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Abstract: Electromechanical engineering in building facility management is crucial. It involves detecting and maintaining
building lighting circuits, central-air-conditioning units, and handling customer maintenance requirements. Approaches like
real-time monitoring, scheduled maintenance, non-invasive testing, energy-efficient retrofitting, and client-centric services
enhance building operations, reliability, and tenant satisfaction, laying a foundation for sustainable development.
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1. Introduction

In the field of building facility management, the electromechanical engineering aspects related to building
lighting circuits, central air-conditioning units, and customer maintenance requirements are of great importance.
The “Energy Conservation in Buildings Regulations (2020)” emphasizes the need for energy-efficient building
operations. This aligns with the content, as building lighting and air-conditioning systems’ proper management
can enhance energy efficiency. Real-time data collection, scheduled maintenance, and preventive strategies for
these systems, as well as client-centric service delivery models, are essential "'’ These practices not only ensure
the smooth operation of building facilities but also contribute to energy conservation and tenant satisfaction, thus

adhering to the spirit of the relevant policy.
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1.1. Operational monitoring and maintenance

1.1.1. Daily inspection of high/low voltage power distribution rooms

Daily inspection of high/low voltage power distribution rooms is crucial for ensuring the stable operation of
electrical systems in building facilities. Standardized inspection protocols are implemented for electrical equipment
within these rooms. Temperature checks are carried out regularly. High temperatures can indicate potential
problems such as overloading or poor heat dissipation, which may lead to equipment failures or even electrical

fires !

. Voltage stability analysis is another key aspect. Unstable voltage can damage electrical appliances and
disrupt the normal operation of various systems in the building. Technicians need to monitor voltage levels to
ensure they remain within the allowable range. Additionally, load balancing assessment is essential. Imbalanced
loads can cause uneven stress on electrical equipment, reducing its lifespan. By assessing load balancing,
necessary adjustments can be made to distribute the load evenly among different phases. These comprehensive
inspection measures, including temperature checks, voltage stability analysis, and load balancing assessment, are
fundamental to safeguarding the operational safety of high/low voltage power distribution rooms, thus ensuring

the reliable operation of the overall building electrical system.

1.1.2. Real-time data collection and equipment status analysis

The integration of [oT sensors and SCADA systems plays a pivotal role in real-time data collection and equipment
status analysis for building lighting circuits and central air-conditioning units. loT sensors are strategically placed
within the building’s electrical and air-conditioning systems to capture minute-by-minute data on various critical
parameters, such as current fluctuations, insulation resistance, and circuit breaker status "\

These sensors work in harmony with the SCADA systems, which are designed to aggregate, process, and
present the collected data in a user-friendly interface. For instance, current fluctuations in lighting circuits can
be an early indicator of potential short-circuits or overloading. By continuously monitoring this parameter,
maintenance teams can predict when a problem might occur and take preventive action, thus reducing the
likelihood of unexpected outages.

Insulation resistance is another crucial parameter. A decrease in insulation resistance may suggest that the
insulation material around electrical wires is deteriorating, which could lead to electrical leakage and pose a safety
hazard. The SCADA system, with the data from IoT sensors, can display trends in insulation resistance over time,
enabling technicians to plan for timely replacement of insulation materials.

Regarding the circuit breaker status, real-time monitoring allows for immediate detection of any tripping
events. This information is not only useful for quickly restoring power but also for analyzing the root cause of
the tripping, such as sudden surges in power demand. Overall, this real-time data collection and equipment status
analysis through the integration of IoT sensors and SCADA systems significantly enhances the efficiency and
reliability of building facility management.

2. Preventive maintenance strategies
2.1. Scheduled maintenance for distribution rooms and pump houses

Scheduled maintenance for distribution rooms and pump houses is crucial in preventing unexpected downtime.
Predictive maintenance schedules are developed by integrating various elements. Lubrication cycles play a
significant role. For components in distribution rooms and pump houses, regular and proper lubrication can reduce

friction, minimize wear and tear, and extend the lifespan of equipment. By accurately determining the appropriate
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lubrication intervals based on equipment specifications and usage patterns, potential failures due to insufficient
lubrication can be avoided.

Component wear analysis is another key aspect. Through continuous monitoring and in-depth analysis of the
wear of components in these areas, such as circuit breakers in distribution rooms and impellers in pump houses,
early signs of excessive wear can be detected. This allows for timely replacement or repair, preventing sudden
breakdowns that could disrupt the normal operation of the building’s lighting circuits and central air-conditioning
units.

Thermal imaging surveys are also employed. Distribution rooms and pump houses often have electrical
and mechanical equipment that can generate heat. Thermal imaging can detect abnormal heat patterns, which
may indicate potential problems like loose connections in electrical systems or overheating mechanical parts.
By conducting thermal imaging surveys at regular intervals as part of the scheduled maintenance, issues can be
identified and resolved before they escalate into major failures . Overall, these integrated strategies ensure the
reliable operation of distribution rooms and pump houses, contributing to the smooth functioning of building
facility management.

2.2. Lifecycle extension techniques for electromechanical systems

Vibration analysis is a crucial technique for predicting potential failures in electromechanical systems. By
continuously monitoring the vibration patterns of building lighting circuits and central air-conditioning units,
abnormal vibrations can be detected early. These abnormal vibrations may indicate issues such as misalignment of
components, bearing wear, or looseness. Timely detection allows for corrective actions, preventing further damage
and thus extending the system’s lifespan .

Oil particle counting is another effective approach, especially for central air-conditioning units that contain
lubricating oils. The presence of particles in the oil can be an indication of component wear. Regular oil particle
counting helps in understanding the health of the mechanical parts in contact with the oil. When the particle count
exceeds a certain threshold, it signals the need for oil changes or component inspections, which can prevent major
breakdowns and enhance the overall lifecycle of the equipment.

Harmonic distortion reduction is essential for improving both energy efficiency and equipment longevity.
In building electrical systems, harmonics can cause overheating in transformers, motors, and other electrical
components in lighting circuits and central air-conditioning units. By using techniques such as passive or active
harmonic filters, the level of harmonic distortion can be reduced. This not only helps the equipment operate more
efficiently, consuming less energy, but also reduces the stress on components, thereby increasing their lifespan.
These three methods-vibration analysis, oil particle counting, and harmonic distortion reduction-play significant
roles in optimizing the longevity and energy efficiency of electromechanical systems in building facility

management.

3. Lighting circuit and HVAC system management

3.1. Lighting circuit fault diagnosis and maintenance

3.1.1. Non-invasive testing methodologies

Non-invasive testing methodologies play a crucial role in the detection of lighting circuit faults. Infrared
thermography is one such technique. By using infrared cameras, it can detect temperature variations in the lighting

circuit components. Insulation degradation often leads to increased resistance, which in turn generates more heat.
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This heat causes temperature changes that can be detected by infrared thermography. For example, overheated
wires due to insulation breakdown can be clearly identified, enabling early detection of potential short-circuits *'.
Ground fault circuit interrupter (GFCI) testing is another non-invasive approach. GFClIs are designed to
quickly shut off power when a ground fault is detected. During testing, the GFCI’s functionality is verified without
causing any disruption to the normal operation of the lighting circuit. This helps in identifying any issues related
to current leakage to the ground, which could be a sign of insulation problems or other faults in the lighting circuit.
These non-invasive testing methods are not only efficient in diagnosing lighting circuit faults but also minimize
the need for extensive disassembly of the circuit components, thus reducing potential damage and maintenance

time.

3.1.2. Energy-efficient retrofitting techniques

The implementation of energy-efficient retrofitting techniques for lighting circuits is crucial in building facility
management. One significant approach is the execution of LED conversion programs. LEDs offer numerous
advantages over traditional lighting sources, such as lower energy consumption, longer lifespan, and higher
luminous efficiency. By replacing conventional bulbs with LEDs, significant energy savings can be achieved .

Automated daylight harvesting controls are another key aspect. These systems are designed to adjust the
artificial lighting intensity based on the amount of natural light available in a space. For instance, in areas with
ample sunlight, the artificial lighting can be dimmed or even turned off, reducing energy waste. This not only
contributes to energy conservation but also provides a more comfortable lighting environment for building
occupants.

Occupancy-based zoning systems play an equally important role. They detect the presence or absence of
people in different zones of a building. When a zone is unoccupied, the lighting in that area can be automatically
turned off, minimizing unnecessary energy usage. By dividing the building into different zones and controlling
the lighting according to occupancy, energy-efficient operation of the lighting circuit is optimized. These energy-
efficient retrofitting techniques, when combined, can lead to substantial energy savings, cost reduction, and a more
sustainable building operation in the long run.

3.2. Centralized HVAC regulation and performance optimization

3.2.1. Chiller plant operational tuning

Chiller plant operational tuning is crucial for efficient centralized HVAC regulation and performance optimization.
It involves dynamic adjustment of compressor staging and condenser water flow rates based on real-time thermal
load calculations ™.

Compressor staging is a key aspect. By precisely assessing the real-time thermal load, the number of active
compressors can be adjusted. During periods of low thermal load, fewer compressors are operated, reducing
energy consumption. Conversely, when the load increases, more compressors are activated to meet the cooling
demand. This not only ensures the comfort of the building occupants but also maximizes energy efficiency.

Simultaneously, condenser water flow rates need to be adjusted accordingly. As the thermal load changes, the
amount of heat that needs to be dissipated from the condenser also varies. By altering the condenser water flow
rate in line with the real-time thermal load, the chiller can maintain an optimal operating temperature. For instance,
when the load is high, increasing the condenser water flow rate helps to more effectively remove heat from the

system.
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This real-time adjustment based on thermal load calculations is a proactive approach. It enables the chiller
plant to respond promptly to changing environmental conditions and user demands within the building. Overall,
through meticulous chiller plant operational tuning, the building’s HVAC system can achieve better performance,

lower energy costs, and a more sustainable operation.

3.2.2. Air quality maintenance protocols

To maintain optimal air quality within buildings, the integration of particulate matter sensors with variable air
volume (VAV) systems is a crucial approach . Particulate matter sensors are strategically installed throughout
the building to accurately monitor the concentration of pollutants such as PM2.5 and PM10. These sensors
continuously collect data on the particulate matter levels in the air.

The VAV systems, on the other hand, are designed to adjust the volume of air supplied to different zones
in the building based on the actual requirements. When the particulate matter sensors detect elevated levels of
pollutants, they send signals to the VAV control system. The VAV system then responds by increasing the fresh air
intake and adjusting the air distribution patterns to dilute the polluted air and improve the overall air quality.

This integration ensures that the indoor environmental quality meets the ASHRAE (American Society of
Heating, Refrigerating and Air-Conditioning Engineers) standards. By closely monitoring and controlling the air
quality, it provides a healthy and comfortable environment for building occupants. It also helps in reducing the
potential health risks associated with poor air quality, such as respiratory problems. Additionally, this proactive
approach to air quality maintenance can contribute to energy efficiency, as the VAV system can optimize its
operation based on real-time air quality data rather than operating at a fixed rate all the time.

4. Client-centric maintenance service delivery

4.1. Maintenance request handling framework

4.1.1. Digital work order management system

In the context of client-centric maintenance service delivery, the digital work order management system plays a
crucial role within the maintenance request handling framework. This system is designed to streamline the entire
process from the moment a maintenance request related to building lighting circuits, central air-conditioning units,
or other electromechanical aspects in building facility management is received.

When a client submits a maintenance request, it is immediately digitized and entered into the system.
The digital work order contains all relevant details such as the client’s information, the nature of the problem,
the location of the malfunctioning equipment (e.g., specific floor and room for a lighting circuit issue or the
identification of a particular air-conditioning unit), and the time of submission.

The system then automatically assigns a unique identifier to each work order, which serves as a reference
point throughout the maintenance process. It also categorizes the requests based on predefined criteria related to
service prioritization, as developed in the CMMS workflows """, For example, requests related to safety-critical
issues in lighting circuits or breakdowns of central air-conditioning units in occupied areas are given higher
priority.

Maintenance teams can access these digital work orders in real-time. They can update the status of the work

9 ¢

order, such as “in-progress,” “awaiting parts,” or “completed.” Once the maintenance work is finished, the system
records the details of the work done, including the time taken, the parts used, and any additional comments. This

not only ensures compliance with service-level agreements (SLAs) but also provides clients with transparency and
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timely updates on the progress of their maintenance requests.

4.1.2. Rapid response protocol implementation

In the context of client-centric maintenance service delivery, the implementation of a rapid response protocol for
the maintenance request handling framework is of utmost importance. For emergency electrical and mechanical
failures in building lighting circuits and central air-conditioning units, tiered response teams equipped with
specialized toolkits are established """,

These teams are designed to ensure a swift and effective response to client requests. When a maintenance
request is received, it is immediately triaged according to the severity and nature of the problem. For urgent issues,
such as sudden power outages in lighting circuits or complete breakdowns of central air-conditioning units, the
highest-level response team is dispatched without delay.

The specialized toolkits carried by these teams are carefully curated to contain all the necessary equipment
and spare parts to address a wide range of common failures. This enables the response teams to start the repair
work promptly upon arrival at the site. Regular training and drills are conducted to ensure that team members are
proficient in using these tools and are well-versed in the latest repair techniques.

Communication is also a key aspect of the rapid response protocol. The teams maintain constant contact with
the clients, providing real-time updates on the status of the repair work. This not only keeps the clients informed
but also helps to manage their expectations. After the repair is completed, a follow-up is carried out to ensure that
the problem has been fully resolved and the client is satisfied with the service. This comprehensive rapid response
protocol implementation is crucial for delivering high-quality, client-centric maintenance services in building
facility management.

4.2. Technical service customization strategies

4.2.1. Tenant-specific power quality solutions

In the context of tenant-specific power quality solutions within client-centric maintenance service delivery,
designing isolated power supplies and harmonic filtering systems for sensitive electronic equipment in tenant
spaces is of paramount importance. Tenant spaces often house a variety of sensitive electronic devices, such as
servers for data-intensive businesses, high-precision medical equipment in healthcare facilities, and advanced
manufacturing tools in industrial tenants’ premises.

An isolated power supply serves as a safeguard for these devices. By providing a separate and clean power
source, it effectively isolates the sensitive equipment from potential power disturbances that may exist in the
general building electrical grid. For example, voltage sags, surges, and frequency variations can be mitigated,
ensuring the stable operation of the electronic devices.

Harmonic filtering systems, on the other hand, address the issue of harmonic distortion in the power supply.
Harmonics are generated by non-linear electrical loads, which are common in modern tenant spaces due to the
prevalence of devices like variable-speed drives, fluorescent lighting, and computers. These harmonics can cause
overheating of equipment, reduce the efficiency of motors, and even lead to premature equipment failure. The
harmonic filtering systems work by blocking or diverting the harmonic currents, thus improving the power quality.
This customized approach to power quality solutions not only enhances the performance and lifespan of the
tenant’s sensitive electronic equipment but also meets the unique power requirements of different tenants, fulfilling

. . . . . 12
the essence of client-centric maintenance service delivery .
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4.2.2. After-hours service coordination models

After-hours service coordination models play a crucial role in ensuring seamless client-centric maintenance service
delivery. Implementing an on-call engineer rotation system with mobile diagnostic capabilities is an effective
approach. This system enables 24/7 support coverage, catering to clients’ unexpected building lighting circuit or
central air-conditioning unit failures that may occur outside regular working hours.

Engineers on-call are equipped with mobile diagnostic tools, allowing them to quickly identify issues
remotely. For instance, if a client reports a sudden blackout in a building area due to a lighting circuit problem
during the night, the on-call engineer can use the mobile diagnostic device to access the circuit’s monitoring data.
This helps in accurately diagnosing whether it is a short-circuit, a blown fuse, or a more complex wiring issue
before physically arriving at the site.

Moreover, this model also ensures efficient communication. The on-call engineer can immediately inform the
client about the preliminary diagnosis and the estimated time of arrival for on-site repair. In the case of central air-
conditioning units, early diagnosis can prevent further damage to the system, reducing downtime and minimizing
inconvenience to the client. By having such an after-hours service coordination model, building facility
management can enhance its electromechanical engineering services, providing clients with a high-quality, reliable

. . 13
maintenance service around the clock "',

4.3. Performance benchmarking and continuous improvement

4.3.1. Key performance indicator development

To ensure the delivery of client-centric maintenance services for building lighting circuits, central air-conditioning
units, and customer maintenance requirements, the development of key performance indicators (KPIs) is crucial.
Metrics such as mean-time-to-repair (MTTR) and first-time-fix-rate (FTFR) play a significant role in service
quality assessment ¥,

MTTR measures the average time taken to repair a malfunction in either the building lighting circuits or
central air-conditioning units. A shorter MTTR indicates a more efficient maintenance team, as it implies that less
time is wasted before the system is restored to its normal operation. This metric not only reflects the technical
proficiency of the maintenance staff but also their ability to respond promptly to client requests.

FTFR, on the other hand, assesses the proportion of issues that are resolved on the first attempt. A high
FTFR shows that the maintenance team has a good understanding of the problems and can implement the correct
solutions right from the start. This not only saves time and resources but also improves client satisfaction, as
customers do not have to endure repeated disruptions due to the same problem. By focusing on these KPIs,
building facility management can benchmark the performance of its electromechanical engineering maintenance
services, identify areas for improvement, and continuously enhance the quality of client - centric maintenance
service delivery.

4.3.2. Client satisfaction feedback mechanisms

Client satisfaction feedback mechanisms play a crucial role in client-centric maintenance service delivery. To
begin with, a well-designed feedback collection system should be established. This could involve online surveys,
paper-based questionnaires, or face-to-face interviews for building lighting circuit and central air-conditioning

unit maintenance services. These methods enable customers to easily express their opinions on service quality,
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response time, and the professionalism of maintenance staff.

Once the feedback is collected, it needs to be analyzed comprehensively. Root cause analysis algorithms, as
mentioned in the deployment of automated survey platforms, can be applied here. By delving into the feedback,
patterns and areas of dissatisfaction can be identified. For example, if multiple customers complain about long
response times for air-conditioning unit repairs, this indicates a need for improvement in the scheduling or resource
allocation of the maintenance team.

Moreover, it is essential to close the feedback loop. Customers should be informed about how their feedback
is being used to improve services. This not only shows that their opinions are valued but also builds trust. Regular
communication with customers regarding service improvements based on their feedback can enhance customer
loyalty. Additionally, sharing the results of performance benchmarking and continuous improvement initiatives
with customers can further demonstrate the commitment to providing high-quality client-centric maintenance
services for building lighting circuits and central air-conditioning units.

5. Conclusion

In conclusion, the practice of electromechanical engineering in building facility management, particularly in the
detection and maintenance of building lighting circuits, central air-conditioning units, and handling of customer
maintenance requirements, is of utmost significance. The integrated electromechanical engineering approaches
presented here have shown their capabilities in enhancing multiple aspects of building operations.

By effectively detecting and maintaining building lighting circuits, not only can the illumination quality
be ensured, but also energy consumption can be optimized, contributing to the overall energy efficiency of
the building. Similarly, the proper maintenance of central air-conditioning units is crucial for maintaining a
comfortable indoor environment, which directly impacts tenant satisfaction. These practices also play a vital role
in improving the reliability of building systems, reducing the risk of unexpected breakdowns and costly repairs.

Handling customer maintenance requirements promptly and efficiently is the key to building a good
relationship with tenants. It reflects the professionalism and responsibility of the facility management team.
Overall, these operational best practices, when integrated, form a comprehensive framework that modern building
facility managers can rely on. They not only meet the current needs of building operation and tenant satisfaction
but also lay a solid foundation for sustainable development in the long-term. Future research and practice should
continue to explore and optimize these approaches to adapt to the ever-evolving demands of building facility

management.
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