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ANALYSIS OF LCC AND BIM DURING OPERATION AND MAINTENANCE

PHASE FROM THE PERSPECTIVE OF COST

Thesis Description:

The confession of this master thesis is about identifying the benefits of Life
Cycle Cost (LCC) during facility management phase from the perspective of
cost and the support of BIM (Building Information Modeling) for efficient work.

The Construction project is a combination of development, management,
research, operation, and maintenance. Operation and maintenance involve
maximum lifespan compared to the construction phase. Currently, BIM iis the
flourishing technology in AEC (Architecture, Engineering, and construction)
industry which is been implementing in different stages of construction to reach
the effective performance. Accordingly, Life cycle costing of construction aids to
save the entire lifetime costs and benefits for both builders and investors. A lot
of research undergone and implementing advanced technology in the AEC
industry to increase the efficiency of work. Although, implementation of BIM is
at the greater level during the construction phase than in the latter phase.
Hence, the objective of the study is to provide how LCC and BIM assist to
reduce the functioning cost of building and how it is more effective in saving

entire lifecycle cost.
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Research methods:

Information for writing paper will be gathered from journals, publications,
articles, literature, researches, industrial interviews, case studies, and possible
comparisons. The aim of this study requires the following research methods:

a. Analyzing literature associated with BIM and LCC from the view of
cost.

b. Evaluating the case studies related to both the concepts.

Research questions:

This research methodology will be intended to answer the following
questions.

v" What is the Life Cycle Cost of a building and how it affects operational
and maintenance cost?

Does LCC support to reduce the cost of facility management and how it
impacts the lifetime cost saving of a building?

v What is the importance of implementing BIM during the Facility
management phase?

v Does BIM assist in reducing the cost of building maintenance?

v How does it help to reduce the maintenance cost by implementing both
the concepts?

Research time frame:

The duration of this thesis work planned to carry out from January 2018
and submission date would be Friday, 24th August 2018. The study will provide
the benefits of implementing LCC and BIM at the time of facility management

phase to save excess expenditure.
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Abstract

The application of different techniques and technology in the construction sector provided
immense advantages to optimize construction cost. However, the later period Operations and
Maintenance (O&M) phase of the building with maximum lifespan consume excess cost from
the owner budget and it is essential to reduce facilities costs. The Life Cycle Cost (LCC)
technique and Building Information Modeling (BIM) technology have a greater influence on
building usage period. Therefore, the primary objective in the research is to analyze the benefits
of LCC and BIM during Facility management (FM) phase. The theoretical approach of
research work helped to determine how LCC and BIM can facilitate to reduce operational cost.

The research work started with the background and problems related to O&M, following the
literature review and theoretical framework to know about concepts and current situations. The
case studies from several research papers were analyzed to support the research study and
finally concluded the results for the theoretical approach of work. The findings of the literature
review and case studies analysis provided different outcomes, limitations, and benefits of
implementing LCC and BIM.

With the implementation of LCC and BIM in FM phase can enhance the facilities operations
and maintenance process that reduces the service cost of building’s life. There are several
limitations from the two concepts BIM and LCC, however proper Lifecycle analysis of
building components, systems and equipment before evaluating design alternative and
integration of BIM at the early design stage can even improve the construction process which
benefits to reduce entire Life Cycle Cost of the building.

Keywords: Operations and Maintenance (O&M), Life Cycle Cost (LCC), Building Information Modeling (BIM),
Facility management (FM)



Table of Contents

AADSTIACT. ...t %
Table OF CONTENLS ...t Vi
TADIE OF FIQUIES...c.eeeeee et e e et e e e e e s reenbeaneennees viii
LISt OF TADUIALIONS ... e IX
LiSt OF ADDIEVIALIONS ...t X
1 INEFOAUCTION ...ttt b e an e 1
1.1 ReSearch ProbIEMS .........coiiiiii e 3
1.2 Motivation and SCOPe Of rESEArCH..........cccoeiieii e 4
1.3 ReSEArCh QUESTIONS .....ccuviiiiiitie ittt ettt e ebe e sbe e s be e beesabe e sbeesnbeesbeesnbeesreeenns 5
2 Research Methodology and StFUCTUIE .........cc.oiiiiiiiiiiceee e 7
2.1 APPIICALION ... bbb bbb 7
R Y L OO U TR PR PRSP 7
2.3 PATAGTGM ...ttt bbbt 8
2.4 Methodology and approach...........ceeeeieieieiieeeeee e 8
2.5 APPIOACH ..ottt 9
2.0 STTUCTUIE ...ttt 9
3 LIEIAtUIE REVIBW ...ttt ettt e e 10
3.1 Towards the importance of Operation and Maintenance............ccccceeevevieieereeieseenns 10
3.2 ReVIeW 0N Life CYCIE COSL .......ciuiiieiieciecee et 12
3.3 Building Information Modeling — Contribution to FM..........cccooviiiiiiiciiic e, 16
BABIMIN LCC ..ottt bttt ettt se e bt et st sne et 22
4 Theoretical BaCKgroUNd ...........c.ooiiiiiiiiii ettt 24
4.1 Facility Operations and MainteNaNCE. ..........coivreririeieieie et 24
4.2 Description 0N Life CYCIE COSt......ccuuiiiiiiiiiiiesieeeiee e 29
4.3 Case studies relating Life Cycle CoSt ANAIYSIS .......ccooviiiiiiriiirieee e 32



4.3.1 Case 1: Life Cycle Costing — A feasibility study ..........ccccoevveviienieiece e 33

4.3.2 Case 2: Suitability of LCCA as asset management ...........cccccvevevveereereseeseernennns 36
4.3.3 Case 3: Role of FM in building projects........cccevviieieeieiie e 37
4.3.4 Case 4: Promotion campaign of LCC by Davis Langdon ..........ccccecevevvveevieenenne 39

5 Adopting Building Information Modeling ...........ccooiiiiiiiiiiiee e 50
5.1 BIM-FM CaSE STUAIES ......cviiuiiiieiieiieieieesie sttt 53
5.1.1 Case 1: BIM in remodeling and LEED ...........ccccooiiiiniinieiece e 53
5.1.2 Case 2: BIM implementation during handover to facility management ............... 54
5.1.3 Case 3: BIM in facilities management applications...........cccoceveveriiinienicicnnenn 56
5.1.4 Case 4: BIM-Based Approach to for an Open Building Design ..........c.ccccvvvenene. 59
5.1.5 Case 5: COBie implementation ..........cccceveiieiieiie i 63
5.1.5 Analysis of BIM Case StUAIES ........ccceeiiiiiiieiicie e 65

6 Limitations and fULUIE SCOPE........ecviiiiiiiie et 68
6.1 LIMITATIONS ...ttt 68
6.2 Future scope and ReCOMMENAALIONS. ........c.ccveiiiiiiieie e 69
T CONCIUSTON ...tk bbbttt ettt b 70
8 REFEIBINCES ... 71

vii



Table of figures

Figure 1 Structure of reSEAarCh WOIK ..........cciiiiiiiiiiie ettt st ae et sreens 9
Figure 2 Extended Elevator life (Source: (Mydin, 2017)).....cccoiiiiiiieiiiiiieie e 10
Figure 3 Life cycle cost analysis of a building (Source: Mydin, 2017) ......cccoceieiiinieiiinieneneneee 13
Figure 4 Life cycle cost budget division of a building (Source: Aziz et al 2016 (Hardin 2009)) ........ 14
Figure 5 Analysis of the degree of influence of various stages of the project life cycle on investment
(DAWET & ZNA0, 2012)......ceiieieiieieie ettt n e 15
Figure 6 Framework for predictive maintenance management based on BIM decision support system
(Source: (Cheng, et al., 2016)) .....ccviirierierierieieieie ettt bbb 20
Figure 7 Information communication and technology evolution in FM over 40 years Source: (Aziz, et
L., 2006) ...ttt h bR et R et oA e R et be s et e e be et e re et te st ene et erearenears 28
Figure 8 Cost Breakdown Structure as per definitions (International Organization for Standardization
ISO 15686-5:2008, 2008) ......0civeueeereeeriirererieristeessesessesessessasessssessasessesessesessesessesessessssessesessesessasessesenes 29
Figure 9 cost and maintenance operation and management of marble and granite..............ccccceevenie. 32
Figure 10 The pincer movement of FM on the building process (JENSEN, et al., 2009).................... 37
Figure 11 Net present value building lifetime of two variables before and after (Davis Langdon, 2010)
.............................................................................................................................................................. 42
Figure 12 What is BIM for FM? (Source: (Jaspers, 2016)).....ccccccviieieiieiieieeiesreseesee e siesresveesve e 51
Figure 13 Maintenance workflow in the old process (First two rows) and new process (last row

Y LCTo 1 (o] T Tor=1 | 1Y) SRRSO 55
Figure 14 Existing maintenance work flow (Source: Kassem, et al., 2015)) ......ccccooeviiiiivciecieniennns 57
Figure 15: Integrated BIM-based Model (Source: Kassem, et al., 2015)) .......ccccevviviviinieninincnenen. 58
Figure 16 Open building design of the residential building (Source: (Juan & Hsing, 2017))............... 60
Figure 17 Old work order cycle before implementing COBie (Griffith & Cervenka, 2011)................ 63
Figure 18: New work order cycle after implementing COBie (Griffith & Cervenka, 2011) ............... 64

viii


file:///C:/Users/varma/Desktop/snd.docx%23_Toc522865529
file:///C:/Users/varma/Desktop/snd.docx%23_Toc522865532
file:///C:/Users/varma/Desktop/snd.docx%23_Toc522865532
file:///C:/Users/varma/Desktop/snd.docx%23_Toc522865533
file:///C:/Users/varma/Desktop/snd.docx%23_Toc522865533
file:///C:/Users/varma/Desktop/snd.docx%23_Toc522865535
file:///C:/Users/varma/Desktop/snd.docx%23_Toc522865538
file:///C:/Users/varma/Desktop/snd.docx%23_Toc522865540

List of Tabulations

Table 1 List of cost items proposed for the common database (Davis Langdon, 2010) ...................... 31
Table 2 LCC of alternatives, Study period 20years (Source: (Heralova, 2017))......ccccccvvvevviviveernenne. 33
Table 3 Comparison of operation and MaiNtENANCE COSL........ccciviiieiiiieiie e 34
Table 4 LCC of depository building, Study period 20years (Source: (Heralova, 2017))........ccccveueeeee. 35
Table 5 Estimated cost vs. actual cost of Building A, B and C (Kshirsagar, et al., 2010) ................... 36
Table 6 Kuopio taxation house LCC for refurbishment -2009............ccceve i 39
Table 7 Life Cycle Cost of energy generation — Heating and electriCity ........c.ccccooveviviiiiviicieiee, 41
Table 8 Description of case studies relating LCC ... 44
Table 9 Life Cycle Cost Analysis for three design proposal ( (Juan & Hsing, 2017) .........ccccceevveneaee. 62
Table 10 Description of case studies relating BIM ... 65



List of Abbreviations

AEC
BIM
CMMS
COBie
FM
ICT
LCC
LCA
MEP
NIST
O&M

Architectural Engineering and Construction
Building Information Modeling

Computerized Maintenance Management Systems
Construction Operation Building Information Exchange
Facility Management

Information Communication and Technology

Life Cycle Costing or Life Cycle Cost

Life Cycle Assessment

Mechanical, Electrical and Plumbing

National Institute of Science Technology
Operations and Maintenance



1 Introduction

A lot of research undergone and also implementing advanced technology in the AEC
(Architectural Engineering and Construction) industry to increase the efficiency of work. The
advanced techniques and developing technology focusing majorly on the construction phase
of the building’s lifespan offering little priority when the building in use. The service phase of
the building has a longer duration than the construction phase which requires proper
maintenance to enhance the performance of the building and building systems.

Adequate maintenance process and prior measures are the important aspects to increase the
functioning duration as well as to reduce the excess cost of accommodation. Nevertheless, the
emerging development of construction sector emitting various studies to increase prominence
in the second stage of project life that is after construction. In recent decades, maintenance of
buildings is aroused as an extensive research area of study.

The general mistakes employed in utilization are the improper process of maintaining and lack
of maintenance practice. This drives to expend excess money by the landlords and tenants in
the course of severe damage. It is observed that around £1 billion was paid out for resolving
faults in new buildings which were neglected at the design phase in the United Kingdom during
the latter period of the 20" century (Mydin, 2017). US National Institute of Science
Technology (NIST) interoperability study indicates that due to inefficiencies during operation
and maintenance phase a large amount of estimated cost is lost in the US. Aziz et.al denoted
there will be surplus overheads in utilization period than estimated in case of meager
management. (Aziz*, et al., 2016).

Due to the maximum proportion of building life comprises of a later phase of construction,
managing and maintaining are obligatory. In the course of O&M phase of a building lifecycle,
employing the efficient techniques of managing the maintenance of system can create the
variance from a loss to profit of an organization (Fourie & Tendayi, 2016). Therefore,
conservation and supervision at the stage of building use are crucial.

In the view of economic concern, priority is applicable to Life Cycle Costing (LCC) which
involves the budgeting of the entire life of building from designing to demolition. Life Cycle
Cost is usually adopted at the stage of design for the purpose of decision making which is a

whole inclusive of costs in all the phases. Further, in recent studies, global warming,



environment, and social aspects become a noteworthy topic in the AEC industry.
Consequently, it is essential for architects to incorporate life cycle assessment (LCA), Life
Cycle Cost (LCC) as well as Life Cycle CO2 (LCCOy) as a part of sustainable goals and for
facility managers to enrich internal environment meanwhile minimizing operational cost
(Kimoto, et al., 2013).

Lifecycle cost analysis is one of the prominent concepts which has been implementing in
different methods at a different phase of projects to minimize overall budget and increase
efficiency. From the view of total lifetime cost, O&M expenditures appear substantial. The
benefits from lifecycle cost analysis and assessment are to choose a relative and efficient design
in the perspective of future saving.

On account of an analysis to find the benefits of LCC in reducing building operational cost is
the primary chore in this research paper. Correspondingly the emerging technology in the
construction sector has a compelling influence upon utilization stage and its advantages also
considered as a plus to trim down maintenance cost.

The technology Building Information Modeling (BIM) in construction industry nowadays
flourishing as a collaborative tool for different trades minimize the risk of information sharing.
Thus, it acts as a bridge between the pre-construction, construction and post-construction
period of projects. Therefore, BIM is engaged as the supporting concept in Life Cycle Costing
to optimize redundant cost expenditure in maintenance management. So, as the research is in
sequence from LCC and BIM in running performance of the building.

This research concentrating essentially on operation and maintenance (O&M) phase or the
facility management phase of the construction project from the perspective of cost. The report
mainly focuses on the influence of LCC and BIM in the reduction of operation and
maintenance cost. Although the development of information technology in the AEC industry
is expanding progressively, most of developing countries still trailing behind and the concept
of facility management, life cycle costing and BIM are yet to implement. Thus, it is an
approach to find the benefits of all these factors to save excess cost incurred in building
lifespan.

Initially, the report follows with an introduction, emphasizing problems, the scope of work,
the importance of adopting LCC and BIM during facilities management phase from literature

review, analysis of case studies and conclusion.



1.1 Research Problems

In the conventional method of the construction industry, any economic consideration in a
project was basically from the start of construction until the user dwells in neglecting
operational cost. However, operation and maintenance of any construction project partake
maximum overheads than the earlier phases. As a result, it is certainly essential to acknowledge
post-construction cost while deciding on construction design. The major faults in maintenance
are basically due to the design decision, materials, and type of system selected at the early
stage. The other kind of defects is by deterioration. In contrast to another stage of lifespan, the
design stage has a massive impact on the maintenance of a project. The general faults in design

phase infer impression in the operational phase are below:

e Improper selection of materials and structural systems to minimize investment cost

e Aiming for physical properties of materials instead of durability and efficiency

e Lack of testing the materials before use

e Communication space among different stakeholders

e Lack of practical data from previous experience and reference

e Deficiency in preventive measures
Above mentioned defects are most influencing in the operational phase. Whilst it not only
impact on maintenance features but also on financial aspects. Implementation of entire cost
including operation, maintenance in projects supports owners or investors to make appropriate
decisions. In the recent development of the construction sector, Life cycle costing conquers a

significant role in perspective to cost.

Life cycle costing of the building aids to save the entire lifetime costs and benefits for both
builders and investors. But there are several problems residing in facilities stage even after
integrating Life Cycle Cost due to lack of information and standards. Building life cycle
process is complex and information available and requirements from each stage are different
and serve different purposes. There should be a continuous process of information carried from
one stage to another stage throughout the entire life-cycle of the building. However, most of
the created information is disconnected at some phase which leads to a lack of feedback during
the operational phase. Insufficient information on building system effects to make further

improvements in future design and maintenance (Pinheiro et al, et al., 2015).



In many of the case, building databases are less available and it is difficult to analyze other
similar building databases for rectification and repairs. Sometimes the records of maintenance
are not available or outdated to track the information which results in overspending of money
and time (Mydin, 2017).

In case of a change in the FM contractor for the maintenance and management of building after
few years, again causes a poor handover which directs owner to pay an additional cost to the
contractor for the survey. This process continues to carry forward replicated information
(Kassem, et al., 2015).

The primary drawbacks in maintenance or facility management are that there is a notable gap
between the construction and post-construction phase. For this reason, it is necessary to have
a continuous flow of information from beginning to end without missing any data or pay the
additional cost for each time of survey which eases the facilities management tasks.

The concept Life Cycle Cost displayed the importance of O&M cost of building apart from
construction cost. To have a constant flow of information BIM tool can facilitate as an
information exchange. This research tried to find possible benefits of adopting LCC and BIM

and how they can influence to minimize excess costs during facility management.

1.2 Motivation and scope of research

The motivation for this study is mainly to understand the concept of Building information
modeling and Life Cycle Costing facility management phase. The problem statement gives an
overview to evaluate the questions for conceptual study. Currently, maintenance and operation
phase becoming vital study to preserve the structure for a longer duration. Also, cost and
budgeting is the most influential aspect and must accountable. The inspiration to study the
research based on these grounds is carried out with basic research concept on adopting the type
of methodology. The main intention is to understand the theories and to support the research
work, life cycle costing is an important aim to focus. The booming technology and
implementation of BIM in different areas evidently have scope for future development. This

motivated to bring in two foremost conception analysis.



1.3 Research Questions

Considering economic aspects in the construction sector, the research has been chosen to
comprehend the concept of Life cycle costing and the role of building information modeling
in the post-construction phase. The research questions emphasis mainly on the understanding
of the process, accompanying structure of data, methodologies, integration of tools and

applications on implementing the technology.

The initial sort of questions related to the importance of Lifecycle costing, and the benefits of

LCC in the operational phase

Research question 1: What is the Life Cycle Cost of a building, how it affects operational and

maintenance cost?

Research question 2: Does LCC support to reduce the cost of facility management and how it
impacts the lifetime cost saving of a building?

The technology influence on construction sector increasing gradually to attain the efficiency
and cost-effective process all through the lifespan of a project. Hence the adoption of Building
information modeling tool is more influencing in AEC industry in current development. BIM
is a tool of collaboration among different stakeholders, increase the work efficiency and assist
to complete the project in stipulated time. There is a massive advantage in adopting BIM in
construction projects. Thus, to analyze the importance and advantages of BIM in facility
management the concept is incorporated in this study. Thus, the research questions associated

with BIM application are

Research question 3: What is the importance of implementing BIM during the Facility

management phase?

Research question 4: Does BIM assist in reducing the cost of building maintenance?



The overall effect on service phase in accounting the two major concept LCC and BIM to
decrease cost is an essential view. To gather the most valuable factors from the two concepts,
their limitation and possible recommendation to future act provide a way to conclude and
stimulate to adopt. The questions below support to gather the evidence and conclude the
possible advantages:

Research question 5: How does it help to reduce the maintenance cost by implementing both
the concepts?



2 Research Methodology and structure

It is important to understand the research sequence before arriving at the research
methodology. There are several methods to follow in research work, the flow of work in this
paper is based on deciding the basic parameters of the study. The sequence following basic
parameters by understanding these five aspects- Research application, research type, research
paradigm, research methodology, research approach, and research structure.

2.1 Application

From the two contrast research applications- Pure research and applied research, this research
is conducted as pure research. The foremost purpose of this research is to understand and attain
knowledge of parameters related to the focused area. It basically involves studying, testing,

progress, substantiating theoretical features and hypotheses.

2.2 Type

The type of research is categorized into five different studies: 1. Descriptive, 2. Correlational,
3. Explanatory, 4. Explanatory and 5. Constructive. In this research work, Descriptive and
correlational research type is adopted. Descriptive research is defined as “an effective way to
obtain information used in devising hypotheses and proposing associations!. A qualitative
way of research which is instinctive and informative in nature. Correlational research states
that “Type of non-experimental method that describes the relationship between two measured
variables "> which comprise of two or more studies. Here research carried out considering two
aspects Life cycle costing and BIM in facility Management phase or operational phase of

building. The study of two concepts in profiting facility management.

1 Monsen & Horn, Research: Successful Approaches, 2007

2 Jackson, Research methods and statistics: A critical thinking approach, 2015



2.3 Paradigm

Research Paradigm is defined as “zhe theoretical outline or structure that guides how the
research is viewed and approached by the researcher(s)”. The theoretical outline basically
involves the hypotheses or theories of different individuals on a concept from their perception.
A qualitative method of research is embraced. This method is to gather thorough knowledge

of research to attain the expected outcome.

2.4 Methodology and approach

There are numerous studies offered on Facility management, LCC, and BIM concepts already.
The descriptive type and qualitative analysis of this research aim to discover the possible
advantages of LCC and BIM to consider in Facility management. Therefore, a preliminary step
is to review related article, journals, publications and research papers. The data collected in
Literature review amends the possible benefits of Life Cycle Cost management and BIM

associated in Facility management phase.

Followed by literature review a theoretical context is described to understand the concepts
well. The possible benefits of LCC and BIM in facility management can be justified with
supporting case studies which are already executed in different research works. A better
understanding of the advantages for operation and maintenance from the two concepts and
understanding of their limitation to get the possible outcome are the main objectives. The
essential points to be noted while implementing both concepts will be a recommendation for
future use. All the results exhibited in this report connecting to the theoretical studies.
Information for this research work gathered from journals, publications, articles, literature,
researches, and case studies. Analyzing literature associated with BIM and LCC from the
perspective of cost. Evaluating the case studies related to both the concepts. In total 13 cases
are studied from various research works and described in the report to show how LCC and
BIM impact the operation and maintenance stage. Later, the analysis is carried out to find the
benefits, limitations and future recommendations. Finally, the conclusion of the study is

illustrated from findings and analysis.

% Yalcinkaya 2017



2.5 Approach

An inductive way of approach to conducting qualitative research can be the suitable term for
the analysis carried in the research paper. The collection of data from the available sources and
creating a theory to link with the objective of research work and examining the effect of various
studies and researches on the subject. The possible approach to claim knowledge and relate to
the research objectives from the analysis of case studies and literature review. To discover
bona fide profits of Life Cycle Costing in Operational and maintenance time and the factual
advantages of integrating building information in facilities operation and maintenance is the

main factor to this qualitative approach.

2.6 Structure
The structure of the research work is as shown below:

Chapter 1-2 : Research questions and
methodology

Chapter 3 : Literature review- O&M, LCC, BIM

=

N
Chapter 4 : Theoritical framework - LCC and case
studies

Chapter 5 : Theoritical framework - BIM and case
studies

Chapter 6 & 7 : Limitataions, recommendations,
and conclusion

Figure 1 Structure of research work



3 Literature Review

3.1 Towards the importance of Operation and maintenance

Facility operation is essential which can manage the machine or system to function on daily
basis without extra funding. Therefore, it is a multidimensional function and regular
maintenance management is obligatory so that 90-97% of issues in the organization can be

solved also can concentrate more on the other major issues (Cotts, et al., 2010).

Maintenance is required all along the service of a building until the end of life. In most of the
cases of construction projects, the users of the building are least counted. Contractors only
fulfill the contracts with documents until the building is built with least interest about users’
needs and wants. Foremost step is to provide necessary importance towards operation and
maintenance phase at the early stage of design. It is important to guarantee the design of a
building is maintenance-friendly and sustainable throughout its lifespan. By means of
appropriate maintenance methods, the system lasts longer so that to curtail restoration or
renewal (Mydin, 2017). Figure 2. Shows the impact of building maintenance on lifespan. With

preventive maintenance, breakdown frequency can be prolonged.

Breakdown

Extended elevator life

Figure 2 Extended Elevator life (Source: (Mydin, 2017))
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Building maintenance has a principal role in the health and safety of our lives. Although it is
more influencing the economy of any development industries, there is an additional impact on
socio-environmental aspects. Thus, the purpose of maintaining is to create a Healthy
environment, ensuring safety, giving proper services, preserve quality and finally to maintain
the value of the building (Mydin, 2017). It basically helps the owner to retain the asset as per
economic perception. Because depreciation cost decreases over the period of time if not

properly maintained.

Regardless of maintenance, preserving the building database has a significant role. Moreover,
it helps to conduct the condition survey and inspection effortlessly without spending extra time
and money for gathering information. Advanced technologies, the computer-aided database
can aid to track data and collect information of maintenance systems. It is also possible to
assign operational service to the maintenance provider or facility manager so that the entire
database can be maintained by them implementing corresponding strategies. This enhances the

functioning of the building and reduces operational costs (Mydin, 2017).

Alshehri et al said the cost for maintenance is completely based on old records with additional
interest of rates. While there is a difference in expenses because of unexpected technical
defects and is hard to quantify. Accordingly, the actual cost might vary sometimes resulting in
excess cost and undervaluation. There is a requirement of technological support to store
maintenance and operation data access modifications while taking decisions. This assist to
evaluate the even distribution of the total financial plan in the entire lifespan (Alshehri, et al.,
2015).

Similarly, support from the owners, tenants, facility managers, and companies also have a huge
impact on facility management. Facility management (FM) is a combined tactic for a firm to
function, conserve, progress and withhold the building structure so as to abet all the mentioned
participants. Out of many sections in FM the highest cost involved in Facility maintenance
management i.e. about 65% to 85% of FM occupations (Chen, et al., 2018). Due to the longer
life of operation and maintenance phase automatically cost involved is high.

11



The indicators for the performance of the product can be measured during the functional phase
in reaching the targets measured in terms of reliability, availability, maintainability, and safety
(RAMS). Suppose the target is maximum, the entire product cost is high including operation
and maintenance, but if it is minimum, it affects the quality of the system (Fourie & Tendayi,
2016). It is usually like that the higher quality system always possesses greater price and
performs well for a longer duration. In some cases, it might differ however utmost product cost

escalates according to the quality.

Maintenance and operation are always set as a difficult part in all sectors. It is not only due to
the deficiency in knowledge, but also there are many barriers to relate to this phase. Jensen
et.al quoted that the primary barrier is the intense attention on capital investment than on entire
projects life-cycle cost (JENSEN, et al., 2009).

3.2 Review on Life Cycle Cost

The National Institute of Standards and Technology Handbook 135 (1996) defines Life Cycle
Cost as “the total discounted dollar cost of owning, operating, maintaining and disposing of a
building or a building system™* over a period of time.

It is pictured in the sustainable building technical manual that only 10-20% capital cost
encountered for an office building and remaining 80-90% is on the operation, maintenance and
financing of total life cost. The author also claimed that Net Present Value (NPV) is a suitable
method for evaluating Lifecycle cost because it weighs with the time value of money.

Net present value is the sum of investment costs, replacement costs, O&M cost yearly, and
O&M costs non- annual excluding resale value at the end of life (Kshirsagar, et al., 2010).
NPV = C+R-S+A+M Where, C — investment cost

R — Replacement costs

S —Resale value at the end of life

A - Annually recurring operating, maintenance and repair costs (including energy costs)

M - Non-annually recurring operating, maintenance and repair cost.

4 Kshirsagar, et al.,Sustainability of Life Cycle Cost Analysis (LCCA) as asset management tools for
institutional buildings ,2010
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Series of steps to determine life cycle costing analysis involving all the expenditures such as
initial acquisition, operating, maintenance, overheads, critical costs, current costs, escalating
cost, discounts, and end of life together structures life-cycle cost analysis (Kshirsagar, et al.,
2010).

The detailed study of whole life provide maximum information and allows to track expenses
at each stage. The control over the entire process of the cycle facilitates to manage costs and
timely corrections as and when required to uphold within the estimated budget (Dawei &
Xuefeng, 2012).

An attempt to lifecycle cost management is to

minimize the entire cost comprised in all the h?ﬁjglti?:gﬁgﬁe~%%ﬁnﬁgm

stages of projects which bring in construction,

utilization, renovation, and removal stages Life cycle cost
(Figure 3). Life cycle cost analysis is an analysis

. o . Initial Salvage
aggregation of initial expenses, maintenance expendilire extemallies

charges, operational performance, externalities,
and uncertainty value. Henceforth this whole Vale vs.

estimation allows to manage with errors and Figure 3 Life cycle cost analysis of a
apply possible corrections during the process and building (Source: Mydin, 2017)

abets to maintain budget under tolerable margins. (Dawei & Zhao, 2012).

Life cycle cost analysis (LCCA) is to admit entire cost, an advantage to cost ratio and internal
rate of Return. American economy sets a series of cost analysis standards for buildings. The
method to find the entire cost of owning and operating a service over a certain period based on
financial circumstance is named as LCCA. It is a tool to measure and control the preliminary
and future cost of building possession. The influential factor is LCCA can be implemented in
any stage of the process to evaluate the system in present condition (Kshirsagar, et al., 2010).
According to Bradley et al, life cycle assessment is to intersect with environment and society,
to support this economically, there is a demand for life cycle cost model that impels the way
out to sustainable development of the product with a vision of the economy. On an average,
highest initial investment is essentially the most feasible preference in the view of the life
cycle. However, there are limited proofs to adopt it requires standard data and closed ring for
the flow of work (Bradley, et al., 2018).
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As stated in the book Pay now or pay later (1991), designers and owners always diagnose that
there are alternatives in attaining decisions either considering only initial cost or adding
benefits of operation and maintenance cost to it. The performance of a building can be
estimated according to the choice of determining the type of building system and materials,
keeping operational phase in mind (National Research Council, 1991). The property of the
mechanical and electrical system and materials are to be analyzed along with the variation of

the environmental condition before opting.

The initial phase of design and decision is always having a high influence on later period
(Figure 4). Although the construction phase contributes minimal expenses in comparison with

the operation, this early period donates probable upturn to the latter (Aziz*, et al., 2016).

Operation and maintenance 60-
85%

Land acquisition and planning 5-
35%

Design and construction 5-10%

Figure 4 Life cycle cost budget division of a building (Source: Aziz et al 2016 (Hardin 2009))

It is noticeable that life of a building at service is long and to utilize it to the maximum extent,
the quality of construction, building type, intensity of use along with specified lifespan plays
amajor role. It is said that these early design stages influence up to 80% of building operational
costs. In the later design phases, the possibility of change rapidly decreases with
simultaneously increasing costs. Both academic research and the industry itself claim that an
integrated design process, including life cycle costing and optimization, can significantly
reduce the operating and maintenance costs. The utilization of LCC analysis allows an early
estimate of the operational saving potential and/or collection and assessment of alternatives.
(Heralova, 2017)
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Construction  drawing
on decision-making

and technical design According to the research of Kelly (1982), 80% of]

- v -~ | aproject cost has been determined at the design
00% L] stage. and follow-on control can only affect 20%
95% J,,f of the investment

Wootoon  (1982) considered  that
5% 6%-20% of the total project cost can|

be directly controlled on site.

35%
Implementation stage

10%

Project progress time

De gree of influence on investment

1/4 1/2 173

Figure 5 Analysis of the degree of influence of various stages of the project life cycle on
investment (Dawei & Zhao, 2012)

Dawei and Xuefeng justified that the stimulus of investment for whole life cycle at the early
stage has a greater impact and the economic flow reduce gradually over the time. For that
reason, decision making i.e., the preliminary phase is the decisive phase has maximum impact
on project cost and a key mechanism to control the economy of entire life. From the above
Figure 5, it shows 75 to 95% of the life cycle is based on the influence of decision-making and
design. 35 to 75% impact from designing of the technical aspect, up to 35% on construction
design drawing and finally 5%-10% on dealing with technical and economic part of the
construction. Substantially, preliminary prior decision phase augments construction efficiency
meanwhile reducing the modifications in later stages (Dawei & Zhao, 2012).

Due to the deficiency in guidelines for recounting life-cycle costing and minimal attributes
turn out to be a hurdle for recording Life-cycle execution. However, to give an overview of the
budget to the investor, life-cycle costing can be accomplished as the most prominent
clarification for designing in detail, to accept the most efficient tender, or to find the favorable
process to approach operation and maintenance (Heralova, 2017).

Author Kaming said that the implementation of Lifecycle cost in the construction sector can
change the structure and usage of building from the traditional type. But, the construction
budget is certain on the contrary the expenses vary during the later stage due to unexpected

arise of situations.
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The author proposed previously studied cases regarding Life cycle cost of building and the real
case of a residential apartment building located at Yogyakarta. In the previous cases
considered, the operation and maintenance cost of building employs more than 60% of overall.
In one of the cases called the Diamond building green at Malaysia, the operating cost is lower
than the initial cost concluding the feasibility study to reduce lifetime cost. For the residential
building at Yogyakarta, the LCC is estimated and results concluded that around 60% of cost
occupies for operation and maintenance and about 40% of cost as initial for construction.
Therefore, the thorough study of cost encountered in utilization and demolition stage is
significant (Kaming, 2017). Lack of knowledge about the LCC approach and its application is
the major hurdle to popularize in the construction industry (Dwaikat & Ali, 2018).

Although the introduction of green building concept influenced life cycle assessment and life
cycle cost to the greater extent. Development of this life cycle costing to support sustainable
assessment became an economic stand for sustainable development (Dwaikat & Ali, 2018).
The author estimated the Lifecycle cost of a green building in Malaysia, and the results
disclosed the energy consumption cost was 48% of the total lifecycle cost of the building. The
cost occupied for energy consumption was greater than the design and construction cost
(Dwaikat & Ali, 2018). Therefore, it is significant to reduce energy consumption to minimize

lifecycle cost

3.3 Building Information Modeling — Contribution to FM

Building information modeling (BIM) has various definitions according to the perspective of
several authors. Ultimately the main purpose is to provide efficient workflow productivity,
reduce risk, increase profit and ease of communication between different stakeholders.

Aziz et al identified different definitions to BIM in the view of FM operation. BIM acts as a
storage model collecting all the information and applications in life cycle acts as a sharing
platform consisting of different departments. This can be utilized as a database for final facility
management operation (Aziz*, et al., 2016). Aziz defined BIM in FM perspective as “a
collection living document tool in the repository to manage accurate building information over

the whole life cycle that at the FM stage, the owner can use to manage facilities™.

5 Aziz et al, Building Information Modeling (BIM) in Facilities Management: Opportunities to be considered by
facility managers, 2016
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BIM can be integrated into all possible ways since it has that substantial feature to adopt
environmental consideration accessing life cycle operation and maintenance costs. It acts as a
performance data for various department work productivity can support to efficient cost
management balancing other two aspects of project management time and quality. Regardless
of complexity in workflow and financial factors, BIM aids to reduce a lot amount of loses.
This intern help to reduce operational cost and maintain the quality of life in the workplace.
Moreover, making use of BIM entirely in life cycle also advantageous in work transparency,
to manage asset and effective financial planning. (Aziz*, et al., 2016)

Facility Management Handbook also mentioned that BIM is a digital version of the building
and its process which enables interoperability. The three-dimensional model allows the user to
see the mockup building in detail from structural components to all MEP works which are
more equivalent to reality and allows managers and users to take a visual tour of the building.
It provides a conflict-free mockup with detailed information about as-built and documentation.
Automated estimation, specifications of components provides a detail data which help facility
management during emergencies (Cotts, et al., 2010).

In addition to building a model, BIM is a virtual reality dais in which all the stakeholders from
structure, architecture, and engineers can share design, information, and problems working
correspondingly not consecutively. Thus, it is a real-time collaboration, quality management

and logistics raised area (Jaspers, 2016).

BIM facilitates to transfer information after construction. Thus, the owner can obtain valuable
information and for operation and maintenance, the management after construction have more

precise, integrable and easily approachable information system (Liu, 2010).

Liu mentioned that there should be a project BIM process for every project as they differ and
unique. It also provides detailed data on each procedure for implementing BIM. The author
used BIM Revit software to develop an existing model and provided the way to facility

management access information system of a college building (Liu, 2010).
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Facility management can obtain a source to assist the maintenance activities and strategies in
both existing and new buildings in consort with a source of information from Building

information modeling (Patacas, et al., 2015).

There is an enormous advantage to the owner on adopting BIM processes. It eases the
communication between different stakeholders, minimize faults, and execute consistent and

efficient hand over which in turn reduce the cost and time of the project (Eastman, et al., 2011).

e BIM-based design for energy and lighting to enhance the performance of building

e Most reliable estimation of cost and reduce risk associated to finance

e Proper collaboration among various teams shortens project duration, and prefabricated
design to reduce the time of field labor

e Provides detail information of equipment which optimizes facility management and
maintenance

e Ensure program agreement through analysis of as well as local code prerequisite and

owner (Eastman, et al., 2011)

Facility Building information model delivers a compound of facilities and models for the
benefit of the owner in asset management. The post-construction asset management of BIM
applications is configured to pre-sales, as-built, commissioning, facility management, financial
asset management, operation simulation for an emergency, performance monitoring and

retrofit configuration (Eastman, et al., 2011).

BIM has the capacity to empower competences and bring substantial worth to facility
managers, whereas the practice necessary should be highlighted and totally planned to take up
the upcoming challenges (Jaspers, 2016)
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During the lifetime of building after construction, the maximum cost incorporated in operation
and maintenance of energy consuming materials. Thus, to keep track of these components
proper conservation is essential. If there is a damage in any part of the system, it would cost
more expenses only to check and analyze the problem. Therefore, the BIM tool assists to

overcome these expenditures (Chen, et al., 2018).

For the reference of facility managers, all the data of asset, the schedule of maintenance can
be stored in CMMS (Computerized Maintenance Management Systems). Even though with
CMMS, the technicians need to search for the document when required. In due time some
documents are lost or moved which again grabs additional time and cost for the job to finish

activities related to operation and maintenance (East, 2016).

However, the open-standard electronic information accessibility to technicians can save up to
8% annual budget of maintenance as concluded from a study in 2011. Thus COBie
(Construction-Operations Building Information Exchange) assist to solve this difficulty and
provide information of electronic operations, asset management, and maintenance to assist

mechanics and contractors (East, 2016).

COBie supports the exchange of structural specification information and another standard
which supports workflow and exchanging data is Industry foundation classes (IFC) (Chen, et
al., 2018).
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Cheng et.al demonstrated the framework for maintenance management prediction entailing

three modules; condition assessment, predicting failure and maintenance schedule, and

budgeting. The monitoring and controlling equipment data for preserving and precautions are

done using sensors implemented with the BIM model. To map with sensors a plug-in Revit

.NET API (Application Programming Interface) was developed. These sensors are created in

such a way that including all the monitoring aspects from performance to climatic condition

(Cheng, et al., 2016).

The transfer of data or exchange of information among the parties is framed as shown in figure

6. The work order can be easily prioritized from the data obtained and generates the cost for

each order which can then balance and cross check with an estimated annual budget (Cheng,

etal., 2016).
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Figure 6 Framework for predictive maintenance management based on BIM decision

support system (Source: (Cheng, et al., 2016))
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Lin & Su, 2013 researched the BIM-based facility maintenance management (BIMFMM)
system and integrating webcam notebook or tablet as an information and tracking tool for the
maintenance staff. BIM model is created using Revit Architecture and Revit MEP. To read and
information integration with facilities Autodesk Navisworks was utilized. The webcam-
enabled notebook or tablet was used as information transformer to the server or client.

The analysis is performed on the commercial building in Taiwan and analysis test is conducted
on an escalator in the building. The authors concluded from tests and survey that it is an easy
way of updating facility information with the help of mobile devices.

The results showed that the integration of BIMFMM system with tablet or notebook which are
webcam enabled is comfortable to perform maintenance management and facilities on site. It
enhances the facility works and efficiency. The survey outcome from users also showed 98%
satisfaction to adopt this technique for maintenance. This platform provides effective
maintenance tracking, monitoring and controlling of equipment in commercial buildings. BIM
technology during building use has an immense possibility to enrich facility management
works (Lin & Su, 2013)

Kimoto et al. mentioned that BIM can efficiently be used for building information on the
conventional post-process of architectural design. The major area of the support is for quantity
surveys and the master program of the construction project. And reported how BIM is used to
choose the methods for Reinforced cement concrete construction as well as wall type of curtain

wall design and interiors (Kimoto, et al., 2013).
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3.4BIMin LCC

The authors Shin and Cho in an article exhibited the implementation of BIM in Life Cycle
Assessment (LCA) and Life cycle cost analysis for selecting the suitable design alternative.
LCA is conducted to find the environmental impact of any material used in the building
construction throughout its life cycle. That is the material considered to be less effective for
the environment which tends to reach all sustainable goals.

LCCA is the cost of a product or material includes manufacturing, usage, maintenance and
until the end of its life. A test was conducted on an office building to find the appropriate
material for low carbon emission wall type, highly insulated and durable. A spreadsheet

framework is prepared to calculate the LCA and LCCA for the different alternatives.

On implementing BIM at the early design stage, material quantities are obtained accurately
and immediately without spending additional time for quantity take-off. Assuming 40years of
a lifetime, the operational cost of the building was determined by applying discounting factor.
After evaluation of different alternatives, a design was selected which was durable, economical
and low carbon emission. A framework is created in BIM to get the details of quantity and
energy usage. The information related to machinery and their fuel consumption was unable to
determine using BIM. But this can be obtained with the support of COBie spreadsheet.
Accuracy verification was not conducted in the case study other than applying to the created
framework. Further authors recommended building a library which should include all the
information regarding Life cycle inventory database (LCI DB) to perform LCA and LCCA
(Shin & Cho, 2015).

Lai et.al concluded that it is possible to optimize the life-cycle cost of a building using
Autodesk Revit’s Ecotect software (aim to provide more performing and high energy efficient
building). Conversely, the research resulted is not up to the expectations due to the lack of

information availability (Lai, et al., 2010).
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In general, during quantity estimation, a percentage allowance is provided considering the
future uncertainties adjustments during construction. However, BIM produces accurate
quantities without resulting additional margin. The additional allowance is an essential factor
to account. It is recommended to include such functions in the BIM tool. This could provide a
more precise process to manage the life cycle analysis and lifecycle cost analysis. Ultimately,
it is required to include a library that has the function to create automatic data to add
supplementary to let LCCA for BIM to support forthcoming. That leads to implement required
data framework (Shin & Cho, 2015).

Usually, the approximate life of the building is about 30 years. During this period or later there
can be a requirement of additional maintenance like repairs, modifications, or renovations
where BIM could be an effective tool to keep a record of data and details of building
component for better maintenance management and building use (Juan & Hsing, 2017). From
the studies undergone about BIM, there are many advantages to adopt BIM in the lifecycle of

a building.

In case of failure, it is easy to track if the BIM implemented during the design stage itself and
coordinating with MEP (mechanical electrical and plumbing) trade is easy to avoid clashes
with other structures. Simulation and integration with building system are also effortless that
can save 15% to 40% of the construction cost. Additionally, benefits after construction to carry

maintenance work smoothly (Juan & Hsing, 2017).

Kimoto et.al derived LCC of the educational institutions to generate efficient facility
management. Due to the greater difference between the predicted cost and actual running cost,
the researchers illustrated that the costs for facilities of university buildings depend on the
operational policy adopted by the administration. There was an unpreventable expense found
in case of repair and renovation under conditionally based facility management. Thus, they
proposed a plan for facility management considering the previous data and expenses. Designed
the building model showing all the structural and finishing components of building using BIM
tool. Finally concluded a preparatory research by tying LCC planning information in a BIM
model to determine the effective FM system (Kimoto, et al., 2013).
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4 Theoretical Background

This chapter derives the detailed theory of the three concepts involved in the work. A
description to Facility Management focusing on services, objectives, operations and
maintenance management. Following the focus on Life cycle costing, detail description of cost
consideration in LCC and the role of LCC in operation and maintenance. Finally, the third
concept Building information Modeling, functions of BIM and software used in the FM phase.

4.1 Facility Operations and Maintenance

Facility operation and maintenance is a servicing method and management of tools to make
sure the performance of the building is operating as assigned. Operations and maintenance
basically a mundane task required for the building structure and systems. Operation of facilities
cannot be processed every day without maintaining, therefore it is a mixture of facilities

operations and maintenance in short O&M (Don, 2017).
“Facilities Operations and maintenance acts as supervision in these sections:

v Real Property Inventory (RPI): to maintain and manage asset their facilities and
supporting infrastructure.

v' Computerized Maintenance Management Systems (CMMS): Process description and
measures for maintenance of property and cost related to O&M.

v" Computer Aided Facilities Management (CAFM): information related administration
like space, lease details, incomes, tenant, and charge-back. Generation and application
of information technology-based system in the built environment.

v' O&M Manuals: manual of processes, methods, tools, components, and frequencies
concerning essential operations and management of the property.

v' Janitorial/Cleaning: keeping and maintaining a better environment in building with
facilities like internal, external, and ground cleaning.

v’ Historic Buildings Operations and Maintenance: preserving old buildings and art,
maintaining the old system as much as possible to increase their life. However, it is a

complicated thing to maintain and retain the old building’s essence.
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v Project Delivery Methods: Efficient delivery of the as-built details providing all
required details to manage and maintain the physical asset. "’
Facility operations include 50-75% of the budget assigned for facilities. Facility operation and
maintenance involves in these regions; “Plant operations (HVAC and MEP), Energy
management, hazardous waste management, recycling, inventory management,
communications and wire management, alterations management, relocation and move
management, furniture installation, disaster recovery, maintenance and repair, security, and

fire and life safety.””

Managing the function of these two i.e. operations and maintenance by an administration,

organization for the facilities is denoted as Facility management.

Facilities management is a set of all management involving communication, maintenance
management, asset management, strategy, precautions, preservations, quality, technology, and
services likewise to integrate company, people process, location, and technology to attain the
quality of life (Aziz, et al., 2016).

In the earlier definition of facility management was people, place, and process integration for
the better living environment. While the updated definition of facility management is “a
profession that encompasses multiple disciplines to ensure functionality of the built
environment by integrating people, place, process, and technology.”® Here technology is added
newly as there is a gradual up gradation of technology from email to Building information
modeling.

The cost of facility management involves two main activities; Operational cost and

maintenance cost.

e Operational cost is basically the running costs of building use such as; rents, energy
cost, insurance, inspection cost, cleaning, local taxes and charges all these expenses to

support administrative services to manage the facilities or built environment.

& Website: WBDG Whole Building Design Guide — a program of the National Institute of Building Sciences
7 &8 Cotts, et al. The Facility Management Handbook, 3" Edition, 2010
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e Maintenance cost covers the cost involved in keeping the building components
function without fail by regular inspections and preventive measures. The repair and
replacement of equipment also included in maintenance which influences on the
constructed assets (Krsti¢ & 