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Abstract 

Background  In the rapidly evolving healthcare landscape, artificial intelligence (AI) is revolutionizing hospital opera-
tions by enhancing operational efficiency and patient care. This study focuses on the integration of AI in energy 
management within Italian hospitals and the role of energy managers.

Methods  A comprehensive questionnaire was developed to understand current practices, challenges, and opportu-
nities in AI adoption within hospital energy management. The study targeted regions in Italy with the highest concen-
tration of hospital energy managers. A quantitative approach was employed, and the collected data were statistically 
analysed for reliability and validity using SPSS.

Results  The analysis revealed significant benefits of integrating AI in energy management, including optimized 
energy consumption, predictive maintenance, and greater sustainability. Energy managers’ roles are evolving to lever-
age AI technologies effectively, ensuring compliance with energy regulations and promoting eco-friendly practices.

Conclusions  This research underscores AI’s transformative potential in creating smarter, greener, and more efficient 
hospital environments. The findings highlight the importance of adopting AI-driven energy management solutions 
to enhance hospital efficiency. Future trends indicate further advancements in AI applications, necessitating ongoing 
adaptation and training for energy managers to exploit these technologies fully.
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Introduction
Artificial intelligence (AI) is revolutionizing hospital 
facilities in the rapidly evolving healthcare landscape by 
enhancing operational efficiency and patient care. AI-
driven predictive systems are transforming emergency 
departments, enabling real-time estimation of service 
workloads and optimizing resource allocation [22]. This 
innovation extends to the role of energy managers, who 
leverage AI to streamline energy consumption, reduce 
costs, and ensure sustainable operations within hospi-
tal environments [13]. By integrating AI technologies, 

hospitals can achieve higher accuracy in demand fore-
casting, minimize wastage, and maintain an optimal bal-
ance between energy use and patient needs [17, 24, 27]. 
The synergy between AI, hospital facilities, and energy 
management is paving the way for smarter, greener, 
and more efficient healthcare systems worldwide, con-
tributing significantly to global sustainability goals and 
improved patient outcomes [26]. In Europe, AI is trans-
forming healthcare and energy management across 
the European Union’s 27 member states. In hospitals, 
AI enhances diagnostic accuracy, streamlines admin-
istrative processes, and improves patient outcomes by 
predicting diseases and personalizing treatment plans 
[19]. AI-driven tools are also being integrated into hos-
pital facilities to optimize resource allocation, manage 
patient flow, and reduce operational costs [30]. Energy 
management in hospitals benefits from AI through the 
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automation of energy systems, predictive maintenance of 
equipment, and efficient use of renewable energy sources 
contributing to sustainability goals [1, 7]. The role of the 
energy manager is becoming increasingly pivotal, tasked 
with implementing AI solutions to monitor and con-
trol energy consumption, ensuring compliance with EU 
energy regulations, and promoting eco-friendly practices 
[10]. These advancements in AI enhance hospital effi-
ciency and support the EU’s broader objectives of reduc-
ing carbon emissions and achieving a greener economy. 
As AI technology continues to evolve, its application in 
hospital facilities and energy management is expected 
to grow, offering innovative solutions to complex chal-
lenges [23]. Recent advancements in AI applications 
in healthcare focus on improving diagnostic accuracy, 
workflow efficiency, and personalized patient care, while 
addressing ethical considerations, transparency, and 
regulatory compliance. Explainable AI methods such as 
SHAP, LIME, and Grad-CAM are increasingly integrated 
into radiology, predictive analytics, and wearable health 
monitoring, enhancing interpretability and trust in medi-
cal decision-making. AI-powered workflow optimization 
tools and deep learning models for imaging diagnostics, 
including X-ray, MRI, and CT scan analysis, are help-
ing to mitigate shortages in specialized medical person-
nel while improving efficiency. However, the widespread 
adoption of AI in healthcare depends on overcoming 
algorithmic bias, data privacy concerns, and cybersecu-
rity challenges, requiring interdisciplinary collaboration 
among clinicians, AI researchers, and policymakers. The 
integration of Contextual Explanation Networks (CEN), 
Self-Explaining Neural Networks (SENN), and AI-driven 
predictive maintenance is also driving real-time monitor-
ing and personalized treatment plans, ensuring that AI 
applications align with both clinical and ethical standards 
while supporting global digital healthcare transformation 
[37–39]. The synergy between AI, healthcare, and energy 
management exemplifies the transformative potential of 
technology in improving public services and promoting 
sustainability within the European Union [21]. Within 
this framework, AI is significantly transforming hospital 
facilities and energy management in Italy. Italian hospi-
tals are increasingly adopting AI-driven tools for resource 
allocation, patient flow management, and operational 
cost reduction. AI also plays a crucial role in energy man-
agement within hospital facilities, automating energy sys-
tems, enabling predictive maintenance, and optimizing 
renewable energy sources. The role of the energy manag-
ers in Italy is becoming more critical, focusing on imple-
menting AI solutions to monitor and control energy 
consumption, ensuring compliance with national and EU 
energy regulations, and promoting sustainable practices. 
These AI advancements improve hospital efficiency and 

support Italy’s commitment to reducing carbon emis-
sions and achieving a greener economy. As AI technology 
progresses, its application in hospital facilities and energy 
management is expected to expand, providing innovative 
solutions to complex challenges. This integration of AI in 
healthcare and energy management highlights the poten-
tial of technology to enhance public services and promote 
sustainability in Italy [3]. Building on the introduction, 
and linked literature review, we can create a compre-
hensive questionnaire aimed at understanding the inte-
gration of AI in hospital facilities and the role of energy 
managers in Italy. The questionnaire will help gather 
insights from professionals in the field, providing valu-
able data on current practices, challenges, and opportu-
nities for improvement. The questionnaire aims to collect 
detailed information from energy managers, healthcare 
administrators, and other relevant professionals in Italy. 
The data gathered will provide insights into the current 
state of AI integration, the role of energy managers, and 
the challenges and opportunities in optimizing hospital 
facilities. After the introduction, we explore the relevant 
literature on the topic. Moreover, we detail the method-
ology employed, present our research findings, and dis-
cuss the implications for policy and practice. Finally, we 
highlight the study’s limitations, future implications and 
practical strategies for enhancing the implementation of 
AI for Energy Managers in Healthcare.

Literature review
Incorporating Artificial Intelligence (AI) into hospital 
energy management is transforming how facilities han-
dle their energy consumption, efficiency, and sustainabil-
ity [14]. As technology advances, the role of the energy 
manager is also evolving, with AI being used to optimize 
energy use, reduce costs, and ensure regulatory compli-
ance [34, 35]. This review examines the influence of AI 
on energy management within Italian hospital facilities 
and the changing responsibilities of energy managers in 
this landscape. Hospitals are energy-intensive structures, 
meaning they consume a large amount of energy to pro-
vide healthcare services and ensure high-quality perfor-
mance levels [15]. AI in energy management can improve 
energy consumption monitoring and optimization 
through actions of real-time monitoring: AI systems con-
tinuously monitor energy consumption across hospital 
facilities, providing real-time data that helps identify inef-
ficiencies and areas for improvement [11]. This granular 
level of monitoring allows for immediate adjustments 
and long-term strategic planning and load management: 
AI can predict energy demand patterns and optimize 
load distribution [18]. This ensures that energy is used 
efficiently, avoiding peak demand charges and reducing 
overall energy costs [20]. Furthermore, AI highlights a 
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predictive maintenance role in the equipment monitor-
ing with algorithms that analyze data from various hos-
pital equipment to predict potential failures before they 
occur. This proactive approach to maintenance mini-
mizes downtime, extends equipment life, and ensures 
continuous operation of critical systems. Furthermore, 
it positively impacts cost savings, particularly in prevent-
ing unexpected breakdowns and optimizing maintenance 
schedules. Moreover, AI-driven predictive maintenance 
reduces repair costs and improves the overall reliabil-
ity of hospital infrastructure. Nevertheless, AI can be 
used for energy efficiency projects in terms of hospital 
facilities, retrofitting, and upgrades, which are concrete 
actions that AI helps to identify with particular atten-
tion to the most cost-effective energy efficiency projects 
by analyzing data on current energy use and potential 
improvements. This includes upgrading lighting systems, 
HVAC units, and other energy-intensive equipment. It is 
important, in energy intensive structures to implement 
performance tracking linked to AI systems that track the 
performance of energy efficiency projects, ensuring they 
deliver the expected savings and allowing for adjustments 
as needed [8, 31]. Energy efficiency projects are linked 
to renewable energy integration with implementation of 
smart grid management where AI optimizes the integra-
tion of renewable energy sources, such as solar panels 
and wind turbines, into the hospital’s energy grid [9]. This 
includes balancing energy loads, storing excess energy, 
and reducing reliance on non-renewable sources where 
AI manages energy storage systems, ensuring efficient 
use of stored energy and maintaining a steady supply dur-
ing periods of low renewable energy production [16]. In 
this scenario, the role of the energy manager is planned 
and intervenes in both the horizontal and vertical dimen-
sions of energy management [12]. The role of the energy 
manager is strategic concerning implementation of AI 
technologies with particular attention to strategic plan-
ning; energy managers are responsible for planning and 
implementing AI-driven energy management systems. 
These activities provide continuous improvement, or 
energy managers must stay informed about the latest 
AI and energy management advancements to continu-
ally improve the hospital’s energy efficiency and sustain-
ability. Maintaining energy-intensive structures means 
implementing, as core activity, data analysis and deci-
sion making, in this case, data interpretation assume a 
strategic relevance where the energy managers use AI-
generated data to make informed decisions about energy 
use, maintenance schedules, and efficiency projects. 
This data-driven approach enhances the precision and 
effectiveness of energy management strategies and pro-
vides scenario planning AI that allows energy managers 
to conduct scenario analysis and forecast future energy 

needs. This helps in strategic planning and preparing 
for potential changes in energy demand or regulatory 
requirements [4]. These strategic activities are important 
for implementing regulatory compliance with particu-
lar attention to monitoring and reporting activities, AI 
systems ensure that hospital energy use complies with 
local and national regulations by continuously monitor-
ing energy consumption and generating detailed reports 
[25]. This helps avoid penalties and ensures adherence to 
environmental standards and realize sustainability goals 
where the energy managers play a key role in meeting 
sustainability targets by leveraging AI to reduce carbon 
emissions and promote the use of renewable energy. Fol-
lowing these research streams and aiming to accelerate 
the process of knowledge accumulation, it is possible to 
apply to the role of Italian energy managers, within hos-
pital structures that use, or do not use, artificial intel-
ligence, a structured questionnaire that answers the 
following Research Questions (RQ):

•	 (RQ 1) What are the best practices for Italian energy 
management in healthcare facilities applying AI?

•	 (RQ 2) What are the future trends in Italian AI for 
hospital management?

These two RQs are in the theoretical domain of lim-
ited resource management, using technological innova-
tion applied to the hospitals, as a strategic pillar of the 
National Health Service.

Particularly RQ 1
It considers that energy management is a critical aspect of 
hospital administration, with significant implications for 
operational efficiency and sustainability. Best practices 
in energy management involve implementing AI tech-
nologies to optimize energy use and reduce waste [29]. 
AI-driven energy management systems can automate 
the control of heating, ventilation, and air conditioning 
(HVAC) systems, lighting, and other energy-consuming 
devices, ensuring that they operate at optimal efficiency 
only when needed [2]. Predictive maintenance enabled 
by AI can also reduce energy waste by identifying and 
addressing equipment issues before they lead to sig-
nificant energy loss or downtime [2]. Moreover, energy 
managers play a pivotal role in implementing these tech-
nologies and promoting sustainable practices within 
hospitals. They are responsible for monitoring energy 
consumption, ensuring compliance with energy regu-
lations, and advocating for adopting renewable energy 
sources. According to the Italian Association of Energy 
Managers reports [33], ongoing training and education in 
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the latest energy management technologies and strategies 
are essential for energy managers to remain effective [33].

Particularly, RQ 2
It considers that the future of AI in hospital manage-
ment is poised for significant advancements, with several 
emerging trends likely to shape the sector [32]. One key 
trend is the increased use of AI for predictive analytics. 
This technology can forecast patient admissions, bed 
occupancy rates, and staffing needs, enabling hospitals 
to manage their resources better and reduce bottlenecks 
in patient care [5]. Another trend is the integration of AI 
with devices, creating innovative hospital environments. 
These devices can collect real-time data on various 
aspects of hospital operations, from patient vital signs 
to equipment performance, and use AI to analyze this 
data and make actionable recommendations [28]. Fur-
thermore, AI is expected to play a more significant role 
in enhancing patient engagement and communication. 
AI-powered chatbots and virtual assistants can provide 
patients with timely information, medication remind-
ers, and answers to common questions, improving the 
overall patient experience and reducing the burden on 
healthcare staff [6]. Finally, the continuous evolution of 
AI algorithms and the increasing availability of big data 
will further refine AI’s capabilities in healthcare. As AI 
systems become more sophisticated, they will be able to 
provide even more precise and personalized care, lead-
ing to better patient outcomes and more efficient hospital 
operations.

Methodology
In Italy, only companies operating in the industrial, civil, 
and transport sectors, which in 2021 exceeded an aver-
age amount of energy consumption equal to 33% of the 
overall distribution of final energy consumption across 
various economic sectors at the national level [33]. 
According to Italian Law n.10/91, for these economic 
sectors, the figure of Energy Manager is required, while 
the hospitals are not required to comply with energy 
consumption below 1,000 tep/year. In Europe, in the 27 
Member States, the obligation exists, except for the fol-
lowing countries: Italy, Poland, Czech Republic, Bulgaria, 
Romania, Cyprus, Hungary, Slovenia, Slovakia, 9 States 
out of a total of 27 as indicated in recent European leg-
islation by EU Health Policy, 2024; EU Energy Directive, 
2023. This clarification is useful to explain the method-
ology because the development of the questionnaire was 
agreed with the regions where there is the highest num-
ber of energy managers in hospitals, namely, Northern 
Italy, Lombardy, Central Italy, Lazio, and Southern Italy, 
Campania. In fact, given the varying regulatory frame-
works, these regions were selected to ensure that the 

study captures the perspectives of hospitals where energy 
management practices are more structured, despite the 
absence of a national legal mandate. Once the pre-test 
phase was validated, an institutional email, agreed with 
the three regions involved, was sent with the link to the 
online questionnaire, which is attached after the bibliog-
raphy, annex “Energy manager Energy efficiency and AI 
implementation in Italian Hospitals” explaining the gen-
esis of the research and the research questions, reported 
at the end of the previous paragraph. The questionnaire 
is based on research exploring AI integration in hospi-
tal energy management, focusing on efficiency, predic-
tive maintenance, and sustainability [17, 27]. Studies 
highlight how building typology and energy consump-
tion patterns influence AI-driven optimization strate-
gies [14, 30]. The role of energy managers is examined 
in relation to AI-supported decision-making, regula-
tory compliance, and renewable energy adoption [10, 
21]. AI-driven solutions in HVAC automation, lighting, 
and energy forecasting provide operational benefits [11, 
18]. The questionnaire also assesses AI-powered predic-
tive maintenance, reducing system failures and optimiz-
ing resource use [8]. Future planning sections align with 
research on AI’s role in smart hospital environments 
and policy development [2, 29]. Additionally, the ques-
tionnaire was carefully structured to minimize the risk 
of bias, adopting mainly objective questions and neu-
tral formulations that reduce possible distortions in the 
answers. However, to further strengthen the reliability 
of the data collected, an information letter was attached 
to the administration email that explains the main cog-
nitive biases to the participants and provides instruc-
tions on how to avoid them. The attached letter aimed to 
raise awareness among respondents, encouraging them 
to answer consciously and objectively, thus improving 
the overall quality of the information collected. Follow-
ing the indications of Choi and Pak [36] in their cata-
logue of distortions in questionnaires, the most relevant 
biases for the present study were identified, in order to 
minimize their impact. In particular, confirmation bias 
was taken into account to prevent respondents from 
privileging information consistent with their pre-existing 
beliefs, while ignoring potentially contrary data, anchor-
ing bias was carefully monitored to reduce the influence 
of initial values on subsequent evaluations, ensuring that 
pre-set references did not condition responses; the social 
desirability effect was identified to mitigate that partici-
pants could be induced to provide responses perceived 
as socially acceptable rather than an authentic reflec-
tion of their opinions and behaviors; and recency bias, 
which leads to overestimating more recent information 
at the expense of less recent but equally relevant infor-
mation, was mitigated through a balanced formulation of 
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questions and response options. Finally, availability bias, 
which leads participants to base their responses on eas-
ily recallable examples, was managed by asking questions 
encouraging a broader and more representative analysis 
of reality. The questionnaire was loaded in April 2024 and 
downloaded as the last date of compilation in June 2024, 
the questionnaire had an estimated completion time 
of 50 min. A quantitative approach was used to answer 
our research questions. A structured questionnaire com-
prised 23 pre-developed macro-area questions, with over 
100 sub-questions. Likert (scale) statements were also 
used to assess the degree of criticism concerning each 
item. These macro areas were referred to a scientific lit-
erature review on the importance of the topic. The col-
lected data were statistically analyzed using the Statistical 
Package for the Social Sciences (SPSS) version 22.0. The 
methodology has been focused on following key statisti-
cal analyses:

1.	 Reliability analysis

	1.1.	 Cronbach’s Alpha: This is a measure of inter-
nal consistency, i.e., how closely related a set of 
items is as a group. A Cronbach’s Alpha value 
above 0.70 is generally considered acceptable, 
indicating that your questionnaire items reliably 
measure the same construct.

2.	 Validity analysis

	 2.1.	 Construct validity: This can be assessed using 
Factor Analysis.

	 2.2.	 Exploratory factor analysis (EFA): EFA helps 
identify the underlying structure of your 
questionnaire items. It shows which items are 
grouped, indicating they measure the same 
construct. Key statistics to report include: 

•	Kaiser-Meyer-Olkin (KMO) Measure of Sam-
pling Adequacy: A value above 0.60 indicates 
appropriate factor analysis.

•	Bartlett’s test of sphericity: A significant result 
(p < 0.05) indicates that your data is suitable for 
factor analysis.

•	Factor loadings: These should ideally be above 
0.40, showing that items significantly contribute 
to their respective factors.

3.	 Descriptive statistics

	3.1.	 Mean, median, and standard deviation: These 
provide a summary of responses and help in 
understanding the distribution of responses for 
each item.

4.	 Item-total correlation: this analysis examines the cor-
relation of each item with the total score of the ques-
tionnaire.

5.	 Response rate and missing data analysis

	 5.1.	 Response Rate: A high response rate (above 
60–70%) indicates good engagement and rep-
resentativeness of your sample.

	 5.2.	 Missing Data Analysis: Assess the extent and 
pattern of missing data. If missing data is mini-
mal and randomly distributed, it’s less likely to 
bias your results.

The submitting of the questionnaire allowed us to pre-
sent significant data for the interviewed energy manag-
ers. To collect all the data, the questionnaire was online 
for about two months, and using a quantitative approach, 
shown – with the right use of the Likert chart—the rela-
tionship between some areas of AI application in health-
care and some structural gaps in Italian Hospital. All the 
results are presented in the next paragraph.

Results
Of the 996 Italian hospitals, the research focused on 438 
hospitals – total amount of Lombardia, Lazio, and Cam-
pania regions. The statistical sample represent about 
the 44% of 996 Italian hospitals. Of a total of 438 hos-
pitals, 398 declare to have the figure of an energy man-
ager who has been confirmed in the last three years. This 
data is important to have from the interviewee’s struc-
tural data and a consolidated experience in the hospital 
about the questions in the questionnaire. Of the 398, 
300 responded to the questionnaire, therefore, well over 
50% of the energy managers responded. The 300 energy 
managers who answered the online questionnaire were 
equally distributed in the three macro geographical areas, 
north, centre, and south. The statistical results relating 
to the questionnaire are reported below (Figs.  1 and 2) 
(Tables 1, 2 and 3).

These tables provide a clear summary of the key statis-
tical results from SPSS analysis, demonstrating our ques-
tionnaire’s reliability, validity, and structure. Instead, with 
the main critical issues reported in the 300 interviews, we 
have the following energy manager profiles, critical areas 
and related assessments from the energy managers. Over 
75% of the 300 interviewees have a degree in Engineer-
ing, with specializations in Mechanics and Computer Sci-
ence, and are male with 10 years of seniority of service, in 
public hospitals, not in the same hospital but within the 
same region. The average estimated value of the structure 
is 120 thousand square meters, the rooms are on average 
2.60 m high, and 83% of the cases are equipped with false 
ceilings in panels. The development of the structures in 
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83% is vertical, consisting of a multi-storey monoblock 
(over 4 floors). The average is 314 ordinary hospital beds. 
The average number of beds per room is 5. In 84% of the 
local units, day hospital activities are carried out and the 
estimated square meters fall into the 8,000–12,000 class. 
Renewable sources are expected in the future in 96% of 

cases. The orientation of the interviewees, in the absence 
of structural analyses on renewable sources, is positioned 
towards solutions that prefer wind and solar thermal 
with a geographical differentiation that prefers the first in 

Fig. 1  Reliability analysis

Fig. 2  Descriptive statistics

Table 1  Factor analysis results

Statistic Value

Kaiser–Meyer–Olkin (KMO) 0.82

Bartlett’s Test of Sphericity (p-value)  < 0.001

Number of Factors Extracted 3

Range of Factor Loadings 0.45—0.78

Table 2  Item-total correlation

Item Item-Total 
Correlation

AI in Building Maintenance Diagnostic Tools 0.55

AI in Integration Flow Management 0.60

AI in Control Flow Management 0.57

AI in Energy Systems Automation 0.50

Predictive Maintenance with AI 0.52
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the structures of the centre north and the second in the 
south and the islands. Cogeneration/trigeneration plants 
exist in 23% of cases and are present in all four geograph-
ical areas considered. Summer air conditioning is present 
throughout 98% of the structure. There is no continu-
ous circulation of steam, global thermal consumption is 
managed directly in 89% of cases, and this percentage is 
divided into the four geographical areas considered. The 
management of energy services sees in 93% of cases the 
very effective air conditioning value of 5, Heating in 90% 
of cases 4, while for ventilation, in 85% of cases the value 
3, while in 84% of cases, lighting and domestic hot water 
value 1. The annual electricity consumption for each 
cubic meter of the building was approximately 29.6 kWh/
m3, and heat was again estimated at 110.5 kTOE/year. 
The structural characteristics of the structure in the geo-
graphical areas considered present a percentage of 88% in 
the 40—60-year class. In most of the structures, 90% have 
implemented renovation works related to the extraordi-
nary maintenance of the buildings, implemented in the 
2000 s, the judgment given by the 300 interviewees is in 
82% of the cases considered in the value 3 and therefore 
we can consider it not very significant. Concerning the 
part of the questionnaire regarding the adoption of arti-
ficial intelligence for energy efficiency, there are no arti-
ficial intelligence implementations in 98% of cases, the 
bottlenecks are represented by the age and obsolescence 
of the buildings’value 5 and by the lack of dedicated 
structures and overlapping functions in the decision-
making process value 4. For the part regarding future 
planning and suggestions, the 300 energy managers 
believe that the technological solutions are valid and can 
be implemented, but the roles and medium-long term 
planning of interventions that involve energy managers 
must be clear, also through the obligation for Italian hos-
pitals of the figure and skills represented by energy man-
agers. The need for a European law on the role of energy 
managers within the 27 Member States of the Union is 
also recalled, in 98%. This action is considered signifi-
cant if relations are established with member countries 
where the role of energy managers is structured and well 
planned in terms of energy efficiency, use of renewables 
and construction of smart hospitals is at an advanced 
stage, such as Sweden, Finland, Latvia, Denmark, Esto-
nia, Portugal, Austria, Malta, Belgium, Luxembourg.

Discussion
Efficient energy management is essential for the sus-
tainability and cost-effectiveness of Italian hospitals. AI 
technologies enable the automation and optimization of 
energy systems, reducing consumption and costs. Based 
on AI, predictive maintenance helps prevent equipment 
failures and ensures the regular functioning of energy 
systems. Italian hospitals, among the energy managers 
interviewed, highlight the existence of a substantial delay 
in adopting the solutions proposed by the technologi-
cal innovation summarized in the AI. On the one hand, 
the need for energy management different from the past, 
based on AI to improve sustainability, is highlighted. Still, 
on the other hand, a series of bottlenecks are highlighted, 
not only internal to the Italian hospital but also in the low 
weight assigned to the energy manager role. To address 
these gaps, policy interventions should include the insti-
tutionalization of energy managers within hospitals and 
financial incentives for AI-driven energy solutions to 
accelerate adoption and ensure regulatory compliance.

The energy managers interviewed play a fundamental 
role in implementing and supervising energy manage-
ment strategies in hospitals. They are aware of having 
to play a role of responsibility, for example in monitor-
ing energy consumption, compliance with regulations, 
and promoting sustainable practices. These responsi-
bilities are fragmented by the fixed-term role of energy 
managers in Italian hospitals, with fixed-term con-
tracts not required by law, even though hospitals are 
energy-intensive structures that, if not managed, weigh 
on Italy’s energy debt. There is therefore a need for 
strong planning of this profile and its skills, for exam-
ple with the importance of continuous training and 
education on the latest energy management technolo-
gies to remain effective in their roles. A national regu-
latory framework for energy management in hospitals 
is essential to establish clear governance structures, 
standardize AI adoption, and define accountability for 
energy efficiency improvements. Integrating AI, energy 
managers and Italian hospital structures can create 
smart hospital environments that improve patient care 
and operational efficiency. The development of smart 
hospitals should be considered from what emerges 
from the questionnaire regarding the high antiquity of 
buildings and the low budget allocated by the national 
government and Italian regional governments. Smart 
hospitals collect real-time data on various aspects of 
hospital operations, which AI algorithms analyze to 
provide actionable information. However, the study 
underscores that budget limitations, regulatory uncer-
tainty, and the absence of a clear national strategy 
constrain the development of smart hospitals in Italy. 

Table 3  Response rate and missing data

Statistic Value

Response Rate 75%

Missing Data Percentage 2%

Pattern of Missing Data Random
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AI has the potential to enhance energy Italian hospital 
outcomes through various applications significantly. 
AI-driven tools that improve the accuracy and speed of 
efficiency, leading to more timely and effective energy 
use. These tools, including machine learning algorithms 
and predictive analytics, can analyze vast amounts of 
energy data to identify patterns that may be missed by 
human practitioners, thereby reducing errors. In addi-
tion, AI is being used to personalize hospital energy 
use. By analyzing data, AI can identify individualized 
energy plans, this personalized approach can lead to 
better energy outcomes and cost satisfaction. AI can 
also monitor hospitals in real-time, alerting energy 
managers to potential issues before they become criti-
cal, which is particularly beneficial for managing energy 
crises. Regarding energy management, this integration 
is not yet present in Italian hospitals, highlighting the 
lack of continuous monitoring, for example, equipment 
and overall hospital performance. The first RQ can be 
answered by saying that there are no best practices 
within Italian hospitals and for the significant sample of 
energy managers who responded to the questionnaire, 
the premises must be built to achieve good practices of 
integration between the skills of energy managers, the 
solutions offered by AI for energy management and the 
current Italian hospital facilities. Future trends, there-
fore, the second RQ, namely the application of AI to the 
healthcare sector and in particular the hospital sector, 
is certainly possible and especially for our field of inves-
tigation essential to make energy-intensive structures 
such as Italian hospitals more efficient. The birth and 
growth of smart hospitals are essential. Still, they result 
from a decision-making process that involves both 
national and local government and requires a necessary 
source of financing. The future of AI in Italian hospitals 
and energy managers includes advances in predictive 
analytics, greater involvement of Italian energy manag-
ers, and strong national and regional government plan-
ning. The actions to relaunch the role of Italian energy 
managers at both national and regional levels can help 
recover the technological disadvantage in Italian hos-
pital facilities. Still, these actions must consider that 
healthcare and hospitals, one of the health facilities in 
the area, must see investments in the coming years in 
structures that make buildings and their management 
sustainable, especially for energy. Implementing these 
actions can determine the premises for creating best 
practices, and therefore ensure that Italian healthcare 
facilities can effectively manage their energy consump-
tion, reduce operating costs and promote sustainability. 
In line with these assumptions, artificial intelligence 
plays a crucial role in achieving these goals, providing 

advanced tools and insights that improve the efficiency 
and effectiveness of energy management strategies. 
Future trends indicate a shift toward more sophis-
ticated, integrated, and efficient systems that will 
enhance sustainability and operational performance.

Conclusion
Integrating AI in energy management within Italian 
hospitals offers numerous benefits, including optimized 
energy consumption, predictive maintenance, and greater 
sustainability. Advancements in AI-powered workflow 
optimization tools, predictive analytics, and deep learn-
ing models in healthcare have demonstrated their ability 
to enhance hospital operations, from diagnostic imaging 
to patient flow management. These applications improve 
clinical efficiency and serve as a model for optimizing 
hospital infrastructure and energy use. The role of energy 
managers should evolve to exploit these technologies 
effectively. Their role should be ensured by planning this 
professional profile and its specific skills. This compli-
ance not only with regulations but also with promoting 
sustainable practices. Explainable AI techniques such 
as SHAP, LIME, and Grad-CAM are increasingly being 
applied in healthcare, providing transparency in AI deci-
sion-making. Similar interpretability approaches can be 
leveraged in hospital energy management to enhance 
trust and adoption among stakeholders. At the current 
stage, trends point towards even greater progress, with 
AI creating smarter and more efficient hospital environ-
ments. Enhanced predictive capabilities, integration with 
advanced energy efficiency projects, and smarter renew-
able energy management, characterize the future of AI in 
energy management for Italian hospitals. The success of 
AI in personalized medicine, wearable health monitor-
ing, and predictive maintenance in healthcare demon-
strates its potential for revolutionizing hospital energy 
consumption strategies, aligning with global sustainabil-
ity goals. These trends will enable energy managers to 
optimize hospital energy consumption, improve sustain-
ability, and reduce operational costs. Embracing these 
advancements will be crucial for Italian hospitals to stay 
at the forefront of energy management and sustainability 
efforts. Future research should focus on best practices for 
AI-driven energy optimization in hospitals, assessing its 
cost–benefit impact and long-term sustainability. Com-
parative studies with successful smart hospital models in 
Europe can provide insights into barriers and enablers of 
AI adoption in Italy. Further investigation is needed on 
how AI-powered automation influences hospital resil-
ience and energy efficiency, particularly in aging infra-
structures. Additionally, research should explore policy 
frameworks and funding mechanisms that facilitate AI 
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integration in hospital energy management. Concerns 
the study limitation, the research focused on Italian hos-
pitals, limiting the generalizability of findings to other 
healthcare systems with different regulatory frameworks 
and infrastructure conditions.
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