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 Despite being a profitable sector with a significant share in national GDPs, the construction 
industry has numerous adverse effects on the environment and society. Moreover, most of 
the conventional delivery methods of construction projects suffer from a short-term cost 
vision and plan, not sufficiently emphasizing the Operation and Maintenance costs, which 
comprise nearly 60% of construction projects Life Cycle Costs. Therefore, a collaborative 
framework for including all three pillars of sustainability (economic, social, and 
environmental sustainability) in an integral and long-term fashion would contribute 
significantly to the success and resilience of construction projects. This research proposes a 
Building Information Modelling (BIM)-based LCC estimation framework to facilitate objective 
and optimal decision making throughout the entire life span of the projects and by the 
effective collaboration of key stakeholders. BIM offers a great opportunity for systematically 
storing, visualizing, retrieving, and analyzing technical and financial information in a 
phase-based manner. Therefore, this research aims to design an integrated and transparent 
BIM-based framework applicable to the majority of Tehran's construction firms. The 
framework's validation is done by a case study approach on a residential project in Tehran 
to explain the workflow of the proposed framework more clearly. Implementing this 
framework in Tehran's construction sector will positively impact the success rate of projects 
and will increase their lifespan and productivity compared to the current status that 
residential buildings barely survive more than 50 years. 

1.Introduction 

The building and construction sector contributes significantly to the 
economy in terms of share in Gross Domestic Product (constituting 9% 
of the EU's GDP) and providing living places and job opportunities (18 
million direct and indirect job opportunities at the EU) [1]. However, 
its negative impact on social and environmental sustainability is 
enormous, given the consumption of a substantial amount of raw 
materials (50% of raw material consumption in the European Union 
and 40% in the United States), CO2 emissions, and significant energy 
consumption (40% of the energy consumption in the EU) of all 
industries combined [2] [3]. Therefore, it is vital to consider all three 
pillars of sustainability (economic, environmental, and social [4]) 
when designing, constructing, and operating building assets. 
Sustainability is merely achieved by a long-term strategy and cost 
estimations, and the initial cost of a building represents only half of 
its total costs during its whole lifecycle [5]. In a sustainable viewpoint, 
the life cycle costs and impacts of products or services are not 
perceived as a single cost but as the aggregation of all impacts 
throughout the corresponding life cycle instead, which is widely 
applied in research and practice. Given the interaction between 
building life phases, solely global and holistic approaches like Life 
Cycle Cost and Life Cycle Analysis would effectively calculate the 
global environmental impact [6]. LCC is defined as an economic 
evaluation methodology for all costs associated with an asset's life 
cycle, including four main components of initial cost (construction 
cost), operation and maintenance cost, replacement cost, and end-of-
life costs, as also clarified by ISO 15686-5 [7] [8]. Along with LCC, 
various parameters can be considered, such as sustainability, 
resiliency, repair cost, the social cost of carbon, etc. [9]. 
 

The LCC is one of the three life cycle assessment (LCA) techniques that 
contributes to measuring sustainable development level, focuses 
more on the economic aspect of sustainability, and fosters 
compatibility with the growing population's increasing resource 
needs [7]. it can improve the environmental aspects associated with 
the construction sector during the buildings' life cycle, like energy-
saving and reducing emissions related to different construction and 
architectural alternatives. Moreover, it is an economic analysis tool 
that allows the comparison of various alternatives or systems by 
examining the total cost, showing the influence of all variables on a 
building's life cycle environmental impact. Moreover, Life cycle cost 
analysis (LCCA) is used to evaluate economic feasibility based on the 
calculation of LCC [10]. 
 
LCC approach brings integrity and collaboration among stakeholders 
in different phases of an asset life cycle and various project delivery 
methods. Because almost 60% of the time is wasted in the design 
phase of construction projects on comparing different materials, 
resources, and construction methods [12], a cooperative and central 
approach will result in less time and cost overruns. LCC not only 
aligns with more transparent and collaborative methods such as 
Integrated Project Delivery and Job Order Contracting, but also 
increases the integrity and stakeholders' engagement in traditional 
methods. Moreover, the regulation for public procurement also 
indirectly requires LCC calculations since LCC and not only the 
investment cost should be considered in tendering processes. The 
result of the LCC calculation is beneficial to asset owners, investors, 
facility managers, developers, designers, consultants, contractors, 
and government in their decisions. Data-driven decision- making 
models consider customer needs, goals, and priorities and the impact 
of the different stakeholders' collaboration by selecting criteria and 
weighting them [13], which brings success to the projects. Having a 
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holistic and long-term estimate of costs associated with asset 
ownership, more accurate and efficient decisions will be made for 
different purposes like choosing a design alternative, choosing the 
project delivery method, contract type, investment, handover, 
operation management, etc. Consequently, better decisions will result 
in higher Returns on Investment both on economic and 
environmental scales. Figure 1 presents the LCC breakdown structure. 
One of the most effective asset management tools through a 
property's life cycle is BIM [14], performing in the entire operational, 
management, organizational, and strategic processes [15]. BIM 
emerged due to the worldwide digital transformation across the 
sectors, which led to a paradigm shift in the construction industry 
[16]. It is defined as a set of interrelating policies, processes, and 
technologies that generate a systematic and parametric approach to 
manage critical information for a building's design and project data 
in digital format throughout its life cycle. Moreover, it promotes 
collaboration, effective communication, and information flow 
between the stakeholders [17]. BIM integrates multiple knowledge 
domains, stakeholders, and supporting technologies from strategic 
and capital planning through design, construction, operations, 
utilization, repair, renovation, adaptation, maintenance, and 
deconstruction [18]. It is a widely applied tool nowadays, especially in 
the IPD method, which eliminates many pitfalls of using multiple 
drawings, information formats, and sources by seamlessly integrating 
and consolidating that information in real-time [19]. Many studies 
discuss that BIM is the best-integrated support system for lifecycle 
processes performed by stakeholders [20]. BIM provides a multi-
dimensional platform for stakeholders' communication to share their 
concerns and opinions on assets. By defining templates in BIM-based 
software or importing its information into accounting software, 
scheduling and cost calculation systems can be structured based on 
stakeholders' needs throughout different project phases. In this 
regard, BIM should be used to promote supply chain integration, and 
manufacturers could play a pivotal role in developing digital objects 
that contain valuable information for the designers [21]. 

This research aims to propose a BIM-based LCC estimation tool, which 
can be applicable to various construction projects at different levels 
of their life cycle. For this purpose, a 5D BIM model with LOD 300 is 
proposed, which is later linked to an Excel spreadsheet for LCC 
estimation. BIM 5D includes schedule and cost data associated with 
the project and its components, which integrates different aspects of 
the construction projects in terms of time and expenses. 
Transparency, Simplicity, and optimum detail level are of main 
advantages of the proposed framework. Moreover, the framework's 
application process, workflow, and legal regulations in the projects 
and contracts is provided. 

 

Figure 1. Life cycle cost tree consisting of the cost items considered 
in this study [11] 

 

2. Literature Review 

Numerous research works focused on LCC calculation workflows and 
methods. Some used mathematical approaches or theories to evaluate 
life cycle performance of buildings like Net Present Value (NPV), Mixed 
Integer Linear Program (MILP), Monte- Carlo Simulation approach, 
Markov Method, and multi- objective optimization using Neural 
Networks [22]. Paiho et al. (2017) conducted a study to choose the most 
economical heat pumps for nearly zero energy residential buildings 
using LCC analysis [23]. Kim et al. (2013) used Monte Carlo simulation 
to predict maintenance and repair costs of a hospital facility, using a 

normal distribution with most likely defined minimum and 
maximum values [24]. Wang et al. (2012) applied the Monte-Carlo 
Simulation approach to the LCC management of public-private 
partnership (PPP), and Private Finance Initiative (PFI) projects to 
control the cost of building project items [5]. Lindholm and Suomala 
(2007) discussed LCC management and highlighted the practical 
challenges of collecting adequate data and practicing long-term cost 
management in an uncertain environment [25]. Another trending 
research line is the integration of BIM with various domains and tools. 
Zhuang et al. (2021) proposed a performance-integrated BIM (P-BIM) 
framework for building life cycle energy efficiency and environment 
optimization [26]. Figueiredo et al. (2021) proposed a decision-making 
framework for construction professionals and researchers involving 
the integration of Life Cycle Sustainability Assessment (LCSA), Multi-
Criteria Decision Analysis (MCDA), and Building Information Modeling 
(BIM) to choose suitable materials for buildings [27]. Marzouk et al. 
(2018) proposed a framework that integrates Building Information 
Modeling (BIM) with Genetic Algorithm Optimization and Monte-Carlo 
Simulation, which helps implement a stochastic Life-Cycle Cost (LCC) 
model to select the optimum building materials and system 
alternatives and maximize the number of LEED-Credits Points [7]. 
Yung and Wang (2014) performed the quantity take-off from a BIM 
model, based on the three pillars of sustainability, and connected with 
an external database to evaluate the building's sustainability [28]. 

The main focus of this research was on the literature review on BIM 
and LCC integration, which significantly mitigates some of the 
limitations of LCA and LCC analyses and serves collaboration and 
sustainability goals [29][20]. Recent studies increasingly focus on the 
application of BIM-based LCC for sustainable buildings [7, 30]. BIM-
based LCC estimation can be used for different purposes like 
simulation, automatic extraction of the bill of quantities, decision 
making, asset valuation [31], automatic/semi-automatic 
environmental and economic assessment [21], and the incorporation 
of sustainability-related information [32]. Santos et al. (2021) proposed 
an automated LCA/LCC analysis within a BIM-based environment for 
the assessment of the environmental and economic impacts of 
buildings by integrating semantic information in the model, 
developing a BIM-based economic and ecological life cycle assessment 
(BIMEELCA) prototype tool [33]. Wang et al. (2011) explored the BIM-
LCA potential to evaluate the environmental impact of a building 
using the most sustainable solutions (e.g., materials and building 
orientation) by using Ecotect [34]. Hamedi Rad et al. (2021) proposed 
integration of LCC capabilities directly into a Building Information 
Model (BIM) to increase the economic relevance and scientific 
robustness of LCC indicators towards better LCC cost optimization [11]. 
Basbagill et al. (2013) used seven tools (DProfiller, eQUEST, SimaPro, 
Athena EcoCalculator, CostLab, Excel, and ModelCenter) to perform 
LCA study [35]. Jrade and Jalaei (2013) used an integrated three-
module framework (BIM, LCA, and a certification and cost module) to 
obtain the environmental impact of a building [36]. Kehily and 
Underwood (2017) benefited from BIM for quantity information 
extraction to a spreadsheet that contained LCC data for different 
types of elements and materials instead of using external databases 
[37]. Yang and Wang (2013) presented a framework that integrates BIM 
with LCA by using BIM outputs to calculate the LCC for automating 
project evaluation and optimization [38]. 

Although many previous research works support the BIM-LCC 
integration, a simple and applicable framework for practical 
implementation in the industry is missing, especially in countries 
where the BIM practices are not vastly applied in the construction 
sector, and expertise level is relatively low. It is also important to 
propose a methodology applicable to both constructed and under- 
construction projects for a greater share of market inclusion. 

 

3. Methodology 

To define the steps, components, and workflow of the framework, both 
literature review and interviews have been conducted. Some previous 
research work like Lu et al. (2021) developed a Framework for BIM 
integrated LCA and LCC in four steps: define the system boundary of 



Khodabakhshian et al  
 

PACE 2021- Ataturk University, Engineering Faculty, Department of Civil Engineering, Erzurum, 25030, TURKEY  20-23 June 2021 
  3 

 
 

LCA and LCC, define the system boundary of LCA and LCC, obtain the 
environmental impact and cost results, analyze, and optimize the 
results [39]. In addition, semi-structured interviews were conducted 
with experts, including facility managers, asset managers, real estate 
specialists, and building engineers, to determine the main costs 
buildings encounter during their life cycle. 

The workflow and main steps for calculating the LCC using the BIM 
model, which has been implemented on a newly constructed case 
study in Tehran, are presented in Figures 2 and 3. As presented in the 
figures, the framework consists of 4 main steps and uses two main 
software, Autodesk Revit and Excel. In general, there are the 2D 
documents and primary design step, where also cost and schedule 
related documents such as the purchase prices, vendor lists, products’ 
attributes, project schedule and phasing, and contract terms and 
conditions are developed. Afterward, the 3D model of the project is 
created in Revit with construction details, and for each element 
creation and demolish phases are assigned. Moreover, the cost of 
materials and performed work is added to each building element's 
properties. Therefore, each element has its related time and cost 
information. Additional information like energy consumption, 
membrane layer, and thermal consistency can be added to the 
materials based on real data. The third step is exporting the cost table 
into an excel spreadsheet and forming the cash flow of each building 
element (e.g., wall, door, etc.). Based on the discount rate (which is 18% 
in our case study), the NPV of the costs related to each element is 
calculated. By aggregating all the NPVs of the elements, the entire 
project NPV will be obtained. NPV represents the LCC of the projects. 
Other financial metrics like IRR and the Payback Period can also be 
calculated, which can be a comparison basis for decision-making. 
However, they are not in the scope of our research. It is noteworthy, 
that more detail and information can be added to the 5D BIM model in 
terms of element properties or project schedule, given the specific 
requirements of the project. A more detailed explanation of the steps 
is presented in the next paragraphs. First, the asset's life span is 
predicted based on design and execution quality, interior and exterior 
spaces, service life estimates, utilization, and economic, 
environmental and maintenance factors[25]. According to ISO 15686-
1 (2011), the service life is the "period of time after installation during 
which a building or its parts meets or exceeds the performance 
requirements” [40]. 

Moreover, the phases or life cycle stages must be determined. 
According to the EN 15978 standard (CEN, 2011), the life cycle stages 
of a building are: A. the embodied stage, including the production 
stage (A1-A3) and construction stage (A4-A5); B. the use stage; and C. 
the end-of-life stage [41]. Despite some different approaches, all 
regulations have in common to group the expenses in the life cycle of 
a building into cost groups of investment and construction, Operation 
and Maintenance and Repair, Refurbishment and Replacement, and 
Demolition and Disposal [6]. In our case study, the life span of the 
building is estimated at 50 years since it is the average residential 
lifespan of residential properties in Tehran. Moreover, the phasing is 
as follows: construction phase (year 0), operation and maintenance 
phase (year 0–30), overhaul phase (year 30–50), and demolish phase 
(year 50). The second step is the creation of the base model by BIM or 
other computational tools, which serves as the database for future 
calculations. A 5D BIM model with LOD 300 was created for the case 
study project since previous papers supported LOD 300 suitable for 
integrating LCA and LCC into BIM [21][42]. Models with lower LOD 
suffer from a lack of information, and models with higher LOD are too 
time-consuming to create. All the required cost, time, quality, etc., 
data are inserted into the shared model, which authorized 
stakeholders and sponsors can update. For this means, the purchase 
price of the materials and related costs of the services, men, and 
machinery during each phase should be considered. The BIM model of 
the case study was created in Autodesk Revit due to the software's 
vast application in Iranian engineering and construction firms. The 
project's phasing was defined, and each component were assigned a 
construction phase and a demolish phase. Based on the phasing, cost 
information, and work and materials quantities, cost tables (Material 
takeoff and Cost Schedules) were created automatically specific for 
each phase. These timely cost tables serve as the basis of the project's 
cost flow estimation. Figure 4 present the Cost Breakdown Structure 

and components of Life Cycle Cost for construction projects and 
properties, presented in Khodabakhshian and Toosi (2021) research 
[31]. Finally, Net Present Value (NPV) is calculated based on the 
discount rate, forecasted cost trend, and components' lifespan [37]. It 
is conducted by exporting cost tables of the BIM model into an Excel 
spreadsheet and creating the discounted cash flow of the project over 
its entire life cycle. Discounting techniques are used to compare the 
cost of a product over different periods of time. Other formal capital 
appraisal methods can also be used for calculating LCC, including 
internal rate of return (IRR) or equivalent annuity, Discounted 
payback period, Net savings, and Savings to investment ratio [25]; 
however, the latter ones are not as common as NPV for comparison 
and decision-making. To determine the components of LCC, the 
research refers to the literature review and interviews. Table 1 
presents the main LCC components mentioned in the interviews. The 
IFMA Model (International Facility Management Association) defines 
LCC based on ISO 15686-5 standard as all expenditure from project 
development to deconstruction/demolition, which includes: 
construction, management, insurance, utilities and disposal, security 
and surveillance, cleaning and care, inspection, building and grounds 
maintenance, repair and refurbishment [43]. Standards like Uni 
Format and Master Format and coding systems like TBT and GB50500 
have been utilized for cost breakdown structure [44]. Moreover, CAD 
methods can help determine the type and amount of information 
required for the LCC system. Table 2 presents the main costs 
associated with each phase, presented in NEED4B report [6]. Moreover, 
Table 3 represents the Life Cycle calculation and the share of each 
building discipline in the case study building. The categories are 
defined based on BIM disciplines and cost breakdown structure. And 
the LCC of each discipline is calculated by aggregating the NPV of all 
building elements within that category (e.g., for Architectural 
Discipline the NPV of wall, floor, etc. are aggregated). 

 

 

Figure 2. Framework workflow 

 

Figure 3. Cost Breakdown Structure and components of Life Cycle 
Cost for construction projects and properties [31] 
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Figure 4. Framework Steps on the Case Study 

 
Table 1. Life cycle components extracted from interviews 

Discipline  Components 

Architectural  

Façade and exteriors 
Finishes, fixtures, and  
fittings 
Interior Renovations  
General Repairs  
Minor Refurbishments 
Lift and Conveyor Maintenance 
Demolish  
Construction  

Structural 

Construction  
Structural Maintenance 
Strengthen against Earthquake  
Demolish  

Mechanical  

Construction  
Utilities 
Plumbing Maintenance  
HVAC Maintenance  
Disposals and Wastewater  
Demolish 

Electrical  

Construction  
Utilities 
Lighting  
Security Services  
Demolish 

Landscape 

Construction  
Gardening Services  
Pavement Maintenance 
Demolish 

 

Table 2. Life cycle stages of a building currently suggested in the 
CEN/TC 350 standard [6] 

 
Stage  Module  

I. Product stage  
Raw material supply 
Transport  
Manufacturing 

II. Construction process stage  
Transport 
Construction/installation  
on-site processes 

III. Use stage 

 Maintenance 
Repair & replacement  
Refurbishment  
heating, cooling,  
ventilation, hot water  
and lighting  
Operational eater use 

IV. End-of-life stage  

Deconstruction 
Transport  
Recycling/re-use  
Disposal 

 

Table 3. Life cycle cost of the case study calculated by the framework 

 
Discipline Cost($) Cost  

per($) 
 Percentage 

Structure 170,000 68.38  21.60% 
Architecture 453,000 182.22  57.56% 
Mechanical 86,000 34.59  10.93% 
Electrical 71,000 28.56  9.02% 
Landscape 6,000 2.41  0.76% 
Property's 787,000 316.57   
Life Cycle 
Cost 

    

LCC of each 131,000    

floor     

 

4. Results 

The framework provided an accurate and data driven LCC estimate of 
a residential building. Moreover, the time and cost amount required 
for creating this model was relatively small. For creating the 3D BIM 
model 120 hours were spent and given the salary rate of BIM 
operators, the process costs near 1800 USD. It is noteworthy that cost 
information of the materials and elements were extracted from 
published documents by manufacturing companies, which assures 
the input data precision. As Presented in Table 3 the LCC of each floor 
is around 131 USD, which is an accurate number given the area of the 
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floor (310 Sq.M.) and exchange rate between IRR and USD. Therefore, 
the cost required for creating the model equals to only 1% of the 
building LCC, but the result can bring many benefits in decision 
making. In addition, the Autodesk Revit software is already widely 
used in Iranian engineering and construction firms, which reduces 
the need for training and expert personnel. The proper Level of Detail 
and Development of the BIM model and the simplicity of the 
implementation process is another advantage of the framework. All 
these facts support the assertion that BIM can be a proper LCC 
calculation tool for more efficient and unbiased decision-making in 
the future. 

 

5. Discussion   

The calculated LCC will be referred for decision- making regarding 
investment, taxation, product purchase, maintenance policies, etc. 
However, to embed in Tehran’s construction industry regulation, legal 
procedures and documents are required. Figure. 5 presents the 
implementation of legal regulations and workflow of the framework 
in the Iran construction industry. It is also important to determine 
the target of the research. Though the framework is applicable to 
buildings in different stages of their lifecycle, applying it to already 
constructed and old buildings need additional steps like current 
status data extraction. This research focuses on newly constructed 
buildings due to ease of access to as- built drawings and information. 
However, to create a holistic database of more buildings, it is essential 
to include older building in future steps. 

 

Figure 5. legal regulations and workflow for the framework 
Implementation in Iran construction industry 

 
The main limitation of this research was the lack of access to reliable 
energy data of materials and facilities to create a more holistic BIM-
based LCA and LCC assessment framework. Future research might 
focus on LCA integration with BIM with an environmental approach. 
Moreover, the application of this framework can be surveyed in old 
buildings, which require retrofitting actions to choose the most 
efficient alternatives and actions with minimum LCC. 

 

6. Conclusion 

The proposed framework aims to provide a BIM-based LCC calculation, 
which is compatible with the current regulations and processes in 
construction firms in Iran. The purpose was to secure the 
transparency, completeness, and simplicity of the framework to 
increase its application in various projects. Moreover, by defining 
clear steps, it becomes easier for stakeholders to insert and retrieve 
schedule and cost information through different phases of the 
construction projects, which leads to the more efficient stakeholder 
and communication management. 

In addition to offering time-based data for cost evaluation, the BIM 
model can contain valuable information like verifies vendor list and 
materials, proper maintenance and service schedule for securing 
longer life span, and energy consumption of mechanical and electrical 
facilities. Since BIM- based software is highly interoperable with other 
software, the cost and schedule tables can easily be exported into 
other software for cost, energy, and sustainability assessment. In 
addition to its many advantages on the project level and for project 
management purposes, this framework brings many benefits to the 
strategic level of urban planning for governments. Being applicable to 
more projects, this framework serves economic, social, and 
environmental sustainability goals.; since accurate and accessible 
data of more projects are available for optimum decision-making in a 
collaborative fashion. Such approaches will significantly reduce the 
energy and resource consumption by construction projects on 
national levels, which will make the built environment 
environmentally sustainable and resilient. It is especially important 
in underdeveloped countries like Iran that systematic governance 
over energy consumption is rare. Therefore, if most buildings have 
the registered BIM and LCC documents in municipalities and urban 
planning ministries, a holistic database of energy consumption 
throughout their life cycle would be developed for further references. 
Moreover, in case of requirements for future actions such as retrofit 
or refurbishment, a holistic and technical cost database is available 
for benchmarking and choosing the most optimum solution. Banks 
and financial institutes can also refer to the BIM aggregated LCC 
model of the projects to assure the profitability of investment and 
payback of the loans. All these advantages bring economic and social 
sustainability to the built environment. 
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