ISSN: 2583-3278

Volume 8, Issue 2, 2025

International Journal of

Sustainable Building Technology

a8

July—December
DOI (Journal): 10.37628/IJSBT

https://journalspub.com/journal/ijsbt/

LSBT

Assessing the Implementation of Building Management
Systems During the Operational Phase and Its Impact
on Operational Costs

Kivikali B. Chishi"’, Luke Judson®

Abstract

This paper evaluates the impact of Building Management Systems (BMS) on operational costs, focusing
on energy efficiency, maintenance, labor optimization, and ROI. The study, employing a mixed-methods
approach, found that BMS significantly reduce energy consumption, with 80% of respondents reporting
energy savings of 11-30%, primarily through optimized HVAC and lighting controls. Additionally,
BMS improved maintenance efficiency, reducing unscheduled maintenance by up to 97% and cutting
maintenance costs by up to 30%. Labor optimization was also evident, with 100% of respondents
reporting reduced staff hours, resulting in labor cost savings ranging from 11% to 30%. Despite the
clear benefits, the report highlights challenges, such as high initial costs and long payback periods,
typically exceeding six years. However, these systems provide substantial long-term financial gains,
particularly through reductions in energy (42.9%) and maintenance (37.1%) costs. To maximize these
benefits, the report recommends a phased implementation approach, starting with high-impact areas
like HVAC and lighting, and adopting modular, loT-integrated BMS for scalability and future proofing.
In conclusion, while the upfront investment in BMS can be significant, the long-term operational and
financial benefits position them as essential tools for modern, sustainable building management.

Keywords: Building management systems, maintenance efficiency, labor optimization, energy
management, smart building technologies, sustainability

INTRODUCTION
The global movement towards sustainability has significantly influenced the construction and
management of buildings. Environmentally responsible and resource-efficient building designs have
gained significant prominence in recent years. A key component of optimizing these buildings is the
integration of Building Management Systems (BMS), (Joseph J., 2018) [1-3] which allows for
intelligent monitoring and control of building

*Author for Correspondence
Kivikali B. Chishi
E-mail: kivikalichishil5@gmail.com

'Student, Department of Building Engineering & Management,
School of Planning & Architecture, Indraprastha Marg, New
Delhi, Delhi, India

*Assistant Professor, Department of Building Engineering &
Management, School of Planning & Architecture, Indraprastha
Marg, New Delhi, Delhi, India

Received Date: March 28, 2025
Accepted Date: June 27, 2025
Published Date: September 10, 2025

Citation: Kivikali B. Chishi, Luke Judson. Assessing the
Implementation of Building Management Systems During the
Operational Phase and Its Impact on Operational Costs.
International Journal of Sustainable Building Technology.
2025; 8(2): 25-38p.

operations (Figure 1). This dissertation evaluates
the role of BMS in enhancing building efficiency
and how it can reduce costs during its regular
operation (Ran Gao) [4].

As defined by Mallory-Hill (2012) [5], BMS are
computer-based control systems that oversee a
building’s mechanical and electrical equipment,
aiming to enhance building performance, improve
occupant comfort, and reduce energy consumption.
The adoption of building management systems
(BMS) during the operational phase of buildings has
garnered increasing attention for its ability to
enhance resource efficiency and significantly lower
operational expenses (Wagar T., 2012) [6, 7].
Research highlights that the integration of advanced
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technologies and open communication protocols have dramatically expanded the capabilities of BMS,
allowing for more sophisticated control strategies and data-driven decision making (Rao M., 2024) [8].
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Figure 1. Indian IBMS market report (source: IBMS Market 2016).

While the benefits of BMS are well-documented, their assessment and implementation during the
operational phase of a building present unique challenges and opportunities. Paul (2022) [3, 9]
emphasize the importance of proper commissioning and continuous monitoring to ensure BMS
effectiveness throughout a building’s lifecycle. Roja E. (2024) [10], furthermore, report significant
energy savings in commercial buildings through optimized BMS control. However, Judson (2022) [11]
pointed out challenges, such as high initial costs, integration complexities, and the need for skilled
personnel (Figure 2). This study aims to examine the assessment and implementation of BMS during
the operational phase of buildings, with a specific focus on their impact on operational costs. By
analyzing current practices, challenges, and emerging trends in BMS implementation, this research
seeks to provide insights into maximizing the cost-saving potential of these systems in existing
buildings (Basu, 2022) [12, 13].
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Figure 2. Building management systems global market (the business research company).
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Figure 3. Components of a building management system (source. Author).

Applications of Building Management Systems

Building Management Systems (BMS) are widely used to monitor and control various building
operations, such as HVAC, lighting, power supply, and security systems (Table 1). They improve
energy efficiency by optimizing resource usage, ensure occupant comfort through automated climate
and lighting control, and enhance safety with integrated fire alarms and surveillance. BMS also support
predictive maintenance, reducing downtime and operational costs (Figure 1).
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Table 1. Applications of building management systems in different building typologies.

Building Application Data Sensors/Hardware | Data Processing Output
Typology
Residential |Energy Power Smart meters, |Data analytics, AI|Energy-saving
management consumption, occupancy  sensors,|algorithms recommendations,
occupancy, thermostats optimized HVAC
HVAC usage control
Security &|Camera  feeds,|CCTV cameras, |Image/video Alerts, security
surveillance access logs, |access control|processing, incident logs, live feed
movement data  |systems, motion|pattern detection |monitoring
sensors
Water Water flow,|Flow meters, water|Real-time  data|Leak alerts, usage
management consumption, level sensors, leak|analysis statistics, water-saving
tank levels detectors insights
Lighting control | Ambient light|Light sensors, motion|Automated Auto on/off lights,
levels, occupancy|detectors, smart|lighting  control|adjusted lighting
data lighting systems algorithms intensity, energy
savings
Commercial [HVAC &|Temperature, Thermostats, Predictive Improved comfort,
climate control |humidity, humidity sensors, CO:|analytics, energy efficiency,
occupancy sensors demand-based  |reduced HVAC
control operation costs
Fire and safety|Smoke, Smoke detectors, gas|Alarm Instant alerts,
systems temperature, gas|leak detectors,|monitoring, risk|automatic system
leaks, fire alarms |thermal cameras assessment shutdown, fire
suppression control
Space utilization|Occupancy, foot|Occupancy sensors,|Real-time Optimized space
traffic, space|smart cameras, access|occupancy utilization, layout
usage patterns controls mapping adjustments, crowd
management
Lighting Natural light|Light sensors, smart|Light level | Dynamic lighting
optimization levels, occupancy |blinds, dimmable|analysis, adjustments,  energy
lighting systems automated savings
controls
Industrial Equipment Machinery status,|Vibration sensors, |Predictive Reduced  downtime,
maintenance vibration, thermal sensors,|maintenance maintenance alerts,
temperature, operational trackers optimized equipment
operating time lifecycle
Environmental |Emissions, air|Gas detectors, noise|Environmental |Compliance  reports,
monitoring quality, noise|sensors,  particulate|compliance emission control alerts,
levels sensors checks health and  safety
monitoring
Process Production rate,|Load sensors, smart|Machine learning,|Optimized production
automation machinery load,|meters, robotic|process control  |process, energy
power automation savings, cost reduction
consumption controllers
Access control|Personnel RFID readers,|Access Restricted access,
& security movement, biometric  systems,|management security incident alerts,
access logs,|CCTV cameras software personnel monitoring
equipment status

Key Performance Indicators

Key Performance Indicators (KPIs) are measurable values used to assess the effectiveness of building
operations and management (Table 2). In the context of building management systems, KPIs include
energy consumption, system uptime, indoor air quality, occupant comfort levels, and maintenance
response time. These indicators help facility managers track performance, identify inefficiencies, and
support data-driven decision-making for improved building operations.

© JournalsPub 2025. All Rights Reserved 28



International Journal of Sustainable Building Technology
Volume 8, Issue 2
ISSN: 2583-3278

Table 2. Key parameters defined in research papers.

Paper Title Year| KPIs Addressed | Cost Impact Parameters |Source Author

A Review on Optimal 2023 |Energy Energy consumption, MDPI |(Jahangir Hossain; Aida F. A.

Energy Management in Management utility cost reduction, grid Kadir; Ainain N. Hanafi; Hussain

Commercial Buildings dependability, carbon Shareef; Tamer Khatib; Kyairul

[28] emissions A. Baharin; Mohamad F.

Sulaima

Strategies to Improve the |2018|Energy Operational energy MDPI |N. Mirabella; M. Réck; M.

Energy Performance of Management, reduction, greenhouse gas Ruschi Mendes Saade; C.

Buildings [29] System emissions, life cycle Spirinckx; M. Bosmans
Performance assessment

Recent Trends in Energy |2024|Energy System stability, energy MDPI [Seongwoo Lee; Joonho Seon;

Management Systems Management, distribution efficiency, Byungsun Hwang; Soohyun

Using Machine Learning System machine learning Kim; Youngghyu Sun; Jinyoung

[30] Optimization enhancements Kim

Table 3 outlines key performance indicators (KPIs) commonly identified in literature to evaluate
building management systems (BMS). These KPIs span energy management, maintenance efficiency,
labor optimization, system performance, and financial impact. They provide measurable benchmarks
that help assess operational efficiency, cost-effectiveness, and the overall value of BMS implementation
in building operations.

Table 3. Highlighted key performance indicators from literature.

KPI Category KPI Metric Description
Energy Energy Consumption|Measures the decrease in overall energy usage after BMS
Management Reduction implementation
Energy Cost Savings Percentage reduction in energy costs
System-specific Energy|Comparative energy savings across different building systems
Efficiency (HVAC, lighting, equipment, servers)
Maintenance Unscheduled Maintenance|Reduction in unexpected maintenance events
Efficiency Frequency
Maintenance Cost Savings |Percentage reduction in maintenance expenses
Equipment Failure|Effectiveness of BMS in predicting and preventing equipment
Prevention malfunctions
Labor Optimization |Staff Hours Reduction Decrease in required staff time for building monitoring and control
Manual Intervention|Reduction in need of manual system adjustments and alert
Frequency responses
Labor Cost Savings Percentage reduction in labor costs

System Performance|Energy Waste Reduction  |Effectiveness of BMS in minimizing unnecessary energy
consumption

Comfort and Productivity  |Impact on occupant comfort and workplace productivity levels

Safety and Security Effectiveness in maintaining building safety and security protocols
System Optimization Overall improvement in building system performance and
efficiency
Financial Impact Return on Investment Payback period for BMS implementation

Operational Cost Reduction |Overall reduction in total operational costs across all categories

Cost Savings Distribution  |Relative reduction across different cost centers (energy,
maintenance, labor, equipment)

Impact of Building Management System on Operational Efficiency

Building management systems (BMS) significantly enhance operational efficiency by automating
routine processes and ensuring optimal use of resources (Figure 3). They reduce energy wastage,
minimize maintenance issues through predictive monitoring, and lower labor requirements by
streamlining building control. This leads to improved system reliability, cost savings, and better
occupant satisfaction.
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BENEFITS OF BUILDING MANAGEMENT SYSTEMS (BMS)

Energy Efficiency

o Optimized HVAC Control: Precise scheduling and control of heating, ventilation, and air
conditioning significantly reduce energy consumption.

o Lighting Management: Automated lighting based on occupancy and daylight levels minimizes
unnecessary energy use.

o FEquipment Optimization: Data-driven insights and predictive analytics enable efficient equipment
operation and proactive maintenance (Neuroject, 2024) [14].

Cost Savings

e Reduced Energy Bills: Optimizing energy use leads to substantial savings on utility expenses.

e Maintenance Efficiency: Real-time monitoring and predictive maintenance reduce downtime and
prevent costly repairs (Moza, 2024) [15].
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Figure 3. Building management systems operation (source: Intelligent BMS market).
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Improved Comfort and Productivity

e Optimal Indoor Conditions: Maintaining ideal temperature, humidity, and air quality levels
improves occupant comfort and productivity (Kumar, 2023) [16].

e  Personalized Environments: BMS can tailor settings to individual preferences, enhancing user
satisfaction.

Enhanced Safety and Security

o [ntegrated Security Systems: Centralized control of access systems, CCTV, and fire alarms ensures
comprehensive security (Kumar, 2023) [16].

o FEmergency Response: Rapid detection and response mechanisms strengthen building safety during
critical situations (Oparina, 2024) [17].

Sustainability and Environmental Impact

o Lower Carbon Footprint: Reduced energy usage and efficient resource management contribute to
environmental sustainability.

o Compliance with Standards: Supports adherence to energy and environmental certification
requirements.

Operational Efficiency

o Streamlined Operations: Centralized automation simplifies the management of multiple building
systems (Solanki, 2023) [18].

e Remote Monitoring and Control: Enables quick response and adjustments from off-site locations.

Data-Driven Insights and Decision Making

o Data Analytics: Continuous data collection helps identify inefficiencies and trends (Grover, 2022)
[19].

e Optimization Strategies: Supports informed decisions for continuous improvement and system
enhancement.

Adaptability and Scalability

e [ntegration Capabilities: Easily integrates with emerging technologies and systems, ensuring
scalability.

o  Flexible Configuration: Customizable to suit specific building needs and future expansions.

Regulatory Compliance and Reporting
o Meeting Standards: Ensures compliance with building regulations and energy codes.
e Reporting Capabilities: Facilitates the generation of compliance reports and audit documentation.

Long-Term Asset Value

e [ncreased Property Value: Smart, efficient building systems enhance property value (Yadav, 2023)
[20].

e Future Proofing: Investing in advanced BMS solutions helps maintain competitiveness in a
dynamic market.

Maintenance of Building Management Systems

Effective maintenance of building management systems (BMS) (Figure 4) is essential to ensure the
optimal functioning of mechanical and electrical systems, particularly HVAC equipment (Grover S.,
2022) [19]. A computerized maintenance management system (CMMS) plays a vital role in this context
by managing work orders essential for maintaining these systems (Table 4). The work order module
within the CMMS facilitates the entry, tracking, and communication of maintenance tasks, ensuring
that personnel are informed and responsive to maintenance needs [21].
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A computerized maintenance management system (CMMS) is a specialized software solution
developed to streamline and optimize an organization’s maintenance operations. It offers a centralized
platform for managing key functions, such as work orders, preventive maintenance scheduling, asset
tracking, inventory control, and performance reporting [21].

Percentage of BMS Projects Facing Key Challenges

fE e e o e o T e o T e o e o o e o o ]
Lack of Awareness [ e 30

Regulatory Issues
Over-automation R e 15

R e R e e )
B e e e 0 U 0 R e o R e
e e e e e A ]

Energy Savings Variability 25

I o
et e e e

User Adoption Issues 25

o o o T o S o T o T o B T o e T T T ]
e

Cybersecurity Risks 35

e |
e e e e N e

System Downtime 40

e e e ey
o 0 S o A S o o S L o S e ]
B R e g 5 5

Integration Issues

High Initial Costs

0 10 20 30 40 50 60 70
Percentage of Projects Facing Challenge (%)

Figure 4. Percentages of BMS projects facing key challenges.

CMMS Implementation Methodology
The successful implementation of a Computerized Maintenance Management System (CMMS)
requires a structured and well-defined methodology to ensure effectiveness and long-term
sustainability.
e Define Goals and Objectives: Clearly identify the goals and objectives of implementing a
CMMS, such as reducing downtime, improving asset reliability, or increasing productivity.
o FEstablish Management Commitment: Secure commitment and support of management for the
CMMS implementation project.
o Select CMMS Software: Research and evaluate various CMMS solutions to find the one that best
fits the organization’s needs and budget.
o  Gather and Organize Data: Collect and organize relevant data, such as asset information,
maintenance history, and inventory details, to facilitate the CMMS implementation process.
o Configure and Test the CMMS: Set up the CMMS according to the organization’s requirements
and conduct thorough testing to ensure proper functionality.
o User Training: Deliver comprehensive training to maintenance staff, supervisors, and system
administrators to ensure they can effectively navigate and utilize the CMMS functionalities.
e Monitoring and Continuous Improvement: Regularly assess system performance, analyze
generated reports, and implement process improvements to maximize the efficiency and value
derived from the CMMS.

Moreover, the through life business model (TLBM) integrates tailored tools and techniques from
integrated logistic support (ILS) to enhance maintenance support and decision-making processes in
building services. This approach addresses the significant life cycle costs associated with building
maintenance, which can account for up to 50% of total costs. By developing a databank that captures
essential data, such as component reliability, the TLBM, aids facilities managers in making informed
decisions that improve future building service designs and maintenance strategies. Thus, a

© JournalsPub 2025. All Rights Reserved 32



International Journal of Sustainable Building Technology
Volume 8, Issue 2
ISSN: 2583-3278

comprehensive maintenance strategy that incorporates these systems and methodologies is essential for
effective BMS maintenance.

Table 4. Maintenance challenges of BMS in different building typologies.

Building Type Maintenance Challenges Specific Considerations

Residential Limited occupancy and usage, potential|Prioritize safety and comfort, focus on energy efficiency, and

Buildings neglect, and budget constraints. consider remote monitoring for convenience.

Commercial High occupancy and usage, strict|Implement robust monitoring and maintenance schedules,

Buildings compliance requirements, and need for|prioritize energy efficiency, and consider redundancy in critical
24/7 availability. systems.

Industrial Heavy equipment and machinery, harsh|Focus on equipment reliability and safety, implement regular

Buildings environments, and specialized|inspections and maintenance, and consider specialized training
requirements. for maintenance staff.

Healthcare Strict hygiene and safety regulations,|Prioritize infection control and compliance with healthcare

Facilities critical ~ systems, and  sensitive|standards, implement redundancy in critical systems, and
environments. consider specialized training for maintenance staff.

Educational High occupancy, varying usage|Consider energy efficiency and occupant comfort, implement

Institutions patterns, and need for flexibility. regular inspections and maintenance, and prioritize safety and

security.

Data Centers High energy consumption, critical|Prioritize energy efficiency and redundancy in critical systems,
systems, and stringent reliability|implement robust monitoring and maintenance, and consider
requirements. specialized training for maintenance staff.

Hotels and|High occupancy and usage, customer|Prioritize aesthetics and customer comfort, implement regular

Hospitality satisfaction, and 24/7 availability. inspections and maintenance, and consider specialized training

for maintenance staff.

Operational Phase in Building Management Systems

The operational phase of a building management system (BMS) is a critical period that begins after
the installation and commissioning of the system (Chouksey, 2022) [22]. During this phase, the BMS
is actively used to monitor, control, and optimize the performance of a building’s various systems and
equipment.

Building management systems (BMS) are essential for overseeing, regulating, and improving the
functionality of buildings by utilizing a combination of integrated technologies and strategies. They
contribute significantly to better energy utilization, increased comfort for occupants, and more efficient
building operations.

Monitoring and Data Analysis
BMS utilize sensors to collect real-time data on building variables (Table 5), enabling continuous
monitoring of performance [23].

Advanced data analytics, including machine learning, help identify inefficiencies and faults, allowing
facility managers to make informed decisions [24].

Control Optimization
Model-based control systems facilitate dynamic resource allocation and fault diagnosis, optimizing
HVAC and other building systems [25].

Monitoring-based commissioning combines energy system monitoring with retro-commissioning
protocols, significantly improving energy management and achieving substantial cost savings [26].

Performance Evaluation

Building Performance Evaluation (BPE) assesses both technical and human performance criteria,
ensuring that buildings meet user needs and sustainability goals (Schneider, 2007) [27] (Mallory-Hill,
2012) [5].
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While BMS significantly enhance building performance, challenges remain in balancing energy
efficiency with occupant comfort and operational costs, necessitating ongoing research and innovation
in building automation systems.

Table 5. Monitoring of building management systems.

Parameter Airports Hospitals Commercial Buildings
Real-time Critical for safety, security,|Essential for patient safety, infection|Important  for  occupant
Monitoring and|and operations. control, and energy management. comfort, energy efficiency,
Alerts and security.
Regular Frequent inspections due to|Thorough evaluations are conducted|Regular  inspections  for
Inspections and|high traffic and safetyto verify adherence to healthcare|maintenance, energy
Audits regulations. regulations and to safeguard patient|efficiency, and compliance
well-being. with building codes.
Data  Analysis|Used to optimize operations,|Used to identify equipment failures,|Used to optimize energy
and Trend|identify security risks, and|track energy consumption, and ensure|consumption, improve
Monitoring manage energy|compliance with healthcare standards.|occupant ~ comfort, and
consumption. identify maintenance needs.
Remote Essential for 24/7 operations|Crucial for managing critical systems|Can improve efficiency and
Monitoring and|and security. and ensuring patient safety. reduce maintenance costs.
Access
Energy Used to optimize energy|Used to manage energy consumption,|Used to optimize energy
Management consumption and reduce|ensure compliance with regulations,|consumption and reduce
Systems (EMS) |costs. and improve patient comfort. operating costs.
Occupant Important for passenger|Essential for patient comfort, safety,|Used to improve occupant
Feedback satisfaction and operational|and satisfaction. comfort, satisfaction, and
efficiency. building performance.
Maintenance Detailed records are|Strict compliance with healthcare|Important ~ for  tracking
Logs and Records|required for compliance and|regulations requires detailed records. |maintenance activities,
safety. identifying  trends, and
managing costs.

Survey of Industry Professionals

To fulfil the objectives of this study, a questionnaire survey was conducted among industry
professionals involved in building management systems (BMS) implementation and operations. The
survey targeted professionals, such as project managers, facility managers, architects, and consultants,
with the goal of assessing BMS’s impact on operational costs, energy efficiency, maintenance, and
labor productivity. The questionnaire was structured into multiple sections, capturing demographic
details, years of experience with BMS, and the types of buildings in which these systems were
implemented. The survey also gathered insights into professionals’ experiences with energy
management, maintenance efficiency, and labor cost optimization. The questionnaire was sent out in
summer 2024 to a total of 55 construction industry professionals with experience in building
management systems. A summary of survey results is presented in the following section.

DISCUSSION OF SURVEY RESULTS

The survey aimed to assess the impact of building management systems (BMS) on operational costs,
energy consumption, maintenance efficiency, and labor productivity. Responses were gathered from
professionals in the construction and facility management industries, providing insights into the
effectiveness of BMS in optimizing building operations. The analysis focuses on key areas, such as
energy savings, maintenance cost reductions, labor efficiency, and overall return on investment.

Energy Management and Cost Savings

One of the most significant benefits observed from BMS implementation was reduction in energy
consumption. Most respondents (82.8%) reported decreased energy usage, with 37.1% indicating
significant reductions and 45.7% reporting moderate reductions. The percentage of energy cost savings
varied, with 42.9% of respondents reporting savings in the range of 11-20%, while 37.1% observed
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savings between 21-30%. This demonstrates the effectiveness of BMS in optimizing energy
consumption through automated lighting controls, HVAC management, and real-time monitoring.

When asked to rank the systems that contributed the most to energy savings, HVAC consistently
received the highest ranking, followed by lighting and equipment management. The optimization of
HVAC systems through smart controls and predictive analytics played a crucial role in reducing
excessive energy consumption. Automated lighting adjustments, such as occupancy-based controls and
daylight harvesting, also contributed significantly to cost savings.

Maintenance Efficiency and Cost Reduction

Maintenance cost reduction was another major advantage of BMS adoption. A substantial 97.1% of
respondents indicated a decrease in unscheduled maintenance, with 45.7% reporting moderate
reductions, 34.3% noting slight reductions, and 17.1% experiencing significant decreases. The
implementation of predictive maintenance strategies and automated fault detection features were key
factors in reducing maintenance costs. Nearly half of the respondents (48.6%) reported maintenance
cost savings in the range of 11-20%, while 37.1% observed savings between 21-30%.

The reduction in system failures and unscheduled maintenance resulted in improved reliability and
operational efficiency. Facility managers were able to proactively address potential failures before they
escalated, leading to better equipment longevity and reduced downtime. These findings highlight the
role of BMS in enhancing maintenance strategies and optimizing repair schedules.

Labor Efficiency and Cost Reduction

BMS implementation also had a positive impact on labor efficiency. All respondents (100%) reported
a reduction in the number of staff hours required for building monitoring and management. Among
them, 45.7% observed moderate reductions, 34.3% noted slight reductions, and 20% experienced
significant reductions. The introduction of automated monitoring and centralized control systems
significantly reduced the need for manual interventions.

In terms of labor cost savings, 42.9% of respondents reported reductions in the 21-30% range, while
34.3% observed savings between 11-20%. The ability of BMS to streamline operations, automate
routine tasks, and improve system responsiveness contributed to these cost savings. Facility managers
and operational staff were able to focus on higher-value tasks instead of routine monitoring, thereby
increasing overall productivity.

Return on Investment and Payback Period

Despite the financial benefits of BMS in reducing operational costs, the survey results indicated that
the payback period for BMS investments tends to be long. Most respondents (51.4%) expected payback
periods exceeding six years, while 40% anticipated returns within four to six years. Only a small
percentage (8.6%) expected their investment to recover within two to four years.

Energy costs were identified as the primary area of operational cost reduction, contributing to 42.9%
of total savings. Maintenance cost reductions accounted for 37.1% of total savings, while labor cost
savings contributed 17.1%. These findings suggest that while BMS requires substantial initial
investment, the long-term financial benefits and efficiency gains make it an asset in sustainable building
management.

Overall Perception of BMS Effectiveness

The survey also sought to evaluate the overall perception of BMS effectiveness in different areas of
building management. The highest-rated benefits included reducing energy waste, preventing
equipment failures, and improving comfort and productivity (Table 6). Additionally, respondents
acknowledged the role of BMS in enhancing building safety and optimizing system performance.
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Most respondents (80%) either agreed or strongly agreed that BMS significantly reduced total
operational costs. These results reinforce the importance of BMS in modern building management and
highlight its role in optimizing energy efficiency, reducing maintenance expenses, and improving labor
productivity.

The survey results provide strong evidence of the positive impact of BMS on operational efficiency
and cost savings. While initial investment and long payback periods remain challenges, the long-term
benefits in terms of energy savings, maintenance cost reductions, and labor efficiency make BMS an
essential tool for modern facility management. Future research could focus on strategies to optimize
payback periods and explore emerging technologies, such as Al-driven BMS, to further enhance
operational performance.

To ensure successful implementation and sustained optimization of BMS, the recommended
framework adopts a phased and adaptable approach. This framework outlines short-term, medium-term,

and long-term strategies to address challenges while maximizing operational and cost efficiencies.

Table 6. Recommendations for prioritizing building management systems.

Building Type Short-Term Priority Medium-Term Focus Long-Term Goals

Commercial Buildings |HVAC, lighting, and|IoT and cloud integration Renewable energy + Al-
occupancy tools based BMS

Residential Complexes |Energy management and|Predictive maintenance Al  personalization  for
security occupants

Industrial Facilities Equipment monitoring and|{Advanced automation and|Renewable energy
safety analytics integration

CONCLUSIONS

The conclusion of this study encapsulates the critical findings and insights gained from evaluating
the implementation of building management systems (BMS) during the operational phase of buildings.
Through a comprehensive analysis, it has been established that BMS play a pivotal role in enhancing
operational efficiency and significantly reducing costs associated with energy consumption,
maintenance, and labor. The mixed-methods research approach revealed that a substantial majority of
respondents experienced energy savings ranging from 11% to 30%, primarily attributed to optimized
HVAC and lighting controls. Additionally, the implementation of BMS led to remarkable
improvements in maintenance efficiency, with reductions in unscheduled maintenance by up to 97%
and maintenance costs decreasing by approximately 30%.

Despite these advantages, the study also highlighted challenges, such as high initial investment costs
and extended payback periods, which often exceed six years. However, the long-term benefits of BMS
— evidenced by potential energy savings of around 42.9% and maintenance cost reductions of
approximately 37.1% — position these systems as essential for modern building management. The
dissertation advocates for a phased implementation strategy that prioritizes high-impact areas and
incorporates modular, loT-integrated solutions to enhance scalability and adaptability for future
technological advancements.

In summary, although the initial investment in BMS may be substantial, the long-term gains in
operational efficiency and cost reduction highlight their vital role in promoting sustainable building
management. This study adds valuable insights to the current knowledge base and offers practical
guidance for building owners and facility managers seeking to enhance performance through strategic
BMS deployment. As buildings continue to evolve towards greater efficiency and sustainability,
leveraging the full potential of BMS will be crucial in navigating the complexities of modern building
management.
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Way Forward, Future Scope of study

Future research on Building Management Systems (BMS) should emphasize integrating advanced
technologies, like Al, machine learning, and IoT, to enhance predictive analytics, real-time monitoring,
and autonomous decision-making. Exploring cloud-based BMS solutions for scalability and remote
management is also crucial. Additionally, conducting longitudinal studies on the financial impacts of
BMS, including energy savings, maintenance cost reductions, and labor optimization, will help develop
accurate ROI models and predict payback periods.

User experience and training are essential for effective BMS adoption, requiring tailored programs
for technical and non-technical personnel. Future research should prioritize cybersecurity strategies to
safeguard interconnected BMS against potential security threats. Policy frameworks and industry
standards need to be developed to encourage BMS adoption in both new and existing buildings, with
incentives for building owners. Finally, sustainability metrics should be examined to assess BMS
contributions to reducing carbon footprints and enhancing energy efficiency in alignment with global
sustainability goals.
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