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Abstract  
 

In the context of today's technological advancements, hospitals are facing heightened operational expenses, a growing 

number of maintenance needs and higher complexity levels in the infrastructure and biomedical equipment management 

solutions. The proposed work in this study is an integrated Artificial Intelligence (AI) system for life cycle costing and 

optimization of maintenance of hospital infrastructure and biomedical equipment. The research is a blend of lifecycle cost 

analysis, predictive maintenance techniques and computational modelling with Python code to assess equipment 

performance, maintenance cost, downtime and operational efficiency. The analysis of these various biomedical devices 

involved simulated datasets and AI-based predictive models.AI-based predictive models were used to analyze various 

biomedical devices such as MRI scanners, CT scanners, ventilators, X-ray machines, patient monitoring systems, and 

infusion pumps. Using the machine learning algorithms like Random Forest, Neural Networks, and Support Vector 

Machines, equipment failure prediction and maintenance scheduling optimization were conducted. The outcomes showed 

that AI-powered predictive maintenance systems can cut down on equipment downtime, maintenance costs, and 

inefficiencies significantly. Overall, the study demonstrates AI's potential to boost asset reliability, sustainability, and 

economic efficiency in healthcare, and its effectiveness in facilitating intelligent management of hospital infrastructure. 

Keywords: Data Management and Analytics, Artificial Intelligence, Life Cycle Costing, Predictive Maintenance, 

Biomedical Equipment Management, Healthcare Infrastructure, Python-Based Analysis. 
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INTRODUCTION 
Healthcare infrastructure is vital to providing 

efficient healthcare services, patient safety, and 

sustainability. Hospitals are one of the most resource 

heavy public and private facilities as they are in constant 

use, have very high maintenance requirements, very 

complicated biomedical equipment, and need energy to 

operate. Healthcare administrators are facing a lot of 

difficulties these days to handle the healthcare 

infrastructure and medical assets efficiently amidst the 

swift growth of healthcare technologies, the increasing 

expectations of patients and the rising operational costs. 

Effective management of hospital infrastructure and 

biomedical equipment therefore has become a necessity 

to reduce the operational and maintenance cost and 

improve the quality of healthcare services. 

 

One of the most significant economic analyses 

techniques is called Life Cycle Costing (LCC) that is 

used to evaluate the overall cost that an equipment or 

facility will incur during its life cycle. The costs 

associated with LCC also involve planning, 

procurement, installation, operation, maintenance, repair 

and replacement, energy consumption and disposal costs. 

Life cycle costing is useful to decision makers in 

healthcare facilities to find the most cost-effective 

options and to optimize long term investments. LCC is 

different to traditional costing systems, which tend to just 

focus on first purchase costs, because the life cycle 

approach takes into account all the economic effects of 

infrastructure and equipment over time. It is especially 

vital for hospitals as they need to invest heavily in the 

purchase of biomedical equipment like MRI scanners, 

CT scanners, ventilators, X-ray machine, infusion 

pumps, patient monitors, etc. and provide constant 

upkeep. 

 

With technological progress and digitalization 

of healthcare, the infrastructure management of hospitals 

is getting more complex. In the modern hospital, an 

electrical network, HVAC system, water supply system, 
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fire safety system, smart monitoring system and 

biomedical devices are interconnected. Failure or 

inefficiency of any one or more of these systems has the 

potential to impact healthcare delivery and outcomes. As 

a result, there has been much research and practice in the 

area of maintenance optimization in the healthcare 

sector. Traditional maintenance strategies are mainly 

corrective and preventive maintenance, which are prone 

to inadequate performance due to the reliance on time 

schedules and human judgment. This has led to the 

emergence of an increasing need for intelligent 

maintenance systems that can predict failures, optimize 

maintenance schedules, and minimize downtime. 

 

The world of healthcare infrastructure 

management and biomedical equipment maintenance is 

becoming increasingly dependent on Artificial 

Intelligence (AI) as a transformative technology with the 

potential to revolutionize the industry. Operational data 

can be vast, and AI can use machine learning, deep 

learning, neural networks, fuzzy logic, and predictive 

analytics to analyze and uncover patterns, anticipate 

issues with equipment, and facilitate informed decision-

making. AI-based maintenance systems can track 

equipment performance in real time and provide 

predictive maintenance insights, such as predicting 

equipment degradation, maintenance needs, and 

replacement timelines. These capabilities can 

dramatically lower maintenance costs, enhance 

equipment reliability and extend service life. 

 

By combining these two, AI-LCC offers a 

complete healthcare facility management solution. The 

use of real-time operational data, maintenance history, 

equipment usage patterns, environmental conditions, and 

energy consumption trends, can all be integrated into AI 

models to further refine LCC analysis. This allows for 

better estimation of the cost of operations and 

maintenance. Additionally, AI-driven solutions can help 

hospital management with resource allocation, 

procurement planning, risk assessment, and 

sustainability of their infrastructure. Combining 

intelligent analytics with economic assessment 

approaches can lead to enhanced operational efficiency 

and financial sustainability for healthcare organizations. 

 

The proliferation of digital healthcare data and 

Internet of Things (IoT) monitoring has upped the speed 

of introducing AI into healthcare infrastructure 

management. Embedded sensors can collect data 

continuously, such as temperature, vibration, power 

consumption, cycles in use, and equipment condition, for 

biomedical equipment. This information can be fed into 

AI algorithms, which will look for anomalies and alert to 

potential equipment failures in advance. AI-based 

predictive maintenance helps reduce downtime and 

guarantee healthcare services. These systems are 

especially vital in critical care areas where failure or 

malfunction of equipment can impact on patient survival 

and treatment quality. 

Another important aspect of healthcare facility 

management is sustainability. Hospitals use a lot of 

energy and waste a lot at the hospital. Optimization of 

energy use, maintenance resources and replacement 

planning are essential to sustainable infrastructure 

management. The use of AI-powered systems can help 

enhance sustainability, by optimizing the use of 

equipment, reduce unnecessary maintenance tasks, 

minimize energy waste and provide support for 

environmentally responsible decision making. 

Sustainability and LCC can help hospitals reap long-term 

economic and environmental rewards. 

 

Most of the powerful libraries and 

computational capabilities of Python have made it 

popular in the field of AI-driven healthcare research. 

Researchers can use libraries like NumPy, Pandas, 

Scikit-learn, TensorFlow, and Matplotlib to efficiently 

create predictive models, analyze the statistical data, and 

visualize maintenance trends. The predictive 

maintenance schedules, equipment life estimates, and 

cost optimisation scenarios can be developed using 

Python-based simulation models. These computational 

tools enable decisions to be made based on data and help 

to increase the accuracy of life cycle costing analysis. 

 

In the past few years, a few researchers have 

investigated the use of AI methods in predictive 

maintenance and healthcare asset management. Most 

studies, however, are on cost analysis and/or on 

maintenance optimization separately. There is very little 

research that has explored the integration of AI, LCC and 

biomedical equipment management in an integrated 

fashion. In addition, a lot of healthcare facilities in the 

developing world still depend on manual practices and 

reactive repair approaches, which lead to high costs and 

decrease in equipment effectiveness. The need, 

therefore, for an integrated framework that can integrate 

AI-based predictive analytics with life cycle costing 

methods to manage healthcare facilities effectively is 

there. 

 

The goal of the current research is to design an 

integrated Artificial Intelligence framework for life cycle 

costing and optimal maintenance of hospital 

infrastructure and biomedical equipment. The plan 

involves using AI-driven predictive models and 

analytical tools to assess operational expenses, 

maintenance requirements, equipment reliability, and 

long-term economic impact. The study also examines the 

impact of data analysis and simulation tools, with Python 

as the programming language, on enhancing healthcare 

asset management. The research aims to develop an 

intelligent decision support system for healthcare 

administrators, engineers, and even for policymakers to 

help them optimize hospital operations and minimize 

their lifecycle costs. 

 

The study aims to highlight the life cycle cost of 

the healthcare infrastructure, analysis of maintenance 
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strategies for Biomedical Equipment, predictive 

maintenance models with the help of Artificial 

Intelligence, and the economic impact of integrated 

Artificial Intelligence-based facility management 

system. The study also seeks to uncover the barriers that 

exist in the implementation of AI technologies in hospital 

settings and suggest strategies to alleviate the system's 

reliability and operational sustainability. 

 

The importance of this study is that it 

contributes to the smart healthcare infrastructure 

management and sustainable operation of hospitals. The 

study combines lifecycle costing with AI methods, 

offering a contemporary solution to boost the efficiency 

of healthcare facilities, cut maintenance costs, increase 

equipment reliability, and make informed decisions. The 

study's results can help in the creation of intelligent 

hospital administration frameworks and guide the 

worldwide development of digital health frameworks. 

 

LITERATURE REVIEW 
Life Cycle Costing has been widely applied in 

the fields of infrastructure management, industrial 

engineering and asset management to assess the long-

term economic performance. LCC analysis has become 

important in healthcare facilities as the operational costs 

have been rising and dependence on advanced 

biomedical technologies has been increasing. The need 

for healthcare organisations to implement cost-effective 

asset management strategies for sustainable healthcare 

delivery with high quality patient services has been 

highlighted [1, 2]. 

 

The early research in the field of hospital 

infrastructure management was mainly on procurement 

cost analysis and preventive maintenance methods. Most 

maintenance strategies were reactive and focused on 

periodic monitoring and problem solving. All these 

efforts enhanced the operational reliability to some 

degree but many times, they led to extra maintenance 

activities and downtime. The researchers later 

recognized that the need for predictive and condition-

based maintenance systems existed, which can minimize 

inefficiencies in operations [3, 4]. 

 

The use of Life Cycle Costing for planning 

health care infrastructure has been studied by several 

researchers. Research studies showed that M and O costs 

are an important part of the total cost of a hospital's use 

of medical equippment over its useful life. The 

components of high-end biomedical devices like MRI 

machines, CT scanners, ventilators and the like, must be 

continuously calibrated, serviced, and replaced. By 

examining the life cycle cost of the product, LCC 

analysis can assist healthcare providers in determining 

cost-effective procurement and maintenance options 

while also accounting for its life cycle impacts [5-7]. 

 

Maintenance engineering and asset 

management have been greatly impacted by recent 

developments in Artificial Intelligence. Historical 

maintenance data and operational parameters can be used 

to forecast equipment failures and schedule maintenance 

using machine learning algorithms. The benefits of AI-

driven predictive maintenance systems have been proven 

in reducing downtime, maintenance costs, and enhancing 

equipment reliability. Some popular AI methods for 

predictive analysis include neural networks, support 

vector machines, decision trees, and random forest 

algorithms [8-10]. 

 

In the medical field, AI systems have been used 

in various applications, such as diagnostic tools, patient 

monitoring, image analysis, and hospital management. 

But its use in healthcare facility management and 

biomedical equipment maintenance is still developing. 

Research indicates that AI-driven maintenance systems 

can keep track of equipment health in real time and alert 

to early faults. Predictive analytics helps maintenance 

engineers plan maintenance work before failures occur, 

minimizing disruptions to hospital operations [11-12]. 

 

The addition of Internet of Things (IoT) to AI 

has transformed predictive maintenance even more. 

Biomedical devices equipped with IoT sensors 

continuously gather data about the equipment's activities, 

including temperature, pressure, vibration, voltage and 

equipment usage. This information is fed into AI 

algorithms to detect unusual patterns and forecast 

component deterioration. According to the researchers, 

predictive maintenance systems with IoT can boost asset 

utilization and lengthen the lifespan of equipment. A few 

researches have investigated the optimization techniques 

for maintenance of health facilities through mathematical 

modelling and simulation techniques. The optimization 

models such as genetic algorithm, fuzzy logic and neural 

network have been used to solve the problems for 

selecting both optimum maintenance interval and 

optimum replacement policy. These techniques 

maximize maintenance costs, minimize downtime, and 

maximize equipment reliability to aid decision-making 

[13-14]. 

 

The use of computational tools written in 

Python in healthcare asset management research is 

growing in popularity. Python libraries are used for 

statistical analysis, machine learning model 

development, predictive simulations and data 

visualization. Efficiently handling large healthcare 

datasets and integration with AI frameworks is made 

possible by Python. Based on these results, simulation 

studies were done in Python that showed improvements 

in the prediction of maintenance events and lifecycle 

costs. Although there have been remarkable progress in 

predictive maintenance and the use of AI in the 

healthcare field, a number of challenges still exist in the 

implementation of intelligent healthcare infrastructure 

management systems. Some of the primary challenges to 

AI implementation in hospitals include data quality, 

interoperability concerns, cybersecurity risks, the 
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availability of qualified staff, and the high cost of 

implementation. The integration of a diversity of 

biomedical devices and infrastructure systems into single 

management platforms has also proven to be challenging 

[15-16]. 

 

Another research gap discussed in the literature 

is the poor integration of the Life Cycle Costing with 

models of maintenance optimisation using AI. The 

current research mainly considers financial analysis or 

predictive maintenance individually. There is only 

limited research that brings together lifecycle economics, 

AI analytics, and healthcare infrastructure management. 

Moreover, few studies have focused on developing 

countries in which health care institutions are under 

budget cuts and less resources for maintenance. The 

literature has shown that the future of healthcare 

infrastructure management systems should involve the 

use of intelligent decision-support mechanisms, which 

should be able to monitor, predict, and optimize the 

lifecycle of the system in real time. The use of AI-

enabled LCC frameworks can help hospital executives 

optimize their asset utilization, minimize operating costs, 

and ensure the reliability of healthcare services. Thus, 

creating an integrated framework of lifecyle costing and 

maintenance optimization via AI is an important 

development in the research of sustainable healthcare 

engineering. 

 

METHODOLOGY 
This present work aims for the development of 

an Integrated Artificial Intelligence (AI) framework for 

Life Cycle Costing and Maintenance Optimization of 

Hospital Infrastructure & Biomedical Equipment. This 

research employs a method that integrates lifecycle cost 

analysis, predictive maintenance modeling, AI-driven 

computational methods, and Python powered data 

analysis. The research was systematic in nature to 

explore the connection between maintenance strategies, 

equipment reliability, operational efficiencies, and life-

cycle cost in healthcare facilities. The methodology 

comprises of equipment selection, data collection, life 

cycle cost assessment, development of AI models, 

maintenance optimization analysis, simulation 

modelling, graphical visualization, and validation of 

results. 

 

First, the primary biomedical equipment (BWE) 

that is used in hospitals were chosen for analysis, with 

the criteria of operational significance, maintenance 

frequency, and the impact of the lifecycle cost. The 

equipment selected was MRI, CT, ventilators, X-ray, 

patient monitoring and infusion pumps. These medical 

devices were deemed to be critical healthcare assets that 

need continuous maintenance and high operational 

expenditure, and are considered. The efficiency and 

reliability of such machinery play a crucial role in the 

quality of healthcare services and the operational 

efficiency of hospitals. 

 

Secondary and synthetic data were used for the 

research and were obtained from published research 

papers, hospital maintenance reports, biomedical 

engineering reports, healthcare infrastructure studies and 

standard equipment specifications. Information about 

procurement cost, annual maintenance cost, energy use 

of operation, replacement cost, equipment downtime, 

maintenance interval and equipment life span was 

gathered and systematically organized. Collected data 

were tabulated using spreadsheet and further analysed 

with Python programming software. Other parameters, 

including equipment age, operational hours, failure 

frequency, repair history and utilization rate, were also 

added, to facilitate predictive maintenance analysis. 

 

Biomedical equipment life cycle costs (LCC) 

were calculated to assess the overall economics of the 

equipment during its lifetime. The lifecycle cost model 

included all major cost elements such as procurement 

cost, maintenance cost, energy consumption cost and 

replacement cost. These cost components were added 

together to determine the total lifecycle cost of each 

biomedical device. This analysis assisted in the 

identification of equipment systems that have increased 

operating and maintenance costs, and served as a basis 

for economic comparisons among equipment systems' 

maintenance strategies. 

 

In the study, an AI-driven predictive 

maintenance system was designed to enhance 

maintenance planning, minimize operational failures, 

and increase efficiency. The predictive maintenance 

model adopted machine learning principles to study 

maintenance data and predict the pattern of failure in the 

equipment. First, the data was processed to improve the 

accuracy of the calculations, using data preprocessing 

techniques like normalization, cleaning data, and 

eliminating inconsistencies. Various operational 

parameters were chosen for input features for the AI 

models, such as downtime frequency, maintenance 

history, equipment utilization, and service intervals, etc. 

For the predictive maintenance analysis and performance 

forecasting, various machine learning algorithms were 

taken into consideration, such as Linear Regression, 

Decision Tree, Random Forest, Support Vector Machine 

and Artificial Neural Network. 

 

The AI models were trained with the 

operational data, which is used to anticipate the pattern 

of deterioration and maintenance needs of equipment 

before it breaks down. Prediction accuracy, reliability 

assessment, Mean Squared Error (MSE) and Root Mean 

Square Error (RMSE) were used to assess the 

performance of the AI models. The outcomes of the AI 

framework predicted with the traditional maintenance 

system were compared to test the maintenance 

optimization and operational efficiency improvement. 

 

This was extensively used for computational 

analysis, predictive modelling, simulation and graphical 
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analysis of results, using Python programming. During 

the research, various python libraries like NumPy, 

Pandas, Matplotlib and Scikit-learn were used. For 

numerical computation, NumPy was employed, for data 

organization and analysis, Pandas was used, for 

graphical plotting Matplotlib was used and for 

implementing machine learning algorithms, Scikit-learn 

was used. Automation of lifecycle cost calculations, 

maintenance forecasting, downtime analysis, and 

equipment health monitoring were developed in Python 

scripts. Python programming tools enhanced the 

efficiency of analysis and provided accurate simulations 

of healthcare maintenance systems. 

 

A comparative analysis was carried out between 

traditional maintenance systems and AI-based predictive 

maintenance systems. The traditional maintenance 

approach was solely preventive and corrective 

maintenance performed at predetermined times or when 

equipment failed. The AI-based system, however, used 

real-time data analysis and predictive algorithms to 

detect maintenance needs before operational failure, 

thereby avoiding downtime. The AI-based system, 

however, predicted the need for maintenance well before 

an operational failure through real-time data analysis and 

predictive algorithms, avoiding downtime. The 

comparison was based on the following areas of interest: 

maintenance expenditure, downtime reduction, 

equipment reliability, lifecycle cost savings and 

efficiency of operations. The analysis showed that AI-

driven maintenance systems were able to cut down on 

maintenance costs and downtime, as well as enhance 

asset utilization and equipment reliability. 

 

The material of the computational analysis was 

presented graphically and in tabular form with the help 

of the graphs and charts created in Python. Different 

biomedical equipment were compared using bar charts 

and line graphs were used to show trends in maintenance 

expenditure over time. Other tools generated for analysis 

of results included downtime comparison charts, 

accuracy charts for the AI models, plots of equipment 

health indices and pie charts of equipment costs. The 

graphical representations supported comprehension of 

the influence of AI on infrastructure management and 

optimization within healthcare. 
 

The results obtained were then compared to the 

results reported in other studies that studied healthcare 

infrastructure and predictive maintenance. The AI-

driven approach proved to be more effective in 

forecasting, scheduling maintenance visits, lowering 

downtime, and boosting profitability. The validation 

demonstrated that combining the principles of lifecycle 

costing and Artificial Intelligence can effectively solve 

the challenges in the field of sustainable management of 

healthcare infrastructure. 

 

The overall methodology was able to create an 

integrated framework for healthcare lifecycle costing and 

healthcare maintenance optimization with the aid of 

computational analysis with AI and Python. The 

developed approach can be helpful to hospital 

administrators, biomedical engineers and healthcare 

policymakers in an informed decision making in 

maintenance planning, equipment replacement, 

operational cost reduction and sustainable healthcare 

asset management. 

 

RESULTS 
The outcomes of the present study show the 

effectiveness of integrating Artificial Intelligence (AI) 

and Life Cycle Costing (LCC) methods into the HC 

infrastructure and biomedical equipment management. 

Using Python, computational analysis and graphical 

visualization methods, life cycle costs, maintenance 

expenditure, equipment downtimes, predictive accuracy 

of AI models and operational health conditions of 

biomedical assets were assessed. Results of the 

comparative analysis between traditional maintenance 

systems and AI-supported predictive maintenance 

systems demonstrated that significant operational 

efficiency gains, reduced downtime, optimized 

maintenance scheduling and overall lifecycle cost 

savings can be gained with predictive maintenance. The 

resulting graphs and charts make it easy to understand 

the value of an artificial intelligence-based healthcare 

facility management system from an economic and 

technical perspective. 
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Figure 1: The life cycle costs of biomedical equipment 

 

These numbers compare the lifetime costs of 

different biomedical equipment, such as MRI scanners, 

CT scanners, ventilators, X-rays, patient monitoring 

equipment, and infusion pumps. From the graphical 

analysis, it can be seen that MRI and CT scanner systems 

have the highest life cycle cost, mainly because their 

procurement, maintenance and operation costs are high. 

Lower lifecycle costs are seen for smaller medical 

devices like infusion pumps and patient monitors. The 

figure highlights the importance of lifecycle cost 

assessment in healthcare asset management and long-

term financial planning. 

 

 
Figure 2: The Reduction in Maintenance Cost Using AI Based Predictive Maintenance 

 

The graph below shows the trend of 

maintenance costs over 5 years for a traditional 

maintenance system versus an AI-driven predictive 

maintenance system. As seen in the graph, traditional 

maintenance expenses tend to stay fairly steady or rise 

slightly over the years while AI-driven maintenance 
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solutions can continually decrease maintenance 

expenses. Predictive fault identification, optimized 

maintenance schedules and minimized unscheduled 

equipment failures contribute to the reduction in 

maintenance cost. 

 

 
Figure 3: Comparison of Equipment Downtime 

 

The figure shows the downtime of biomedical 

equipment with traditional maintenance and with AI-

based predictive maintenance system. The graph shows 

that systems with AI can reduce downtime for all 

equipment types significantly. Minimized downtime 

leads to increased equipment availability, better 

continuity of healthcare services, and less disruption of 

hospital services. The findings validate the power of 

predictive analytics in enhancing the reliability of 

biomedical equipment and its efficiency in operation. 

 

 
Figure 4: Predictive Maintenance Model Accuracy 

 

The graph displays the prediction accuracy of 

each of the AI algorithms used for the predictive 

maintenance analysis: Linear Regression, Decision Tree, 

Random Forest, Neural Network and Support Vector 

Machine models. Random Forest model and the Neural 

Network model had the highest prediction accuracy 

among the evaluated algorithms. The figure 

demonstrates the capability of AI algorithms to 
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effectively analyze maintenance data and forecast 

equipment failures with high precision. 

 

 
Figure 5: Annual Maintenance Expenditure Analysis for the 1994-98 period 

 

This figure shows the annual maintenance cost 

trends of the traditional healthcare maintenance systems 

and the AI-based optimized healthcare maintenance 

systems. The graphical analysis shows that the annual 

maintenance cost decreases over the years for the 

systems with AI integration. Traditional systems on the 

other hand, have rising maintenance expenses because of 

reactive maintenance and poor maintenance planning. 

The figure highlights the economic benefits of AI-based 

maintenance optimization in healthcare facilities. 

 

 
Figure 6: Distribution of Life Cycle Cost Components 
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This is the percentage of major life cycle cost 

components (procurement, maintenance, energy 

consumption, and replacement). Analysis reveals that 

procurement cost is the highest percentage of the life 

cycle expenditure, followed by 

maintenance/replacement. Energy use is a smaller, but 

important, component of the cost structure. The figure 

highlights the need to look at all the elements of the 

lifecycle cost when planning and managing the 

healthcare infrastructure. 

 

 
Figure 7: AI-Based Biomedical Equipment Health Monitoring 

 

This is a representation of the health index 

values of some biomedical equipment measured with the 

help of AI based predictive analytics. The health index 

reflects the status and reliability of medical equipment 

through maintenance data and indicators. As shown in 

the graph, AI-based monitoring systems can accurately 

gauge the condition of the equipment and signal systems 

in need of maintenance. Better health monitoring leads 

to better operational safety, reliability and better plans 

for preventive maintenance within the healthcare facility. 

 

CONCLUSION 
The present study was able to successfully 

develop an integrated Artificial Intelligence framework 

for lifecycle costing and maintenance optimization for 

hospital infrastructure and biomedical equipment. The 

study found that predictive maintenance systems based 

on AI can substantially cut down on equipment 

downtime and long-term maintenance costs while 

enhancing operational efficiency, as compared to 

conventional maintenance methods.AI-powered 

predictive maintenance systems proved to be highly 

effective in decreasing equipment downtime, long-term 

maintenance costs, and improving operational efficiency 

over traditional maintenance practices. The lifecycle cost 

analysis showed that the maintenance and operational 

costs are significant and important part of the overall cost 

of the healthcare building and thus an intelligent 

approach towards asset management is of great 

importance. The predictive modelling, maintenance 

forecasting, and cost optimization analysis were 

effectively facilitated by using a python-based 

computational analysis and graphical visualization. The 

AI models evaluated demonstrated varying levels of 

predictive accuracy, with advanced machine learning 

models like Neural Networks and Random Forest 

algorithms showing greater success in predicting 

maintenance needs and equipment health in these areas. 

The results of the study were that the combination of AI 

with lifecycle costing principles provides significant 

potential to achieve greater sustainability of healthcare 

infrastructure, improve equipment reliability, and aid in 

the data-driven decision making of hospital 

administrators and biomedical engineers. The created 

framework can be applied to various aspects of smart 

healthcare facility management, such as optimizing 

resource use and ensuring sustainable hospital 

operations, in modern healthcare systems. 
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