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Predictive Maintenance for Sustainability:

Implementing Al and ML to Predict This study explores the use of artificial intelligence (AI) and machine learning
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1. Introduction

Contemporary hotel operation is now based on how well the facility connects its
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technological adoption, sustainability, service delivery, and customer experience,
which is crucial in the quickly changing and competitive hospitality sector unlike
in the past when the distinguishing factors focused on providing guests with tai-
lored support and comfort. Anubala (2023) [1] noted that however as technolog-
ical innovations have developed, the hotel business paradigm has undergone sig-
nificant evolutions by incorporating cutting-edge technologies including artificial
intelligence (AI), machine learning (ML), and the Internet of Things (IoT) to cre-
ate opportunities for tailored visitor engagement in addition to improving opera-
tional efficiency. This study explores how technological advancements in ML and
Al solutions are changing the benchmarks for guest pleasure and service, offering
an in-depth look at the role that technology plays in predicting maintenance re-
quirements to promote sustainable practices reduction in carbon emissions, and

improve energy efficiency.

2. Literature Review
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Figure 1. A hotel’s predictive maintenance workflow using AI and ML.

Anubala (2023) [1] in the study sought to better understand how technology af-
fects guest satisfaction, service personalization, operational efficiency, and the
overall value proposition of hotels by analyzing the relationship between guest
experience and technological advancements in the hotel sector. The results indi-
cated that the hospitality sector is increasingly considering analytics-based pre-
dictions as the most indispensable data-driven decision-making tool amidst the
grapples with shifting customer expectations, operational difficulties, and market
dynamics. The results align with Ucar et al’s (2024) [2] review that reported that
the applicability of machine learning and data analytics in predictive maintenance
within lodging facilities and systems can better satisfy customers through tailoring
services meeting personal preferences. Similarly, Hosamo et al’s findings from
2022 [3] confirmed that, although integrating AI-based predictive models raises
ethical questions in a variety of industries, blockchain technology and the Indus-

trial Internet of Things (IoT) have the potential to enhance management systems
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in different industries by spotting anomalies in the activities and ensuring that
maintenance is completed promptly before a breakdown happens. Even so, incor-
porating real-time data from AI and ML models also makes it possible to allocate
resources more effectively and identify possible malfunctions, leading to opera-
tional efficiencies that significantly reduce costs and improve service quality [4].
The current investigation addresses how Al and ML techniques are used to fore-
cast the possibility of breakdowns in equipment and maintenance needs while
highlighting the overall impact on the operations of hotels by reducing emissions

of carbon and increasing energy conservation (See Figure 1).

3. Methods

Using secondary data from earlier studies that present real-time and historical in-
formation from various hotel machinery, such as HVAC systems, elevators,
plumbing units, and kitchen appliances, as were obtained using the already in-
stalled IoT sensors, the study was carried out through a review of the literature.
The examined research concentrated on the application of predictive models in
the hospitality setting, tracking energy use, carbon emissions, and maintenance

operations over six months to ascertain the operations’ effects.

4. Results

The results indicate that the application of artificial intelligence and machine
learning in the implementation of historical data serves as an indicator for prior
operation maintenance of devices in any industry. The Internet of Things tech-
nology and sensors fitted within the HVAC systems, plumbing units, lighting, and
elevators collect data that the models use to predict how much carbon emissions
can be reduced by 15 metric tons/year as shown in Table 1. This forecast can be
used to schedule preventive maintenance to ensure visitor comfort thereby de-
creasing the reported incidences of unscheduled disruptions, equipment malfunc-
tions, and operational inefficiencies that could ultimately affect the guest experi-

ence.

Table 1. Comparison of key metrics before and after implementation of ML and AL

X . . Percentage
Metric Before Implementation  After Implementation
Change
Equipment Downtime 60 hours/month 36 hours/month 20
Energy Consumption 100,000 kWh/month 85,000 kWh/month -7.5
Carbon Emissions 100 metric tons/month 85 metric tons/month -15

Additionally, the findings indicate a 7.5% decline (15,000 kWh) in energy usage
through Al-driven optimization and integration into the systems to improve the

planning for maintenance based on the estimated energy usage and averting
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equipment breakdowns. The finding confirms that using Artificial intelligence
(AI) and machine learning (ML) powered systems dynamically modifies HVAC
settings thereby minimizing energy consumption and reducing resource waste.
The integration of AI models facilitates the adoption of renewable energy sources
into hotel HVAC operations to reduce unnecessary energy generation and con-
sumption from renewables to maximize the use of clean energy sources and fur-

ther minimize carbon emissions.

5. Discussion

The research explores how predictive maintenance techniques have become a cru-
cial response to the ongoing strain on operations across hotel industries to main-
tain uninterrupted operations and increase effectiveness while allowing for imme-
diate identification of problems and asset health monitoring that ensures lower
carbon emissions and improved energy consumption. The results are consistent
with Saboo and Shekhawat’s (2024) [5] research showing an enlightening example
of how operators in the oil and gas sector deliberately exploit the AI/ML’s capa-
bilities because their income rests on the streamlined service delivery to custom-
ers, magnifying the relevance of operational effectiveness benefits. Anubala (2023)
[1] added that for hotels this strategy reduces the need for on-site maintenance by
a large amount, automating back-office duties, and decreasing the need for man-
ual data evaluation and solution creation in maintenance platforms by utilizing
onsite machinery for data processing. The technological framework allows for
data gathering that is communicated once equipment flaws are quickly identified
and reported to decision-makers, eventually enhancing consumer happiness and
encouraging loyalty, increasing the lifespan of machinery, and decreasing inter-
ruptions.

Additionally, the current study’s results also agreed with Huang et al’s (2020)
[6] report that the application of predictive maintenance systems to the ongoing
hotel business processes is a ground-breaking development with significant ram-
ifications for the tourism and travel industry. These ramifications go beyond max-
imizing earning capacity and enhancing operational efficiency in areas such as
energy conservation and malfunctioning servicing but also significantly reducing
emission levels and consumption of energy using the prediction of system failures
and scheduling of servicing [5]. The study also highlights that hotels use auto-
mated technologies in different parts of the property and guest rooms to change
their service delivery, procedures, and interactions with guests and anticipate pos-
sible equipment breakdowns [7]. That means the increasing reliance on predictive
maintenance in the hospitality sector has been counterbalanced with AI and ML
which serve as a viable route toward sustainable practices, that have the potential

to lower energy use across all the systems and carbon emissions.

6. Conclusion

The study looked at how predictive maintenance might be implemented in the
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hospitality industry to ensure environmentally friendly operations, reduce carbon
footprints, and predict maintenance needs from the occurring equipment failures
throughout hotel operations. According to the results of the review, predictive
maintenance leverages a lot of data to produce significant levels of sustainability
in various aspects thereby allowing the management to quickly respond to crises
in this highly volatile sector. The research results also highlight the impact that
these technological advances have had on a range of hotel-related operations and
emphasize the possibilities for ML and Al adoption to contribute to sustainable
practices within hospitality businesses, as evidenced by the significant reduction
in emission levels and changes regarding energy consumption and efficient use by
guest. The results showed that hotel chains could ensure energy-efficient opera-
tions, lower their carbon footprints, and improve their general impact on the en-
vironment by foreseeing equipment failures and optimizing maintenance tasks by

adopting these technological advancements.
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