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ABSTRACT 

 

 BUILDING INFORMATION MODELLING (BIM) IMPLEMENTATION 

FOR EFFICIENT FACILITIES MANAGEMENT (FM) 

 

 

Erciyas, Ezgi 

Master of Science, Building Science in Architecture 

Supervisor: Asst. Prof. Mehmet Koray Pekeriçli 

 

 

April 2024, 116 pages 

In Building Information Modelling (BIM) based projects, the project models 

developed during the design phase are not directly utilized in the Facilities 

Management (FM) phase. Leveraging these design phase models without 

reproduction in the FM phase is crucial, as it facilitates and expedites the transition 

between the design and FM phases. This aspect warrants particular attention in large-

scale BIM projects. However, projects utilizing the BIM system for FM purposes 

often encounter inadequacies in their models, such as insufficient information or 

low-quality data that fails to meet FM requirements. This study focuses on 

identifying the challenges associated with transitioning from the design stage to the 

FM stage, using a hazelnut plant facility designed by a US Company and an Energy 

Transfer Facility designed by a German Company as case studies. Through 

interviews with project stakeholders from both design companies and a group of FM 

specialists, the research captures diverse perspectives on this issue. By analyzing and 

evaluating the perspectives of different stakeholders, including two distinct design 

companies and a group of FM specialists, this research aims to propose potential 

solutions to facilitate a seamless transition between the design and FM phases. 

Keywords: BIM, FM, Construction Industry, LOD 

 



 

 

vi 

 

 



 

 

vii 

 

ÖZ 

 

VERİMLİ TESİS YÖNETİMİ İÇİN YAPI BİLGİ MODELLEMESİ (BIM) 

UYGULAMASI 

 

 

Erciyas, Ezgi 

Yüksek Lisans, Yapı Bilimleri, Mimarlık 

Tez Yöneticisi: Doç. Dr. Mehmet Koray Pekeriçli 

 

 

Nisan 2024, 116 sayfa 

Yapı Bilgi Modellemesi (BIM) tabanlı projelerde, tasarım aşamasında geliştirilen 

proje modelleri, Tesis Yönetimi (FM) aşamasında doğrudan kullanılmaz. Bu tasarım 

aşaması modellerinin, FM aşamasında yeniden üretilmeden kullanılması, tasarım ile 

FM aşamaları arasındaki geçişi kolaylaştırır ve hızlandırır. Bu konu, büyük ölçekli 

BIM projelerinde özel bir dikkat gerektirir. Ancak, FM amaçlarına yönelik BIM 

sistemi kullanılan proje modellerinde genellikle yetersizliklerle karşılaşılır. Örneğin, 

FM gereksinimlerini karşılamayan yetersiz bilgi veya düşük kalite veri. Bu çalışma, 

tasarım aşamasından FM aşamasına geçişle ilişkilendirilen zorlukları belirlemeye 

odaklanır ve ABDli bir şirket tarafından tasarlanan bir fındık işleme tesisi ve Alman 

bir şirket tarafından tasarlanan bir Enerji Transfer Tesisini vaka çalışmaları olarak 

kullanır. Her iki tasarım şirketinden proje paydaşları ve bir FM uzmanları grubu ile 

yapılan görüşmelerle, araştırma bu konuda farklı bakış açılarını yakalar. Örnek 

projelerden gelen farklı paydaşların; iki farklı tasarım şirketi ve bir FM uzmanları 

grubunun bakış açılarını göz önünde bulundurarak, bu araştırma tasarım ile FM 

aşamaları arasında sorunsuz bir geçişi kolaylaştırmak için potansiyel çözümler 

önermeyi amaçlamaktadır. 

Anahtar Kelimeler: BIM, FM, Inşaat Sektörü, LOD 
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CHAPTER 1  

1 INTRODUCTION  

1.1 Research Problem 

Project models created during the design phase of Building Information Modeling 

(BIM)-based projects are usually not used directly in the Facilities Management 

(FM) phase. However, utilizing these design-phase models directly in the FM phase, 

without the need for reproduction, can facilitate and expedite the transition between 

the two phases. When projects produced with the BIM system are intended for use 

during the FM phase, there may be some inadequacies in these project models. For 

example, there might be an insufficient level of information or the quality may not 

meet the requirements for the FM phase. These deficiencies can hinder their efficient 

use during the FM phase and may require unnecessary additional effort. According 

to Abdulaziz Aldowayan and Fikri T. Dweiri, a BIM project that overlooks the 

operational phase is incomplete. Facility management (FM) should leverage the BIM 

model, especially during this phase, by transferring information effectively. Since a 

significant portion of construction costs occur during operations, enhancements in 

design and construction can greatly benefit subsequent phases. Utilizing BIM 

software early on transforms the construction process, providing comprehensive data 

for informed decision-making and empowering facility managers for independent 

facility management. Furthermore, BIM technology has several benefits in a range 

of FM fields. Early FM involvement in BIM has a big impact on how projects turn 

out, especially in terms of building performance. The ability to automate operations 

and facilitate smooth data transfers and modifications via the 6D BIM model is a 

significant benefit.  By facilitating quick access to accurate information about facility 

components, this integration improves maintenance procedures. According to 
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Ashworth et al. (2016), early BIM integration with FM promotes improved 

information sharing, quicker access to reliable and high-quality data, and easier 

information management. (Ashworth et al., 2016). Furthermore, Wang et al. (2018) 

state that the integration of BIM and FM has made data transfer easier, allowing 

automated updates, and resulted in a significant reduction in building life cycle costs. 

The FM team may now avoid labor-intensive processes associated with data input 

and attribute transfer to the CMMS (Computerized Maintenance Management 

System) thanks to unified digital information from a single source. As a result, this 

has drastically lowered the amount of time needed to obtain pertinent data. 

Therefore, it is crucial to enhance and modify the quality and dimensions of the 

models created during the design phase to satisfy FM needs to effectively use BIM-

based projects in the FM phase. In this manner, the FM process may be streamlined 

and the full potential benefits of BIM can be realized. 

1.2 Objective of The Research 

This research aims to uncover the key characteristics necessary for a BIM model to 

serve effectively during the Facilities Management (FM) phase. It also seeks to 

outline and analyze the challenges encountered when transitioning from design-stage 

models to those suitable for FM. By thoroughly examining these hurdles and the 

processes involved from design to FM, the goal is to propose solutions for a smoother 

transition. The focus is on understanding the inherent difficulties in using design-

stage BIM models directly for FM purposes. Various issues, such as the quality of 

information provided, software compatibility, and the level of detail required for FM 

tasks, will be delved into. By dissecting each stage of the transition process, the aim 

is to pinpoint specific challenges and propose effective strategies to address them. 

Ultimately, the research aims to provide practical solutions to enhance the seamless 

transition from design to FM models.  
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1.3 Research Questions 

The research seeks to investigate a range of critical inquiries relevant to the efficient 

utilization of Building Information Modeling (BIM) models during the Facilities 

Management (FM) phase. These inquiries encompass identifying the fundamental 

attributes of an FM phase BIM model, delineating the impediments to achieving a 

seamless transition from the design phase to the FM phase BIM models and 

determining the necessary features that a design BIM model should incorporate to 

facilitate a smoother transition into the FM phase. Through an extensive exploration 

of these questions, the research aims to furnish valuable insights and 

recommendations aimed at enhancing the integration and efficacy of BIM models in 

the FM phase of building projects. 

The research aims to address several key questions pertinent to the effective 

utilization of BIM models in the Facilities Management (FM) phase. These questions 

include: What are the essential properties of an FM phase BIM model? What are the 

obstacles to a smooth transition between the design stage and FM stage BIM 

Models? What features should a design BIM model contain for a better transition 

into the FM stage? Through a thorough exploration of these inquiries, the research 

endeavors to offer valuable insights and suggestions to improve the integration and 

efficiency of BIM models during the FM phase of construction projects. 

1.4 Hypothesis 

The hypothesis for this study are as follows: 

Incorporation of Comprehensive Information Sets: 

The theory is that the more complete data sets that are connected to the BIM model 

in the design stage, the more useful the model will be for facilities management.  This 

hypothesis suggests that attaching relevant data directly to the BIM model will lead 

to smoother transitions and improved FM operations. 
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Level of Development of the Design Model: 

The hypothesis proposes that the design model must reach a certain level of 

development to adequately support FM activities. By surpassing a specific level of 

development, the design model is expected to provide the necessary detail, accuracy, 

and completeness to meet the diverse needs of facility managers and stakeholders 

during the FM phase. 

Consideration of Sustainability Goals in Design: 

This hypothesis suggests that integrating sustainability goals into the design stage of 

BIM models will result in better FM outcomes. By incorporating sustainability 

principles early in the design process, the resulting facilities are anticipated to 

demonstrate improved performance, efficiency, and resilience during their 

operational phase. 

Definition and Integration of Operation and Maintenance Processes: 

It is proposed that FM practices will be improved by methodically defining and 

incorporating operation and maintenance (O&M) data and procedures into the design 

model. This hypothesis proposes that a structured approach to incorporating O&M 

requirements and procedures during the design stage will lead to more effective asset 

management and maintenance strategies in the FM phase. 

Through the examination and analysis of these hypothesis, the study aims to gain 

insights into the factors affecting the effectiveness of BIM models in supporting FM 

activities and to provide recommendations for optimizing their integration and use 

throughout the building lifecycle. 
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CHAPTER 2  

2 LITERATURE REVIEW 

2.1 Introduction to Building Information Modelling (BIM) and Facility 

Management (FM) 

2.1.1 BIM 

Building Information Modeling (BIM) is a groundbreaking technique for managing 

development and construction projects, set to revolutionize the way buildings are 

designed, built, and operated. This innovative approach uses digital representations 

of physical and functional characteristics, facilitating a more integrated process 

throughout a building's lifecycle. BIM has led to increased profits, reduced expenses, 

enhanced time management, improved performance and forecasts, and strengthened 

relationships among stakeholders. In the Architecture, Engineering, and 

Construction (AEC) industry, BIM makes it significantly easier to integrate the roles 

of architects, engineers, contractors, and facility managers. This integration 

minimizes errors, improves communication, and allows for more informed decision-

making. BIM extends beyond construction, encompassing the design and operational 

phases, and creates highly detailed 3D models used for planning, design, 

construction, and facility management. BIM's benefits are particularly evident in the 

operational phase, where it provides a comprehensive digital repository of 

information for maintenance and future expansions. This capability to manage data 

throughout a building's lifecycle delivers long-term value, underscoring BIM's 

transformative potential. As BIM technology advances, its adoption is expected to 

grow, further enhancing efficiency, accuracy, and collaboration in the AEC industry. 

(Abdullah et al., 2014) 
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2.1.2 FM 

Facilities Management (FM) is a versatile profession responsible for strategically 

planning, maintaining, operating, and enhancing buildings, infrastructure, and 

property owned or utilized by an organization. Initially focused on managing office 

spaces, FM has evolved substantially to encompass a broader range of duties and 

roles. At its core, FM involves optimizing space usage, ensuring upkeep, 

implementing security measures, prioritizing health and safety protocols, promoting 

sustainability practices, and integrating technological advancements. This includes 

regular maintenance of HVAC systems, plumbing, electrical services, and disaster 

preparedness and recovery. FM also involves energy management to reduce 

consumption and meet sustainability goals, along with the integration of digital 

innovations like smart building technologies and Building Information Modeling 

(BIM) systems. Effective communication and collaboration with stakeholders, 

strategic space planning, and management are also key aspects of FM. In essence, 

Facilities Management blends various specialized fields to ensure the efficient and 

effective performance of facilities, supporting the overall goals and operations of the 

organization. As demands evolve, FM professionals must continuously adapt to meet 

new challenges. (Azman et al., 2014) 

2.2 Importance of Information in BIM-FM Integration 

The goal of BIM is to provide unified perspectives covering all facility systems and 

a reliable database of facility information. This makes detailed information on the 

entire system accessible to and analyzed by facility managers. (Akcamete et al., n.d.) 

According to Abdulaziz Aldowayan, and Fikri T. Dweiri, BIM, unlike the usual way 

of sharing information, is a way of designing buildings using digital models. It lets 

owners, builders, and designers easily share information, considering different 

aspects of the project. Many recent studies have shown that BIM is beneficial, 

highlighting its advantages, value, and cost-effectiveness for everyone involved in a 
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construction project. People generally agree that BIM is like a shared knowledge hub 

for the building. It depends on everyone involved in the project to add, remove, or 

update information in the model, and these changes happen right away for everyone. 

If there are problems in the building, it's often because the different groups involved 

don't communicate well. (Eriksson, n.d.) 

Abdulaziz Aldowayan, and Fikri T. Dweiri stated that Facility managers rely on 

information to do their job well. This includes understanding the type of building 

they're in charge of, how systems work, where things are located, and knowing 

manuals, warranties, drawings, contracts, and maintenance schedules. They need to 

read and assess how the building is performing over time, making comparisons with 

other buildings to ensure it meets standards and identifying areas for improvement. 

In simple terms, having the right information helps facility managers make better 

decisions about the buildings they manage. 

According to Teicholz (2013), The building information is typically preserved but 

often remains untouched or infrequently maintained throughout the building's life 

cycle. However, inadequate storage leads to significantly increased costs when 

attempting to retrieve this information. Finding efficient methods to collect, access, 

and update extensive information necessary for effective facility maintenance and 

operation is crucial. In most cases, this information is stored in paper documents 

within existing buildings, presenting accessibility challenges. A considerable 

amount of time is dedicated to locating and confirming past facility and project data. 

When owners prefer computerized maintenance or facility management systems, the 

manual transfer of equipment and building information is necessary, leading to 

delays in system functionality until accurate and comprehensive data are integrated. 

It seems that replacing the data is a more straightforward and economical solution 

than the difficult task of sorting and organizing the original materials. (Tsay et al., 

2022) In addition, the old method requires human data entry, which is expensive, 

wasteful, and inadequate. (Yusnida Ariffin et al., 2023a) 
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BIM is also seen by facility managers as a solution that makes life cycle data gathered 

for FM employment accessible and retrievable. In the event that they decide to use 

BIM, the data and information must be accurate, up-to-date, and suitable for the FM 

team's requirements. It is anticipated that the data will be gathered, maintained, and 

put to use for the whole project life cycle. In a conventional method, the prime 

contractor would give the client access to all asset information after construction is 

finished. (Yusnida Ariffin et al., 2023a) 

According to Ariffin (2023), When designing and managing facilities, it's essential 

to take a holistic approach. This means having a well-thought-out plan for both 

constructing the building and handling its ongoing management. Building assets 

come with a wealth of information, much of which is crucial for day-to-day 

operations managed through specific software in facility management. If all this vital 

information could be included in the building's model, users wouldn't require a 

separate system to handle assets. Instead, they could access all necessary data from 

one database, streamlining facility operations for greater efficiency. 

2.3 Integrating BIM for Advanced FM: Benefits, Challenges, and 

Opportunities 

Several reports highlight the considerable advantages of utilizing Building 

Information Modeling (BIM) in Facility Management (FM). As pivotal participants 

in BIM projects, facilities managers (FMs) should possess a thorough grasp of the 

BIM workflow and acknowledge the significance of BIM data in the operational 

stage. (Yusnida Ariffin et al., 2023a) 

2.3.1 The Importance of Accurate and Appropriate BIM Adaptation in 

FM 

For the FM, using BIM early in a project is more beneficial than during the design 

and construction stages. When Building Information Modeling (BIM) and facility 
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management join forces, it results in more streamlined building operations. BIM's 

detailed 3D models empower managers to make smarter decisions about resource 

planning. This collaboration not only allows for the early identification of 

maintenance needs but also enables improvements in energy efficiency and overall 

building performance. As a consequence, property owners and managers gain the 

advantage of more sustainable, cost-efficient, and secure facility management 

practices. Thus, the integration of facility management and BIM becomes essential 

for enhancing standards in the construction and real estate sectors, contributing to 

their long-term sustainability objectives. (Yusnida Ariffin et al., 2023b) 

 According to Abdulaziz Aldowayan, and Fikri T. Dweiri, A BIM project that only 

focuses on the design and construction phases and neglects the operational phase is 

incomplete. Additionally, facility management (FM) should fully utilize the BIM 

model, especially during the operational phase, by carefully transferring information. 

The majority of construction project costs occur during the operational phase, and 

improvements made in the design and construction phase can significantly enhance 

the subsequent operational and maintenance phases. Therefore, using BIM software 

in the early stages of construction projects becomes a powerful tool to transform the 

building construction process. This transformation provides comprehensive and 

reliable information, facilitating better decision-making. Proper documentation 

empowers facility managers, allowing them to independently manage facilities. The 

transfer of information in the facilities management (FM) phase of projects and the 

accurate utilization of this information have not been fully resolved and systematized 

yet. (Yusnida Ariffin et al., 2023a) For an improved and more effective integration 

of BIM into the Facility Management (FM) phase, it is essential to align project 

requisites with the guidelines specified in BIM ISO 19650. By using building 

information modeling (BIM), this international standard, ISO 19650, regulates the 

management of information during the whole life of a developed asset. (BIM). 

Despite the existence of ISO 19650, a standard designed to regulate the asset 

information distribution process, its practical applicability and effectiveness remain 

uncertain. (Yusnida Ariffin et al., 2023b) 
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2.3.2 Gaps in BIM Adaptation Processes for FM 

Many Facility Management professionals struggle to recognize and comprehend the 

benefits that Building Information Modeling (BIM) offers to their work. Their lack 

of understanding of BIM makes it challenging for them to accept and utilize it 

effectively in Facility Management. Consequently, this inability to grasp the 

advantages of BIM prevents them from enhancing Facility Management practices 

and results in limited adoption within the industry. Despite the success of BIM in 

design and construction, its widespread application in day-to-day Facility 

Management operations remains limited due to the hesitance of FM organizations to 

invest in this technology. The shortage of BIM experts and the absence of a clear 

implementation strategy further hinder its broader acceptance in the FM sector. 

Incorporating facilities management early in BIM projects is vital for a smoother 

integration of BIM into the operation and maintenance phase. However, because of 

limited experience in implementing BIM and constraints in its application within 

Facility Management, the complete advantages of BIM in FM are not fully realized. 

If FM companies lack a comprehensive grasp of BIM and its benefits, they may 

encounter difficulties when integrating BIM into their established procedures. This 

highlights the significance of FM organizations acquiring a deep understanding of 

BIM before seamlessly integrating it into their operations. Before FM companies can 

effectively integrate BIM into their practices, they must first gain a comprehensive 

understanding of its potential benefits, highlighting the necessity of a solid grasp of 

BIM before its successful integration. (Yusnida Ariffin et al., 2023a) 

Ashworth et al., (2016) noted that most Facility Management (FM) practitioners 

recognize the existence of building information modeling (BIM) and anticipate its 

substantial influence on the FM sector. However, survey findings indicate a lack of 

precise understanding within the FM industry regarding the exact interpretations and 

practical uses of BIM. This ambiguity prompts queries among FM professionals 

about the necessary steps and strategies required to successfully integrate and 

embrace BIM in their field. Consequently, while FM experts acknowledge BIM's 
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potential impact, there persists a lack of clarity concerning its specific applications 

and the essential measures needed for its efficient implementation within Facility 

Management. BIM usage can help facility managers improve building performance 

and manage operations more efficiently throughout the life cycle of structures. For 

the BIM efforts, there is a lack of clarity about who is responsible for entering data 

into models and databases, real-world examples, or evidence of a positive return on 

investment. The fundamental divide between project-based and lifetime 

management is also one of the most difficult components of incorporating BIM into 

FM practices. Most businesses that have owned or operated buildings for a long time 

have a large portfolio and use a software platform to handle their FM data. One of 

the issues is the lack of up-to-date information, integration, and openness across the 

many FM activities. 

Hilal et al., (2019) highlight the conspicuous absence of research on the integration 

of Facility Management (FM) and Building Information Modeling (BIM) methods. 

To facilitate a smoother integration, FM experts need to recognize and address the 

primary hurdles obstructing the convergence of BIM and FM. These obstacles often 

arise from entrenched work processes, existing management frameworks, or 

technological limitations. Identifying these challenges is critical as they impede the 

broader and more comprehensive implementation of BIM in FM operations. 

Overcoming these barriers is essential to ensure a seamless and efficient integration 

of BIM into Facility Management practices. This emphasizes the importance of 

gaining a deeper insight into the impediments preventing the harmonious integration 

of BIM and FM. 

Another concern is that the heterogeneity and lack of compatibility of the existing 

FM systems is a significant barrier, even though some FM software is BIM-capable. 

Understanding how various aspects (design, construction, and FM) are adopting 

BIM and what their primary interests and competencies are was made possible 

through the usage of BIM maturity matrix models to demonstrate maturity levels. In 

order to improve communication between clients, designers, and contractors, it also 

advocated making explicit the range of alternative services that BIM may offer. 
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However, it is important to highlight that the use of BIM maturity matrices for FM 

requires adaptation to be more related to the FM practice and its intricacies. The 

barriers associated with the change in technology can be overcome with training, but 

the implementation of BIM requires first that organizations become aware of their 

own inefficiencies, so the adoption of BIM is purposeful; an organization that does 

not know its problems, cannot improve them. (Kiviniemi & Codinhoto, n.d.) 

2.3.3 Benefits of BIM Adaptation to FM 

There are numerous potential advantages for FM operations when using BIM in these 

various fields. (Yusnida Ariffin et al., 2023b) The integration of BIM and FM offers 

benefits such as time reduction, decision-making support, enhanced documentation, 

decreased operational costs, improved collaboration, clash detection, and 

information updating. (Aziz et al., 2016) Improved collaboration and communication 

among stakeholders foster a more cohesive approach to managing facilities, ensuring 

that all parties are aligned with project goals and objectives. Enhanced data 

visualization and decision-making capabilities empower FM teams to make 

informed choices based on real-time insights, leading to more efficient operations 

and resource allocation. Furthermore, streamlined asset tracking, maintenance, and 

repairs facilitated by BIM enable FM professionals to optimize workflows and 

extend the lifespan of assets, ultimately resulting in cost savings and enabling 

comprehensive life cycle analysis for better long-term planning and sustainability. 

Improved Collaboration and Communication Among Stakeholders 

BIM, through its effective information management, plays a pivotal role in various 

phases of building development. It facilitates efficient handling of modifications, 

fosters enhanced collaboration, streamlines the transition and initiation of buildings, 

widens the spectrum of decision-making, and contributes to improving the return on 

investment. BIM's capability in managing information proficiently supports 
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alteration management, promotes better teamwork, optimizes building handover 

procedures, expands decision-making horizons and ultimately leads to increased 

return on investment. (Aziz et al., 2016) BIM technology has many advantages in a 

range of FM domains. Project outcomes are impacted by early FM involvement in 

BIM, especially in terms of building performance. Among the benefits are automated 

procedures that make data changes and transfers via the 6D BIM model possible. By 

facilitating rapid access to accurate information about facility components, this 

integration improves maintenance procedures. Early BIM integration with FM 

enables better information sharing, faster access to accurate and high-quality data, 

and simplified information. (Ashworth et al., 2016) FM practitioners identify 

enhanced communication and teamwork as a benefit. When BIM and FM are 

combined, important stakeholders in the construction sector may better understand 

and coordinate projects from the outset. The UK BIM Alliance (2019) has 

emphasized that the foundation of the ISO 19650 series is effective teamwork and 

collaboration. 

Enhanced Data Visualization and Decision Making 

Large amounts of graphical and non-graphical data are managed by BIM-FM 

integration in libraries, necessitating the use of strong applications for efficient 

information sharing. Giving non-graphical data priority over graphical data during 

the operation and maintenance phase facilitates easy entry into the FM system. Using 

BIM models aids in equipment location visualization, saving time in retrieving 

information. It provides facility managers with reliable spatial insights and analytical 

capabilities. (Yusnida Ariffin et al., 2023a) Various difficulties like space 

management and guaranteeing clash-free designs have been successfully addressed 

by effective communication among stakeholders, especially the design team. As a 

real-time visualization technology, BIM may be used to create 3D visual 

representations of places, showing objects and their exact placements. Consequently, 

integrating BIM with FM will lead to enhanced marketing strategies, bolstered 
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decision-making processes, and an improved user experience. (Yusnida Ariffin et 

al., 2023a) 

Streamlined Asset Tracking Maintenance and Repairs 

Bolshakov et al., (2023) claim that employing Building Information Modeling (BIM) 

at the operation and maintenance (O&M) stage can save costs and facilitate improved 

collaboration amongst the many parties involved. According to Marmo et al., (2019), 

integrating BIM with Facility Management (FM) can also improve indoor comfort 

and streamline daily operations. In simpler terms, using BIM during the O&M phase 

helps cut costs and improves teamwork among different parties involved. Also, when 

BIM is integrated with FM, it makes indoor spaces nicer and helps handle daily tasks 

more effectively. This shows how BIM can be helpful in reducing expenses and 

making things run smoother in maintaining buildings. Integrating BIM with FM 

offers the advantage of streamlining business processes throughout operation and 

maintenance. (Yusnida Ariffin et al., 2023a) Through 3D visualization, the FM team 

can efficiently assess designs aligning with business goals, operational needs, and 

maintenance requirements, thereby offering suggestions for design improvements. 

Cost Saving and Life Cycle Analysis 

BIM 6D is predominantly focused on enhancing the efficiency of Facility 

Management (FM) practices, and this objective appears to align with the overall life-

cycle performance of the building, thereby contributing to its sustainability. (Nicał 

& Wodyński, 2016) Furthermore, it conserves both workforce resources and reduces 

expenses by saving time typically spent inputting data into Facility Management 

(FM) tools. This efficiency not only preserves human resources but also minimizes 

costs by eliminating the need for extensive data input into FM tools, ultimately 

saving time and money. (Mohanta & Das, n.d.) Moreover, BIM-FM integration 

supports building analysis, especially in sustainability efforts aimed at reducing 
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environmental impacts and operational costs significantly. FM professionals 

acknowledge the substantial advantages associated with integrating BIM into FM, 

especially in terms of optimizing building performance through efficient data and 

information management across the building's entire lifecycle. A critical necessity 

exists to bolster comprehension of BIM technology within the FM sector, with a 

primary emphasis on involving FM workers to amplify facility performance. 

Information management procedures will be streamlined and FM service delivery 

will be significantly improved, according to practitioners in the field. It guarantees 

thorough and well-organized information transfer from the building's conception to 

its eventual demolition by starting BIM-FM integration early on. This proactive 

approach helps maximize the efficiency and effectiveness of facility management 

practices throughout the building's lifecycle. (Yusnida Ariffin et al., 2023a) 

Combining these processes is anticipated to reduce the time required for inputting 

data into the FM system, resulting in cost savings across maintenance and 

operational expenditures. Furthermore, this integration allows for a more 

comprehensive understanding of expenditure and usage patterns, thereby presenting 

opportunities for enhancing energy efficiency and operational savings.  

As per Wang et al. (2018), the integration of BIM with FM has enabled a significant 

reduction in overall building life cycle costs and facilitated automated updates and 

seamless data transfer. Access to unified digital information from a singular source 

allowed the FM team to bypass labor-intensive tasks related to data input and 

attribute transfer to the CMMS (Computerized Maintenance Management System). 

Consequently, these measures notably reduced the time needed to access relevant 

data. Furthermore, Building Information Modeling (BIM) supports various Facility 

Management (FM) responsibilities such as lease agreement preparation, market 

research, space management, and conducting customer satisfaction surveys 

(Miettinen & Paavola, 2014) 

The advantages of BIM integration with FM are carried over from earlier phases, 

like design and construction. When applied during the operational phase and aligned 

with organizational goals, BIM-FM offers long-term benefits. Its successful 
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implementation requires readiness within the FM organization for this change. 

Integrating BIM with FM helps resolve data transfer interoperability issues 

effectively and contributes to reducing the building's life cycle costs. (Yusnida 

Ariffin et al., 2023a) 

2.3.4 Barriers and Challenges in BIM Adaptation Processes for BIM 

Although BIM technology has many benefits, the literature that is now available 

identifies obstacles to its use in Facility Management (FM). Furthermore, there are 

differences in the way that FM is valued in the built environment. The construction 

industry currently needs a cultural change to acknowledge FM as a critical 

component of the entire process. The lack of facility managers in the early stages of 

a building's life cycle is the main barrier to the adoption of BIM. During the decision-

making process, facility managers are unable to ascertain crucial data required for 

sustainable maintenance and operation because of this lack. (Al-Kasasbeh et al., 

2021) 

As a result, BIM has the ability to transform the project delivery process 

fundamentally. (Sabol, n.d.) Nonetheless, research reveals that BIM has yet to be 

successfully implemented over a broader spectrum for facility maintenance and 

operation Smart Market Report (2014). One explanation for this outcome is that the 

owners have difficulty evaluating the quality of the given models. As a result, many 

project owners fail to include FM information requirements in contracts and project 

specifications. To put it another way, you can't ask for something you can't evaluate. 

The growing adoption of BIM in the AECO business has opened up a slew of new 

opportunities for practitioners to share and use data. Downstream information users, 

such as FM practitioners, can benefit greatly from high-quality BIMs. However, 

determining the quality and use of provided BIMs for owners is a substantial 

difficulty that necessitates additional investigation. (Zadeh et al., 2017) 
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Investigations reveal that facility managers are not viewed as important players, even 

when they are involved in the early phases of the project. Additionally, one obstacle 

to the effective application of BIM is the inexperience of facility managers with the 

technology. Several phases are included in the facility life cycle: design, 

construction, commissioning and handover, operation and maintenance, and 

conception and planning. Similar differences exist in the BIM data requirements of 

various operation and maintenance professionals working on various types of 

facilities. Consequently, there is a horizontal and sequential flow of information 

between these levels. For efficient decision-making throughout the operation and 

maintenance (O&M) phase, it is especially important to ensure that the information 

is accurate, appropriate, and of high quality. One of the most difficult tasks for 

owners to complete once a project is turned over is assessing the Information Quality 

(IQ) of the BIM model for facility management. Regretfully, most BIM data is 

created during the design and construction stages, which can result in a number of 

quality problems such as errors, omissions, or excess data. (Yusnida Ariffin et al., 

2023a) 

A number of shortcomings in the incorporation of Building Information Modeling 

(BIM) for Facility Management (FM) were noted by Patacas et al., (2020). These 

gaps include the absence of a thorough framework outlining the entire BIM-FM 

workflow, restrictions on the use of open standards for required data sources during 

the operational phase, and the lack of a Common Data Environment (CDE) that can 

organize unstructured (like documents) and structured (like graphical and non-

graphical) data for construction and affirmation purposes. Despite the widespread 

recognition and advancement of Building Information Modeling (BIM) technology 

on a global scale, various challenges persist in its implementation for Facility 

Management (FM). These challenges encompass concerns related to software 

compatibility, limited awareness of BIM within supply chains, obstacles posed by 

contractual agreements, and communication issues within organizations, as 

highlighted by Jang & Collinge (2020). 
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Enhanced collaboration and improved communication among essential stakeholders 

during the initial project phases pose significant challenges. In order to maintain the 

building's functionality over the course of its full life cycle, facility management 

requires enhanced collaboration and communication amongst key stakeholders from 

the very beginning of a project. (Yusnida Ariffin et al., 2023a) Individuals need to 

acquaint themselves with BIM and its technological aspects, especially considering 

that BIM is relatively new in the field of FM. Insufficient information may lead to a 

lack of awareness and unfamiliarity with BIM technology, potentially hindering its 

adoption and implementation. (Yusnida Ariffin et al., 2023a) 

Kassem et al., (2015) identify significant hurdles hindering the widespread adoption 

of Building Information Modeling (BIM) in Facility Management (FM), particularly 

within the building construction sector. Two primary factors contribute to difficulties 

in utilizing BIM for FM applications. Firstly, challenges emerge when stakeholders 

involved in a project lack the inclination to collaborate during the modeling phase or 

fail to exploit the BIM model fully. Secondly, there's limited client awareness, 

coupled with a shortage of BIM expertise and inadequate understanding among 

financial management professionals, exacerbating the problem. This presents a 

substantial challenge because the sustained effectiveness of BIM processes and 

models necessitates continuous engagement from facility managers, both for the 

building itself and its owners. (Aldowayan et al., n.d.) 

2.4 Meeting Facility Management Expectations in the BIM Process 

Understanding the intricacies of the information-rich BIM process poses a 

significant challenge for FM professionals. This process entails a vast amount of 

information that individuals need to read, comprehend, and internalize. Overcoming 

these challenges is a crucial step for FM experts to fully grasp the potential offered 

by BIM and effectively address future facility management requirements. BIM 

requires a paradigm shift in thinking for all stakeholders, emphasizing improved 

planning of client's future information needs right from the project's inception. 
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Unlike traditional facility management approaches, a BIM-centric approach is 

designed to enhance the coordination, efficiency, and long-term performance of 

facilities. (Ashworth et al., 2019) 

There exists a significant relationship between BIM quality and standards. Quality 

data guides the development of BIM standards, which in turn contribute to the 

creation of quality metrics. A framework developed to assess the quality of 

information used in FM through BIM offers a solution to address critical data 

inconsistencies. Typically, emphasizing the quality and integrity of data tailored to 

the needs of FM professionals and organizational requirements underscores the 

necessity for transition data in BIM models to be customized to meet the demands 

of FM teams.(Muhammad & Mustapa, 2020) 

Many FM professionals struggle with where to begin when preparing Employer's 

Information Requirements (EIR). EIR should be defined from the project's outset 

and shaped according to the client's needs. The FM industry requires easily digestible 

guidance documents tailored to FM professionals and client requirements to 

facilitate this process. Full engagement of FM professionals and clients in the BIM 

process is critical. This involves establishing well-thought-out Organizational 

Information Requirements (OIR) and Asset Information Requirements (AIR) from 

the outset. It's essential for FM professionals and clients to create an EIR that clearly 

articulates their information needs and can be acted upon by the supply chain to 

ensure the process's success. FM's expectations from BIM entail adopting and 

managing a clear, organized, and information-centric process from the outset. This 

aims to enhance information flow, clarify objectives, and optimize facility 

management processes to increase operational efficiency and maintenance 

effectiveness. Meeting these expectations has the potential to enhance productivity 

and collaboration in both the facility management and construction sectors. 

(Ashworth et al., 2019) 

A suggestion has been made to adopt a model-centric method for acquiring and 

transferring facility data. This proposal includes a structured six-step process for the 
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digital handover of facility data, detailing how to define, capture, and store data into 

BIM, followed by exporting it to the FM system with automatic linkage. This 

approach removes the requirement for third-party software by establishing a direct 

connection through a plug-in, enabling seamless data tracking between the BIM 

model and the FM system. BIM provides a unified platform for gathering and 

analyzing construction-related information across various domains and stakeholders 

involved in a building project. Given the diverse nature of FM practices, the 

information demands vary accordingly and must be precise to address specific FM 

tasks. Transmitting excessive information to FM or collecting unnecessary data in 

anticipation of potential needs during earlier phases is not conducive to effective 

BIM-FM integration. Owners should thoroughly define their information 

requirements for all FM tasks during the operational phase, accommodating these 

needs as early as possible, even though there are currently no contractual 

arrangements to support this. Further advancements in BIM adoption standards are 

expected to enhance the interoperability of proprietary standards like IFC and 

COBie, facilitating improved data exchange between different systems and domains. 

(Muhammad & Mustapa, 2020) 

2.5 Enhancing Efficiency: Integrating COBie for Facility Management 

COBie (Construction Operations Building Information Exchange) is a data exchange 

standard that facilitates the sharing and exchanging of building information in a 

standardized format during construction operations. It documents and shares 

building data digitally, including equipment, materials, warranty information, 

maintenance instructions, and other pertinent details. COBie can be integrated with 

other digital systems such as Building Information Models (BIM) and utilized to 

optimize facility management processes. 

According to Lavy & Jawadekar, Today's buildings are quite complex, and having 

the right information to run and take care of them is super important. This info helps 

keep track of building parts, find issues, and quickly respond to requests. Each 
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building part has a cost, so having a correct equipment list is crucial for planning and 

budgeting. Usually, facility managers get most of their info from the construction 

folks right before people start using the building. This is thought to be the best time 

to gather and organize all the details. The accuracy and availability of this data, from 

design to construction and maintenance, really affect how well the building is 

managed. If this info is missing, it can lead to higher costs, problems in how the 

building runs, and delays in helping clients. Fixing and maintaining things become 

more time-consuming and expensive without a good equipment list. Keeping track 

of inventories is key for making sure projects are reliable, costs are estimated well, 

emergencies are handled properly, and important decisions can be made. Because 

most building data is made during construction, it's vital to collect and organize it 

well from the beginning of the project. Building Information Modeling (BIM) is a 

useful tool for this, acting as a kind of "portal" for managing the building throughout 

its life. Contracts usually ask for data to be handed over in paper documents at the 

end of the project, including lists of equipment, product details, warranties, spare 

parts, and maintenance schedules. Doing this at the end can be costly since much of 

the info has to be redone. Construction Operations Building Information Exchange 

(COBie) makes this process simpler by providing a standard way to exchange data 

between construction and maintenance. 

The idea of using BIM as a data source and COBie as a data format is relatively new 

in facility management. BIM, initially introduced in design and construction, offers 

long-term advantages throughout the building's life cycle. However, the 

implementation of these concepts faced limitations due to a lack of long-term 

planning during design and construction and insufficient knowledge of these 

techniques. 

Key recommendations include: 

A. Establishing Data-Sharing Clauses in Contracts: 

Create an organization-wide framework for contracts between the owner, architect, 

general contractor, subcontractors, and other stakeholders. Include clauses for data 
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sharing throughout the building's life cycle to prevent inconsistencies and 

inaccuracies. 

B. Standardizing Data Formats: 

Ensure that data is created in standard and easily accessible formats (e.g., IFC for 

BIM, PDF for drawings, Excel for inventory) during the appropriate phases of a 

project. 

C. Implementing Organization-Wide Data Formulation Processes: 

Establish organization or campus-wide processes for data formulation to be followed 

by all new construction projects, similar to the approach taken in the three projects 

studied. 

D. Building Personnel Knowledge: 

Equip facility management (FM) personnel with knowledge of BIM concepts, 

standards, formats, and inventory information. Involve them in the planning process 

for database formulation. 

E. Early Involvement of Stakeholders: 

Bring all stakeholders, including architects, general contractors, subcontractors, 

BIM/COBie data consultants, and facility personnel on board from the early design 

and construction phases. This ensures critical information for the COBie database is 

collected and enables instant data handover after construction. 

Enhancing collaboration, establishing standards, and involving key personnel from 

the early stages of a project are crucial for successful BIM and COBie 

implementation in facility management. To study the impact of using Building 

Information Modeling (BIM) and Construction Operations Building Information 

Exchange (COBie) on facility management, quantifiable data is essential. This data 

is necessary to validate the claim that these concepts improve facility management. 

Proper data formulation processes, starting from the design phase to building 

handover, are crucial. Storing data such as response times and inventory changes 
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through a Computerized Maintenance Management System (CMMS) provides 

quantifiable data for statistical analysis. Employing BIM for database formulation 

and COBie as a data formatting tool influences facility management in terms of 

gathering robust inventory data for preventive maintenance. Data generated during 

design and construction should be maintained and handed over to the facility 

management department in BIM format or agreed on interoperable formats through 

COBie. This practice may enhance data value and lead to time and cost savings 

throughout the building's life cycle. Using COBie as a data handover tool proves 

beneficial, storing data from BIM and other sources. It works alongside the BIM 

model to extract space information and integrate inventory details, preventing 

interoperability issues and serving as a universal data repository.(Lavy & Jawadekar, 

n.d.) 

2.5.1 Seamless Data Integration Leveraging COBie Standard 

Before exporting data from BIM software, it is essential to examine the creation 

process and data quality of a BIM model. (Zadeh et al., 2017) To ensure data 

integrity, an accepted standard file format should be determined and adopted. 

(Howard & Björk, 2008) Currently, two standard file formats widely adopted under 

different circumstances are IFC and XML. COBie is an international standard that 

provides managed asset information and organizes building data in a series of related 

worksheets. Recognizing the significance of the COBie standard, many BIM 

software platforms support COBie and can export data to standard worksheets. (East, 

2018) 

2.5.2 Streamlining Facility Management Processes and Optimizing 

Project Data Utilization 

According to (Lavy & Jawadekar, n.d.) Building owners may adopt various FM 

software solutions to streamline facility management tasks. However, these 
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platforms typically require extensive data entry to become operational. Facilitating 

the data entry process by directly transferring data from COBie standard worksheets 

to FM software is a crucial step. To ensure effective utilization of project data from 

a building's BIM model during its operational and maintenance phases, an approach 

embracing the 'COBie standard' as a project data transfer medium is proposed. This 

approach underscores the capability of BIM software to export files compatible with 

the COBie standard, thus simplifying data transfer to FM software. 

2.5.3 Standardizing Data Description and Enhancing Efficiency Through 

Integration 

COBie standard worksheets are designed to describe or record different aspects of a 

building under various categories. By adopting the British COBie standard BS 1192-

4, it is recommended to export data from the BIM model into an electronic 

spreadsheet file following the COBie standard format. Subsequently, this data can 

be readily imported into FM software. FM software provides various modules to 

streamline facility operation and maintenance. However, these modules often 

necessitate manual data entry to become fully functional. This study aims to expedite 

the data entry process by directly copying or transferring project data from COBie 

standard worksheets to empty FM module sheets. (British Standards Institution, 

2014) 

2.6 Optimizing Facility Management: Harnessing the Power of CAFM 

Integration 

CAFM (Computer-Aided Facility Management) refers to the use of computer-based 

systems to support facility management processes. CAFM systems provide various 

tools and functionalities for the maintenance, monitoring, management, and 

operation of buildings and facilities. These systems typically operate in areas such 

as space management, equipment maintenance, inventory management, building 
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security, and energy efficiency. CAFM can assist facility managers in making more 

informed decisions and optimizing operations through database-driven solutions. 

CAFM is an advanced instrument that combines a computerized network system and 

centralized data collection to merge both graphic and non-graphic information 

seamlessly. Facility experts employ CAFM systems to monitor and oversee various 

assets associated with facilities, facilitating a more streamlined assessment of space 

usage. These systems collect and store data on structures and facilities, forming a 

comprehensive database that minimizes the risk of issues and emergencies 

throughout usage, reconstruction, or dismantling. The importance of these software 

solutions goes beyond just averting injuries during reconstruction; they play a crucial 

role in enhancing overall facility safety. (Nur Nasuha Tuan Ibrahim & Awang, 2022) 

Computer-Aided Facility Management (CAFM) serves as a tool for efficiently 

organizing and overseeing diverse activities related to facility assets. This 

encompasses client contracts ensuring awareness of equipment, locations, and 

services provided. It also involves material, stock, purchases, and equipment 

replacement for repairs, along with procurement, subcontractor services, and 

management. CAFM extends to service delivery based on service level agreements, 

reactive maintenance, work history on equipment, and the strategic approach 

employed for asset management, complete with engineering instructions and 

scheduling.(Elmualim & Pelumi-Johnson, 2009) 

Keller & Keller (2004.) highlight that CAFM can range from a straightforward space 

management tool to a comprehensive suite of applications. These applications 

encompass maintenance and operations, facility budgeting and accounting, 

construction and project management, space inventory and management, 

architectural and interior planning, space forecasting, telecommunications and cable 

management, lease, and property management, as well as furniture and equipment 

management. 

Typically structured as database-oriented systems, CAFM systems possess 

knowledge about buildings, making integration with knowledge-based systems for 
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predictive control feasible. The integration of CAFM systems contributes 

significantly to the business functions of facilities management and organizations. 

The benefits extend to various organizations, offering advantages such as 

streamlined data sharing across departments, reduced management time through 

faster processing, cost savings, minimized crisis management, decreased errors, 

lower personnel requirements, enhanced information control, improved product 

quality, and avoidance of penalty clauses. The practical necessity of connecting, 

integrating, or opening up facilities management and building automation systems is 

emphasized to achieve a unified software architecture. This involves extending the 

functionality of a standard management tool capable of handling both facility 

management and building control networks (Thomoson and Plouffe, 1999). 
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CHAPTER 3  

3 MATERIAL AND METHOD 

3.1 Material of Research 

In this research, two different companies one in the U.S. and the other in Germany 

are investigated regarding how they incorporate Building Information Modeling 

(BIM) and Facility Management (FM) processes in their projects. There were 

attendees of 9 people from U.S. Company and 9 people from German Company who 

are experienced in BIM. Even though the projects themselves differ, with one 

involving a Hazelnut Plant Facility in the U.S. and the other an Energy Transfer 

Facility in Germany, they share similarities in terms of project type, size, and Level 

of Development (LOD) detail level. In addition to gathering insights from 

participants representing two design firms, a group consisting of 5 individuals 

experienced in Facility Management (FM) was formed. This group comprised 3 FM 

Specialists and 2 BIM Consultants with FM Experience. The same set of questions 

was posed to this group as well. By incorporating perspectives from both designers 

and FM experts, the research aimed to evaluate diverse viewpoints at both ends of 

the spectrum, thus achieving more efficient and realistic outcomes. 

The First Project: 

Hazelnut Plant Facility by U.S. Company has a 38.840 sqm area (further information 

is not provided due to confidentiality). 55% part of this facility is in use and the rest 

of it is still under the design phase according to the information collected in 

December 2022.  

BIM LOD requirements vary as per the design stages: 

• Concept Design – LOD100 
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• Preliminary Design – LOD200 

• Permitting Design – LOD300 

• Detail Design – LOD350/LOD400 

9 employees from both the design team and the client are selected for this study. The 

employees of the design company and the client company have experienced both the 

design and facility phases of the same project. 

The employees of the U.S. Company and their roles in the project are as follows: 

1. Attendee 1: Project Manager 1 (PM 1) 

2. Attendee 2: Project Manager 2 (PM 2) 

3. Attendee 3: Project Manager 3 (PM 3) 

4. Attendee 4: Assistant Project Manager (Asst. PM) 

5. Attendee 5: BIM Manager (BIM M.) 

6. Attendee 6: BIM Lead 

7. Attendee 7: BIM Architect 1 (BIM Arch.1) 

8. Attendee 8: BIM Architect 2 (BIM Arch.2) 

9. Attendee 9: Electrical BIM Engineer (Elc. BIM Eng.) 

The Second Project: 

The energy Transfer Facility by a German Company has a 91.500 sqm area (further 

information is not provided due to confidentiality). 100% part of this facility is still 

under the design phase according to the information collected on November 2023.  

BIM LOD requirements vary as per the design stages: 

• Concept Design – LOD100 

• Preliminary Design – LOD200 

• Permitting Design – LOD300 

• Detail Design – LOD350/LOD400 
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9 employees from the design team are selected for this study. The employees of the 

design company have experienced both the design and facility phases of the different 

projects. 

The employees of the German Company and their roles in the project are as follows: 

1. Attendee 1: Project Manager 1 (PM 1) 

2. Attendee 2: Project Manager 2 (PM 2) 

3. Attendee 3: BIM Manager 1 (BIM M. 1) 

4. Attendee 4: BIM Manager 2 (BIM M. 2) 

5. Attendee 5: BIM Manager 3 (BIM M. 3) 

6. Attendee 6: Structural BIM Coordinator (Str. BIM Co.) 

7. Attendee 7: Architectural BIM Coordinator (Arch. BIM Co.) 

8. Attendee 8: MEP BIM Coordinator (MEP BIM Co.) 

9. Attendee 9: BIM Computational Designer (BIM C. D.) 

Members of the group experienced in Facility Management (FM) as follows: 

1. Attendee 1: FM Specialist 1 (FM S. 1) 

2. Attendee 2: FM Specialist 2 (FM S. 2) 

3. Attendee 3: FM Specialist 3 (FM S. 3) 

4. Attendee 4: BIM Consultant with FM Experience 1 (BIM C. with FM Exp.1) 

5. Attendee 5: BIM Consultant with FM Experience 2 (BIM C. with FM Exp.2) 

Valuable insights from 9 experienced professionals on each project team and 5 FM 

Specialists and BIM Consultants with FM experience (in total of 23 people) have 

been collected through a 6-question interview. The main goal is to understand the 

challenges and factors that facilitate the integration of BIM and FM processes from 

different perspectives from people has different experiences either from the designer 

side or the FM side. The interview covers various aspects, starting with identifying 

the challenges faced during the integration of BIM and FM processes. Participants 

also expressed their views on the crucial components that should be included in a 

BIM model for facility projects. Exploration extends to understanding how 
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sustainability practices influence decision-making in the integration of BIM and FM. 

Additionally, the interview delves into the role played by the Level of Development 

(LOD) in ensuring the smooth integration of these processes. A vital part of the 

interview focuses on determining the most effective stage in the project lifecycle for 

including maintenance-related information in the BIM model. These insights are 

considered crucial for optimizing project management in the FM stage. Ultimately, 

the primary objective of this study is to provide a clear and in-depth understanding 

of how BIM and FM processes are melded in facility projects. 

All the attendees responded to those 6 questions via interviews/digital forms. The 

responses to the questions are collected and listed. The answers to questions mainly 

regarding the employees` experiences. 

The questions of the interview are as follows: 

1. What are the obstacles to a smooth transition between the design stage and 

FM stage BIM Models? Please explain based on your experience. 

2. For an easier transition between a design phase BIM model - to an FM phase 

BIM model; What features do you think a design BIM model should contain? 

3. For an easier transition between a design phase BIM model - to an FM phase 

BIM model; Which information to be used during the FM phase should be 

added to the model during the design phase? 

4. For an easier transition between a design phase BIM model - to an FM phase 

BIM model; Should the design model have a certain LOD level? If so, what 

do you think this level could be? 

5. For an easier transition between a design phase BIM model - to an FM phase 

BIM model; Do you think it would be beneficial to address sustainability 

issues in the design phase? If so, please explain to what extent it should be 

addressed. 

6. For an easier transition between a design phase BIM model - to an FM phase 

BIM model; Should the operation and maintenance information and 
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processes be defined in the models during the design phase? If you think so, 

please explain how it should be addressed. 

3.2 Method of Research 

The data collection process involves steps to ensure comprehensive coverage and 

accuracy of information. Here is an overview of each step: 

3.2.1 Reviewing Project Documents and Models: 

Both projects underwent thorough examination, encompassing everything from 

initial concepts to detailed designs. Discussions with project managers provided 

valuable insights into the agreed-upon design criteria, ensuring harmony with project 

specifications. Additionally, close scrutiny of BIM execution plans elucidated the 

methods, standards, and duties regarding BIM integration throughout the project 

lifecycle. Furthermore, analysis of Employer's Information Requirements (EIR) 

documents unveiled the expected data from the project team to fulfill client needs in 

building management. To adhere to ethical and legal standards, permissions were 

obtained from project managers for the responsible use of project information, albeit 

with some details and project names restricted from public disclosure. All findings 

were consolidated within "3.1. Material of Research." 

3.2.2 Interviews 

Specific interview questions are crafted in accordance with the research objectives 

and hypothesis. These inquiries are tailored to extract insights from stakeholders 

concerning their experiences, perceptions, and hurdles associated with BIM 

implementation and its repercussions on facility management. Attendees are 

presented with these meticulously formulated questions. Their responses are 

gathered through two different channels, including email exchanges and video 
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conferencing sessions, depending on the preferences and accessibility of 

participants. The interviews are conducted with a diverse array of key stakeholders, 

encompassing project managers, facility managers, BIM coordinators, and other 

pertinent roles involved in the construction and management processes. These 

interactions serve as invaluable opportunities to delve deeper into the intricacies and 

perspectives surrounding BIM integration, providing a comprehensive 

understanding of the challenges and opportunities it presents for facility 

management. 

3.2.3 Data Collection and Analysis 

Responses from the interviews are collected and compiled systematically. This may 

involve organizing the data into transcripts or summaries to facilitate analysis and 

comparison. The collected data is organized and presented in tabular format, 

allowing for easy visualization and interpretation. Data tables may include 

information such as interview responses, key findings, and relevant project details. 

The tables are presented in section “3.3 Interview Data”. 

The collected data is analyzed under the chapter “4. Analyses and Findings”. The 

aim of analyzing the results is to draw meaningful conclusions and insights. The 

outcomes of the analysis are then discussed in relation to the research objectives and 

hypothesis. Overall, this comprehensive data collection process ensures that a 

holistic understanding of BIM implementation and its impact on facility 

management is achieved, leading to valuable insights and recommendations for 

future practice and research. 

3.3 Interview Data 

The responses obtained from participants for the 6 provided questions have been 

presented in tables without any interpretation. Information regarding the participants 

is provided under the heading “3.1. Material of Research”. Responses were collected 
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via video conference with two participants, one of them is “FM Consultant 1”  from 

FM Group, and the other one is “BIM Manager 1” from German Designer Company. 

The answers from the rest of the participants were obtained via email. The responses 

from three different groups, comprising a US company, a German company, and FM 

experts, have been compiled into three separate tables without interpretation. 

Responses from participants have been provided separately under each question 

number. 
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3.3.1 The First Question 

Table 1 Interview Results 1. A. 

T
h

e 
U

.S
. 
 

C
o

m
p

a
n

y
 

Attendees 

Question 1: What are the obstacles to a smooth transition between the design 

stage and FM stage BIM Models? Please explain based on your experience 

with this project. 

1
 

P
M

 1
 

Additional workload for BIM management during tight schedule construction 

sites. 

2
 

P
M

 2
 

Difficulty in integrating lifecycle information into the BIM model, leading to 

limited support for FM activities. 

3
 

P
M

 3
 

FM team (technicians and managers) should be involved in the design at the very 

early stages and should reflect their past experiences, so designers can consider 

their concerns (e.g.: accessibility issues) during the concept stage. If they show up 

late and ask for their requests to be implemented, it may have either an impact on 

design or rejection of their concerns where both is not good. The models are not 

that much developed for the construction stage as contractors will be on board 

after a certain point (like LOD300). The rest of the maintenance related items (e.g: 

specific equipment) should be added into the model as built by the 

contractor/manufacturers. 

4
 

A
ss

t.
 P

M
 

BIM models in the design phase don’t include data like warranty, demolishing 

notes, technical data sheet, maintenance information, etc which are useful data for 

FM. 

5
 

B
IM

 M
. 

Problem now is “graphics, rendering, and refresh time”. Facilities Management 

(FM) is not a resource intensive practice, therefore, trying to use the “As-Built” 

model with all the polygons and solids would be hard for FM team. It is too much 

modeling information with no direct benefit for FM. So, FM wants the modeling 

level of the design model but the information of As-Built efforts. 

6
 

B
IM

 L
ea

d
 More detail is needed by the project stages develops the LOD level must be 

increased, it causes a work transition. 

The models do not contain the actual families of the object, they contain the 

generic ones. Therefore, when the families changed to the actual ones, it causes 

more effort and coordination problems. 

7
 

B
IM

 

A
rc

h
.1

 

Data exchange standardization which is approved by the authorities is required. 

8
 

B
IM

 

A
rc

h
.2

 

The parameters in an object that are useful after in the design phase are different 

than the features that are needed in the FM stage.  

9
 

E
lc

. 
B

IM
 E

n
g
. 

The one obstacle could be the blindness of unpredictable points in the future usage 

at FM phase. Even the information from the client about the usage of the building 

at FM phase considered while modelling, there would still be blind spots until the 

FM phase started. Thus, these points could be issue while transition process. 
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Table 2 Interview Results 1.B. 

G
er

m
a

n
 C

o
m

p
a

n
y

 

Attendees 

Question 1: What are the obstacles to a smooth transition between the design 

stage and FM stage BIM Models? Please explain based on your experience with 

this project. 

1
 

P
M

 1
 

Clients usually still don’t have a good understanding what BIM is and what benefits 

it provides for future FM. They just want their building built according to their 

specification and cost budget. There are barely any requirements for future FM given 

from the client due to lack of BIM understanding.   

Sometimes clients still only want an as built documentation in 2D and paper – no 

BIM Model at all. Another problem is that buildings sometimes get sold after a 

couple of years and in this process the design documentation get partly or fully lost, 

because no one cares; missing ownership.  

2
 

P
M

 2
 Knowing what software will be used for FM, and what exchange Format will be 

used, knowing what operational purpose the client wants to achieve, what parameters 

are needed, having a clear vision at the start of the project to reach the goal for the 

implementation 

3
 

B
IM

 M
. 
1
 

Inaccurate or incomplete data in the BIM model can hinder its utility during the FM 

stage. Incompatibility between different software tools used during the design and 

FM stages can lead to data transfer issues. Poor communication and collaboration 

between design and FM teams may result in data gaps or misunderstandings. The 

FM team may lack the necessary skills and training to effectively use the BIM model 

for facility management. Inadequate or unclear procedures for handing over BIM 

data from design to FM teams. Legal and contractual issues may arise, impacting 

data sharing and ownership between project phases. 

4
 

B
IM

 M
. 

2
 

That the first approach to the design or the basis you have is in another measurement 

system, for example imperial to metric. Not having a defined design before starting 

to make all annotations and general coordination between all disciplines. 

5
 

B
IM

 M
. 
3
 One of the key challenges is how to develop the BIM model from the design stage to 

make it as built model. The question here is whether the model should be created 

New as built Modell or if it should evolve from the design stage. Additionally, there 

is the challenge of integrating information obtained from the executing companies 

into the BIM model. 

6
 

S
tr

. 
B

IM
 

C
o

. Some of the obstacles to a smooth transition between the design stage and FM stage 

is the level of information included in the model. The model should show more 

information on the FM stage than the design stage. 

7
 

A
rc

h
. 

B
IM

 C
o

. 

During the Construction Phase there might not be enough documentation, or the 

changes between design phase and construction phase might not be registered in the 

model (especially if two different companies are doing each job). 

8
 

M
E

P
 B

IM
 C

o
. From the design perpective, they don´t have the requirements from FM to consider 

them along the early stages of the design. From FM perspective, it can be difficult to 

handle larger amount of elements at once, if the model hasn´t considered anything 

for FM along the design. Ideally, the FM should be part of the design from the 

begging or at least, be able to transfer they needs to achieve a readable and useful 

BIM model with the useful information for FM. Undertake someone else´s model 

and try to adapt it for FM in the end it´s - in my opinion – a tough task. 

9
 

B
IM

 C
. 

D
. Obstacles to a smooth design to FM BIM transition include data consistency, skill 

gap, software compatibility, and legal issues. 
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Table 3 Interview Results 1.C. 

F
M

 S
p

ec
ia

li
st

s 

Attendees 

Question 1: What are the obstacles to a smooth transition between the design 

stage and FM stage BIM Models? Please explain based on your experience with 

this project. 

1
 

F
M

 S
. 
1
 

BIM is a full lifecycle solution for every stage of a building (design constrtraction or 

facility). One of the significant and main roles of BIM is minimize the gaps of data 

and the loose of data at the transation. Major obstacle at the handover stage would be 

nonwell organized and not agreed structure data. The data leakage. FM team will not 

be getting the full insight details about asset itself. Second thing is integration 

between the solutions. Second, the second important topic is related to the 

integration between the solutions. The consultants and the contractors during the 

design and construction phase are using commonly Revit solution from Autodesk for 

building their BIM models models. Hovewer the FM team are not using the same 

solution. So it needs to be considered the integration between those two different 

softwares and more important than the integration itself to make the readiness for 

integration. Which means that during design and construction, the consultant and the 

contractor should ask the FM team what the information pieces or the attributes are 

specifically that they are looking for. So the designer and contractors will reflect 

these attributes in their models and develop them up to the handover stage at the 

LOD 500 stage. Then at that at that moment this data can be extracted to support the 

integration between X and Y. X is the CapEx and Y is the OpEx solution. So we are 

seeking the integration or checking the integration between the BIM software and 

the FM software which is used by FM team. 

2
 

F
M

 S
. 
2
 

From my point of view, there are two main obstacles to express. 

a) Disorders at "level of detail of the assets". Building information model might 

contain high-level details in the asset models. On the other hand, the geometric data 

for FM generally does not need that level degree. Massive, detailed models require 

faster data-flows, and obviously force the hardwares. So unwittingly, it is possible to 

encounter the slowness of the process. As a solution, the models might be regulated 

to their low-poly simple forms, so it causes a time-loss. As a second solution, at the 

beginning, a consensus must be achieved by the stakeholders for LOD of the models.   

b) The inputs of semantic data into the models. FM activities do need some semantic 

data for the assets in the facility due to the management systems. So,the management 

systems require adequate data to process. The adequate quantity of data should be 

placed in BIM models, not oversize and not low amount. This event may be clarified 

by the comments of FM Dept., before handover and in duration of the design. 

3
 

F
M

 S
. 
3
 

The obstacles to a smooth transition between the design stage and FM stage in BIM 

projects include: Data consistency and accuracy, Level of Detail (LOD) variability, 

interoperability issues, Lack of stakeholder collaboration, Training and skill gaps 

among FM professionals. Addressing these challenges requires standardized 

processes, improved collaboration, interoperable technologies, and ongoing training 

for FM teams. 

4
 

B
IM

 C
. 

w
it

h
  

F
M

 E
x

p
. 
1
 

The design phase is a phase focused more on the geometric design and spatial 

formation process within the scope of the BIM system. The FM phase is a phase 

where integration with parameters must be ensured according to the function of the 

project. Since the decisions taken regarding the designed structure will affect the 

parameter values to be assigned at the FM stage, it should be designed according to a 

properly functioning flow chart. For example, in a car factory project, the FM 

parameters to be assigned to objects on the production line differ from the 

parameters of other objects. For this reason, objects that require different FM 

parameters can be customized during the design phase, even if they have the same 

geometric shape. 

5
 

B
IM

 C
. 

w
it

h
  

F
M

 E
x

p
. 

2
 

Not having a clear FM strategy in EIR. No clear FM requirements for the design 

stage. Most of the time FM is not involved from the beginning. 
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3.3.2 The Second Question 

Table 4 Interview Results 2.A. 

U
.S

. 
 

C
o

m
p

a
n

y
 

Attendees 

Question 2: For an easier transition between a design phase BIM model - to 

an FM phase BIM model; What features do you think a design BIM model 

should contain? 

1
 

P
M

 1
 

Reference to technical sheet of products installed. Accurate level of as-built 

representing really on site realization. 

2
 

P
M

 2
 Architectural, Structural and Utilities are very important. Since client also 

produces 3D production machine models, these 2 could be integrated and checked 

especially for space and collisions. In future material properties and quantities 

would be interesting to see. 

3
 

P
M

 3
 Actual dimensions of each component should be reflected. 

That’s for designers responsibility. But actual models should be reflected 

after/during the construction by the contractors/manufacturers. 

4
 

A
ss

t.
 P

M
 

Material, sizes, framing data, fire rating, acoustical data, weight, finish colour, 

finish materials, hardwares etc. 

5
 

B
IM

 M
. 

Beyond modeling all building elements, clearances are needed for equipment 

maintenance and operation. Same for IBC clearances of Arch and Structure 

elements. 

6
 

B
IM

 L
ea

d
 

It should contain LOD350, should contain actual families of the objects, duct & 

cable tray supports, IFC Parameters, Guide parameters, production informations, 

product number, and manufacturer name. 

7
 

B
IM

 A
rc

h
.1

 

The information which is mainly used in FM stages such as mechanical equipment 

and their maintenance, areas of usage should be accurately defined. The 

purchasing processes for the BMS-related elements such as mechanical 

equipments, lightning elements, elevators should be well defined. 

8
 

B
IM

 A
rc

h
.2

 If BIM objects had twins for different uses, that would help. In other words, one 

object  may have an extra parameter that works like switching its LOD levels. In 

my design project, I unlock its “DESIGN OBJECT” parameter and use it. And 

when the design model is converted to an FM model, they unlock its “FM 

OBJECT” parameter. Of course the trick is to design such phase-fluid objects 

without making them actually heavier. 

9
 

E
lc

. 
B

IM
 

E
n

g
. 

3D twin, well-coordinated and predicted energy usage values of the building 

should be contained in BIM model. 
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Table 5 Interview Results 2.B. 

G
er

m
a

n
 C

o
m

p
a

n
y

 

Attendees 

Question 2: For an easier transition between a design phase BIM model - to an 

FM phase BIM model; What features do you think a design BIM model should 

contain? 

1
 

P
M

 1
 There should be standard (DIN code) that clearly outlines the requirements for the 

BIM model to be used for FM, such as: content, parameters, file format (which can 

be still used also in 30 to 50 years). 

2
 

P
M

 2
 

Accuracy, Following certain standards. 

3
 

B
IM

 M
. 
1
 

Geometry and Spatial Representation, Architectural Details, Structural Components, 

Mechanical, Electrical, and Plumbing (MEP) Systems, Building Envelope, Material 

Information, Parametric Information, Spatial Relationships and Room Information, 

Site Context, Phasing and Construction Sequences, Accessibility and Code 

Compliance, Cost Estimation Data, Sustainability and Energy Performance, 

Coordination and Clash Detection and Documentation. 

4
 

B
IM

 M
. 
2
 

All elements must have a name in the convention, as well as file names defined, as 

well as parameters needed in each element depending on the scope of the project and 

customer requirements. 

5
 

B
IM

 M
. 
3
 

When agreeing to utilize BIM in the operational phase, it is essential to be well-

versed in all the elements required for the operational process. Ensuring proficient 

and comprehensive modeling of these elements in the BIM model, both in terms of 

LOG and LOI, is crucial. 

6
 

S
tr

. 
B

IM
 

C
o

. Since I am in the STR discipline, for me the design BIM model should contain all 

necessary information to ensure proper constructability of the structure, with minimal 

issues with services discipline.  

7
 

A
rc

h
. 

B
IM

 

C
o

. 

Proper use the 3D aspect of models (not depending too much on 2D drawings 

because they might get lost, not only modelling to get Floorplans but also checking 

sections). Defined families/naming that allow future users of the model to identify 

the elements. Association of elements to the right levels. 

8
 

M
E

P
 B

IM
 C

o
. 

Required parameters should be agreed and considered on all equipment from the 

beginning. 

9
 

B
IM

 C
. 

D
. 

A design BIM model should include architectural, structural, and MEP components, 

along with accurate dimensions, materials, and spatial relationships. 
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Table 6 Interview Results 2.C. 

F
M

 S
p

ec
ia

li
st

s 

Attendees 

Question 2: For an easier transition between a design phase BIM model - to an 

FM phase BIM model; What features do you think a design BIM model should 

contain? 

1
 

F
M

 S
. 
1

 

Usually Cobie is the reference where all the disciplines, all the type of projects, all 

the type of elements are covered in a high level. But in each discipline, in each 

company, in each project, we need to consider Cobie as a reference to customize and 

develop the features that we are looking for. 

Based on the the BIM LOD requirements during design we are asking the designer 

to develop up to LOD 300, then the contractor is building up to LOD 500. Then after 

that, the FM team is dealing with LOD 500 verified models and the data extracted 

from the models and they start doing their operation and maintenance. Are all the 

features, all the elements, all the disciplines, all the zones, all the rooms of the 

project should be authored or developed within the design model based on the LOD 

requirements, which is basically the LOD 300 at the end of the design stage. 

2
 

F
M

 S
. 
2
 

BIM authorities of the project have to work in touch with the FM crew, so FM Dept. 

are able to share what kind of features are necessary to execute. The following 

informations are needed: 

a) Specialty Equipments  - Steam iron, Dishwasher, Washing machine, etc 

b) Electro-mechanical Assets - Generators, Elevators, Air-conditions, Fancoils, etc. 

and the whole information belonging them. 

c) Emergency Equipments - Fire extinguishers, Emergency lighting fixtures 

d) Furnitures 

3
 

F
M

 S
. 
3
 A design BIM model should include features such as architectural, structural, and 

MEP (mechanical, electrical, plumbing) elements, accurate spatial representations, 

material specifications, and relevant metadata. Additionally, it should incorporate 

details related to building geometry, components, and systems to facilitate design 

visualization, coordination, and analysis throughout the project lifecycle. 

4
 

B
IM

 C
. 

w
it

h
  

F
M

 E
x

p
. 
1
 It should be determined which structural elements and which objects will be 

assigned FM parameters using which classification and system. 

It should be modeled in accordance with the classification and technical assumptions 

specified in the BEP, effective and automation-based model production methods 

should be used, and a healthy integration with IFC parameters should be ensured. 

5
 

B
IM

 C
. 

w
it

h
  

F
M

 E
x

p
. 

2
 The effectiveness of COBie for facility managers depends on the FM strategy 

outlined in the EIR. COBie provides a standardized format for asset information 

exchange. Establishing minimum FM parameters, confirmed by operational 

managers, ensures alignment with FM objectives. As-built site verification before 

handover guarantees accuracy. 
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3.3.3 The Third Question 

Table 7 Interview Results 3.A. 

U
.S

. 
 

C
o

m
p

a
n

y
 

Attendees 

Question 3: For an easier transition between a design phase BIM model - to 

an FM phase BIM model; Which information to be used during the FM 

phase should be added to the model during the design phase? 

1
 

P
M

 1
 

Reference to norms mandatory for the FM (eg. FM global) for instance. When 

possible, maintenance sheet of the selected products. 

2
 

P
M

 2
 

N/A 

3
 

P
M

 3
 Actual dimensions for all components for sure, and if possible exact equipment 

details (like brand model name, technical specs of each item which is used for 

procurement) as much as information should be added so the model becomes a 

real digital twin. 

4
 

A
ss

t.
 P

M
 

Warranty, execution notes, demolishing plans, data sheet information, 

maintenance practices etc 

5
 

B
IM

 M
. 

Data entries should be present for Original Equipment Manufacturer (OEM) 

information such as warranty information, maintenance dates, ID numbers, etc. 

6
 

B
IM

 

L
ea

d
 

IFC Parameter, Guide parameters (uni class parameters) 

7
 

B
IM

 A
rc

h
.1

 

The digitalization of the large buildings such as shopping malls, airports, factories 

etc, becomes common lately. The heat maps of the buildings are producing during 

the FM Stage. Therefore, to make it more accurate and easier, there could be 

created a base for these efforts in the design phase.  

8
 

B
IM

 A
rc

h
.2

 

Sadly, such information is always given as text notes in sheets in my experience, 

rather than relying on the intelligence of BIM objects. One example I can give can 

be this: In architectural design, solutions for water resistance or fire rating are 

sometimes relying on dainty details like a wall that can be fire resistant for 5 

years, or an intumescent paint may require topping after certain years. So I would 

say for the objects with a defined life length, a life-length information could be 

useful. 

9
 

E
lc

. 
B

IM
 E

n
g
. 

All applicable information in the management and maintenance context can be 

incorporated into design models to facilitate the transition between design and fm 

phase. 
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Table 8 Interview Results 3.B. 

G
er

m
a

n
 C

o
m

p
a

n
y

 

Attendees 

Question 3: For an easier transition between a design phase BIM model - to an 

FM phase BIM model; Which information to be used during the FM phase 

should be added to the model during the design phase? 

1
 

P
M

 1
 From a structural point of view, the design BIM model should ideally contain all 

structural information of the building as built, such as for example: all MEP 

openings, reinforcement bars, connection details, correct member sizes and location. 

2
 

P
M

 2
 I don´t know how the FM software looks like and how it works. I think it is helpful to 

add the information which is available in the Design phase to the model / elements. 

Further specific FM information should be added from the FM Team afterwards. My 

question would be how that could be solved. 

3
 

B
IM

 M
. 
1
 

Asset Information, Equipment Specifications, Maintenance Schedules, Lifecycle 

Information, Operation and Maintenance Manuals, Space Utilization Data, Energy 

Performance Data, Accessibility Information, User Manuals and Training Materials, 

Spatial and Asset Relationships, Work Order History. 

4
 

B
IM

 M
. 
2
 

Thermal Concept, Fire concept, Acoustic concept and in general a clear definition of 

how they want to build the object, if there is any special system or Technic that is 

going to be use in the building. 

5
 

B
IM

 M
. 
3
 

The manufacturing company, manufacturing date, installation date, operation date, 

warranty duration, latest date for periodic inspection, dimensions of the element, and 

color 

6
 

S
tr

. 
B

IM
 C

o
. 

During the design phase, the designer should already take into account how they will 

conduct maintenance on the structure, what equipment to be used, how they will 

maneuver the equipment inside the structure, etc 

7
 

A
rc

h
. 

B
IM

 

C
o

. Predictable maintenance protocols, predictable amounts of people using the facility, 

predictable uses of the space, predictable future phases that might require 

dimensioning ARCH/ST/MEP accordingly. 

8
 

M
E

P
 B

IM
 C

o
. 

the designers must forsee this extra space on drawings to have later the FMS code 

(like Schamatics) as well as FMS code to identify the required elements from 

manufacturer documentation. 

9
 

B
IM

 C
. 

D
. 

During the design phase, key information to add to the BIM model for Facility 

Management (FM) includes equipment data, maintenance schedules, warranty 

details, and accessibility information. 
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Table 9 Interview Results 3.C. 

F
M

 S
p

ec
ia

li
st

s 

Attendees 

Question 3: For an easier transition between a design phase BIM model - to an 

FM phase BIM model; Which information to be used during the FM phase 

should be added to the model during the design phase? 

1
 

F
M

 S
. 
1

 

FM team needs to identify the attributes, the pieces of information that they need. So 

the design team will consider. The location of each of the assets are considered. 

Second, the naming of the geographic location (x, y, z coordinations, room info, 

zone info,  level info) of the element. These pieces of information need to identified 

by the design team. Next, The material, the dimensions, fire rates of the element also 

should be identified. So the information, the general information which is common 

for all the elements in the project is needed to be identified. Third, it comes to the 

characteristics of the asset itself, which is related to the warranty, the O&M 

requirements, the warranty dates and if this element or this item or this asset is under 

warranty or not. Then it needs to ne added the replacement, the value of this element 

and the replacement value for this element or asset. These are the items that the FM 

usually is looking for. 

2
 

F
M

 S
. 
2
 

Materials, Type, Model, Original Serial No, Power (electro-mechanical devices), 

Manufacturer company, Vendor company, Date of Purchase, Capacity, Warranty 

Time, RPM (Revolution Per Minute - Mechanical devices), Installation number, 

Sizes (length x width x height), Periodical maintenance program and, I highly 

recommend the TAGs, belonging to all assets. TAGs should contain the necessity 

features for the whole assetts. The concept of TAG might be designed specially and 

exclusively for each facility. 

3
 

F
M

 S
. 
3
 During the design phase, information essential for the Facilities Management (FM) 

phase should be added to the BIM model. This includes equipment specifications, 

maintenance schedules, spatial data, asset information, warranties, operation 

manuals, and any other relevant data necessary for efficient facility operations and 

maintenance. 

4
 

B
IM

 C
. 

w
it

h
  

F
M

 E
x

p
. 
1
 

FM parameters are an issue that varies depending on the type and function of the 

building. In general, entering the types, dimensions, label codes, material codes and 

type marks of the objects that are essential for operation and maintenance are the 

important parameters at the first stage. 

5
 

B
IM

 C
. 

w
it

h
  

F
M

 E
x

p
. 

2
 It is difficult to add so much detail at the design stage since it is unknown at this 

stage. However, if the FM team is already on board the followings would be added:  

- if the object and an asset or not (will be used as an asset during FM) 

- What FM parameters will be needed for what categories? The FM parameters can 

be added at the design stage. 

- Information exchange can be ensured for the following stages.  
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3.3.4 The Fourth Question 

Table 10 Interview Results 4.A. 

U
.S

. 
 

C
o

m
p

a
n

y
 

Attendees 

Question 4: For an easier transition between a design phase BIM model - to 

an FM phase BIM model; Should the design model have a certain LOD level? 

If so, what do you think this level could be? 

1
 

P
M

 1
 

LOD400 

2
 

P
M

 2
 

LOD300-LOD400 min 

3
 

P
M

 3
 LOD300 is minimum. But LOD400 can be achieved during the construction. That 

is required on for FM but not construction as things may change during the 

construction and it is better for the model to be developed up to 400 or more 

during or after the construction, but not during the design. 

4
 

A
ss

t.
 P

M
 

LOD300 

5
 

B
IM

 M
. LOD is reflective of building elements, not the entire model. There will never be a 

constant LOD of a model based on construction schedule and information 

available. Some elements will never be developed beyond LoD 200, whereas key 

elements are typically developed to LoD 300 by end of the design phase 

6
 

B
IM

 L
ea

d
 

LOD300. It gives us a clear idea of space planning. The design model is basically 

for the routing of the services and space planning that how you going to build.  

7
 

B
IM

 A
rc

h
.1

 

LOD300-LOD400 

8
 

B
IM

 A
rc

h
.2

 

LOD300-LOD350. What confuses the procedure is usually clients demanding an 

as-built looking project in the design just to have a better understanding. But that 

is neither time efficient nor logical in a professional perspective. 

9
 

E
lc

. 
B

IM
 E

n
g
. LOD350. LOD levels are well defined.  Each level serves its own purpose.  They 

shall be followed to ease transition between the levels, accommodate client 

requirements, and help with the maintenance at fm stage and so on. For usage at 

FM phase, we think BIM model should be at least LOD350 or better. It would 

provide great convenience to maintenance as to ease following up with the 

connections and equipment locations. 
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Table 11 Interview Results 4.B. 

G
er

m
a

n
 C

o
m

p
a

n
y

 

Attendees 

Question 4: For an easier transition between a design phase BIM model - to an 

FM phase BIM model; Should the design model have a certain LOD level? If so, 

what do you think this level could be? 

1
 

P
M

 1
 

From a structural point of view, ideally LOD400. In that case all detail information 

would be included (MEP openings, reinforcement bars, connection details, correct 

member sizes and location). An LOD 400 requires the contractor to finalize the 

design BIM Model during construction phase with information from the workshop 

design.  

2
 

P
M

 2
 

I think an average of LOD 300 is current standard and possible to create. Anything 

higher can not be created on all elements an on a big project scale. But Level of 

information can be a lot higher. But in Germany it is always up to the builder to 

decide what products he wants to use. The design only propose something “or equal”. 

That means a lot of decisions are made after the design phase. 

3
 

B
IM

 M
. 
1
 

Yes, the Level of Development (LOD) is an important consideration in Building 

Information Modeling (BIM) projects. LOD defines the degree of detail and 

precision in a BIM model at different stages of the project lifecycle. LOD 500 - As-

Built is an accurate representation of the as-built condition of the building after 

construction completion. Includes all relevant details and specifications for facility 

management. It is suitable for FM phase. 

4
 

B
IM

 M
. 
2

 

Yes, definitely. Maybe a 200 LOD is enough to have the most elements defined and 

it will be during the consolidation phase of the BIM model where it will advance to 

the next level of detail. 

5
 

B
IM

 M
. 
3
 

Certainly, for LOG, it is advisable to consistently use Level of Detail 500. As for the 

LOI, it depends on the system used in the operational phase. However, as mentioned 

earlier, a specific set of information is essential. 

6
 

S
tr

. 
B

IM
 

C
o

. 

For the structural discipline, we usually do up to LOD 350-400. 

7
 

A
rc

h
. 

B
IM

 

C
o

. Too much definition might be an obstacle for a good design or be a waste of time at 

an early stage, LOD 200 is more than enough. 

8
 

M
E

P
 B

IM
 C

o
. 

I think LOD 200 might be require in order to identify all elements which require to 

be identified. 

9
 

B
IM

 C
. 

D
. 

Yes, the design BIM model should have a certain Level of Development (LOD). A 

suitable LOD for design is typically LOD 300, which includes detailed geometry and 

information for design and coordination purposes. 
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Table 12 Interview Results 4.C. 

F
M

 S
p

ec
ia

li
st

s 

Attendees 

Question 4: For an easier transition between a design phase BIM model - to an 

FM phase BIM model; Should the design model have a certain LOD level? If so, 

what do you think this level could be? 

1
 

F
M

 S
. 
1
 

Construction drawings are capable to give the contractor the possibility to start the 

building. That's why it is called Issued for construction. The LOD300 BIM model 

should be equivalent with the information of the IFC drawings, so the contractor can 

use it to continue the process and start building on site. Usually a coordinated 3D 

model, LOD 300, in order to share it with the contractor free from clashes is asked 

by FM team. This is the more important for them because this will lead us to 

identifying which of the designed elements is constructible and which is not 

constructible. 

2
 

F
M

 S
. 
2
 High detail LOD is not recommended by the authorities, as I stated up. Nevertheless 

the facility management leader must be a responsible and have determinations before 

the handover.LOD 200 is not causing time loss, some ready models of electro-

mechanical assets, would be modeled in LOD 300. I would prefer LOD 200 for the 

whole FM model. 

3
 

F
M

 S
. 
3
 Yes, the design model should have a certain Level of Detail (LOD) appropriate for 

its intended use. For design purposes, a LOD of 200 to 300 is typically sufficient, 

providing basic geometric representations and conceptual information. This level 

allows for visualization, coordination, and early-stage analysis without burdening the 

model with excessive detail. 

4
 

B
IM

 C
. 

w
it

h
  

F
M

 E
x

p
. 
1
 Each phase integrated into the BIM system should have a LOD and LOI level. These 

levels vary depending on the type of structure and the detail desired to be conveyed. 

When working on concept projects at the LOD 200 level, different LOD and LOI 

levels can be used in the same project depending on the level of detail desired to be 

conveyed. In a project where LOD 300 is used, there may be different locations 

where we use LOD 350 as a mockup. 

5
 

B
IM

 C
. 

w
it

h
  

F
M

 E
x

p
. 
2
 

Site verification would be needed, so LOD500. Geometrical detail might not be very 

critical depending on the FM scope as long as correct objects include correct 

parameters. 
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3.3.5 The Fifth Question 

Table 13 Interview Results 5.A. 

U
.S

. 
 

C
o

m
p

a
n

y
 

Attendees 

Question 5: For an easier transition between a design phase BIM model - to 

an FM phase BIM model; Do you think it would be beneficial to address 

sustainability issues in the design phase? If so, please explain to what extent it 

should be addressed. 

1
 

P
M

 1
 Sure. All elements relevant to LCA (Life Cycle Assessment) shall be considered. 

Design shall consider minimizing the impact of the building both during 

construction and lifetime 

2
 

P
M

 2
 Of course it is useful and should be a focus point in future designs. Design should 

also be ergonomic, we learn that the hard way in this pandemic. At the same time 

project requirements should be addressed. 

3
 

P
M

 3
 

Yes, that is required. Sustainability has features which are exactly required during 

the selection of the material/equipment (less carbon footprint, less greenhouse gas 

emission, etc.) feasibility and productivity of any design item is under 

sustainability starting from the location of the project, water consumption, energy 

efficiency, internal comfort&healty, lighting issues etc. All of these items should 

be considered individually and a professional approach should be reflected to the 

design at design phase. 

4
 

A
ss

t.
 P

M
 

Sustainability is a specialized area.  This is should be addressed by not only in 

models in the design phase but also documentation as sustainability guidelines, 

standard of procedures (SOP), specifications and reports. 

5
 

B
IM

 M
. Absolutely! Design with the end in mind. The building lifecycle is critical to the 

owner and sustainability plays a major role. Similar FM data entries, this 

information needs to be defined in planning phase. Also important is the 

sustainability standard used. LEED? Estidama  Pearl? Green Building?  

6
 

B
IM

 

L
ea

d
 

N/A 

7
 

B
IM

 

A
rc

h
.1

 

The design decisions should be made by considering the building life cycle.  

8
 

B
IM

 A
rc

h
.2

 

I believe design phase is the very right phase to start solving sustainability 

issues.Otherwise sustainability would forever stay as a distant concept that 

everyone pretends to care enough to get certain credits or so.Very basic and primal 

information as daylight projection amount or hours, heat gain per day or through 

the year could be at least a start. Such information can be combined with 

electrical/lighting/mechanical designs and an energy consumption schedule can be 

generated. As an architect, I could benefit from such information, maybe I would 

switch to an active façade system, I would reduce my shading or design them with 

more accuracy or I would select smart-glazing etc.Another example, especially 

glazing offers various sustainable solutions for buildings. If we could model 

glazing with their smart properties, energy consumption could be reduced at the 

very beginning of most projects, and user comfort would be more accurately taken 

into account.  

9
 

E
lc

. 
B

IM
 

E
n

g
. 

N/A 
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Table 14 Interview Results 5.B. 

G
er

m
a

n
 C

o
m

p
a

n
y

 

Attendees 

Question 5: For an easier transition between a design phase BIM model - to an 

FM phase BIM model; Do you think it would be beneficial to address 

sustainability issues in the design phase? If so, please explain to what extent it 

should be addressed. 

1
 

P
M

 1
 

From a structural point of view: if the building is suitable for disassembling and 

single structural elements can be re-used for other projects, then these topics should 

be considered already in the design phase (demountable connection details, load 

bearing capacity of structural members). It would be a benefit for future usage and 

reduce carbon footprint.  

2
 

P
M

 2
 I think sustainability is a fairly new big topic and should be consider. Also hear the 

needs or requirements for substainability team is not clear to me. (modeling 

prospective and Information (though Parameters) prospective) 

3
 

B
IM

 M
. 
1
 Absolutely, addressing sustainability issues during the design phase is crucial for 

creating environmentally responsible and resource-efficient buildings. Sustainable 

design aims to minimize the negative environmental impacts of construction and 

operation, promote energy efficiency, and enhance the overall environmental 

performance of a building. 

4
 

B
IM

 M
. 
2
 Yes, I personally consider that this should be included from the very beginning in the 

conceptual phase and carried through rigorously to the construction phase. In general 

for me it is very important all the decisions in the design and materiality itself that 

directly affect the energy performance of the building, thus improving its sustainable 

performance. 

5
 

B
IM

 M
. 
3
 Certainly, it is crucial for the operating system to include sustainability information, 

such as the amount of emitted carbon dioxide, energy consumption, water usage, 

insulation capacity, and the expected lifespan of materials...etc. This ensures an 

enhanced efficiency of building usage in the future, during operation, and facilitates 

predicting maintenance and required replacements. 

6
 

S
tr

. 
B

IM
 C

o
. 

Due to additional requirements like carbon footprints of a structure, we already try to 

incorporate sustainability issues in the design phase, materials used, how to properly 

decommission the structure at the end of its life cycle, and how to dispose and 

recycle the materials if possible. 

7
 

A
rc

h
. 

B
IM

 C
o

. 

Definitely, since it affects the final product and trying to solve sustainability issues 

later might bring problems. Examples: if a thicker insulation is required at a later 

stage, the design should have the space to assimilate it; or if the windows/fasade 

needs to change, that will affect not only the aesthetic but also the conditions of the 

interior spaces and the functions that can be performed in them. 

8
 

M
E

P
 B

IM
 C

o
. Along late stages from the design might be something to consider, specially as it will 

be easier to identify those elements which can be exchanged in the future, and 

knowing the impact on sustainability values. This might clearly be some information 

that can be added to future feasibility studies. Looking to the future, this can be an 

scope that the clients will require. However I don´t see that really useful on early 

stages, as the design is not 100% frozen and the timelines tend to be shorter and 

shorter.  

9
 

B
IM

 C
. 

D
. 

Yes, addressing sustainability in the design phase is crucial. It should involve energy-

efficient design, material choices, and site planning to minimize environmental 

impact. The extent of sustainability considerations should aim for the highest feasible 

level, aiming for LEED or BREEAM certification, if possible. 
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Table 15 Interview Results 5.C. 

F
M

 S
p

ec
ia

li
st

s 

Attendees 

Question 5: For an easier transition between a design phase BIM model - to an 

FM phase BIM model; Do you think it would be beneficial to address 

sustainability issues in the design phase? If so, please explain to what extent it 

should be addressed. 

1
 

F
M

 S
. 
1
 

Absolutely, yes. In the project life cycle, feedback should flow from the construction 

team to the design team, informing them about their experiences to assess if 

elements are constructible and functional. Sustainability considerations become more 

critical during the Facility Management (FM) stage, rather than just during design or 

construction. For instance, during design, sustainability efforts may involve reducing 

paper usage and physical models, favoring virtual models instead. During 

construction, minimizing material waste and rework is crucial, but the majority of a 

building's lifespan occurs after handover. Thus, integrating sustainability 

considerations from FM team experiences into design can have significant long-term 

benefits. FM teams may suggest adjustments like reducing glass windows on the east 

side due to excessive sun, preventing energy waste. They may also identify faulty 

fixtures to prevent water leaks, conserving water. Additionally, selecting durable 

materials based on FM insights can reduce replacements and energy costs. BIM tools 

play a vital role in this process, facilitating clash detection, accurate material 

takeoffs, and performance analysis, ultimately supporting sustainability goals. 

Therefore, incorporating digital tools and sustainability measures from the design 

phase onward is essential for efficient and sustainable facility management. 

2
 

F
M

 S
. 
2

 

I exactly think that it should be so. By the time passes, we need more and more 

precautions for the livable world. BIM-supported sustainability applications helps us 

for some tests and analysis for carbon emission affairs.  

3
 

F
M

 S
. 
3
 

Sustainability considerations should be integrated into the design process to a 

significant extent. This includes incorporating energy-efficient designs, sustainable 

materials, passive design strategies, renewable energy systems, water conservation 

measures, and waste reduction plans. Prioritizing sustainability in the design phase 

can lead to long-term environmental, economic, and social benefits for the building 

and its occupants. 

4
 

B
IM

 C
. 

w
it

h
  

F
M

 E
x

p
. 
1
 

Sustainable designs should be considered at the design stage and the systems to be 

used should be created from a holistic perspective as a part of the design. While 

basic decisions are made at the design stage, details may vary in later stages. For 

example, the decision to be taken regarding the waste water of a building determines 

whether the water tank will be in the design and how many parts it will have, while 

whether or not the degreasing filter detail will be added is a situation that is decided 

at the implementation stage. 

5
 

B
IM

 C
. 

w
it

h
  

F
M

 E
x

p
. 
2
 

This, depends on EIR. For example, carbon calculation can be considered at the 

design stage and BIM models can be used for the calculation. 
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3.3.6 The Sixth Question 

Table 16 Interview Results 6.A. 

U
.S

. 
 

C
o

m
p

a
n

y
 

Attendees 

Question 6: For an easier transition between a design phase BIM model - to 

an FM phase BIM model; Should the operation and maintenance information 

and processes be defined in the models during the design phase? If you think 

so, please explain how it should be addressed. 

1
 

P
M

 1
 No, except main ones and critical ones. Full accessibility for maintenance must be 

guaranteed for all parts requiring maintenance 

inspection/maintenance/replacement. 

2
 

P
M

 2
 

It is not always possible to include all information during conceptual, preliminary 

design stage. Therefore is important to have design stages – conceptual à 

preliminary à detailed. A concept provides a framework to other disciplines and 

during detailed design most of the information like production machines should be 

included in the project. The design should be ergonomic and should take care of 

clear flows for man and material. 

3
 

P
M

 3
 Not in a very detailed level, but can be beneficial in a high level, just to give an 

idea to the users about designers intention. As building designers are not 

maintenance professionals, this can be limited based on their design experience. 

4
 

A
ss

t.
 P

M
 

For FM, operation and maintenance information are the most useful data. It can be 

addressed on building elements properties as a summary and can refer to a 

document which is more explanatory.  

5
 

B
IM

 M
. 

Yes, based on the key operations of the building (i.e. MRO Hangar, plane’s 

placement and workflow is key). Even though it is not a building element, Planes 

need to be model for the study. Process equipment and its operation is often 

overlooked because it is equipment that is purchased by the client and layout is 

rarely done by A/E, and is usually done by a consultant. In that case, space claim 

modeling is needed. But who does it? Who is getting paid to do it? 

6
 

B
IM

 L
ea

d
 

In the design phase, we are providing a sequence of operations as a report. This 

information is not attached to the design model. The maintenance information is to 

be in as-built models, not in the design model. 

7
 

B
IM

 A
rc

h
.1

 Maintenance information should be added to the models during the design level. 

The operation processes vary for the different types of buildings, but for the 

factory buildings which contain a large amount of equipments should be taken into 

account during the design stage. The space occupation should be defined, and it 

reflects to real-time data for better management. The efforts for the asset 

information model should be done during the design stage. 

8
 

B
IM

 A
rc

h
.2

 I had no experience needing to give maintenance and operation information on a 

design project yet I believe it would serve a great purpose in the ICT design 

models. I will again suggest my idea of stage-fluid objects that display different 

information on different stages. Somehow, we should be able to convert an object 

from a design object to FM object through a system just like converting PDFs to 

JPEGs or something like that.  

9
 

E
lc

. 
B

IM
 E

n
g
. 

Operation and maintenance information and processes shall be well defined.  The 

ways of maintenance and operations, selected equipment could change according 

to the client needs and time. So, if certain instructions are given by predictions and 

they are not accurate with the real ones that can create a mess. 
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Table 17 Interview Results 6.B 

G
er

m
a

n
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o
m

p
a

n
y

 

Attendees 

Question 6: For an easier transition between a design phase BIM model - to an 

FM phase BIM model; Should the operation and maintenance information and 

processes be defined in the models during the design phase? If you think so, 

please explain how it should be addressed. 

1
 

P
M

 1
 

N/A 

2
 

P
M

 2
 

No, I think it is a different topic and knowledge required and neither the AR, ST or 

MEP Team´s responsibility.  

3
 

B
IM

 M
. 
1
 Yes, including operation and maintenance (O&M) information in the models during 

the design phase is crucial for effective facility management and the overall lifecycle 

of a building. Integrating O&M information early in the design process helps ensure 

that the BIM model serves as a valuable tool not only for design and construction but 

also for ongoing facility management. 

4
 

B
IM

 M
. 
2
 

I believe that they should start to be considered, so that during the construction phase 

they can be more defined and thus arrive at the useful life of the building with the 

correct information and definitions to achieve the best results. 

5
 

B
IM

 M
. 
3
 

We cannot input this information during the design phase because these details come 

after the execution stage and are provided by the executing companies. 

6
 

S
tr

. 
B

IM
 

C
o

. Operation and maintenance information are provided in a separate manual. I don’t 

think they should be defined in the models. 

7
 

A
rc

h
. 

B
IM

 C
o

. Yes, since it affects the way that the building is going to work, and some extra costs 

can be predicted/avoided. The design should take into consideration the predictable 

maintenance protocols, or else the building won’t be functional. Example: if there is 

no conventional way to clean the windows, it is going to be very expensive or 

impossible for FM to get them cleaned. If a truck needs to enter a facility regularly to 

clean some pipes, it should have enough space for it. 

8
 

M
E

P
 B

IM
 

C
o

. 

Similar to previous question, on final stages of the design can be very helpful. The 

transition to FM can be smoothlier and some components can be chosen considering 

maintenance interest. However on early stages, I consider those not really helpful as 

a lot of data should be handled and probably not really put into value. 

9
 

B
IM
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D
. Yes, operation and maintenance information and processes should be defined in the 

models during the design phase. This includes tagging equipment, specifying 

maintenance schedules, and providing access points and safety information. This data 

should be integrated into the BIM model, making it readily available for Facility 

Management teams during the operational phase. 
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Table 18 Interview Results 6.C. 
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Attendees 

Question 6: For an easier transition between a design phase BIM model - to an 

FM phase BIM model; Should the operation and maintenance information and 

processes be defined in the models during the design phase? If you think so, 

please explain how it should be addressed. 

1
 

F
M

 S
. 
1
 

Yes, we should identify the operation and maintenance information during the 

design. We identify to designer these based on the requirements and we are telling 

the designer that they need to identify if the warranty is applicable or not, if the 

manuals are coming or not, If this is a replaced a replaceable asset or not, how many 

years it has a warranty, how much the cost of it, how much the replacement cost of 

this asset and many other attributes. But the processes of FM is something that is 

away from the design. And usually the solutions or the platforms that are supporting 

operation and maintenance are different than the platforms supporting design and 

construction. In the common data environments, there are different modules for 

fields construction or for design. It needs to be prepared the data from your CDE in 

order to make proper integration with the CAFM solution, the computerized facility 

management solution in order to make the preparation for operational stage. The 

processes should be built at the beginning. We develop a process from the beginning 

and identify what type of data or information or attributes that we need from a design 

and we gather the feedback from the operation and maintenance team before or 

during the design stage to ensure that the data that will be delivered from this project 

about the built assets is beneficial for them in later stages. 

2
 

F
M
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. 
2

 Exactly yes. If stakeholders will purpose using BIM models for FM, it should be 

placed the O&M information in the BIM models.  O&M and asset features needs to 

be gathered and added all data into the asset models for instance with the 'Type', 

'Model', 'Power', 'Warranty Start Year', 'Temperature', 'Capacity' information. So the 

software, used for FM, might read and possess the information for FM activities. 

3
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This involves integrating relevant data such as equipment specifications, 

maintenance schedules, spatial data, asset information, warranties, operation 

manuals, and any other necessary details into the BIM models. Additionally, 

designers should collaborate closely with facility management stakeholders to ensure 

that the models accurately reflect operational needs and facilitate efficient 

maintenance practices. Providing comprehensive training and documentation 

alongside the BIM models can also support seamless transition and utilization during 

the operational phase. 

4
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1
 Decisions regarding the business should be considered at the design stage, such as 

transitions between spaces, materials used, etc. parameters can be determined at the 

design stage. Maintenance parameters are parameters that can be added later to the 

created design model. While determining which space should be next to which space 

according to the operation flow chart, maintenance parameter values can be 

integrated later. 

5
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It can be defined if FM requirements are clear at the design stage. FM includes many 

phases such as operation, maintenance, procurement, accounting, etc. All these 

phases can be integrated with the help of model-based parametric data. This would 

require a strong effort. So it is difficult to explain 'how it should be' without having 

specific project details. As a concept idea, COBie can be used (if all parties agree) or 

unique ids can be created for each asset object and other parameters can be linked 

through these IDs. This will require a systematic approach to be able to move model 

design data to the further stages. 
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CHAPTER 4  

4 ANALYSES AND FINDINGS 

The responses gathered from participants regarding the six open-ended questions 

underwent interpretation, where they were organized into distinct groups based on 

common themes. Following this, a comprehensive examination of each group was 

conducted, which was then followed by individual analysis and discussion. 

4.1 The First Question 

The first question was “What are the obstacles to a smooth transition between the 

design stage and FM stage BIM Models? Please explain based on your experience 

with this project.” 

4.1.1 Responses from Designers  

The responses obtained from the participants have been interpreted and categorized 

into 9 subheadings for analysis. 

Additional Workload for BIM Tasks 

This response highlights an important point regarding the obstacles to a smooth 

transition between design stage and FM stage BIM Models: the additional workload 

for BIM management during construction sites with tight schedules. This situation 

arises when the project team must cope with a large amount of data and modeling 

work within limited timeframes. Under tight schedules, more resources and attention 

may be required for BIM management, which can often complicate the design and 

construction processes. Particularly on construction sites operating under tight 
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timelines, the increased workload for BIM management can negatively impact the 

efficiency of the process and the smoothness of the transition. This circumstance 

may hinder the accurate integration of data required for FM during the construction 

phase into the BIM model, thus impeding the project team's ability to achieve its 

goals. In this context, for a seamless transition between design and FM stages, 

additional resources and time allocation for BIM management may be necessary. 

Difficulty In Integrating Lifecycle Information Into The BIM Model 

The response underscores a critical challenge in achieving a seamless transition 

between the design stage and FM stage BIM Models: the difficulty in integrating 

lifecycle information into the BIM model, resulting in limited support for FM 

activities. This issue arises due to the complexity of incorporating comprehensive 

lifecycle data, such as maintenance schedules, equipment specifications, and 

warranty information, into the BIM model. Without this crucial information 

embedded within the model, facility management (FM) teams may face obstacles in 

efficiently carrying out maintenance and operational activities during the lifecycle 

of the building. Consequently, this limitation can impede the effectiveness of using 

BIM for FM purposes and hinder the realization of its full potential in enhancing 

facility management practices. 

The Lack of FM Team Involvement and Lack of FM Data During Design Phase 

The lack of involvement of the FM team during the design phase poses a significant 

obstacle to a smooth transition between the design stage and FM stage BIM models. 

As highlighted in the response, the early engagement of FM technicians and 

managers in the design process is crucial for addressing maintenance-related 

concerns and ensuring that the resulting BIM model is practical and usable for 

facility management purposes. When FM teams are not involved from the beginning, 

their valuable insights and past experiences may not be taken into account during the 



 

 

69 

conceptual stages of design. This can lead to issues such as overlooking accessibility 

requirements or failing to incorporate necessary maintenance-related elements into 

the model. 

Moreover, if FM requirements are not considered early on, there is a risk that they 

may be overlooked or inadequately addressed later in the design process. Late-stage 

requests from the FM team can disrupt the design process, resulting in either 

significant design modifications or the rejection of FM concerns, neither of which is 

desirable for achieving an effective and efficient design. From the FM perspective, 

attempting to handle a large number of elements in the BIM model without prior 

consideration during the design phase can be overwhelming and inefficient. Without 

the necessary inputs from the FM team during design, the resulting BIM model may 

lack critical information needed for effective facility management. 

Ideally, FM should be an integral part of the design process from the outset, ensuring 

that the BIM model is developed with FM requirements in mind. This early 

involvement enables FM needs to be seamlessly integrated into the design, resulting 

in a BIM model that is not only readable and useful but also tailored specifically to 

support facility management activities. Attempting to retrofit or adapt a BIM model 

for FM purposes after the fact can be challenging and time-consuming, highlighting 

the importance of early collaboration between design and FM teams to ensure a 

smooth transition between design and FM stage BIM models. 

As indicated in the responses, BIM models developed during the design phase often 

lack essential information such as warranty details, technical specifications, and 

maintenance records, all of which are vital for effective facility management (FM) 

activities. This deficiency in comprehensive FM data within the design-phase BIM 

models can impede the efficiency of the FM stage, potentially resulting in incomplete 

or inaccurate information being utilized during facility management operations. 

Moreover, the distinct requirements of the design and FM stages contribute to the 

difficulty in seamlessly transitioning between the two. Parameters and features that 

are essential for design purposes may differ from those needed for effective facility 
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management. Additionally, issues such as software incompatibility exacerbate the 

challenges. One of the key challenges highlighted is the process of developing the 

BIM model from the design stage to create an accurate as-built model. There is a 

fundamental question of whether to create a new as-built model or evolve the 

existing design model. Integrating information from executing companies into the 

BIM model also presents a significant challenge, requiring careful coordination and 

collaboration among project stakeholders. In conclusion, addressing the lack of FM 

data during the design phase is crucial for facilitating a smooth transition between 

design and FM stage BIM models. 

Too Much Modelling Info and Unnecessary Renderings 

The challenge of "graphics, rendering, and refresh time" highlighted in response to 

the question regarding the lack of FM data during the design phase underscores a 

significant issue in the transition between design and FM stage BIM models. The 

emphasis on detailed graphics and rendering, while visually appealing, can result in 

unnecessary complexity and resource-intensive models that are not practical for 

Facilities Management (FM) activities. As mentioned, FM is not typically a 

resource-intensive practice, and the heavy use of polygons and solids in as-built 

models can create obstacles for FM teams. The excessive modeling information, 

coupled with elaborate renderings, may impede the FM team's ability to efficiently 

navigate and utilize the BIM model for maintenance and operations. Moreover, the 

time required to render complex models can detract from the design team's 

productivity and effectiveness. Therefore, there is a clear discrepancy between the 

modeling needs of the design phase and the practical requirements of FM activities. 

To address this challenge, there is a need to strike a balance between detailed 

modeling and practicality for FM purposes. FM teams require access to pertinent 

data and information without the burden of excessive graphical detail. Streamlining 

the BIM model by focusing on essential FM data and minimizing unnecessary 

renderings can enhance its usability and effectiveness during the FM stage. FM stage 
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requires the modeling level of the design model but the information of As-Built 

efforts. 

The Lack of Standardization 

The lack of standardization in data exchange processes poses significant challenges 

to achieving a seamless transition between the design and FM stages of BIM models, 

as highlighted in the responses. Without standardized protocols approved by 

regulatory authorities, data exchange between different software tools used during 

the design and FM stages can be fraught with issues, leading to data transfer 

problems and potential loss or corruption of information. 

Furthermore, unclear procedures for handing over BIM data from design to FM 

teams and legal or contractual issues can impede the smooth transition of information 

between project phases. The initial approach to the design or basis in a different 

measurement system, such as imperial to metric, can also complicate data exchange 

processes and hinder interoperability between different stages of the project 

lifecycle. 

In conclusion, addressing the lack of standardization in data exchange is crucial for 

overcoming the obstacles to a smooth transition between design and FM stage BIM 

models. Establishing standardized protocols is an essential steps toward improving 

the utility and effectiveness of BIM models throughout the facility lifecycle.  

The Blindness of Unpredictable Points In The Future Usage At FM Phase 

The challenge posed by the blindness to unpredictable points in future FM usage 

highlights a significant obstacle to achieving a smooth transition between the design 

stage and FM stage BIM models, as indicated in the response. Despite efforts to 

consider client input and anticipate building usage during the FM phase while 

modeling, there remains a degree of uncertainty regarding future requirements and 
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operational needs. This uncertainty can lead to blind spots that only become apparent 

once the facility management phase is underway. 

These unforeseen points of concern can complicate the transition process and hinder 

the effectiveness of the BIM model in supporting FM activities. For example, certain 

maintenance or operational tasks may not have been adequately accounted for during 

the design phase, leading to inefficiencies or overlooked requirements during facility 

management. Additionally, changes in building usage or unforeseen operational 

challenges may arise during the FM phase, further exacerbating the situation. 

The Lack of BIM Understanding 

The lack of client understanding about Building Information Modeling (BIM) and 

its benefits for future Facility Management (FM) presents a significant obstacle to 

achieving a smooth transition between the design stage and FM stage BIM models. 

As highlighted in the responses, many clients still perceive BIM as merely a tool for 

constructing their buildings according to their specifications and budget, without 

fully comprehending its potential for enhancing FM operations. This limited 

understanding often leads to a lack of specific requirements for FM from the client's 

side, further exacerbating the challenges associated with BIM adoption in the FM 

phase. 

Moreover, some clients may resist investing in BIM modeling altogether, preferring 

traditional 2D as-built documentation in paper format. This reluctance to embrace 

BIM technology hampers the development of comprehensive BIM models that can 

support FM activities effectively. To address these obstacles, investments in training 

and skill development for FM personnel are essential to ensure the effective use of 

BIM models for facility management. By addressing these challenges 

comprehensively, stakeholders can facilitate a smoother transition between the 

design and FM stages, ultimately maximizing the benefits of BIM for facility 

operations and maintenance. 
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Data Transfer Issues 

The identified obstacle of data transfer issues in the context of transitioning from the 

design stage to the FM stage in BIM models underscores several critical challenges 

that must be addressed to ensure a smooth transition process. Firstly, inaccurate or 

incomplete data within the BIM model can significantly hamper its usefulness during 

the FM stage. Without comprehensive and reliable information, FM teams may 

struggle to effectively manage the facility, leading to operational inefficiencies and 

potential issues. Moreover, the incompatibility between different software tools used 

across design and FM stages poses a significant barrier to seamless data transfer. 

This disparity can result in compatibility issues, data loss, or misinterpretation, 

further complicating the transition process. Additionally, poor communication and 

collaboration between design and FM teams can exacerbate data gaps or 

misunderstandings, hindering the transfer of essential information from one stage to 

another. Clear communication channels and collaborative efforts are essential to 

address these challenges effectively. In conclusion, addressing data transfer issues 

requires a multi-faceted approach that encompasses improving data accuracy, 

enhancing software compatibility, fostering better communication and collaboration. 

By overcoming these obstacles, stakeholders can facilitate a smoother transition 

between the design and FM stages in BIM models, ultimately enhancing the 

efficiency and effectiveness of facility management processes. 

Low LOD Stage During Design 

During the design stage, BIM models often contain a lower level of information 

compared to what is required for effective facility management. This discrepancy in 

the level of detail can impede the transition process, as FM teams may encounter 

difficulties in accessing essential information needed for their operations. 

To address this challenge, it is imperative to increase the LOD of the BIM model as 

the project progresses towards the FM stage. This involves enriching the model with 
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additional data and details relevant to facility management, such as warranty 

information, maintenance schedules, equipment specifications, and spatial 

relationships.  

4.1.2 Responses from FM Specialists 

The responses obtained from the participants have been interpreted and categorized 

into 5 subheadings for analysis. 

The Lack of FM Team Involvement and Lack of FM Data During Design 

Phase  

FM experts also emphasize "The Lack Of FM Team Involvement & Lack of FM 

Data During Design Phase" as one of the main obstacles, similar to designers. They 

draw attention to the root causes of this issue. FM experts highlight that factors such 

as the absence of a clear FM strategy in the Employer's Information Requirements 

(EIR) and undefined FM requirements during the design phase are significant 

challenges that hinder a smooth transition. The absence of a clear FM strategy in the 

EIR can lead to overlooking FM needs during the design process and failure to take 

necessary measures accordingly. Similarly, undefined FM requirements during the 

design phase can result in the development of designs that may not be suitable for 

the FM stage. 

Moreover, the failure to involve the FM team from the project's inception is also a 

major issue. FM experts indicate that the lack of early involvement of the FM team 

negatively affects the process of defining, planning, and implementing requirements 

and expectations. This deficiency can make it challenging to achieve alignment 

between the design and FM stages, potentially leading to data loss and 

communication gaps. 
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Too Much Modelling Info and Unnecessary Renderings 

FM experts, similar to designers, also emphasized the issue of "Too Much Modelling 

Info And Unnecessary Renderings," stating that excessive detail and unnecessary 

renderings in BIM models could hinder the transition process. Additionally, they 

addressed the issue of "Disorders at the Level of Detail of the Assets." While 

acknowledging that BIM models may contain high-level details in asset models, they 

noted that such a high level of detail is generally not necessary for FM purposes. FM 

experts explained that overly detailed models result in slower data flows and strain 

hardware resources, leading to delays in the process. To address this challenge, they 

recommended simplifying models to low-polygon forms to reduce processing time. 

Furthermore, they suggested achieving consensus among stakeholders regarding the 

Level of Detail (LOD) of the models from the outset. By establishing clear rules for 

LOD variability, stakeholders can ensure models are developed with the appropriate 

level of detail for both design and FM purposes. 

The Lack of BIM Understanding 

FM experts, parallel to designers, also emphasized the issue of The Lack Of BIM 

Understanding and Lack of Training and Skill Gaps among FM Professionals. They 

highlighted that this problem hinders the smooth transition between the design stage 

and FM stage BIM Models. FM professionals may not possess adequate 

understanding of BIM methodologies and technologies, which leads to challenges in 

effectively utilizing BIM models for facility management purposes. Additionally, 

there may be skill gaps and lack of training among FM professionals regarding BIM 

software and workflows, further complicating the transition process. This highlights 

the importance of investing in training programs and bridging skill gaps among FM 

professionals to enhance their ability to effectively utilize BIM models for facility 

management purposes. 
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Data Transfer Issues 

FM specialists echoed similar sentiments as the designers, highlighting "Data 

Transfer Issues" as a significant concern. They emphasized that BIM serves as a 

comprehensive solution across all stages of a building's lifecycle, aiming to minimize 

data gaps and losses during transitions. A major challenge arises during the handover 

stage due to poorly organized and unagreed structure data, leading to data leakage 

and hindering the FM team from obtaining comprehensive asset insights. 

Furthermore, FM specialists underscored the importance of integration between 

different solutions, particularly between those used by consultants, contractors, and 

the FM team. While consultants and contractors commonly utilize Autodesk's Revit 

solution for BIM modeling during design and construction phases, the FM team may 

not employ the same software. Therefore, ensuring seamless integration between 

these disparate software systems is crucial. They emphasized the need for proactive 

collaboration during design and construction phases, urging consultants and 

contractors to solicit specific information requirements from the FM team. 

By incorporating these requirements into BIM models up to LOD 500 stage, data can 

be extracted to facilitate integration between various solutions, such as CapEx and 

OpEx. The integration between BIM and FM software used by the FM team is 

essential for a smooth transition. Additionally, FM activities necessitate semantic 

data for facility assets, which management systems rely on for processing. Thus, 

adequate data quantity, neither excessive nor insufficient, should be incorporated 

into BIM models. 

In summary, obstacles to a smooth transition between the design and FM stages in 

BIM projects encompass issues such as data consistency, accuracy, and software 

interoperability. Proactive collaboration, clear communication, and integration 

efforts are vital to overcoming these challenges and ensuring a seamless transition 

between design and FM stages. 
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FM Parameters for Better Integration 

The response regarding "FM Parameters For Better Integration" addresses a critical 

aspect of transitioning from the design stage to the FM stage in BIM projects. It 

underscores the importance of integrating FM parameters seamlessly into the design 

process to ensure a smooth transition. By recognizing the distinct requirements of 

the FM phase and incorporating them into the design phase, potential obstacles can 

be mitigated. The integration of FM parameters involves aligning the geometric 

design and spatial formation process with the functional requirements of the project. 

This necessitates a comprehensive understanding of how decisions made during the 

design phase impact parameter values assigned during the FM stage. For instance, in 

complex projects like a car factory, where different objects on the production line 

may require unique FM parameters, customization during the design phase becomes 

crucial. In conclusion, prioritizing the integration of FM parameters during the 

design phase is crucial for a smooth transition to the FM stage in BIM projects. By 

addressing this obstacle through proactive planning, collaboration, and 

customization, project teams can enhance data consistency, optimize facility 

operations, and ultimately achieve project success. 

4.2 The Second Question 

The second question was “For an easier transition between a design phase BIM 

model - to an FM phase BIM model; What features do you think a design BIM 

model should contain?” 

4.2.1 Responses from Designers  

The responses obtained from the participants have been interpreted and categorized 

into 9 subheadings for analysis. 
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Accurate Level of As-Built Representing  

Incorporating accurate representations of the as-built conditions into the design BIM 

model is essential for a smooth transition to the FM phase. It provides FM teams 

with reliable information for efficient facility management, including details on 

installed products and technical specifications. This helps minimize discrepancies 

between design intent and reality, fostering better collaboration between design and 

FM teams. Ultimately, it enhances facility operations over the building's lifecycle. 

Accurate and Detailed Data  

As indicated in the responses, the requirement for an accurate and detailed data in 

the design BIM model is crucial for facilitating a smooth transition to the FM phase 

BIM model. Architectural, structural, and utilities data play a pivotal role in ensuring 

comprehensive information coverage. Integration of 3D production machine models 

can further enhance the design by enabling space and collision checks, thus 

minimizing potential conflicts during construction. Moreover, inclusion of material 

properties, quantities, and actual dimensions of components provides valuable 

insights for both design and construction phases. Responsibility lies with designers 

to ensure the accuracy of the initial BIM model, but it's equally important for 

contractors and manufacturers to reflect actual models during or after construction. 

This ensures that critical details such as material specifications, framing data, fire 

ratings, acoustical properties, and hardware information are accurately represented. 

Furthermore, information related to mechanical equipment, maintenance 

requirements, usage areas, and procurement processes should be meticulously 

defined to support facility management activities. In addition to these specifics, the 

design BIM model should encompass a wide range of elements including geometry, 

spatial representation, architectural details, structural components, MEP systems, 

building envelope, and more. Consistent naming conventions, file naming 

conventions, and parameters tailored to project scope and client requirements are 
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essential for effective model management and utilization. Ensuring the inclusion of 

all necessary information for proper constructability of the structure is paramount. 

This includes detailed architectural, structural, and MEP components, accurate 

dimensions, materials, and spatial relationships. Ultimately, an accurate and detailed 

design BIM model serves as the foundation for successful project execution and 

seamless transition to the FM phase. 

Clearances for Maintenance and Operation  

As indicated in the response, including clearances for maintenance and operation in 

the design phase BIM model is crucial for a smoother transition to the FM phase. 

These clearances ensure adequate space for equipment maintenance, reducing 

operational disruptions and costs. By incorporating them upfront, designers enhance 

facility functionality and promote collaboration between design and FM teams, 

resulting in improved efficiency throughout the facility's lifecycle. 

Actual Families of The Objects, IFC Parameters, Guide Parameters  

To ensure a seamless transition from the design phase BIM model to the FM phase 

BIM model, it's essential to include certain features in the design BIM model. These 

features include incorporating LOD350, which represents a higher level of detail and 

accuracy, ensuring that the BIM model reflects the actual families of objects rather 

than generic placeholders. Additionally, including IFC Parameters and Guide 

parameters provides crucial information for interoperability and standardization 

across different software platforms. 

Furthermore, the inclusion of duct and cable tray supports enhances the accuracy of 

the model, facilitating better coordination and clash detection during both design and 

construction phases. Incorporating production information, product numbers, and 

manufacturer names adds another layer of detail, enabling efficient procurement and 

maintenance processes during the FM phase. By including these features in the 
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design phase BIM model, stakeholders can ensure that the FM phase transitions 

smoothly, with comprehensive data and accurate representations of building 

components. This proactive approach enhances collaboration between design and 

FM teams, streamlines facility management processes, and ultimately contributes to 

the long-term operational efficiency and sustainability of the building. 

Extra Parameter of The Objects That Works for Switching Their LODs  

The suggestion of incorporating an extra parameter into BIM objects to facilitate the 

switching of LOD levels between design and FM phases presents an innovative 

approach to streamline the transition process. 

By integrating this feature, designers can optimize BIM objects to serve dual 

purposes, tailored specifically for the requirements of each phase. During the design 

phase, objects can be configured with parameters that prioritize higher LOD levels 

to support detailed modeling and visualization. Conversely, for the FM phase, the 

same objects can be adjusted to lower LOD levels, focusing on essential information 

relevant to facility management, such as maintenance requirements and spatial 

relationships. 

3D Twin and Energy Usage Values of The Building 

The suggestion to include a 3D twin and well-coordinated, predicted energy usage 

values of the building in the BIM model presents an innovative approach to 

enhancing the transition from the design phase to the FM phase. 

Having a 3D twin integrated into the BIM model offers significant advantages for 

facility management. It provides a virtual representation of the building that mirrors 

its real-world counterpart, allowing FM teams to visualize and interact with the 

facility in a digital environment. This twin can be utilized for various purposes, 

including maintenance planning, space management, and asset tracking, thereby 
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improving operational efficiency and decision-making. In addition to the 3D twin, 

incorporating predicted energy usage values into the BIM model is essential for 

optimizing energy performance and sustainability throughout the building's 

lifecycle. By simulating and analyzing energy consumption patterns, FM teams can 

identify opportunities for energy optimization, implement proactive maintenance 

strategies, and reduce operating costs.  

Certain Standards   

The suggestion to establish a standard DIN code that clearly outlines the 

requirements for BIM models to be used for facility management (FM) purposes 

underscores the importance of accuracy and adherence to certain standards in 

facilitating the transition from the design phase to the FM phase. 

Having a standardized framework, such as a DIN code, provides clarity and 

consistency in defining the content, parameters, and file format necessary for BIM 

models intended for FM use. This ensures that all stakeholders involved in the design 

and construction process are aligned with the same expectations and specifications, 

minimizing discrepancies, and streamlining the transition process. 

By following established standards, BIM models can be developed with the future 

in mind, ensuring that they remain relevant and usable even decades later. This 

longevity is crucial, especially in the context of FM, where buildings may be in 

operation for several decades and require ongoing maintenance and management. 

In conclusion, the adoption of standardized requirements, such as a DIN code, for 

BIM models aimed at FM use is essential for ensuring accuracy, longevity, and 

interoperability. By adhering to these standards, stakeholders can enhance the 

effectiveness of BIM models in supporting facility management activities and ensure 

a smoother transition from the design phase to the FM phase. 



 

 

82 

Comprehensive Modeling of The Elements  

The responses emphase that the comprehensive modeling of elements in the BIM 

model, particularly in terms of both level of detail (LOD) and level of information 

(LOI) is needed. By ensuring that all elements required for the operational process 

are proficiently modeled in the BIM model, stakeholders can effectively leverage the 

capabilities of BIM throughout the facility's lifecycle. This comprehensive modeling 

approach entails not only capturing the physical attributes of elements but also 

integrating relevant data and information essential for facility management tasks. 

Moreover, the utilization of the 3D aspect of models and the avoidance of 

overreliance on 2D drawings are crucial for maintaining data integrity and 

accessibility. Incorporating 3D representations enables users to visualize spatial 

relationships and identify potential clashes or coordination issues more effectively. 

Additionally, defining families and naming conventions for elements facilitates ease 

of identification and enhances the model's usability for future users. 

Furthermore, the association of elements with the appropriate levels in the BIM 

model ensures accurate representation of the facility's hierarchy and organization. 

This enables users to navigate the model efficiently and access relevant information 

based on their specific needs and requirements. 

In conclusion, comprehensive modeling of elements in the BIM model is essential 

for facilitating a seamless transition from the design phase to the FM phase. By 

adhering to best practices and standards for BIM modeling, stakeholders can 

maximize the utility of BIM throughout the facility lifecycle and enhance the 

effectiveness of facility management processes. 

Modeling Based on Early Agreed Parameters 

The emphasis on modeling based on early agreed-upon parameters underscores the 

importance of setting clear guidelines and standards from the outset of the BIM 
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modeling process to facilitate a smooth transition from the design phase to the FM 

phase. 

By establishing required parameters for all equipment at the beginning of the project, 

stakeholders can ensure consistency and accuracy in the BIM model throughout its 

lifecycle. Early agreement on parameters allows for better coordination and 

integration of data across different stages of the project, minimizing the risk of 

discrepancies or errors during the transition process. 

Furthermore, considering required parameters from the beginning helps future-proof 

the BIM model for FM purposes. By incorporating essential data and information 

during the design phase, the resulting BIM model is better equipped to support 

facility management activities such as maintenance, operations, and asset 

management in the long term. 

4.2.2 Responses from FM Specialists 

The responses obtained from the participants have been interpreted and categorized 

into 4 subheadings for analysis. 

Accurate and Detailed Data  

FM specialists echoed the sentiments of designers, emphasizing the necessity for 

comprehensive inclusion of features, elements, disciplines, zones, and rooms within 

the design model, adhering to LOD requirements typically up to LOD 300 by the 

end of the design stage. They stressed the importance of collaboration between BIM 

authorities and the FM team to ensure that the design model encompasses all 

necessary features. This collaboration allows the FM department to specify 

requirements such as specialty equipments (e.g., steam irons, dishwashers), electro-

mechanical assets (e.g., generators, elevators, air-conditioners), emergency 

equipment (e.g., fire extinguishers, emergency lighting fixtures), and furniture. Thus, 
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a design BIM model should encompass architectural, structural, and MEP elements, 

providing accurate spatial representations, material specifications, and relevant 

metadata to facilitate a smooth transition to the FM phase. 

Certain Standards 

FM experts stating that the design BIM model should be modeled in accordance with 

the classification and technical assumptions specified in the BIM Execution Plan 

(BEP). This ensures consistency and alignment with project requirements throughout 

its lifecycle. The effectiveness of COBie for facility managers is contingent upon the 

FM strategy outlined in the Employer's Information Requirements (EIR). COBie 

serves as a valuable reference encompassing all disciplines, project types, and 

elements at a high level. However, customization and development of features are 

necessary in each discipline, company, and project context. COBie provides a 

standardized format for exchanging asset information, contributing to effective 

facility management practices when aligned with the FM strategy outlined in the 

EIR. 

Comprehensive Modeling of The Elements 

FM experts echoed the views of designers, emphasizing the importance of 

thoroughly integrating building geometry, components, and systems into the design 

model. This integration is intended to streamline design visualization, coordination, 

and analysis throughout the project's lifecycle. They emphasized the significance of 

employing efficient and automation-driven model production techniques while 

ensuring smooth integration with Industry Foundation Classes (IFC) parameters. By 

incorporating these elements, the design BIM model evolves into a powerful asset 

for facilitating the transition to the FM phase, promoting effective facility 

management practices, and improving overall project performance. 
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Modeling Based on Early Agreed Parameters 

FM specialists reinforced the designers' points by suggesting that structural elements 

and objects should be identified for assignment of FM parameters through 

classification and system specifications. Confirming minimum FM parameters, 

validated by operational managers, ensures alignment with FM goals, while 

conducting site verification before handover ensures accuracy. 

4.3 The Third Question 

The third question was “For an easier transition between a design phase BIM model 

- to an FM phase BIM model; Which information to be used during the FM phase 

should be added to the model during the design phase?”. 

4.3.1 Responses from Designers  

The responses obtained from the participants have been interpreted and categorized 

into 9 subheadings for analysis. 

Maintenance Information and Warranty Details   

In order to facilitate a seamless transition from the design phase BIM model to the 

FM phase BIM model, it is essential to incorporate comprehensive maintenance 

information during the design process. This not only ensures efficient facility 

management but also minimizes potential disruptions and enhances the longevity of 

the structure. 

Moreover, during the design phase, it's imperative to include detailed maintenance 

schedules, operation and maintenance manuals, warranty information, and data 

sheets for all installed equipment and systems. This allows FM teams to effectively 
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plan and execute maintenance tasks, anticipate equipment lifecycle, and promptly 

address any issues that may arise. 

Furthermore, considerations for accessibility, spatial utilization, and asset 

relationships should be integrated into the BIM model. This includes information on 

maneuverability within the structure, spatial constraints for equipment installation 

and maintenance, and accessibility features for users and maintenance personnel. 

Predictive maintenance protocols should also be factored in during the design phase, 

taking into account foreseeable usage patterns, future expansions or renovations, and 

potential changes in technology or regulations. By incorporating predictive 

maintenance strategies, FM teams can proactively identify maintenance needs, 

optimize resource allocation, and mitigate the risk of unexpected failures. 

In essence, by incorporating comprehensive maintenance information into the design 

phase BIM model, designers can ensure a smoother transition to the FM phase, 

enabling efficient facility management, optimizing lifecycle costs, and enhancing 

overall operational resilience. This approach fosters collaboration between design 

and FM teams, promotes data-driven decision-making, and ultimately contributes to 

the long-term sustainability and performance of the built environment.  

Integrating warranty details into the BIM model during the design phase is essential 

for a seamless transition to the FM phase. These details provide crucial information 

on coverage, duration, and contact details for warranty providers. By having this data 

upfront, facility managers can effectively plan maintenance, ensure compliance with 

warranty terms, streamline procurement, and optimize resource allocation. Overall, 

it enhances transparency, accountability, and efficiency throughout the building 

lifecycle.  

Execution Notes, Demolishing Plans, Data Sheet Information 

Integrating execution notes, demolishing plans, and data sheet information into the 

BIM model during the design phase is crucial for a seamless transition to the FM 
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phase. These details provide valuable insights into design intent, construction 

methods, future demolition considerations, and technical specifications for 

maintenance. By incorporating them early, facility managers can efficiently plan 

maintenance, renovations, and equipment replacements throughout the building's 

lifecycle, optimizing operational efficiency.   

Original Equipment Manufacturer Information  

Incorporating Original Equipment Manufacturer (OEM) information, into the BIM 

model during the design phase is vital for seamless transition to the FM phase. This 

data enables facility managers to track warranties, schedule maintenance efficiently, 

and manage assets effectively. By having OEM information readily available within 

the BIM model from the outset, FM teams can optimize operations, minimize costs, 

and ensure the long-term performance of building assets. 

The Objects Should Contain The Needed Parameters and Info and Actual 

Dimensions for All Components and Technical Specs 

Ensuring that BIM objects contain the necessary parameters and information during 

the design phase is crucial for facilitating a smooth transition between the design and 

FM phases. Incorporating information such as IFC parameters, guide parameters (uni 

class parameters), and specific details related to the lifecycle of building components 

directly into BIM objects enhances the intelligence and usability of the model for 

FM purposes. 

One significant benefit of embedding this information into BIM objects is the ability 

to automate and streamline FM processes. Instead of relying on text notes in sheets, 

FM teams can access essential data directly from the BIM model, saving time and 

reducing the risk of errors associated with manual data entry. For example, having 

parameters indicating the fire resistance rating of walls or the expected lifespan of 

building components allows facility managers to proactively plan maintenance and 
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replacement schedules, ensuring compliance with safety regulations and optimizing 

asset performance. 

Moreover, incorporating lifecycle information into BIM objects enables predictive 

maintenance strategies, where FM teams can anticipate and address potential issues 

before they escalate. For instance, if an object has a defined lifespan, such as a fire-

resistant wall that requires replacement after five years, facility managers can 

schedule inspections and replacements accordingly, minimizing downtime and 

prolonging the lifespan of critical building systems. 

Additionally, by including relevant parameters and information within BIM objects, 

stakeholders across the building lifecycle can collaborate more effectively. 

Architects, engineers, contractors, and FM teams can all contribute and access 

essential data within the same platform, fostering a holistic approach to building 

management and optimization. 

In conclusion, integrating necessary parameters and information into BIM objects 

during the design phase enhances the intelligence and usability of the model for FM 

purposes. By leveraging this data, FM teams can automate processes, implement 

predictive maintenance strategies, and collaborate more effectively, ultimately 

ensuring the efficient management and maintenance of building assets throughout 

their lifecycle. 

In responses it is also stated that including actual dimensions for all components and 

technical specifications is crucial. By incorporating these details into the BIM model 

during the design phase, it ensures a seamless transition and enhances the model's 

utility throughout the building's lifecycle. Actual dimensions for all components 

provide an accurate representation of the building's physical layout and 

infrastructure. This includes dimensions for structural elements, equipment, fixtures, 

and furnishings. Having precise measurements allows facility managers to plan 

maintenance activities, renovations, and space utilization effectively.  
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Furthermore, including technical specifications for equipment and components adds 

another layer of detail to the BIM model. This information encompasses brand 

names, model numbers, performance metrics, and maintenance requirements for 

various building systems such as HVAC, electrical, plumbing, and fire safety. With 

this data readily available in the BIM model, facility managers can easily access vital 

information needed for maintenance schedules, equipment replacement, and 

troubleshooting. 

By integrating actual dimensions and technical specifications into the BIM model 

during the design phase, it becomes a comprehensive digital twin of the physical 

building. This digital twin serves as a valuable resource for facility managers, 

providing them with the necessary insights and tools to efficiently manage the 

building throughout its lifecycle. Moreover, it fosters collaboration between design, 

construction, and FM teams, promoting a holistic approach to building management 

and optimization.  

Creating a Base for The Heat Maps  

Adding a base for heat maps in the BIM model during the design phase is crucial for 

facilitating a seamless transition to the FM phase. Heat maps play a vital role in 

optimizing building operations and energy efficiency during FM, making it essential 

to establish a foundation for their creation early in the design process. By integrating 

thermal performance data and design considerations into the BIM model, designers 

can anticipate heat distribution patterns effectively, optimize building layouts and 

systems, and address potential thermal comfort issues preemptively. This 

collaborative effort ensures that design intent aligns with operational needs, resulting 

in more efficient FM practices and better overall building performance. 
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As-Built Information  

Incorporating as-built information into the BIM model during the design phase is 

crucial for ensuring a seamless transition from design to Facilities Management 

(FM). This includes details such as MEP openings, reinforcement bars, correct 

member sizes, manufacturing and installation dates, warranty durations, and 

inspection schedules. By integrating this comprehensive information early in the 

design process, designers provide FM teams with vital insights into the building's 

infrastructure, facilitating efficient maintenance planning and coordination. 

Additionally, including manufacturing details enables FM teams to anticipate 

equipment lifecycles, plan for replacements, and ensure compliance with warranty 

terms, ultimately optimizing building performance and longevity. 

Furthermore, creating space on drawings for Facility Management System (FMS) 

codes and incorporating these codes into the BIM model enhances interoperability 

between design and FM phases. This approach fosters seamless information 

exchange, allowing stakeholders to easily identify and access relevant information 

from manufacturer documentation. By establishing a robust foundation of as-built 

information in the BIM model during the design phase, stakeholders can streamline 

FM operations, minimize downtime, and maximize the efficiency and effectiveness 

of building management throughout its lifecycle. 

Asset Information  

Adding asset information to the BIM model during the design phase is crucial for a 

seamless transition to the Facilities Management (FM) phase. This includes 

equipment specifications, maintenance schedules, lifecycle information, operation 

and maintenance manuals, space utilization data, energy performance data, 

accessibility information, user manuals and training materials, spatial and asset 

relationships, and work order history. By integrating this comprehensive data early 

on, designers pave the way for efficient FM operations throughout the building's 
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lifecycle. For instance, specifying equipment details and maintenance schedules 

enables FM teams to plan maintenance effectively and ensure compliance with 

warranty terms. Additionally, considering space utilization and spatial relationships 

during design anticipates future needs, ensuring that the design meets operational 

requirements. 

Furthermore, integrating asset information during the design phase allows for 

proactive planning to accommodate predictable facility usage and future phases. This 

foresight ensures alignment between design elements and operational needs, 

facilitating efficient FM practices and optimizing building performance. Establishing 

a robust foundation of asset information in the BIM model during the design phase 

empowers stakeholders to streamline FM operations, minimize downtime, and 

maximize the effectiveness of building management throughout its lifecycle. 

Life Cycle Information and Energy Performance Data  

Adding lifecycle information and energy performance data to the BIM model during 

the design phase is essential for ensuring a smooth transition to the Facilities 

Management (FM) phase. Lifecycle information provides insights into the expected 

lifespan, maintenance needs, and replacement schedules of building components, 

enabling FM teams to plan effectively for long-term maintenance and sustainability. 

Similarly, energy performance data allows FM teams to identify opportunities for 

energy efficiency improvements and cost savings. By integrating this information 

early in the design process, stakeholders can make informed decisions to optimize 

building performance and sustainability throughout its lifecycle, ultimately 

enhancing the efficiency and effectiveness of FM operations. 

Thermal Concept, Fire Concept 

Integrating thermal and fire concepts into the BIM model during the design phase is 

crucial for seamless transition to the Facilities Management (FM) phase. These 
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concepts offer insights into thermal performance, fire safety measures, and 

construction methodology. For FM teams, this means having essential data to 

manage the building effectively. Thermal concepts cover insulation, HVAC systems, 

and energy efficiency, enabling proactive maintenance and HVAC optimization. Fire 

concepts include fire-resistant materials, suppression systems, and evacuation routes, 

ensuring fire safety preparedness and compliance. By including these details early 

on, stakeholders foster collaboration, streamline operations, and maximize building 

value over time. 

4.3.2 Responses from FM Specialists  

The responses obtained from the participants have been interpreted and categorized 

into 4 subheadings for analysis. 

Maintenance Information and Warranty Details 

FM specialists, like designers, emphasized the importance of providing maintenance 

and warranty details in their responses. Additionally, they underscored the 

significance of including additional details related to the characteristics of the asset 

itself. These include warranty duration, periodic maintenance programs, operational 

and maintenance (O&M) requirements, warranty commencement dates, and the 

warranty status of each element or asset. Furthermore, they stressed the necessity of 

including information regarding replacement options, as well as the valuation of the 

asset and its corresponding replacement value. These comprehensive details are 

crucial for FM specialists as they manage and maintain facilities effectively, ensuring 

smooth operations and addressing potential issues promptly. 
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The Objects Should Contain The Needed Parameters and Info and Actual 

Dimensions for All Components and Technical Specs 

FM specialists further elaborated on this by emphasizing the importance of 

identifying specific attributes and information required by the FM team during the 

design phase. This includes determining the location of assets, naming the 

geographic coordinates and other relevant spatial details, identifying material 

specifications, dimensions, fire ratings, and other general information common to all 

elements in the project. They also highlighted the necessity of incorporating 

additional details such as materials, type, model, original serial numbers, power 

specifications, manufacturer and vendor details, purchase dates, capacities, RPM, 

installation numbers, and sizes. Furthermore, they recommended the use of TAGs to 

contain essential features for all assets, with the concept of TAGs potentially tailored 

specifically for each facility. Additionally, during the design phase, essential 

information for the Facilities Management (FM) phase, including equipment 

specifications, spatial data, operation manuals, and other relevant data necessary for 

efficient facility operations and maintenance, should be incorporated into the BIM 

model. It is important to note that FM parameters vary depending on the type and 

function of the building, with key parameters such as types, dimensions, label codes, 

material codes, and type marks being crucial for effective operation and 

maintenance. Defining which FM parameters will be needed for specific categories 

is essential, and these parameters can be added during the design stage to facilitate a 

seamless transition between design and FM phases. 

Asset Information 

FM specialists, much like designers, emphasized the importance of providing asset 

information during the design phase. They stated that asset information should be 

added to the BIM model during the design phase for better facility management. This 

approach enables the early acquisition of information necessary for effective facility 
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management and maintenance. Adding asset information during the design phase 

helps streamline operation and maintenance processes by ensuring that detailed 

information required for facility management is readily available. Therefore, FM 

specialists view the addition of asset information during the design phase as a crucial 

step contributing to the effective management of facilities throughout their lifecycle. 

Ensured Information Exchange 

FM specialists highlighted the significance of exchanging information during the 

design phase, emphasizing its pivotal role in facilitating enhanced facility 

management. They stressed that exchanging information can be ensured across 

various stages to improve facility management practices. By promoting effective 

communication and collaboration among stakeholders, such as designers, engineers, 

and facility managers, valuable insights and crucial data can be shared at an early 

stage of the process. This proactive approach enables the integration of essential 

information related to equipment specifications, maintenance requirements, spatial 

data, and operational manuals into the BIM model. Consequently, stakeholders can 

make well-informed decisions, anticipate maintenance needs, and optimize facility 

operations, resulting in improved efficiency and performance throughout the facility 

lifecycle. 

4.4 The Fourth Question 

From the perspective of Designers; 

The fourth question delved into the optimal Level of Development (LOD) required 

for a seamless transition from the design phase BIM model to the Facility 

Management (FM) phase BIM model.  
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4.4.1 Responses from Designers  

The responses varied widely, spanning from LOD 200 to 500. A segment of 

participants advocated for maintaining a lower LOD, specifically LOD 200, 

asserting that excessive detail isn't necessary at this juncture. Conversely, another 

viewpoint emerged, suggesting a moderate increase in detail, with recommendations 

falling within the LOD 300 to 350 range. Additionally, there were voices calling for 

even higher levels of detail, proposing LOD 400 to 500. Upon closer examination, 

the prevailing sentiment seems to converge around LOD 300 to 350. This implies 

that a balanced level of detail is preferred for the design model, ensuring a smooth 

transition to the FM phase BIM model. 

4.4.2 Responses from FM Specialists  

Various FM specialists offer different perspectives on the appropriate Level of Detail 

(LOD) for the design model. One specialist emphasizes the importance of aligning 

the LOD 300 BIM model with the information presented in Issued for Construction 

(IFC) drawings, enabling contractors to initiate building construction with minimal 

clashes. This approach is crucial for identifying constructible elements effectively. 

Another specialist highlights the necessity for the facility management leader to 

exercise responsibility and determination in selecting LOD levels, suggesting LOD 

200 as a preferred choice for the entire FM model to avoid time loss. Conversely, 

another expert suggests that a LOD of 200 to 300 is suitable for design purposes, 

offering basic geometric representations and conceptual information without 

overwhelming the model with excessive detail. Yet another specialist stresses the 

importance of integrating different LOD and Level of Information (LOI) levels into 

the BIM system for various project phases, adapting the levels based on structure 

type and desired detail. Finally, one specialist recommends LOD 500 for site 

verification, suggesting that geometrical detail may not be critical depending on the 

FM scope, as long as the correct parameters are included. These diverse viewpoints 
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underscore the nuanced considerations involved in determining the appropriate LOD 

level for design models, highlighting the need for careful assessment and alignment 

with project requirements and objectives. 

4.5 The Fifth Question 

The fifth question was “For an easier transition between a design phase BIM model 

- to an FM phase BIM model; Do you think it would be beneficial to address 

sustainability issues in the design phase? If so, please explain to what extent it should 

be addressed.”  

4.5.1 Responses from Designers  

The majority of the responses affirmatively assert that sustainability should indeed 

be addressed during the design phase. These responses emphasize various aspects 

such as life cycle assessment (LCA), minimizing environmental impact during 

construction and operation, and incorporating ergonomic design principles, 

especially in light of the lessons learned from the pandemic. Sustainability 

considerations encompass various aspects including material and equipment 

selection, energy efficiency, water consumption, and internal comfort. It's 

highlighted that sustainability should not only be integrated into design models but 

also documented through guidelines, standard procedures, specifications, and 

reports. Design decisions should prioritize the building's life cycle, with 

sustainability playing a significant role. Early consideration of sustainability issues 

allows for informed design decisions, such as optimizing energy consumption 

through daylight projection and selecting sustainable materials like smart glazing. 

Structural aspects like disassembling and reusing structural elements for future 

projects are also emphasized for reducing carbon footprint. Overall, addressing 

sustainability during the design phase is deemed critical for creating environmentally 
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responsible buildings, with a focus on energy efficiency, material choices, and site 

planning to minimize environmental impact. 

On the contrary, one perspective indicate that considering sustainability aspects in 

the later stages of the design process could be worthwhile, particularly as it would 

facilitate the identification of elements that can be replaced in the future and 

understanding their impact on sustainability metrics. This information could prove 

valuable for future feasibility studies and may become a requirement for clients 

anticipating future needs. However, this perspective contrasts with the view that such 

considerations may not be as beneficial in the early stages of design due to the 

evolving nature of the design and tight timelines. 

4.5.2 Responses from FM Specialists  

The common consensus among FM specialists is that addressing sustainability issues 

in the design phase is highly beneficial. They emphasize that sustainability 

considerations become increasingly critical during the Facility Management (FM) 

stage, rather than solely during design or construction. For instance, during design, 

efforts may involve reducing paper usage and physical models in favor of virtual 

ones, while during construction, minimizing material waste and rework is crucial. 

However, the majority of a building's lifespan occurs after handover, making it 

essential to integrate sustainability considerations from FM team experiences into 

the design. FM teams may suggest adjustments such as reducing glass windows on 

the east side to prevent energy waste or identifying faulty fixtures to conserve water. 

Selecting durable materials based on FM insights can further reduce replacements 

and energy costs. BIM tools play a vital role in facilitating clash detection, accurate 

material takeoffs, and performance analysis, ultimately supporting sustainability 

goals. Therefore, incorporating digital tools and sustainability measures from the 

design phase onward is essential for efficient and sustainable facility management. 

Additionally, considering carbon calculations at the design stage and utilizing BIM 
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models for such calculations can be beneficial, depending on the Employer's 

Information Requirements (EIR). 

4.6 The Sixth Question 

The sixth question was “For an easier transition between a design phase BIM model 

- to an FM phase BIM model; Should the operation and maintenance information 

and processes be defined in the models during the design phase? If you think so, 

please explain how it should be addressed.”  

4.6.1 Responses from Designers  

The responses obtained from the participants have been interpreted and categorized 

into 7 subheadings for analysis. 

Yes, shall be well defined! 

In the responses provided, some participants agree that operation and maintenance 

(O&M) information and processes must be clearly defined during the design phase. 

They emphasize the importance of integrating O&M information early on to ensure 

effective facility management throughout the building's lifecycle. This includes 

specifying maintenance protocols, equipment tagging, access points, and safety 

information within the BIM model. By doing so, the model becomes a valuable tool 

not only for design and construction but also for ongoing facility management. 

Participants highlight that accurate O&M information helps predict and avoid extra 

costs and ensures the functionality of the building. Examples are given, such as 

ensuring accessibility for window cleaning or accommodating maintenance vehicles. 

Overall, integrating comprehensive O&M information during the design phase is 

deemed crucial for successful facility management and optimal building 

performance. 
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Yes, The Design Should Be Ergonomic and Should Take Care of Clear Flows 

In the responses provided, some participants unanimously emphasize the importance 

of progressing through design stages from conceptual to preliminary to detailed, 

allowing for the inclusion of relevant information at each stage. A conceptual design 

provides a framework for other disciplines, while detailed design incorporates 

specific information such as production machines. The design is expected to be 

ergonomic, ensuring clear flows for both personnel and materials. Maintenance 

information should be integrated into the models during the design phase, 

particularly for buildings with a large number of equipment, such as factories. Space 

occupation should be clearly defined to reflect real-time data for better management. 

Efforts for the asset information model should commence during the design stage. 

While some participants have not yet encountered the need to provide maintenance 

and operation information in design projects, they believe it would be beneficial, 

especially in ICT design models. Suggestions are made for the development of stage-

fluid objects that can display different information at different stages, allowing for 

seamless conversion from design objects to facility management objects. 

Yes, Based on The Key Operations of The Building  

Some participants believe that based on the key operations of the building, operation 

and maintenance information holds significant importance for Facilities 

Management (FM). They suggest addressing this by summarizing it within building 

elements properties and providing a reference to a more detailed document. 

Furthermore, they emphasize the importance of considering key building operations, 

such as aircraft placement and workflow in an MRO Hangar, even if they are not 

traditional building elements. Additionally, participants note that process equipment 

and its operation are often overlooked, as they are typically purchased by the client 

and their layout is handled by consultants. They advocate for incorporating space 

claim modeling for such equipment and emphasizing the need to define 
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responsibilities for this task. Ultimately, they stress the importance of starting to 

consider these aspects early on to ensure that the correct information and definitions 

are available during the construction phase, leading to optimal building performance 

throughout its useful life. 

Not in a Very Detailed Level, But Can Be Beneficial in a High Level 

In the responses provided, some participants express that while operation and 

maintenance information may not be detailed at the early stages, it can still be 

beneficial at a higher level to provide users with an understanding of the designer's 

intentions. They note that building designers may have limited expertise in 

maintenance, so the level of information provided may be based on their design 

experience. However, as the design progresses to its final stages, incorporating 

operation and maintenance considerations becomes increasingly valuable. This 

allows for a smoother transition to Facility Management (FM) and enables the 

selection of components with maintenance interests in mind. Nonetheless, 

participants suggest that at the early stages, detailed operation and maintenance 

information may not be as helpful, as it involves handling a large amount of data that 

may not yet be fully valued or utilized. 

No, Except Main Ones and Critical Ones  

In the responses given, certain participants mention that maintenance information 

should be limited to main and critical components only. Full accessibility for 

maintenance should be guaranteed for all parts requiring inspection, maintenance, or 

replacement. They mention that during the design phase, a sequence of operations is 

provided as a report, but this information is not attached to the design model. Instead, 

maintenance information is expected to be included in the as-built models rather than 

the design model. 
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No, Details Will Be Provided Later by Executing Companies  

A participant indicate that the detailed information cannot be included during the 

design phase, as it is typically furnished by the executing companies at a later stage. 

No, Not in The Models 

In one response provided, participants suggest that operation and maintenance 

information should not be defined within the models, as it is provided in a separate 

manual. 

4.6.2 Responses from FM Specialists  

The FM Specialists mainly agreed that defining the operation and maintenance 

information and processes during the design phase would be useful. The first 

perspective advocates for identifying O&M information early on, including warranty 

status, manuals availability, asset attributes, and cost details, to ensure the delivered 

project data benefits FM activities. It stresses the need for collaboration between 

designers and FM teams, utilizing data integration and proper preparation for 

operational stages. Additionally, it highlights the importance of employing solutions 

like CAFM for seamless integration. Conversely, the second perspective suggests 

that while business decisions are crucial during design, maintenance parameters can 

be added later to the design model. It suggests integrating maintenance parameter 

values based on operational flow charts after the initial design phase. Both 

viewpoints recognize the importance of considering O&M information during the 

design stage but differ in their timing and methodology for integration 
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CHAPTER 5  

5 DISCUSSION OF THE RESULTS 

5.1 The First Question 

In interviews with designers and FM specialists, common obstacles to a smooth 

transition between the design and FM stages of BIM models were identified. These 

include the lack of FM team involvement and data during the design phase, excessive 

modeling info and unnecessary renderings, the lack of BIM understanding, and data 

transfer issues. Addressing these challenges requires proactive collaboration, clear 

communication, and integration of FM requirements into the design process to 

ensure a seamless transition. Additionally, designers highlighted other significant 

obstacles, such as additional workload for BIM tasks, difficulty in integrating 

lifecycle information, lack of standardization, blindness to unpredictable future FM 

usage, and low LOD stages during design. Overcoming these challenges necessitates 

improved methodologies for integrating lifecycle information, standardized 

protocols for data exchange, and collaborative risk assessments. By prioritizing the 

integration of FM parameters into BIM models from the design phase, project teams 

can optimize facility management practices and achieve project success. 

5.2 The Second Question 

Interviews with designers and FM specialists revealed common responses to the 

question about features necessary in a design phase BIM model for a smooth 

transition to the FM phase. Both groups emphasized the importance of accurate and 

detailed data, adherence to certain standards, comprehensive modeling of elements, 

and modeling based on early agreed-upon parameters. Designers stressed the need 
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for detailed data across architectural, structural, and utilities domains, including 

material properties and equipment models for clash detection. FM specialists 

emphasized collaboration and the inclusion of specialty equipment and electro-

mechanical assets in the model. Additionally, both groups highlighted the 

importance of adhering to certain standards, such as DIN codes and COBie, for 

clarity and consistency. They also emphasized the need for comprehensive modeling 

of elements, focusing on both LOD and LOI, and early agreement on parameters to 

ensure accuracy and coordination. Despite these commonalities, designers identified 

additional obstacles such as accurate representation of as-built conditions, clearances 

for maintenance, and integration of production information. They proposed solutions 

including incorporating extra parameters for LOD switching and integrating a 3D 

twin with predicted energy usage values. In conclusion, a collaborative approach 

between designers and FM specialists is essential to address these challenges and 

optimize BIM models for efficient facility management throughout the building 

lifecycle. By incorporating accurate data, adhering to standards, and modeling 

elements comprehensively, stakeholders can ensure a seamless transition and 

enhance operational efficiency and sustainability. 

5.3 The Third Question 

During interviews with both designers and FM specialists, consistent answers were 

provided to the third question, which focused on enhancing the transition from a 

design-phase BIM model to an FM-phase BIM model. Both groups emphasized the 

critical importance of including maintenance and warranty details in the BIM model 

during the design phase to ensure a smooth transition to the FM phase. Designers 

stressed the need for comprehensive maintenance information, while FM specialists 

added insights into asset characteristics such as warranty duration and O&M 

requirements. Additionally, both groups highlighted the vital significance of 

incorporating thorough parameters, data, and precise dimensions within BIM models 

during the design phase. This collaborative approach ensures transparency, 
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accountability, and efficiency throughout the building lifecycle, ultimately 

enhancing the built environment's long-term sustainability and performance. 

Furthermore, designers and FM specialists stressed the importance of including asset 

information in BIM models during the design phase for effective facility 

management. Proactive measures such as establishing standardized protocols, 

encouraging collaboration between stakeholders, and leveraging advanced 

simulation tools are essential to address these challenges and ensure a smooth 

transition from design to FM phases. 

5.4 The Fourth Question 

Responses from designers and FM specialists reveal diverse perspectives on the 

appropriate Level of Detail (LOD) for design models in BIM projects. Designers 

advocate for an approach, with suggestions ranging from LOD 200 to 500. While 

some favor lower LODs, arguing that excessive detail is unnecessary, others propose 

moderate increases to LOD 300-350 to ensure sufficient information for the FM 

phase. FM specialists also offer varying opinions, with some emphasizing the 

importance of aligning LOD 300 with construction drawings for minimal clashes, 

while others recommend LOD 200 for the entire FM model to avoid time loss. There 

are also suggestions for LOD 200-300 for design purposes, emphasizing basic 

geometric representations without overwhelming detail. The recommendation for 

LOD 500 for site verification highlights the need to adapt LOD levels based on 

project phases and requirements. These differing viewpoints underscore the 

complexity of selecting an appropriate LOD level, emphasizing the importance of 

careful assessment and alignment with project objectives and requirements. 

Additionally, the participants provided different answers to this question because 

their positions in the project vary and they work in different areas. Designers, 

responsible for the initial creation and development of the models, may prioritize 

flexibility and ease of updates, thus leaning towards lower or moderate LODs. In 

contrast, FM specialists, focused on the long-term maintenance and operation of the 
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facility, may require higher LODs to ensure detailed and accurate information is 

available for efficient facility management. Due to their roles in the project, their 

focal points are different: designers are often concerned with the efficiency and 

practicality of the design process, while FM specialists emphasize the accuracy and 

comprehensiveness of the information required for ongoing facility operations. This 

variation in roles and responsibilities naturally leads to differing opinions on the 

appropriate LOD for BIM projects. 

5.5 The Fifth Question 

Both designers and FM specialists concur on the importance of addressing 

sustainability during the design phase, though with some differing viewpoints. 

Designers emphasize the early integration of sustainability measures, focusing on 

life cycle assessment, environmental impact reduction, and ergonomic design 

principles. They stress the need for sustainability to be incorporated into design 

models, guidelines, and reports, with a focus on energy efficiency and material 

selection. However, one perspective suggests that considering sustainability later in 

the design process may aid in identifying replaceable elements and their impact on 

sustainability metrics. FM specialists also highlight the importance of sustainability, 

emphasizing its integration from FM experiences into design. They stress the role of 

FM insights in material selection and energy consumption reduction, aided by BIM 

tools. Considering carbon calculations at the design stage and using BIM models for 

such calculations are seen as valuable strategies. Overall, both groups emphasize the 

significance of sustainability in design but offer insights into the timing and methods 

of integration. 

5.6 The Sixth Question 

Designers and FM specialists provide varied perspectives on the integration of 

operation and maintenance (O&M) information during the design phase. While 
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designers emphasize the importance of defining O&M processes early on to ensure 

effective facility management throughout the building's lifecycle, FM specialists 

largely agree on the usefulness of this approach. They advocate for identifying O&M 

information such as warranty status, manuals availability, and asset attributes during 

the design phase to benefit FM activities. This aligns with the notion of collaboration 

between designers and FM teams, emphasizing data integration and preparation for 

operational stages. However, there are differing views on the timing and 

methodology for integrating maintenance parameters into the design model. Some 

suggest adding detailed O&M information later in the process, based on operational 

flow charts, while others argue for its inclusion from the outset. Despite these 

discrepancies, both perspectives acknowledge the significance of considering O&M 

information during the design stage, albeit with differing approaches to 

implementation. 
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CHAPTER 6  

6 CONCLUSION 

This master's study delved into the integration of Building Information Modeling 

(BIM) and Facility Management (FM) processes, aiming to address key challenges 

and opportunities in this domain. The research problem highlighted the discrepancy 

between design-phase BIM models and their utilization in the FM phase, 

emphasizing the need for enhanced quality and scope tailored to FM requirements. 

Through a set of hypothesis, the study proposed strategies for improving BIM 

models' effectiveness in supporting FM activities, covering aspects such as data 

completeness, level of development, sustainability integration, and operation and 

maintenance processes. 

The research methodology involved examining perspectives from design companies 

in the U.S. and Germany, alongside insights from experienced Facility Management 

(FM) professionals. This approach provided a comprehensive analysis of BIM 

implementation strategies and practical implications across different organizational 

contexts. Insights were gathered through analysis of BIM execution plans and 

Employer's Information Requirements (EIR) documents, and interviews with key 

stakeholders from both design and FM sectors. The systematic collection and 

analysis of data facilitated the extraction of meaningful conclusions and insights. 

The findings revealed the importance of comprehensive data sets and a sufficient 

level of development in design models for effective FM support. Moreover, 

integrating sustainability goals early in the design process was identified as a crucial 

factor for improving FM outcomes. The systematic definition and integration of 

operation and maintenance processes during the design stage were also found to 

enhance FM practices. 
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For possible solutions: 

It is crucial for designers to obtain necessary Facility Management (FM) information 

for building elements prior to commencing the design process. While these data 

entries (parameters) may often remain blank initially, their presence allows for 

subsequent completion as information becomes available during later construction 

and operational phases. 

Incorporating sustainability considerations into project design enhances its 

suitability for effective Facility Management. Given the significance of the building 

lifecycle to owners, sustainability assumes a pivotal role. Like Facility Management 

data inputs, this information necessitates delineation during the planning phase. 

The Level of Development (LOD) of a model fluctuates due to construction schedule 

variations and available information. While some elements may stay at LOD 200, 

critical components often reach LOD 300 by the design phase's end, mirroring the 

evolving project nature and diverse detail needs. Therefore, attempting to establish 

a general LOD level may not be the most accurate approach.  

During the planning phase, it is imperative to ascertain the Facility Management 

(FM) software intended for use by the client. This information significantly 

influences the handover process and the management of model and data information, 

including considerations regarding Level of Information (LOI) and Level of 

Development (LOD). Awareness of the FM software enables project stakeholders to 

tailor the BIM models and associated data to align with the specific requirements 

and capabilities of the chosen FM platform. Moreover, understanding the FM 

software early in the planning stage facilitates seamless integration and 

interoperability between the BIM models and the FM system, thereby optimizing the 

efficiency and effectiveness of facility management processes throughout the 

building lifecycle. 
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Futhermore, In the design phase, it is imperative to incorporate operation and 

maintenance information into the models, aligning them with the fundamental 

operations of the building. By integrating operation and maintenance considerations 

into the design phase, stakeholders can ensure the holistic representation of building 

functionalities and streamline subsequent facility management processes. 

In instances where the client's understanding is uncertain, it falls upon the designer 

of record to undertake the responsibility of enlightening the client regarding the 

requisite element information. This educational process may involve advocating for 

methodologies such as Construction Operations Building Information Exchange 

(COBie) as a means of delivery. By elucidating the benefits and significance of 

comprehensive data exchange facilitated by COBie, the designer of record can 

empower the client to make informed decisions regarding the integration of essential 

information within the project models. This proactive approach fosters collaboration 

and ensures alignment between the client's expectations and the designer's 

deliverables, thereby enhancing the overall efficacy of the project delivery process. 

In conclusion, this study contributes valuable insights into optimizing the integration 

of BIM and FM processes, paving the way for more efficient and sustainable building 

management practices. By addressing the identified challenges and leveraging the 

proposed strategies, stakeholders can enhance FM outcomes and maximize the 

benefits of BIM throughout the building lifecycle. 

 

For tuture research, it could be focused on longitudinal studies to assess the long-

term impact of BIM implementation on FM efficiency and effectiveness. 

Additionally, exploring advanced technologies such as Internet of Things (IoT) and 

Artificial Intelligence (AI) in conjunction with BIM for FM applications could offer 

further insights into optimizing building lifecycle management. 
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