependent 
variable and one or more independent (predictor) vari- 
ables. In this study, we applied a  multiple linear 
regression framework because there are several pre-
dictors involved.

The general form of the multiple linear regression 
model is:
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	 Y = β0 + β1X1+ β2X2 +…+ βnXn + ϵ 
 Where:

1.	 Y is the dependent variable (e.g.  innovative 
technology adoption rate);

2.	X1, X2, …, Xn are independent variables (e.g. use of 
energy-saving systems, smart thermostats, lighting 
automation, etc.);

3.	β0 is the intercept;
4.	 β1, …, βn are the coefficients representing the 

influence of each predictor;
5.	ϵ is the error term capturing unexplained variation.

In this study, the dependent variable Y represents 
a  log-transformed version of the adoption rate of 
innovative technologies in hotels. The independent 
variables included key indicators of energy-efficiency 
efforts, such as the adoption of smart energy man-
agement systems and motion-based lighting systems.

This regression model estimates the degree to 
which the adoption of each energy-related technology 
influences the likelihood or intensity of adopting 
broader RAISA-driven innovative systems. The 
underlying assumption is that hotels that invest in 
energy-reduction technologies are more likely to 
adopt other innovative technologies for eco-efficient 
operations. This association may reflect a broader strate- 
gic commitment to sustainability and a higher level of 
digital readiness.

Model estimation was conducted using the ordinary 
least squares (OLS) method. Given the small sample size 
(n = 79), bootstrapping was applied to generate robust 
confidence intervals for the regression coefficients, 
thereby improving the reliability of statistical inference.

4.  Results and discussions

This section presents the outputs and findings from the 
demographic, regression and bootstrapping analyses.

4.1.  Province and star-based patterns of 
innovation adoption in the Irish hotel sector

Table 1 and 2 present a  detailed distribution of 
innovation adopter categories (laggards, late majority, 
early majority, early adopters and innovators) within 
the Irish hotel industry. The tables are organised into 
several sub-panels to reveal both regional and star-
based dimensions of technology adoption.

Table 1 (left) displays the overall distribution of 
adopter categories across the four provinces: Connacht, 
Leinster, Munster and Ulster. Here, Leinster emerges 
as the most innovation-forward region, with 14% 
of hotels categorised as early adopters and 24% as 
early majority. In contrast, Connacht and Ulster have 

a higher concentration of laggards and late majority 
adopters, indicating a  more cautious approach to 
technological innovation. Munster shows a relatively 
even spread, but with very few innovators (1%). This 
finding substantiates the study by García-López et al. 
(2025) that concluded that digitisation in Andalusian 
(Spain) hotels flows at different speeds.

Table 1. Distribution of innovation adopter categories across 
Irish provinces and hotel star ratings (% of hotels)

Adopter 
category

Province (% of hotels) Hotel star rating 
(% of hotels)

Con-
nacht

Lein-
ster

Mun-
ster

Ul-
ster

2 
star

3 
star

4 
star

5 
star

Laggards 6 13 5 4 0  6 19 3

Late majority 6 15 0 3 1 10 11 1

Early 
majority

3 24 0 0 3  9 13 3

Early 
adopters

0 14 1 0 0  4  9 3

Innovators 0  5 1 0 3  0  3 1

Source: authors.

Table 1 (right) focuses on the relationship between 
hotel star ratings and adopter categories. A  clear 
trend emerges that the higher star ratings correlate 
with earlier adoption. Four-star hotels are notably 
progressive, with 13% representing the early majority 
and 9% representing the early adopters. Five-star hotels, 
though smaller in number, have a good presence of 
innovators (1%) and early adopters (3%). On the other 
hand, two-star and three-star hotels are predominantly 
laggards or part of the late majority, highlighting the 
lag in adoption among lower-tier establishments. This 
pattern is consistent with findings by Yang et al. (2024) 
that higher-category hotels exhibit earlier and more 
intensive adoption of digital technologies.

Table 2. Cross-tabulation of innovation adopter categories by 
Irish province and hotel star ratings (% of hotels)

Province Adopter 
category

Hotel star rating (% of hotels)

2 star 3 star 4 star 5 star

Connacht Laggards  0  8 33 0

Late majority  0 25 17 0

Early majority  0  0 17 0

Early adopters  0  0  0 0

Innovators  0  0  0 0
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Province Adopter 
category

Hotel star rating (% of hotels)

2 star 3 star 4 star 5 star

Munster Laggards  0 17 50 0

Late majority  0  0  0 0

Early majority  0  0  0 0

Early adopters  0 17  0 0

Innovators 17  0  0 0

Leinster Laggards  0  5  9 4

Late majority  0  7 13 2

Early majority  4 13 14 4

Early adopters  0  4 13 4

Innovators  2  0  4 2

Ulster Laggards  0  0 60 0

Late majority 20 20  0 0

Early majority  0  0  0 0

Early adopters  0  0  0 0

Innovators  0  0  0 0

Source: authors.

Table 2 provides a more granular view by cross-
tabulating adopter categories by star rating within each 
province. These provincial breakdowns reveal nuanced 
regional disparities. For instance, in Leinster, five-star 
hotels include early adopters (4%) and innovators (2%), 
reinforcing Leinster’s advanced technological posture. 
Conversely, Ulster exhibits a concentration of laggards 
(60%) in four-star hotels, with no hotels in the early 
adopter or innovator categories, suggesting significant 
barriers to innovation in that region. Connacht is charac- 
terised by a dominance of late majority and laggards 
across three- and four-star hotels, with no presence of 
early adopters or innovators. Munster exhibits some 
variation, with 17% innovators in the two-star hotel 
category, which is likely an outlier due to a  small 
sample size.

Taken together, Tables 1 and 2 underscore the uneven 
diffusion of innovative technologies across Ireland’s hotel 
sector. Both geographic location and hotel star rating 
appear to be influential factors, with higher-star hotels 
in more urbanised or economically active regions, such 
as Leinster, being more receptive to innovation. These  
results support the earlier studies (e.g. Akbulut et al., 
2025; Bekele et  al., 2024; Fu et  al., 2026; Kozlovska 
et  al.,  2023;  Nikopoulou et  al., 2023; Pastor, 2025; 
Yang et al., 2024) that commitment to sustainability, re-
source availability and digital transformation readiness 
play crucial roles in shaping adoption behaviour. For 

policymakers and industry leaders, these insights 
underscore the need for targeted strategies to promote 
innovation adoption in lagging regions and among 
lower-rated establishments.

4.1.1.  Non-response bias assessment

Although the response rate was modest (79 usable 
responses from a  population of 833 hotels), an 
assessment of non-response bias was undertaken by 
comparing the distribution of responding hotels with 
that of the population across observable characteristics, 
namely star rating and geographic region. Descriptive 
comparisons are presented in Table 3 (star rating 
distribution) and Table 4 (region distribution).

Table 3. Star rating comparison

Star rating Population (%) Sample (%)

1  9  0

2  9  6

3 34 29

4 44 54

5  4 10

Source: authors.

Table 4. Regional distribution comparison

Region Population (%) Sample (%)

Ulster  9  6

Connacht 19 15

Munster 33  8

Leinster 39 71

Source: authors.

Chi-square goodness-of-fit tests indicate statistically 
significant differences between the sample and 
population distributions for both star rating (p < 0.05) 
and regional location (p < 0.05). Specifically, the sample 
over-represents higher-category hotels and properties 
located in urban regions, while lower-category and 
rural hotels are comparatively under-represented.

This pattern is consistent with non-response 
marked in previous studies. For instance, in a study 
carried out by Nikopoulou et  al. (2023), the final 
sample consisted of 502 hotels in Greece out of 5800 
in total. The response rate was around 10%. While 
the results of this study suggest the presence of non-
response bias on observable characteristics, they do 
not invalidate the study’s findings. Rather, they may 
imply that the results are most reflective of hotels that 
are comparatively more engaged with or receptive to 

Table 2 (cont.)
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the adoption of RAISA. Nevertheless, the implications 
of sample composition are carefully considered in the 
interpretation of results, and caution is exercised when 
generalising the findings to smaller, lower-category, or 
more rurally located hotels.

4.1.2.  Distribution of technology use by hotel star 
category

Table 5 presents the adoption rates of selected energy 
management and smart building technologies 
across hotel categories. Overall, the results indicate 
a differentiated pattern of technology uptake, with 
higher-category hotels demonstrating greater en-
gagement with advanced energy and automation 
solutions. Energy management systems (EMS) show 
relatively consistent adoption across categories, 
ranging from 45% in three-star hotels to 57% in five-
star hotels, suggesting that basic energy monitoring 
has become a widely accepted practice irrespective 
of hotel classification. Smart HVAC systems are more 
prevalent in higher-category hotels, with adoption 
rates increasing from 27% in three-star hotels to 
71% in five-star hotels, reflecting the higher capital 
capacity and infrastructural sophistication of upscale 
properties. In contrast, more advanced or data-driven 
technologies such as predictive maintenance systems 
and intelligent defrost systems exhibit notably low 
adoption across all categories, highlighting the 
nascent stage of advanced digital transformation in 
the sector. Motion sensor lighting and room automation 
systems display adoption across all categories of hotels, 
showing uniform adoption across the range. In contrast, 
predictive maintenance applications show moderate 
uptake across categories, possibly due to their high 
costs of purchase and implementation, reported as 
a barrier to adoption of environmental technologies 
(Chan et al., 2020; García-López et al., 2025).

Table 5. Adoption of energy use reduction technologies by 
hotel star rating

Technology

Hotel star rating 
(% of hotels adopting 

the technology)

2 star 3 star 4 star 5 star

Energy management system 
(EMS)

50 45 58 57

Motion sensor lighting (MSL) 50 91 78 29

Intelligent defrost system 
(IDS)

 0 18 11 14

Room automation system 
(RAS)

25 18 19 29

Predictive maintenance (PM)  0  0 17 14

Mobile applications (MA)/ 
computer software (CS), such 
as Dexma, Energy Intelligence, 
Inavitas, Energis.Cloud etc.

25  0 31 29

Building automation (BA) 25  0 14 29

Smart thermostats (ST) 25 18 42 14

Smart heating, ventilation and 
air conditioning (HVAC)

50 27 50 71

Source: authors.

Taken together, these findings suggest that while 
energy efficiency technologies, for example motion sensor 
lighting (MSL), with clear operational or cost-saving  
benefits, are increasingly adopted across hotel categories, 
the implementation of more sophisticated RAISA-
enabled systems, for example, HVAC, remains uneven 
and largely concentrated in higher-category hotels. 
This pattern suggests that digital transformation in 
the hotel sector maybe driven less by a comprehensive 
sustainability strategy and more by pragmatic consid-
erations such as cost, ease of implementation and 
perceived return on investment.

4.1.3.  Unified analysis

Figure 2 compares the uptake of different technologies 
by location and the average adoption rate for each 
technology.

Figure 2 illustrates the regional distribution of 
energy management technology adoption across 
hotel categories in Ireland. The results reveal clear 
regional disparities and category-specific adoption 
patterns, suggesting that digital transformation and 
RAISA-related implementation remain uneven across 
the sector.

In the Munster region, adoption appears relatively 
balanced across several foundational technologies, 
particularly EMS and MSL, which show moderate 
uptake across hotel categories. However, more advanced 
technologies, such as predictive maintenance and 
intelligent defrost systems, exhibit minimal adoption, 
indicating that technology integration in this region is 
primarily focused on basic energy-efficiency measures 
rather than advanced automation or predictive digital 
solutions.

The Ulster region demonstrates a  strong concen-
tration of adoption in motion sensor lighting and 
smart thermostats, particularly among higher-category 
hotels, while adoption of predictive maintenance, 
room automation and intelligent defrost technologies 
remains limited. This pattern suggests selective 
technology uptake driven by cost efficiency and 
operational convenience rather than comprehensive 
digital transformation strategies.



Turyzm/Tourism 2026, 36(1)178

Figure 2. Comparing the distribution of technology uptake 
and the average adoption rate across location and hotel 

star rating
Note: EMS – energy management system, MSL – motion 

sensor lighting, IDS – intelligent defrost system, RAS – room 
automation system, PM – predictive maintenance, 

MA/CS – mobile applications/ computer software (such 
as Dexma, Energy Intelligence, Inavitas, Energis.Cloud 
etc.), BA – building automation, ST – smart thermostats, 
HVAC – smart heating, ventilation and air conditioning

Source: authors

Leinster displays the most diverse and advanced 
adoption profile among the regions. Several technolo-
gies, including room automation systems, predictive 
maintenance, and mobile or software-based energy man- 
agement applications, exhibit relatively higher adoption 
rates across multiple hotel categories. This may reflect 
stronger digital readiness, greater access to technolo-
gical resources, and higher levels of competitive or 
urban market pressure, encouraging broader imple-
mentation of RAISA-enabled solutions.

In contrast, Connacht demonstrates a more selec-
tive and uneven adoption pattern. While certain 
technologies, particularly motion sensor lighting 
and predictive maintenance, show moderate uptake, 
other automation and smart building systems remain 
comparatively underutilised. This may reflect structural 
and resource constraints typically associated with 
smaller or regionally dispersed hospitality markets.

Across all regions, a  consistent trend emerges 
whereby foundational energy-saving technologies 
such as EMS, MSL and HVAC systems demonstrate 
wider adoption, while advanced automation and 
predictive technologies remain at an early stage 
of implementation. Furthermore, higher-category 
hotels generally display greater adoption across most 

technologies, suggesting the influence of financial 
capacity, technological infrastructure and strategic 
orientation toward innovation.

Collectively, these regional and categorical variations 
suggest that RAISA adoption within the Irish hotel 
sector remains nascent and context dependent. Adop-
tion appears to be driven primarily by immediate 
operational and energy efficiency benefits rather than 
by fully integrated digital transformation or sus-
tainability strategies.

4.2.  Distribution of innovative technology 
adoption scores

To explore the overall level of innovative technology 
adoption among Irish hotels, a kernel density plot 
was constructed based on the composite adoption rate 
derived from survey responses (recall the calculation 
of the adoption rate given in the methodology section). 
As shown in Figure 3, the distribution is right-skewed, 
indicating that a  majority of hotels have relatively 
low to moderate adoption rate, while a smaller subset 
demonstrates significantly higher engagement with 
innovative technologies.

Figure 3. Density plot of innovative technology adoption 
scores in Irish hotels, showing a right-skewed distribution

Source: authors

The mode of the distribution is 2, meaning that 
the most frequently occurring adoption rate among 
respondents was the minimum possible on the adop- 
tion rate scale (the scale goes from 2 to 7). The me-
dian is 3, suggesting that 50% of hotels scored at or 
below this level. However, the mean is higher at 3.51, 
which reflects the influence of a  tail of hotels with 
relatively high adoption levels. This asymmetry in the 
distribution implies that while adoption is still in its 
early to intermediate phases for many hotels, there 
is a growing segment of the sector that is investing 
more heavily in advanced systems and innovative 
technologies.
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Notably, the distribution of the “adoption rate” 
variable was found to be positively skewed, suggesting 
that while a minority of hotels report high adoption, 
a substantial proportion remain at early or non-adopter 
stages. This skewness was considered in the selection 
and transformation of variables for subsequent 
regression modelling.

4.3.  Distribution of innovative technologies: 
Adoption across adopter categories

To better understand the diffusion of RAISA technologies 
within the Irish hotel industry, the distribution of 
adoption rates was examined and categorised using 
Rogers’ diffusion of innovations theory. As shown in 
Figure 4, the density plot represents the full spectrum 
of RAISA adoption levels across surveyed hotels, 
divided into five adopter categories: innovators, early 
adopters, early majority, late majority and laggards. 
These categories were assigned based on percentile seg-
mentation of the adoption index, a continuous measure 
constructed from multiple technology implementation 
indicators.

The shape of the distribution suggests a  slightly 
right-skewed pattern, with the bulk of hotels falling 
within the early majority and late majority categories. 
This suggests that while RAISA technologies are 
becoming increasingly common, many hotels are still  
in the process of fully utilising them. A smaller propor-
tion of hotels appear at the far right of the distribution, 
classified as innovators, reflecting early experimenta-
tion and leadership in advanced automation. Conversely, 
a similar proportion of “laggards” exists on the lower 
end, comprising hotels with minimal or limited 
adoption of RAISA systems.

The relative thickness of the early majority and late 
majority regions, characterised by lower adoption 
scores, highlights the potential need for policy and 
investment focus, particularly in supporting hotels that 
are on the cusp of broader technological integration 
but  may lack the necessary resources or strategic 
guidance to proceed. As stated in Section 4, the gov-
ernment can exert a statistically significant effect on 
a hotel’s willingness to adopt high-cost technologies by 
offering subsidies and grants (Ezzaouia & Bulchand-
Gidumal, 2020; Oloso, 2025).

Overall, Figure 4 reinforces the conclusion that 
the Irish hotel industry is progressing through the 
intermediate stages of innovation adoption. Encour-
agingly, the presence of innovators and early adopters 
suggests a growing receptiveness to RAISA, which 
may gradually influence peers and contribute to a more 
technology-forward hotel sector, because, accord-
ing to the diffusion of innovations by Rogers (2014), 
observability is one of the five key attributes of an 
innovation that determines its rate of adoption.

Figure 4. Density distribution of technology adoption scores 
in Irish hotels, segmented into adopter categories based on 

percentile thresholds (indicated inside brackets in the legend)
Source: authors

4.4.  Energy waste reduction technology

Table 6 and Figure 5 illustrate the mean adoption 
rates and variability (standard deviation) for a range 
of energy reduction technologies implemented in 
hotel operations. The users of these technologies are 
categorised using Rogers’ diffusion of innovations 
theory, highlighting where each innovative technology 
adopter lies along the adoption continuum from 
innovators to late majority.

Table 6. Adoption of energy reduction technologies across 
adoption categories in Irish hotels, with means and standard 

deviations of adoption rates reported for each technology

Energy reduction 
technology

Mean 
adoption 

rate

Standard 
deviation 
adoption 

rate

Adoption 
category

All of the above 6.0 1.4 Innovators

Room automation 
system

4.0 1.3 Early majority

Building 
automation

3.8 1.4 Early majority

Energy software 3.7 1.0 Early majority

Predictive 
maintenance

3.7 0.5 Early majority

Smart heating, 
ventilation and 
air conditioning 
(HVAC)

3.6 1.3 Early majority
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Table 6 (cont.)

Energy reduction 
technology

Mean 
adoption 

rate

Standard 
deviation 
adoption 

rate

Adoption 
category

Motion sensor 
lighting

3.3 1.1 Late majority

Energy 
management 
system (EMS)

3.3 1.2 Late majority

Smart thermostats 3.2 1.2 Late majority

None of the above 2.9 0.8 Late majority

Intelligent defrost 
system

2.6 1.0 Late majority

Source: authors.

As shown in both the table and the chart, the most  
comprehensively adopted solution, indicated by the 
highest mean score (6.0), is “all of the above”, which 
represents hotels actively integrating multiple techno- 
logies and aligns with the innovators category. Tech-
nologies such as room automation systems, building 
automation, energy software, predictive maintenance 
and smart heating/AC exhibit mean scores between 
3.6 and 4.0, positioning their users within the early  
majority category. These results suggest that a significant 
segment of the hotel industry is proactively engaging 
with automation and predictive control systems, likely 
due to their tangible impact on operational efficiency 
and cost savings (Kim et al., 2022; Ivanov & Webster, 
2021). Conversely, hotels using technologies such as 
motion sensor lighting, EMS, smart thermostats and 
intelligent defrost systems exhibit lower mean adoption 
scores (between 2.6 and 3.3), falling within the late 
majority. This suggests that these technologies are 
either more basic and commonly used, placing them 
at the lower end of the RAISA adoption spectrum, 
or that the hotels using them have not yet adopted 

more advanced technologies, and therefore consider 
themselves lower in RAISA maturity.

The standard deviations captured in Figure 5 em-
phasise the variation in adoption patterns across 
hotels, with technologies such as smart heating/air 
conditioning and room automation systems showing 
wider variability. This indicates that while some 
hotels have advanced significantly in their adoption 
journey, others remain in the early stages or have not 
yet implemented these innovations. Together, these 
findings underscore a stratified pattern of technology 
diffusion, where full integration remains limited to 
a  smaller group of forward-thinking hotels, while 
broader adoption is still emerging across the sector.

The spread of the data also reflects a  range of 
digital maturity levels across the sample, reinforcing 
the importance of understanding contextual factors, 
such as size, location and star rating, that may influence 
adoption behaviours. These findings provided a basis 
for further regression analysis, in which the relationship 
between adoption rate and specific predictors 
(e.g.  energy-saving technologies) was examined to 
identify key enablers of digital transformation in the 
sector.

4.5.  Linear regression modelling output

To further investigate the impact of specific energy 
reduction technologies on the overall RAISA adoption 
rate, a linear regression analysis was conducted, with 
the adoption rate serving as the dependent variable. 
Table 7 presents the estimated coefficients, standard 
errors and p-values for each predictor. The intercept 
value of 3.71 (p < 0.001) represents the baseline adop- 
tion rate in the absence of specific technology 
adoption. While several predictors exhibited positive 
or negative coefficients, none of the technologies 
reached conventional levels of statistical significance 
(p  <  0.05). Among the variables, intelligent defrost 
showed the largest negative association with adoption  

Figure 5. Distribution of adoption rates by energy reduction technologies
Source: authors



Articles 181

rate (estimate = –0.91; p = 0.08), indicating a potential 
inverse relationship, though it falls short of statistical  
significance. Conversely, energy software (esti-
mate = 0.71; p = 0.13) and room automation system (es-
timate = 0.51; p = 0.25) demonstrated positive effects, 
suggesting that their presence may be associated with 
higher adoption levels, although not significantly so.

Table 7. Linear regression results illustrating the impact of in-
dividual energy technologies on the adoption rate. Coefficients 
for each technology indicate the estimated change in adoption 

rate that can be achieved by implementing the technology

Term Estimate Standard 
error p-value

(Intercept) 3.71 0.25 0.00

Motion sensor lighting –0.20 0.32 0.53

Energy management 
system (EMS)

–0.32 0.36 0.38

Smart heating, ventilation 
and air conditioning 
(HVAC)

0.05 0.33 0.87

Energy software 0.71 0.46 0.13

Building automation 0.23 0.55 0.68

Predictive maintenance –0.01 0.62 0.99

Room automation system 0.51 0.44 0.25

Smart thermostats –0.63 0.40 0.12

Intelligent defrost –0.91 0.52 0.08

Source: authors.

This study was limited to examining patterns of 
association between the adoption of energy-reduction 
technologies and overall RAISA adoption, rather than 
identifying causal mechanisms underlying these 
relationships. Some technologies, including motion 
sensor lighting, energy management systems, smart 
thermostats, and smart defrost systems, show negative 
associations with overall RAISA adoption. This 
may reflect that these more common or specialised 
systems are often implemented by hotels with lower 
digital maturity or by hotels with very specific opera-
tional requirements, which tend to adopt only a limited 
set of technology solutions. In contrast, more advanced 
or strategically focused systems, such as predictive main- 
tenance, room automation, and energy software,  
are typically adopted by hotels with greater digital am- 
bition and broader technology portfolios, which 
explains the observed positive associations. While 
these explanations remain speculative, they provide 
a plausible context for the observed trends and high-
light the need for future research to explore the 
underlying factors influencing these adoption patterns 
in greater depth.

These findings suggest that while individual tech-
nologies may influence overall adoption tendencies, 
the variations are not strong enough to be isolated as 
significant predictors in this model. This could indicate 
either a cumulative or context-dependent effect of these 
technologies, warranting further investigation with 
a larger sample or additional covariates.

4.6. Bootstrapping output

To improve the robustness of inference given the 
limited sample size (n = 79), a bootstrapping approach 
was applied to both descriptive adoption rates and 
regression modelling.

Table 8 presents the bootstrapped mean adoption 
rates for each energy-reduction technology, along with 
their corresponding standard deviations. Notably, the 
bootstrapped means closely align with the original 
sample means, demonstrating internal consistency. 
Technologies such as room automation systems, 
building automation and energy software continued 
to show relatively high adoption rates across resampled 
datasets. In contrast, intelligent defrost systems and 
smart thermostats exhibited lower adoption rates, 
suggesting a more cautious approach among hotel 
operators.

Table 8. Comparison of original and 0.632 bootstrapped mean 
adoption rates for energy reduction technologies, indicating 

comparable adoption rates across technologies

Technology Mean 
original

Mean 
bootstrap

Mean 
bootstrap 

0.632

Standard 
deviation 
bootstrap

All of the above 6.00 6.01 6.01 0.71

Room automation 
system

4.00 4.02 4.01 0.36

Building 
automation

3.75 3.74 3.74 0.45

Energy software 3.73 3.74 3.74 0.26

Predictive 
maintenance

3.67 3.65 3.66 0.19

Smart heating, 
ventilation and 
air conditioning 
(HVAC)

3.61 3.61 3.61 0.22

Motion sensor 
lighting

3.31 3.31 3.31 0.17

Energy 
management 
system (EMS)

3.28 3.29 3.28 0.22

Smart thermostats 3.21 3.21 3.21 0.26

None of the above 2.88 2.85 2.86 0.27

Intelligent defrost 2.57 2.58 2.58 0.34

Source: authors.
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Figure 6. Bootstrapped mean adoption rate distribution of the various energy reduction technologies
Source: authors

Figure 6 visually reinforces these findings, 
highlighting variation in adoption rates across the 
range of technologies. The technologies positioned 
toward the right of the figure (e.g. “all of the above”, 

“room automation system”) correspond to higher 
bootstrapped adoption means, consistent with the 
innovators and early majority adopter categories 
described earlier. Meanwhile, technologies with lower 
mean values (e.g. “intelligent defrost”) align with the 
late majority or laggards, indicating slower diffusion 
across the industry.

Table 9. Bootstrapped linear regression coefficients with 95% 
confidence intervals. Estimates reflect the effects of individual 

energy reduction technologies on the adoption rate of 
innovative technologies, based on 1,000 bootstrap samples

Technology Mean coefficients [CI]

Intercept 3.71 [3.18, 4.29]

Motion sensor lighting –0.26 [–0.95, 0.37]

Energy management system (EMS) –0.25 [–0.97, 0.65]

Smart heating, ventilation air 
conditioning (HVAC)

0.08 [–0.56, 0.67]

Energy software 0.71 [–0.04, 1.37]

Building automation 0.17 [–1.10, 1.39]

Predictive maintenance –0.07 [–1.26, 1.02]

Room automation system 0.49 [–0.38, 1.50]

Smart thermostats –0.60 [–1.20, 0.07]

Intelligent defrost –1.00 [–1.75, –0.19]

Source: authors.

Building on this, Table 9 displays bootstrapped linear 
regression coefficients with 95% confidence intervals, 
modelling the effect of individual technologies on 
the overall adoption rate of innovative systems. Most 
coefficient intervals include zero, suggesting weak 

or non-significant individual effects. However, the 
“energy software” variable shows a positive association 
(mean coefficient = 0.71; 95% CI: [–0.04, 1.37]), indicating 
a potential role in predicting broader adoption, albeit with 
marginal statistical confidence. In contrast, “intelligent 
defrost” demonstrates a significant negative effect (mean 
coefficient = –1.00; 95% CI: [–1.75, –0.19]), suggesting that 
its adoption is inversely associated with the broader 
implementation of innovative technologies, possibly 
due to perceived higher cost, complexity, or perceived 
lack of necessity of more advanced technology by hotels 
that use “intelligent defrost” technology.

In summary, the bootstrapped findings support 
the descriptive trends observed in the raw data and 
underscore the variation in adoption across technologies. 
They also emphasise the importance of considering 
the individual impact of each technology on overall 
innovation readiness. While some technologies may 
signal early adoption behaviour, others may indicate 
slower digital transformation trajectories within the 
Irish hotel industry.

5.  Conclusion and implications

Using a combination of descriptive statistics, linear 
regression modelling and bootstrapping techniques, 
the research aimed to identify patterns of adoption, 
categorise adopter behaviour, and explore the adoption 
of energy-reduction technologies within the Irish hotel 
sector and their relationship to the broader uptake of 
intelligent RAISA technologies for sustainable oper-
ations. Within the scope of this exploratory study, we 
conclude that implementing energy software may 
positively affect RAISA adoption.

The data suggests that RAISA adoption within the 
Irish hotel sector is uneven. Furthermore, energy-related 
technologies are not adopted uniformly across the 
sector. A trend is observed, with certain technologies 
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aligning with early adopters (innovators and early 
majority) while others remain within the late majority 
category. Technologies such as room automation 
systems, building automation and energy software 
exhibited higher average adoption rates, indicating 
that these technologies may be more associated with 
cost saving and operational efficiency. Conversely, 
the data suggests that hotels that use tools like intelli- 
gent defrost systems, smart thermostats and EMS 
tend to lag behind, possibly due to cost, complexity or 
unclear return on investment (ROI).

The regression analysis further illuminated these 
patterns. While many predictors failed to show 
statistically significant individual effects, energy 
software exhibited a moderately strong positive re-
lationship with the RAISA adoption rate. This aligns 
with its role as a digital interface that may facilitate 
further integration of intelligent systems. In contrast, 
for the intelligent defrost systems negative association 
trend is observed, possibly indicating resistance to 
niche or low-perceived-value technologies among 
adopters. The variance in coefficient stability across 
technologies suggests that not all energy innovations 
contribute equally to the digital transformation journey.

In alignment with previous studies (Ka et al., 2023; 
Nikopoulou et al., 2023; Zaragoza-Sáez et al., 2024), these 
results indicate that implementing specific technological 
solutions such as energy-efficiency systems may act as 
a catalyst for more extensive digital transformation, 
especially for businesses prioritising sustainable 
operations. Higher adoption rates of technologies like 
energy software and room automation systems may act 
as gateways to more advanced intelligent automation.

Bootstrapped regression analysis suggests that 
some technologies have directional influence, even 
when statistical significance is marginal. Innovator 
behaviour is associated with bundled or integrative 
approaches to technology adoption (“all of the above”), 
suggesting that comprehensive sustainability strategies 
may predict readiness for digital transformation. This 
supports the previous research (e.g. Akbulut et al., 
2025; Kozlovska et al., 2023) that organisations desiring 
sustainable operations are more likely to invest in 
innovative technologies.

While this research highlights a nuanced landscape 
of technological adoption within Ireland’s hotel sector, 
the study overall contributes to the growing body 
of literature on sustainable innovation and digital 
adoption in the hospitality sector. The findings of this 
study carry implications for sustainability policy, hotel 
management strategy, and the digital transformation 
agenda within the Irish hospitality sector.

First, the identification of energy software and 
automation systems as potential enablers of broader 
RAISA adoption highlights the value of leveraging exist-
ing energy-management tools as strategic entry points  

for digital innovation. For instance, energy software 
designed to help hotels monitor, analyse and optimise en- 
ergy use may enable managers to observe tangible 
financial and operational improvements through 
energy monitoring, thereby increasing their confidence 
in digital systems. As per the diffusion of innovations 
theory by Rogers (2014), observability, or the degree to 
which the results or benefits of an innovation are visible, 
leads to greater levels of adoption. Furthermore, the 
growing observability may build the organisational 
readiness, legitimacy and positive expectations nec-
essary to support the diffusion of RAISA technolo- 
gies across properties and departments. This suggests 
that investments in sustainability-friendly energy man-
agement tools can be environmental choices and can also  
serve as catalysts for technological competitiveness.

Second, as observed from the data, the uneven 
adoption landscape underscores the need for 
differentiated engagement strategies, potentially 
recognising that hotels at different stages of in-
novation readiness may respond to distinct drivers 
and barriers. For policymakers and tourism author-
ities, this may hint towards the necessity of more 
targeted interventions, particularly for hotels that  
stagnate in the late majority phase, through financial 
incentives, sector-specific training and industry bench- 
marking. Additionally, for technology providers, the 
study tries to highlight the importance of demon- 
strating tangible ROI and ease of integration, espe-
cially for niche or underutilised systems. Finally, by  
showing a trend that early-stage sustainability tech-
nologies can act as springboards to more advanced 
RAISA adoption, the study supports a phased ap-
proach to digital transformation, one that aligns 
with hotels’ operational realities and resource 
constraints while still advancing long-term goals 
for smart and sustainable hospitality. Overall, the 
results try to provide a roadmap for evidence-based 
decision-making that balances operational efficiency, 
technological innovation and sustainability goals.

6.  Limitations and future research

While this study provides valuable insights into the 
nexus between energy-reduction technologies and 
RAISA adoption in the Irish hotel industry, several 
limitations must be acknowledged. These constraints 
offer a roadmap for future scholarly inquiry.

The primary limitation of this study is the relatively 
small sample size, which may have constrained the 
statistical power necessary to detect small-to-moderate 
effects. While bootstrapping techniques were employed 
to enhance the robustness of estimates, the current 
dataset limits the generalisability of the findings beyond 
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the surveyed group. Subsequent studies should aim for 
a larger and more diverse sample to improve statistical 
power and allow for a more definitive generalisation of 
results to the broader global hospitality sector.

The study relied on self-reported survey data, which 
may be subject to a social desirability bias. Respon-
dents might have overestimated the extent of RAISA 
adoption or technology use to align with perceived in- 
dustry norms or sustainability expectations. Although 
anonymity was assured to reduce such bias, the 
influence of self-reporting cannot be entirely ruled 
out. Future research could mitigate this limitation by 
triangulating survey responses with objective data 
sources, such as system usage logs or operational 
records, to obtain a  more accurate assessment of 
technology adoption.

The cross-sectional nature of the data restricts the 
ability to infer causality. The results indicate a positive 
association between energy software adoption and 
RAISA uptake, suggesting that energy management 
technologies may facilitate digital transformation. 
However, causal interpretation was not warranted 
given the study design. Future longitudinal studies 
would be especially beneficial, enabling researchers to 
explore changes in adoption behaviour over time and 
more confidently infer causality.

A limitation of this study is that the regression model 
does not incorporate potentially influential covariates 
such as hotel category, location, capacity and chain 
affiliation, all of which may affect the rate of technology 
adoption. The exclusion of these variables may limit 
the analytical depth and explanatory power of the 
findings. However, the study was limited to examining  
patterns of association between the adoption of energy 
reduction technologies and RAISA adoption. Despite 
this limitation, the current analysis provides valuable pre- 
liminary evidence on the role of energy-reduction tech-
nologies in shaping the adoption of RAISA within the 
sector. Future research could incorporate additional 
hotel-specific covariates, such as chain affiliation, to 
examine more nuanced patterns of adoption.

The regression analysis examining the influence of 
energy use reduction technology implementation on 
RAISA adoption did not yield statistically significant 
coefficients. This lack of significance warrants careful con- 
sideration rather than dismissal. First, the sample size,  
while adequate for exploratory analysis, may have 
limited the statistical power required to detect small 
or moderate effects, particularly given the early 
stage of RAISA adoption across the Irish hotel sector. 
Second, several technology implementation variables 
exhibited conceptual overlap, raising the possibility 
of multicollinearity, which can inflate standard errors 
and reduce the likelihood of statistically significant 
estimates despite meaningful underlying relationships. 
Third, the measurement of technology implementation 

relied on relatively coarse indicators reflecting presence  
or absence rather than depth or maturity of use, which 
may have constrained variance in the predictors. 
Beyond methodological explanations, the findings may 
also reflect that RAISA adoption in Irish hotels appears 
to be nascent and may be often driven by pragmatic 
operational concerns such as staff shortages, cost 
containment and regulatory pressures, rather than 
by the level of technology implementation alone. 
Consequently, the relationship between technology 
implementation and RAISA adoption may be indirect, 
mediated by organisational readiness or strategic 
orientation, or may manifest over time rather than in 
cross-sectional data. To mitigate this, future models 
should refine measurement approaches, examine medi- 
ating organisational mechanisms, and integrate external  
contextual influences such as digitalisation subsidies or 
regulatory pressures to better capture the complexity 
of RAISA adoption pathways.

This study was exclusively quantitative, priori- 
tising broad patterns over experiential narratives. Con-
sequently, the findings do not capture the underlying 

“sense-making” processes or the specific organisational 
motivations and barriers that influence a manager’s 
decision to adopt RAISA. Future studies can incorporate 
qualitative methods, such as in-depth interviews or 
case studies, which would enrich the literature by 
exploring the human and strategic priorities behind 
technology adoption.
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