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Abstract. There is a growing emphasis in current global construction sector for
the incorporating of sustainability ideas into design and construction practices.
This present paper investigates the considerable impact of using Building Infor-
mation Modelling (BIM) techniques to address sustainability and financial con-
cerns in a residential project in the Kingdom of Saudi Arabia (KSA). We pro-
pose to further embedding BIM 3D modelling and the development of alternative
design scenarios for optimising Life Cycle Cost (LCC) and Life Cycle Assess-
ment (LCA). Four scenarios are assessed using Green Building Studio (GBS) for
whole-building analysis, and specific design units are assessed using One Click
LCA, which is integrated into Revit. The significance of the study relies on merg-
ing of BIM and LCC to improve the sustainability of residential developments
at the KSA. It also intends to optimise resource efficiency, reduce environmental
impact, and increase cost-effectiveness throughout the whole life cycle of residen-
tial structures by using simulation approaches. The findings will benefit industry
stakeholders by encouraging sustainable practises that inform decision-making
processes in the context of Saudi residential development.
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1 Background

The significance of sustainability worldwide in the construction industry has grown
impressively in recent years due to the growing awareness of environmental concerns and
the collective acknowledgment of the significant impact of industrial activity on natural
resources [1]. The dynamic nature of the construction industry, combined with the con-
stant fluctuation material prices, labour costs, and regulatory changes, contributes to the
ongoing problem of complex management and costs increase of residential projects [2,
3]. The complexities of synchronising multiple components of the construction process,
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such as material specifications, labour requirements, and project schedules, highlight
the difficulties for resolving and reducing the financial issues associated with residential
construction [4–6].

BIM has transformed the construction and design industry by offering a detailed
digital depiction of a building throughout its entire lifecycle. One of the most significant
benefits ofBIM is the impact it has onLCCmanagement [7, 8]. BIMenables stakeholders
to make educated decisions regarding a building’s design, construction, and operation
through the integration of diverse data sources with modelling, hence providing ability
to foresee critical scenarios [9–11]. The use of BIM to optimise LCC entails creating
a centralised digital model that captures all critical information about a structure, from
conception to demolition [12–14]. This model functions as a dynamic database that
stakeholders can access at various stages of the building’s life. Architects, engineers,
contractors, and facility managers may work together in real-time to make informed
decisions that consider the long-term financial ramifications of each option.

BIM integration in LCC analysis has shown potential for improving the efficiency
and accuracy of the cost estimation throughout the life of construction projects. How-
ever, significant challenges remain, which need a deeper comprehension of the elements
influencing the effective application of BIM technologies for LCC optimisation. It is
therefore critical to address data integration challenges to enable seamless information
interchange among various BIM platforms, as well as overcoming cooperation barri-
ers among project stakeholders, while fully embedding BIM into project management
workflows. This is important as BIM and Circular Economy principles interact at the
forefront of sustainable and efficient construction practices [15–18]. For example, BIM
enables stakeholders to cooperate during the structure’s full lifecycle. When combined
with Circular Economy concepts, BIM becomes a strong tool for optimising resource
use, reducing waste, and encouraging material reuse and recycling. The emphasis is on
creating structures that can be readily disassembled, reused, or recycled at the end of
their life cycles [19–21]. BIM enables efficient disassembly and reassembly procedures
by facilitating the tracking and documenting of materials and components [22].

This integration between BIM and circular economy is still underexplored in the
building industry, an instance is the insufficient integration of LCA data into BIM pro-
cesses, which impedes a thorough knowledge of the environmental effect of construction
projects across their entire life cycle. To date, the circularity potential of construction
materials and components is underutilised in BIM because the industry frequently lacks
standardised databases and procedures for analysing and selecting materials based on
their recyclability or reusability [23–25]. BIM simulation provides many benefits, one of
which is the ability to create a virtual, three-dimensional model of a building, allowing
for comprehensive simulation of various design scenarios and accurate cost estimation
throughout the entire life cycle [26]. Compatibility concerns between different BIMplat-
forms and standards can also complicate information interchange among project stake-
holders, thereby limiting the smooth flow of data required for correct LCC calculations
[27, 28].

The present study demonstrates the application of BIM tools in optimising LCC and
LCA to meet the challenges that require an integrated approach, incorporating advanced
technologies, strategic planning, and innovative methodologies. It aims to exploit the
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synergies among the design, construction, and operational phases by integrating various
techniques, thus achieving a comprehensive understanding of a building’s life cycle
sustainability. The paper addresses the increasing costs and inefficiencies in residential
construction, exemplified by a case study of a residential project in KSA. Its primary
objective is to assess how strategic BIM tool utilisation can offer effective solutions for
optimising LCC and LCA in residential buildings.

2 Methodology

The research methodology employed in this study aims at addressing the challenges of
rising costs in residential construction projects through the integration of BIM tools.
The approach adopted for this research involves a multi-step process, combining 3D
modelling, simulation, and analysis to optimise LCC and LCA as shown in Fig. 1.
The primary BIM tool utilised for 3D modelling was Autodesk Revit 2023, which was
selected given its advanced capabilities in creating detailed and accurate buildingmodels.

Fig. 1. On the LCC Analysis Methodology.

To initiate the methodology, an existing 3D model of a residential house was created
using Autodesk Revit 2023 to determine the technical specifications of the project’s
materials. This model played a pivotal role in generating the Bill of Quantities (BoQ),
correcting omissions observed at the 2D level, thereby contributing to more precise
cost estimations. The selection of Revit as the primary software aimed at not only
stimulating the design process, but also providing a platform for 3D concept design,
physical simulation, and the monitoring of building performance. Following the creation
of the 3Dmodel, four alternative design scenarios were developed, each varyingwall and
floor specifications. These alternative scenarios were crucial in estimating the energy
costs associated with LCC. Autodesk Insight, a comprehensive tool integrated with
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Revit, was employed to perform the analysis, considering the energy and environmental
performance of each scenario. Additionally, Autodesk Green Building Studio (GBS),
a whole-building analysis software program, was utilised for a detailed analysis of the
four scenarios based on actual model data, local energy sources, and weather data. As
a final step in the methodology, the model was transferred to One Click LCA, a web-
based analysis service integrated with Autodesk Revit. This platform was instrumental
in conducting a detailed analysis of Scenario 1 in the actual design unit and Scenario 4
after enhancing its specifications. The analysis encompassed factors such as Life Cycle
Cost, Life Cycle Assessment, BREEAM sustainability criteria, and building circularity.

3 Case Study and Data Analysis

The Residential Development Project is a large project that includes 900 residential
structures that address the growing need for housing in the KSA in addition to the nec-
essary utilities including fences, exterior gates, and groundwater tanks. Each residential
unit has three bedrooms, a sitting room, a living room, three bathrooms, and a kitchen
on one and a half storeys. Each unit has a total building space of roughly 294 m2 (see
Fig. 2).

Fig. 2. Views of the Site Plan: Ground and First-Floor Designs.

The residential project has challenges, most notably delays and associated cost
increases. The project was originally slated to be completed in 2012, but a three-year
delay pushed the completion date to 2015. The main cause of this delay was a two-year
extension granted to meet an expanded project scope. The first extension, authorised for
16 months, resulted in a $7,019,257.98 budget increase. Changes in contract conditions
and the introduction of goods not originally covered prompted this augmentation. A sub-
sequent 18-month extension increased expenditures by $1,635,840.5, bringing the total
budget rise to $8,672,721.81. This delay of 1003 days represented a 92.87% increase
over the original contract time. The necessity for an effective project analysis strategy
became clear, motivating the look into ways, such as the integration of BIM tools, to
optimise LCC and LCA and minimise such issues.
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By altering the specs of the walls and flooring, four distinct scenarios were created,
introducing a range of design options for the residential construction. The goal was to
estimate the energy expenses associated with LCC for each scenario using BIM tools,
specifically Autodesk Revit 2023 (see Fig. 3).

Fig. 3. Differentiated Design Options.

4 Results and Discussion

The study utilised AutoDesk® Revit 2023 to create a 3D model of a residential project,
enhancing the accuracy in determining technical specifications of materials. This con-
trasted with the 2D level, where quantity omissions were noted. The 3D model aided in
preparing the Bill of Quantities, leading to significant time and cost savings of approx-
imately $8.67 million. In addition, the analysis of the four alternative design scenarios
yielded insightful results, shedding light on the varied impacts of design choices cover-
ing energy efficiency, LCC, and environmental sustainability. The presentation of results
for each scenario is outlined in Table 1.

For expanding the LCC analysis to a 50-year period from the initial 30-year lifecycle,
it is essential to adjust the current LCCdata. The original calculation uses a 6.1%discount
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Table 1. Results from the alternative scenarios.

LCC* Annual CO2 Emissions (Onsite Fuel) Energy Use Intensity (EUI)

Scenario 1 $71,739 4.3 Mg 1,715 MJ/m2/year

Scenario 2 $62,503 4.1 Mg 1,520 MJ/m2/year

Scenario 3 $54,555 3.6 Mg 1,238 MJ/m2/year

Scenario 4 $43,529 2.3 Mg 908 MJ/m2/year

* The estimation is based on a projected lifespan of 30 years and applies a 6.1% discount rate
for expenses. It does not consider transmission losses or the possibilities of renewable energy and
natural ventilation.

rate, which is retained in the extended analysis. This calculation relies on a formula that
determines the present value of future costs Eq. (1):

PV = C

(1+ r)t
(1)

PV = the present value;
C = the future cost;
r = the discount rates;
t = the time in years.
As a result of this formula, LCC can be recalculated over the next 50 years while

maintaining the basic assumptions of the original analysis. Based on a fixed annual cost
and a discount rate of 6.1%, the LCC for each scenario over 50 years is as follows:
Scenario 1: $76,343.84, Scenario 2: $66,514.99, Scenario 3: $58,056.82, and Scenario
4: $46,323.08. A modest increase in LCC can be seen by extending the analysis from
30 to 50 years. Figure 4 shows that the Level(s) lifecycle assessment (EN15804+A1)
reveals that a low energy/carbon building (Scenario 4) significantly reduces environ-
mental impact in all categories compared to the baseline of Scenario 1. The greatest
emissions reduction is seen in modules A1–A3 materials stage encompass the supply
of all materials, products, and energy, along with waste treatment until reaching the
end-of-waste state or final residue disposal, focusing exclusively on the building and its
components during the product stage, excluding items like furniture or appliances, with
emissions dropping from 143,687.72 kg CO2e in Scenario 1 to 103,258.82 kg CO2e in
Scenario 4. This demonstrates the environmental benefits of low energy/carbon building
strategies. Specifically, emissions from external walls decrease by about 50.87%, from
72,058.26 kg CO2e in Scenario 1 to 35,425.81 kg CO2e in Scenario 4.

There will be 51.6% of the total material quantity that is recoverable as-is (with a
recycling content of 3.1% at stage A), and 7.8% that can be reused. The scenario differs
significantly in Scenario 4, however: 9.9% of the materials will be returned (see Fig. 5).

The comparison of the four alternative design scenarios provides an understanding
of the implications associated with different design choices in residential construction.
Scenario 4, which embraced circular design principles, emerged as a compelling alterna-
tive by delivering competitive energy efficiency highlighting the economic viability and
sustainability benefits of integrating circular principles into construction practices. The
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Fig. 4. Comparison of the life cycle assessment (LCA) Scenario 1 with Scenario 4.

Fig. 5. The outcomes related to the circularity of the building in both Scenario 1 and Scenario 4.

scenario not only exhibited the lowest LCC but also demonstrated a substantial reduc-
tion in carbon dioxide (CO2) emissions, emphasising the potential of circular design
to mitigate the environmental impact of residential construction. This outcome aligns
with the growing emphasis on sustainable and environmentally conscious construction
practices. Scenario 4’s cost-effectiveness and sustainability have been enhanced by the
strategic integration of LCC analysis through BIM. BIM tools, particularly Autodesk
Revit, are critical in modelling and simulating numerous design situations. Engineers
could use BIM to thoroughly analyse the technical requirements of project materials,
allowing them to create alternative design scenarios. This process enables a thorough
examination of the effects of various design options on energy efficiency, costs, and envi-
ronmental performance. BIM emerges as a critical instrument in aligning construction
practices with sustainable development objectives, encouraging a complete approach to
building design and operation by optimising LCC and LCA characteristics.

5 Conclusions

This study underlines the critical significance of BIM tools in tackling the issues asso-
ciated with escalating construction costs in residential construction projects. The study
illustrates the effectiveness of BIM in optimising LCC and LCA by applying an exten-
sive approach that incorporates 3D modelling with the appropriately selected software.
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The case study of the large-scale residential development project in KSA provides useful
information into the details of construction processes, such as delays and cost escalation.
The research demonstrates clear benefits from the integration of BIM tools, particularly
in the creation of the Bill of Quantities, resulting in significant time and cost savings.
The examination of different design scenarios demonstrates BIM’s potential to increase
energy efficiency, reduce environmental impacts, and, ultimately, contribute to the pro-
duction of cost-effective and ecologically friendly built environments. A comprehensive
analysis of different design scenarios using BIM tools is presented, focusing on their
impact on LCC and environmental sustainability in residential construction. The study
identifies substantial savings and efficiency improvements, particularly in a scenario
incorporating circular design principles, which resulted in the lowest LCC and a remark-
able reduction in CO2 emissions. This scenario also showed a significant decrease in
annual CO2 emissions and Energy Use Intensity (EUI), underscoring the advantages of
integrating circular design in construction.

In the future, it is necessary for stakeholders in the construction industry to integrate
BIM tools into their project management. These tools offer benefits like speeding up
processes, increasingmaterial specification precision, and enabling cost reductions. Util-
ising BIM-based simulation tools like GBS and One Click LCA for alternative design
scenarios can lead to more energy-efficient and sustainable solutions by evaluating mul-
tiple design options. Further research into the long-term performance and adaptability
of these designs post-construction can enhance understanding of BIM’s role in optimis-
ing building life cycles. Additionally, exploring BIM collaborative potential may help
address issues like project delays and cost overruns. The outcomes from diverse design
scenario analyses illuminate BIM capacity to augment energy efficiency, curtail envi-
ronmental impacts, and foster the development of sustainable and economically viable
built environments. Furthermore, this study opens avenues for further exploration into
BIM collaborative potential and emphasises the necessity of maintaining data integrity
throughout the building lifecycle to fully leverage BIM-LCC integration. These insights
not only contribute to the body of knowledge in sustainable construction practices but
also provide a strategic framework for future industry applications. This data clearly
supports the revised conclusions, emphasising BIM role in enhancing cost-effectiveness
and sustainability in residential construction projects.
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