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ABSTRACT

Managing Mechanical, Electrical, and Plumbing (MEP) systems is becoming more challenging
for the construction industry because of its complexity and the demand for increased
sustainability, precision, and economy. To overcome these obstacles, this study investigates
Building Information Modeling (BIM) as a possible solution for coordinating MEP projects.
The study examines the difficulties in integrating MEP systems within the building ecosystem,
such as complex design, adhering to changing regulations, and the recurring problems of delays
and conflicts. It draws attention to the advantages and drawbacks of using BIM in MEP
coordination through thorough literature research and examination of actual situations. The
study uses semi structured interviews from BIM professionals and attempts to capture insights
on application of BIM for coordinating MEP projects. It includes a thorough examination of key
BIM capabilities such 3D modeling, conflict detection, accurate resource estimate, and real-time
collaboration. The report also identifies obstacles to BIM adoption, such as high upfront costs,
interoperability problems, and the requirement for qualified specialists, and suggests possible
ways to overcome these challenges. In conclusion, the research highlights the critical role that
BIM can offer for project management of MEP systems.
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1.0 Introduction

Building Information Modeling (BIM) is a game-changing technique in the architecture,
engineering, and construction (AEC) sectors that improves accuracy, efficiency, and
collaboration. BIM gives stakeholders the ability to realistically see projects before construction
starts by providing 3D models that retain comprehensive information about dimensions,
materials, costs, and maintenance schedules, in contrast to traditional 2D drawings. Errors are
reduced, and resource allocation is optimized. BIM integrates artificial intelligence (AI) and
machine learning for automated functions including energy analysis, clash detection, and
quantity take-offs, which is in line with trends in digital transformation. These developments
powered by Al decrease errors and rework while increasing efficiency and accuracy.
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Virtual reality (VR) and augmented reality (AR), which provide immersive design
review experiences, stakeholder interaction, and construction simulations, are also supported by
BIM. In addition to improving user experience, this change in the AEC sector encourages
digitization, sustainability, and cost-effectiveness. MEP (Mechanical, Electrical, and Plumbing)
coordination is a crucial part of BIM, guaranteeing the smooth integration of fire safety, piping,
HVAC systems, and electrical wiring in a virtual 3D model. Construction teams can maximize
system placements for effective installation and maintenance, visualize spatial layouts, and
identify conflicts early with BIM. This procedure improves teamwork, lowers mistakes, and
boosts project execution. Notwithstanding its advantages, using BIM in MEP coordination has
drawbacks. Complex designs, changing laws, and the requirement for exact coordination can
cause delays and conflicts. Conflict resolution at coordination meetings takes a lot of time and
results in rework and inefficiency.

Differences between BIM models and installations on-site emphasize how important it
is to communicate well to avoid disputes. Effective BIM coordinators are essential to the
success of a project since untrained workers may fail to consider important design factors, which
can lead to problems with compliance and setbacks. Furthermore, the high expense of BIM
software and qualified staff puts a strain on finances, especially for smaller businesses. Costs
can be decreased by outsourcing drafting work, but project timeframes and quality may suffer
and control over design processes may be restricted. Including cutting-edge technology in BIM,
including automated design verification, can simplify procedures and lessen cost difficulties.
Through a number of technological developments, MEP coordination within BIM has improved.
Rule-based routing for MEP components and automated analysis of ceiling spaces are made
possible by programs like Revit and its Application Programming Interface (API).  Autoroute
and other add-ins help identify design deviations, minimize conflicts, and cut down on
coordination meetings. By automatically creating BIM MEP models from laser scanning data,
Dynamo, a Revit plug-in, increases the efficiency of revisions. By combining all service
drawings into a single 3D model that stakeholders can view, cloud computing improves MEP
coordination and promotes real-time cooperation. Advanced algorithms are used by conflict
detection solutions, like Navisworks, to effectively identify and resolve problems, cutting down
on coordination time and improving project results. Key advantages of BIM for MEP
coordination include better teamwork, precise planning and estimation, greater safety and risk
management, increased productivity, and improved quality control. For stakeholders looking to
remain competitive in the changing construction market, embracing BIM and its technological
innovations is crucial.

2.0 Research Objectives

The prime research objective will be focused on below mentioned areas:
e  What are the Challenges in managing MEP projects?
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e  What are the Benefits and limitations of using BIM for coordinating MEP projects?
e  What is the Potential of BIM in industry 5.0?

3.0 Literature Review

This literature review highlights the approaches and various findings in the area of
energy-compliant building design and cost analysis. Building Information Modeling (BIM) has
played a key role in transparent valuation processes, supporting Al models for life cycle cost
analysis in green buildings and encouraging multidisciplinary collaboration. BIM enhances
efficiency in Mechanical, Electrical, and Plumbing (MEP) facility design by facilitating three-
dimensional representation, early detection of conflicts, and overall cost savings (Rodriguez,
2023). Research suggests that despite the higher initial investment in green buildings, they prove
to be economically viable due to reduced operational costs. Studies indicate that adopting
sustainable materials and practices can lead to overall construction cost reductions of up to
15.2% and 30% (Prajwal et al., 2021; Manjunath et al., 2021). Further, integrating BIM with
robotic marking systems (Igbal et al., 2023) and the Internet of Things (IoT) allows for
automated layout printing, improving accuracy and reducing manual labor.

Other techniques such as Case-Based Reasoning (CBR), Work Breakdown Structure
(WBS), and regression models play a crucial role in identifying various cost components and
predicting maintainability performance (Mohanta et al., 2022). Research highlights that an
initial cost prediction model is essential for the project’s economic viability. Sustainable
Building Assessment Tools (SBAT) are necessary to account for India’s unique climate
conditions, with key standards set by LEED, GRIHA, and BEE (Reddy et al., 2018).

The study by Plebankiewicz et al. (2019) emphasizes the need for integrated assessment
systems to analyze costs and benefits of green certification in office buildings. The transition
from Industry 4.0 to Construction 5.0 introduces automation, human-robot collaboration, and
enhanced digital modeling for more sustainable construction (Marinelli, 2023). BIM plays a
significant role in integrating Industry 5.0 principles, emphasizing societal and environmental
benefits beyond economic productivity (Hadi et al, 2023). Furthermore, integrated project
delivery methods optimize technology, processes, and contractual arrangements for improved
efficiency in energy-compliant buildings (Ikudayisi ef al., 2023).

Tools such as Life Cycle Cost (LCC) analysis, payback period analysis, Net Present
Value (NPV), and sensitivity analysis are critical for cost evaluation (Blomberg et al). In
addition, integrating BIM with lean construction techniques enhances workflow efficiency,
reducing reworks and promoting sustainability (Teo et al., 2022). Studies by Wu et al. (2022)
reveal that productivity in MEP installations can be significantly improved through BIM-led
collaboration and quality control mechanisms. Emerging trends include the integration of
Digital Twins with BIM to optimize energy efficiency and sustainable practices. The fusion of
these technologies with IoT, big data analytics, and blockchain presents new opportunities for
real-time data processing, automation, and efficient resource utilization (Chen et al., 2022).
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However, challenges such as high initial costs, interoperability issues, and lack of
training hinder the widespread adoption of BIM (Ullah ef al., 2019). A key concern remains the
alignment of cost estimation models with real-world scenarios, necessitating more accurate first-
cost estimation models for green buildings (Gashaw et al., 2023). Studies also highlight that
property values are influenced by collective green building variables rather than individual
factors, necessitating a work package-based approach to project evaluation. BIM integration
improves MEP coordination and constructability (Wang et al., 2016). Studies on MEP system
optimization through BIM reveal substantial cost reductions and enhanced project outcomes
(Partl et al., 2019). Additionally, smart material management within BIM-based MEP designs
has shown improvements in resource control and construction accuracy (Feng & Lin, 2017).
Research on the Shanghai Disaster Control Centre demonstrates how BIM can detect and
resolve MEP clashes, reducing costs and improving construction efficiency (Shou et al., 2013).

4.0 Research Methodology

The research methodology comprises of 10 semi-structured interviews which were
conducted with industry experts from various professional backgrounds in this domain, with
experience ranging from 2 to 25 years. The method was used to collect the data through a
qualitative approach. Therefore, the questionnaire was designed after careful consideration of
existing literature in the domain of managing BIM in MEP projects. These interviews provided
valuable insights into our research questions, capturing a range of perspectives from different
domains. After analysing the responses, the findings were synthesized from ten interview
reports, integrating key insights to form a comprehensive summary of the data collected.

Table 1: List of Respondents

Sr. No. Designation Experience in MEP Projects
1 MEP Costing Manager 8 years
2 Senior Engineer 3 years
3 Director 25 years+
4 Assistant Professor 5 years+
5 Founder 19 years
6 BIM Process Engineer 9 years
7 Senior Design Engineer 10 years
8 BIM Engineer 2 years
9 BIM Engineer 12 years+
10 Founder 21 years+

The questionnaire’s layout and response analysis are the main topics of this section. A
thorough summary was produced by synthesizing the most important findings from 10 interview
reports after the data was reviewed. A summary of the semi-structured interviews is provided
below.
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5.0 Data Analysis and Findings

The questionnaire’s layout and response analysis are the main topics of this section. A
thorough summary was produced by synthesizing the most important findings from 10 interview
reports after the data was reviewed. A summary of the semi-structured interviews is provided
below.

5.1 Common challenges in managing MEP projects

e Regular Design Modifications: Rework, delays, and cost overruns result from ongoing
changes.

e (Co-ordination and Spatial Conflicts: Inefficiencies arise when plumbing, electrical, and
mechanical services are not aligned.

o Time and Cost Management: Project viability is impacted by financial limitations and
execution hold-ups. Problems with Clash Detection: For a project to be completed
smoothly, conflicts must be found and resolved. Lack of Skilled Staff: There is a dearth of
qualified experts in MEP services.

e Inadequate Awareness and Training: MEP engineers do not have access to organized
training programs.

e Complete MEP Management: It can be difficult to oversee every facet (design, costing,
implementation, and quality). Ensuring smooth integration across various MEP systems is
known as inter-service coordination.

5.2 Impact on project timeline and cost

e Delays: Coordination issues, design revisions, and execution inefficiencies extend project
timelines.

e Cost Overruns: Rework, scope changes, and mismanagement result in increased costs.

¢ Quality Compromises: Lack of focus on quality may lead to functional failures.

e Local Resistance and Regulatory Coordination: Delays due to compliance requirements and
resistance from local authorities.

5.3 Strategies to mitigate these challenge

e Early Design Finalization: By completing designs early on, uncertainties can be reduced.

e Advanced Planning: Planning MEP tasks ahead of time to provide a more seamless
execution.

o Frequent Stakeholder Coordination: Better team-to-team communication.

e Risk identification and mitigation: Preventing serious problems by addressing possible
hazards early.

e Training and Upskilling: Giving MEP experts practical instruction.
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Employing Professional Consultants: Bringing in experts from the field to assist with design
and implementation.

Using BIM for Clash Detection: Making use of BIM tools for mistake reduction and spatial
planning.

Systematic handling of design modifications to reduce interruptions is known as a change
management system.

5.4 BIM software used in MEP projects

Preliminary design layouts and 2D drafting are done with AutoCAD.
Revit MEP: cooperation between BIM, MEP design, and 3D modeling.
Visualization, project review, and clash detection in Navisworks.

Real-time data sharing, project tracking, and cloud-based collaboration are all features of
BIM 360.

5.5 Benefits of using BIM in MEP projects

Decreased Errors and Rework: Costly site updates are avoided with early clash detection.
Better Cooperation: Better collaboration between various stakeholders and teams.

Time and Cost Efficiency: Better budget control and less waste are achieved through
optimized planning.

Improved Visualization: MEP plans may be clearly understood thanks to 3D
representations.

Better Safety and Quality: By increasing design correctness, BIM guarantees better project
quality.

5.6 Challenges in using BIM for MEP projects

High Initial Cost: Implementing BIM calls for a large financial outlay.

There is a shortage of qualified individuals with experience in BIM applications.
Interoperability problems include trouble integrating BIM with older systems and other
tools.

Opposition to Change: A number of stakeholders are reluctant to abandon conventional
approaches.

Complexities of Data Management: It can be difficult to handle big files and guarantee data
accuracy.

5.7 Addressing BIM limitations

Frequent Training Programs: enhancing teams’ proficiency to enhance the adoption of BIM.
Phased Implementation: To facilitate the transition, BIM is gradually integrated.
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e Enhancing Interoperability: Creating a more seamless connection between BIM and other
building instruments.
e Standardizing BIM Protocols: Creating consistent industry-wide BIM execution strategies.

5.8 Compliance and guidelines in BIM usage

o SO 19650 (International BIM Standards)

e National Building Code (NBC) for India

e ASHRAE, NEC, UPC, NFPA (Mechanical, Electrical, Plumbing, Fire Protection Standards)
e  British Standards, European Norms (EN), IEC Guidelines

5.9 Future potential of BIM in industry 5.0

e Human-Centric Approach: BIM will enable better collaboration between humans and
machines.

e Sustainability: Pertains to the optimization of energy consumption and the minimization of
material waste.

e Resilience: BIM-based simulations enhance disaster preparedness and safety.

e  Skill Development: Using BIM for worker training and automation

5.10 Desired advancements in BIM for MEP projects

e Al and Automation: Al-based clash detection and design optimization.

o Augmented and Virtual Reality: Improving design visualization and on-site coordination.
e Cloud and IoT integration: Enables real-time project tracking and better decision-making.
o 3D printing: Facilitates rapid prototyping and prefabrication utilizing BIM models.

e Improved User Interfaces: Making BIM tools more intuitive and user-friendly.

5.11 Additional insights on BIM adoption

o BIM should be used in all MEP projects. Experts underline the benefits of efficiency and
cost reductions.

e Leadership and Training Are Important: Providing structured training to stakeholders to
encourage their use of BIM.

e BIM represents the future of MEP project management: Continuous improvements will
further transform project execution.

6.0 Conclusions, Limitations and Directives for Future Research
6.1 Conclusions
In Mechanical, Electrical, and Plumbing (MEP) projects, the application of Building

Information Modeling (BIM) has improved resource management, reduced errors, and
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transformed coordination. The growing complexity of MEP systems and the need for digital
solutions are highlighted in this study. Better visualization, early clash detection, and smooth
collaboration through real-time data sharing are all made possible by BIM.

Ten experts in MEP (mechanical, electrical, and plumbing) project management were
interviewed; the interviews provide light on typical problems, solutions, and the function of
BIM (building information modelling) in the construction industry. Coordination problems
amongst various MEP services and stakeholders, a shortage of qualified staff, frequent design
modifications, cost overruns, and implementation delays are the main obstacles encountered.
These difficulties frequently result in delays, higher expenses, and inefficiency. Experts stress
the significance of early design finalisation, stakeholder cooperation, risk management, and
effective communication in order to address these problems. Using BIM tools, such as Revit,
Navisworks, and BIM 360, is a standard procedure to increase project productivity. BIM has
been shown to improve resource allocation, minimise errors, detect conflicts early, and increase
design accuracy. High upfront expenditures, reluctance to adapt, interoperability problems, and
the requirement for specialised training are some of the drawbacks.

6.2 Limitations

o The study is predicated on qualitative information obtained through semi-structured
interviews with just ten individuals in the domain.

o Without using statistical data for analysis, the study depends on the qualitative insights
obtained from ten respondents through interviews.

e According to the opinions of experts, we got varying responses about Industry 5.0’s
potential in BIM for MEP projects. While some experts highlighted its advantages—such as
better decision-making, sustainability, and collaboration—others offered little to no
commentary on the subject. This discrepancy in answers points to a knowledge gap,
implying that Industry 5.0 and its effects on BIM in MEP projects could not be well known
or thoroughly investigated in the sector.

6.3 Directives for future research

e Cost optimization strategies: Future research should look into ways to lower the high
upfront costs associated with implementing BIM, such as modular licensing models catered
to various project sizes, cloud-based BIM services, and affordable software solutions.

e Al automation and BIM: Examining how Al-powered design optimization, automated clash
detection, and predictive maintenance function in BIM software might result in more
intelligent and effective project management.

o Integration with loT and smart sensors: Future studies should look into how combining
BIM with IoT and smart sensors might help with predictive maintenance, energy-efficient
building operations, and real-time MEP system monitoring.

o Sustainability and BIM: Greener and more robust infrastructure can result from examining
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how BIM might support sustainable construction methods including lifespan assessment,
carbon footprint reduction, and energy-efficient design.

o Training and workforce development: To solve the skills gap in the industry, research
should look into ways to upskill construction professionals and include BIM instruction into
university and vocational training programs.

References

Adel, A. (2022). Future of Industry 5.0 in society: Human-centric solutions, challenges, and
prospective research areas. Journal of Cloud Computing, 11, 40.

Aryanti, F. N., Busono, R. R. T., & Siswoyo, S. (2020, April). Implementation of Building
Information Modelling (BIM) Revit to meet the needs of the construction industry. In IOP
Conference Series: Materials Science and Engineering (Vol. 830, No. 4, p. 042054). IOP
Publishing.

Chen, Y., Huang, D., Liu, Z., Osmani, M., & Demian, P. (2022). Construction 4.0, Industry 4.0,
and building information modeling (BIM) for sustainable building development within the smart
city. Sustainability, 14(16), 10028.

Dallasega, P., Revolti, A., Follini, C., Schimanski, C. P., & Matt, D. T. (2019). BIM-based
construction progress measurement of non-repetitive HVAC installation works. In Proceedings
of the 27th Annual Conference of the International Group for Lean Construction (IGLC) (pp.
819-830). Dublin, Ireland.

Doan, D., Ghaffarianhoseini, A., Naismith, N., Zhang, T., & Tookey, T. (2019). What is BIM?
A need for a unique BIM definition.

Feng, C. W., & Lin, W. T. (2017). Smoothing process of developing the construction MEP BIM
model: A case study of the fire-fighting system. In ISARC. Proceedings of the International
Symposium on Automation and Robotics in Construction (Vol. 34). IAARC Publications.

Fernandez Rodriguez, J. F. (2023). Implementation of BIM virtual models in industry for the
graphical coordination of engineering and architecture projects. Buildings, 13(3), 743.

Hadi, A., Cheung, F., Adjei, S., & Dulaimi, A. (2023). Evaluation of lean off-site construction

literature through the lens of Industry 4.0 and 5.0. Journal of Construction Engineering and
Management, 149(12), 03123007.

DOI: 10.17492/JPI/NICMAR/2507090 ISBN: 978-93-49790-54-4


https://www.journalpressindia.com/website/nicmar-nlpgrs-2025/proceedings
https://www.journalpressindia.com/website/nicmar-nlpgrs-2025/proceedings

1034

Converging Horizons in Construction and the Built Environment:
Digital, Sustainable, and Strategic Perspectives

Husin, A. E., Sihombing, S. A., Kussumardianadewi, B. D., & Rahmawati, D. 1. (2020).
Improving the cost performance of mechanical, electrical, and plumbing (MEP) works buildings
in hotel based on Building Information Modeling (BIM) 5D. CSID Journal of Infrastructure
Development, 3(2), 228-236.

Ikudayisi, A. E., Chan, A. P., Darko, A., & Yomi, M. D. (2023). Integrated practices in the
architecture, engineering, and construction industry: Current scope and pathway towards
Industry 5.0. Journal of Building Engineering, 106788.

Igbal, F., Ahmed, S., Amin, F., Qayyum, S., & Ullah, F. (2023). Integrating BIM—IoT and
autonomous mobile robots for construction site layout printing. Buildings, 13,2212.

Jang, S., & Lee, G. (2018). Impact of organizational factors on delays in BIM-based
coordination from a decision-making view: A case study. Journal of Civil Engineering and
Management, 24(1), 19-30.

Khanzode, A., Fischer, M., & Reed, D. (2008). Benefits and lessons learned of implementing
building virtual design and construction (VDC) technologies for coordination of mechanical,
electrical, and plumbing (MEP) systems on a large healthcare project. Journal of Information
Technology in Construction (ITcon), 13,324-342.

Korman, T. M., Fischer, M. A., & Tatum, C. B. (2003). Knowledge and reasoning for MEP
coordination. Journal of Construction Engineering and Management, 129(6), 627-634.

Latiffi, A. A., Brahim, J., & Fathi, M. S. (2016). Roles and responsibilities of construction
players in projects using Building Information Modeling (BIM). In Product Lifecycle
Management in the Era of Internet of Things (pp. 173—182). Springer.

Li, J., & Yang, H. (2017). Research on development of construction industrialization based on
BIM technology under the background of Industry 4.0. MATEC Web of Conferences, 100, 2—8.

Marinelli, M. (2023). From Industry 4.0 to Construction 5.0: Exploring the path towards
human-robot collaboration in construction. Systems, 11(3), 152.

Maskuriy, R., Selamat, A., Ali, K. N., Maresova, P., & Krejcar, O. (2019). Industry 4.0 for the
construction industry—How ready is the industry? Applied Sciences, 9(14), 2819.

Mayer, P., Funtik, T., & Honti, R. (2022). MEP coordination and clash management in BIM and
common data environment. Czech Journal of Civil Engineering, 8(2), 54—63.

DOI: 10.17492/JPI/NICMAR/2507090 ISBN: 978-93-49790-54-4


https://www.journalpressindia.com/website/nicmar-nlpgrs-2025/proceedings
https://www.journalpressindia.com/website/nicmar-nlpgrs-2025/proceedings

Investigations on Applications of BIM for Managing MEP Projects | 1035

Musarat, M. A., Irfan, M., Alaloul, W. S., Magsoom, A., & Ghufran, M. (2023). A review on
the way forward in construction through Industrial Revolution 5.0. Sustainability, 15(18),
13862.

Oberoi, S., & Holzer, D. (2014). The turning point: MEP contractors as the key to achieving
lifecycle BIM. In Product Lifecycle Management for a Global Market (pp. 83—90). Springer.

Parti, R., Hauer, S., & Monsberger, M. (2019, August). Process model for BIM-based MEP
design. In IOP Conference Series: Earth and Environmental Science (Vol. 323, No. 1, p.
012045). IOP Publishing.

Teo, Y. H,, Yap, J. H., An, H,, Yu, S. C. M., Zhang, L., Chang, J., & Cheong, K. H. (2022).
Enhancing the MEP coordination process with BIM technology and management strategies.
Sensors, 22(13), 4936.

Ullah, K., Lill, I., & Witt, E. (2019, May). An overview of BIM adoption in the construction
industry: Benefits and barriers. In /0th Nordic Conference on Construction Economics and
Organization (pp. 297-303). Emerald Publishing Limited.

Ustinovicius, L., Puzinas, A., Starynina, J., VaiSnoras, M., éemiavskaja, 0., & Kontrimovicius,
R. (2018). Challenges of BIM technology application in project planning. Engineering
Management in Production and Services, 10(2), 15-28.

Wang, J., Wang, X., Shou, W., Chong, H. Y., & Guo, J. (2016). Building information modeling-
based integration of MEP layout designs and constructability. Automation in Construction, 61,
134-146.

Wang, W., Guo, H., Li, X., Tang, S., Li, Y., Xie, L., & Lv, Z. (2022). BIM information
integration-based VR modeling in digital twins in Industry 5.0. Journal of Industrial
Information Integration, 28, 100351.

Wang, X., Guo, J., & Director, B. I. M. (2013). An approach of utilizing Building Information
Modeling to optimize MEP layout. In 30th CIB W78 International Conference.

Wu, Q., Chen, L., Shi, P., Wang, W., & Xu, S. (2022). Identifying impact factors of MEP
installation productivity: An empirical study. Buildings, 12(5), 565.

Xu, X., Lu, Y., Vogel-Heuser, B., & Wang, L. (2021). Industry 4.0 and Industry 5.0—Inception,
conception, and perception. Journal of Manufacturing Systems, 61, 530-535.

DOI: 10.17492/JPI/NICMAR/2507090 ISBN: 978-93-49790-54-4


https://www.journalpressindia.com/website/nicmar-nlpgrs-2025/proceedings
https://www.journalpressindia.com/website/nicmar-nlpgrs-2025/proceedings

