
  ISSN (Online) 2456-1290 

International Journal of Engineering Research in Mechanical and Civil Engineering 

(IJERMCE) 

Volume 13, Issue 07, July 2026 

 

11 

Integrating Lean Principles and Digital 

Technologies to Optimize the Pre-Construction 

Phase 
[1] K Sai Varshini, [2] Ch Mani Teja Reddy, [3] Suyog K Jadhav 

[1] [2] [3] School of Construction and Technology, NICMAR University of Construction Studies, India 

Corresponding Author Email: [1] varshinisrinivas1@gmail.com, [2] chmanireddy.16@gmail.com,  
[3] suyogjadhav.16@gmail.com 

 

Abstract— Real estate project preferences in pre-construction exercises have significant impact on schedule and cost performances. 

Traditional pre-construction is document intensive and sequential leading to rework, delay and cost overruns. Lean construction focuses 

on removing these wastes by creating the greatest value by way of dependable processes and early partnership. In practice, the digital 

tools, in particular, Building Information Modeling (BIM), 4D/5D simulation, Common Data Environments (CDE), Last Planner 

System (LPS), Target Value Delivery (TVD), Advanced Work Packaging (AWP) and Design for Manufacture and Assembly (DfMA), 

have become some of the main facilitators of lean in pre-construction. Experience suggests that the cost of the BIM-facilitated projects 

becomes around 15-20 percent lower and the construction rhythm 20 percent quicker, whereas the rework can be reduced by 

approximately 49 percent with the help of clash detection. This article surveys the literature on the principles of lean and digital 

innovations in pre-construction, outlines the most popular tools to particular pre-construction operations, and provides market trends. It 

finds that the adoption of technology at pre-construction opens large savings in efficiency: research estimates indicate that the schedules 

can be shortened by 10-25 percent and costs reduced by 8-20 percent. 

 

Index Terms— Building Information Modeling, Common Data Environment, Last Planner System, Lean Construction. 

 

I. INTRODUCTION 

Despite its significant role in the global economic 

development, the construction industry has been one of the 

least digitized sectors for a long time. Construction is still 

grappling with a variety of problems associated with 

fragmented project delivery, inefficient communication, 

design inconsistencies, schedule overruns, cost escalation 

and productivity stagnation, as compared to manufacturing 

and other industrial sectors. Although much focus has been 

placed on optimizing construction site operations, it is 

becoming increasingly clear that many construction projects 

fail before they even begin in the pre-construction stage, 

when major decisions are made regarding the feasibility of 

the project, development of the design, planning, 

procurement methods, budgeting, risk allocation, and 

stakeholder coordination. The choices made in this phase can 

have a major impact on the construction process that follows 

and can greatly affect the success of a project. 

The pre-construction phase is the strategic setting for all 

construction projects. It covers a series of related tasks such 

as feasibility study, conceptual design, detailed design, 

multi-disciplinary coordination, cost estimation, scheduling, 

constructability review, procurement planning, regulatory 

approval and risk assessment. Typically, these activities have 

been carried out with a disjointed workflow, in which 

software applications are siloed, documentation is 

paper-based, data is shared manually and decisions are made 

in an isolated manner. These disjointed approaches tend to 

lead to information silos, slow down communication between 

project stakeholders, cause design inconsistencies and result 

in a lot of non-value adding activities. These inefficiencies 

often continue through the construction process as design 

changes, Requests for Information (RFIs), change orders, 

rework, contractual issues, delays, and cost overruns. Lean 

Construction has become a successful way to overcome these 

inefficiencies by concentrating on obtaining the greatest 

value from a project while systematically removing waste 

from the process from conception to completion. 

Lean Construction is a methodology inspired by Lean 

Manufacturing concepts that encourages the involvement of 

the early stakeholders, transparency, continuous 

improvement, reliable workflow, and collaborative planning. 

Lean principles focus on pre-construction activities to ensure 

more reliable planning, less design variation, better 

constructability, more value-based project decisions, and 

more consistent workflows prior to physical construction.   

Lean Construction is not about a sequence of separate 

activities but about coordinated and integrated decision 

making between architects, engineers, contractors, owners 

and suppliers. Lean Construction offers a sound management 

philosophy, but as implementation becomes more common, 

advanced digital technologies that enable collaborative and 

data-driven decision-making are becoming more important 

[4]. The digital revolution in the Architecture, Engineering, 

and Construction (AEC) sector has brought in numerous 

technologies that facilitate integration, automation, and 

intelligence in the pre-construction stages. Multidisciplinary 
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design coordination and clash detection is now based on 

Building Information Modeling (BIM) [6], [7] and 4D and 

5D BIM help with schedule and cost planning, respectively 

[7], [24]. Common Data Environments (CDEs) are used to 

manage information in a centralized way and to allow 

real-time collaboration, while the Last Planner System (LPS), 

Target Value Delivery (TVD), Advanced Work Packaging 

(AWP) and Design for Manufacture and Assembly (DfMA) 

are all used to support the lean planning of the works and 

improve the reliability of the workflow, cost control and 

constructability. More recently, the use of Artificial 

Intelligence (AI), Machine Learning (ML), Digital Twins, 

Computer Vision, drone-based surveying, Internet of Things 

(IoT), cloud computing and the use of Large Language 

Models (LLMs) have greatly increased the power of digital 

construction [10], [11], [25]. These smart technologies are 

changing the way pre-construction is done from a 

document-based administrative process to a predictive and 

data-driven decision-support environment. AI algorithms can 

quickly analyze various design options, predict schedule and 

cost risks, automate quantity take-offs, and provide 

predictive analytics to assist decision-making. Digital Twins 

are dynamic virtual representations that combine design 

information with real-time project data, allowing for ongoing 

simulations and optimizations throughout the project 

lifecycle. Likewise, drone mapping of sites, Virtual Reality 

(VR) and Augmented Reality (AR) technologies enable 

quicker site evaluation, better visualization and 

communication with stakeholders, and more accurate 

planning decisions prior to construction. The integration of 

Lean Construction and intelligent digital technologies is a 

major step toward automated and knowledge-based project 

delivery [4]. These digital tools are not standalone 

technologies, they are a suite of tools that create an integrated 

digital ecosystem that enhances design reliability, workflow 

reliability, and information reliability. Digital technologies 

make lean more operational, and uncertainty is minimized 

throughout the pre-construction process, through the 

automation of repetitive tasks, early identification of design 

conflicts, improved collaboration, and predictive planning. 

The integration fits well with the overall vision of 

Construction Robotics and Automation, where AI-driven 

systems are increasingly assisting human decision-making 

processes by leveraging advanced analytics, automation, and 

digital workflows. 

While there has been a rapid uptake of individual digital 

technologies in the construction industry, the existing 

research has largely looked at these technologies individually 

or been mainly concerned with their use in construction and 

operation. There has been comparatively little research into 

how multiple digital technologies can be effectively and 

systematically deployed during pre-construction to maximize 

the overall project performance within a lean framework. 

Moreover, although there is significant literature on the 

individual benefits of BIM, CDEs, AI, Digital Twins, and 

lean planning systems, few studies have explored how all 

these tools can work together to form an intelligent 

pre-construction ecosystem that can facilitate automation, 

collaboration, and ongoing optimization. 

This paper examines the use of digital technologies in the 

pre-construction phase and how they help to optimize 

projects. The paper brings together the current literature on 

intelligent planning systems, collaborative digital platforms, 

automation, and data-driven decision making, and outlines 

the role of these technologies in improving the quality of the 

design, efficiency of the design process, cost certainty, and 

schedule performance. In addition, it covers the latest 

developments in Artificial Intelligence, Digital Twins, and 

intelligent automation that are changing the way 

pre-construction is done and helping to pave the way for 

digitally empowered project delivery. 

II. LITERATURE REVIEW 

A. Evolution of Pre-Construction: Conventional 

Planning to Digital Transformation 

The pre-construction process has changed significantly in 

the last 30 years, transitioning from a paper-based to a more 

technology-rich and integrated process [1], [7]. The 

traditional way of project planning was in 2D drawings, 

manual quantity take-off, lack of communication and linear 

workflow between architects, engineers, contractors and the 

client. These practices are common in the construction sector, 

but often lead to information silos, slow decision-making, 

design discrepancies, and poor coordination among project 

stakeholders. These gaps can be passed on to construction by 

way of Requests for Information (RFIs), change orders, 

rework, schedule delays, and cost overruns, and impact 

project performance [1], [7]. Traditional planning approaches 

have failed to address the increasing amount of project 

information as construction projects have grown in 

complexity, with multidisciplinary teams, advanced building 

systems, and increasingly high expectations from clients. 

This has helped to speed up the industry's digital 

transformation, moving from disjointed and sequential 

workflows to a more integrated approach to information 

management, collaborative planning, and data-driven 

decision-making. Design development, scheduling, 

estimating, procurement planning and constructability 

analysis are no longer project activities that are completed in 

isolation, but are increasingly done in interconnected digital 

environments that enable early coordination and informed 

decision making (Sacks et al., 2018). Pre-construction has 

thus moved from the stage of delivering project 

documentation to building a dependable information 

ecosystem that enables efficient project delivery. Digital 

technologies offer the potential to minimize uncertainty prior 

to construction and create a more predictable project 

execution strategy by enabling concurrent engineering, clear 

communication and early design and planning challenges to 
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be identified. 

B. Lean as a Foundation for Pre-Construction Planning 

Lean Construction offers the managerial philosophy that 

helps to deliver projects better by delivering the greatest 

value and by systematically eliminating activities that do not 

deliver project value. It is a lean manufacturing approach that 

focuses on stable workflows, joint planning, continuous 

improvement and early involvement of project stakeholders 

throughout the project life cycle [1], [2]. In the 

pre-construction phase, these principles are directed at 

minimizing the variability in design, the constructability, the 

uncertainties downstream of the project before physical 

construction, and how the project decisions are made to meet 

client needs. 

Traditional pre-construction workflows tend to have 

disjointed communication, linear decision making, and 

restricted team collaboration, which can lead to design 

discrepancies, late approvals, rework, and sub-optimal 

resource use. To overcome these challenges, lean principles 

focus on integrated planning, clear information sharing, and 

anticipating and identifying workflow impediments [3]. As 

projects have become more complicated, however, it has 

become more challenging to apply lean principles using the 

traditional planning methods. 

As a result, digital technologies have become vital tools to 

help realize the lean principles in project delivery. By 

leveraging integrated digital platforms, users can collaborate 

in real-time, enhance information visibility, automate 

repetitive tasks, and make data-driven decisions to boost 

workflow reliability and pre-construction planning 

efficiency. Lean Construction in this context offers strategic 

goals for optimizing a project, and digital technologies offer 

the operational means to do so. 

C. Digital Technologies as Enablers for 

Pre-Construction 

Pre-construction is a process that has been completely 

revolutionized by the rapid development of digital 

technologies and has become intelligent, collaborative and 

data-centric. Modern digital technologies are not standalone 

software, but rather are a suite of interrelated technologies 

that enable integrated information management, automated 

analysis and informed decision making during the project life 

cycle (Eastman et al., 2018; Sacks et al., 2018). This change 

has allowed project teams to better coordinate, minimize 

uncertainty, and make more informed planning decisions 

prior to the start of project construction. 

Digital integration technologies form the groundwork for 

the initial layer of this shift, creating a unified information 

environment for multidisciplinary collaboration. Building 

Information Modeling (BIM) is a digital representation of 

project information that can be shared with the architect, 

structural engineer, MEP consultant, contractor, and client to 

coordinate design development, detect clashes, and assess 

constructability in a single platform [7], [21], [22]. In 

addition to BIM, Common Data Environments (CDEs) are 

used to centralize project documentation, keep track of 

versions and ensure secure sharing of information between 

stakeholders [8], [9]. These technologies help to enhance the 

reliability of information, minimizing inconsistencies, delays 

in communication, and ensuring that all decisions made in a 

project are based on accurate and current information. 

Intelligent planning technology has also contributed to 

decision making in the pre-construction phase in many ways 

beyond digital integration. The use of Artificial Intelligence 

(AI), Machine Learning (ML), and predictive analytics is 

becoming more common for automating quantity take-offs, 

optimizing design alternatives, forecasting schedule and cost 

risks, evaluating procurement strategies, and supporting 

evidence-based planning decisions [10], [25]. They are also 

integrated with 4D and 5D Building Information Modeling, 

which allows project teams to visualize design, scheduling 

and cost information simultaneously, simulate construction 

sequences and assess constructability and optimize resource 

allocation prior to project delivery. These capabilities enable 

planning to shift from being a reactive to a predictive and 

optimization-based process. 

Another development is the evolution of digital 

representation technologies, which improve the quality and 

availability of project information. Digital Twins are an 

extension of the traditional BIM that can generate dynamic 

digital representations that can incorporate the project's data, 

constantly updated over time, to assist in scenario analysis 

and decision making for life cycle [11], [12]. Similarly, 

Internet of Things (IoT) devices, drone-based surveying, 

laser scanning, computer vision and reality capture 

technologies deliver accurate site information during project 

planning, which improves the accuracy of existing conditions 

assessments and enhances the confidence of design and 

planning decisions. The use of immersive visualization 

technologies like Virtual Reality (VR) and Augmented 

Reality (AR) further enhances stakeholder engagement by 

enabling interactive design reviews, constructability 

assessments, and project requirement early validation. 

The role of digital technologies in pre-construction has 

been further explained by recent advancements in intelligent 

automation. Automated design checking, rule-based code 

compliance checking, clash detection, schedule generation, 

document classification and specification analysis 

significantly lessen the workload of manual work, enhance 

consistency and decision accuracy [24]. At the same time, 

Large Language Models (LLMs) have shown promising 

capabilities for handling vast amounts of project data and 

information, such as document management, interpretation of 

specifications, contract analysis, knowledge retrieval, and 

decision support, via natural language interfaces. The 

progress made represents more than just digitalization, it is 

intelligent automation, in which computational systems 

participate in the planning and decision-making process. 
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Together, these technological advances have transformed 

the pre-construction delivery process in today's projects. 

Digital technologies are no longer just used to generate or 

handle project data; they are increasingly used as intelligent 

decision-support systems that facilitate collaboration, 

automate repetitive work, improve the accuracy of project 

planning and facilitate predictive project management. The 

digital integration of pre-construction activities is 

increasingly important as construction projects become more 

complex and information-rich, to achieve greater levels of 

project efficiency, cost certainty, schedule reliability and 

overall project optimization. 

D. Current Research Trends 

The latest studies have shown that the construction 

industry is embracing digital technologies more and more to 

enhance the planning, collaboration and project performance 

in the pre-construction phase. The use of Building 

Information Modeling (BIM), Common Data Environments 

(CDE), 4D and 5D simulations, Artificial Intelligence (AI), 

Digital Twins and cloud-based collaboration platforms to 

improve the coordination of design, scheduling, cost 

estimating and information management has made significant 

strides (Eastman et al., 2018; Sacks et al., 2018). These 

technologies have proven to be very promising in error 

reduction, multidisciplinary collaboration, data-driven 

decision making, and project predictability. 

In spite of these developments, the current literature is still 

rather disjointed. The majority of the studies are dedicated to 

the assessment of a single technology or particular 

application, like the BIM clash detection, or AI scheduling, 

or Digital Twin implementation, and fail to consider how 

these technologies combined can enhance the overall 

pre-construction process. Moreover, a significant percentage 

of research focuses on the construction and operational stages 

and relatively few studies examine the strategic significance 

of digital implementation in the pre-construction stage when 

critical decisions are made about scope, cost, schedule, 

procurement, and coordination with stakeholders. 

One key observation is the lack of adoption of new 

intelligent technologies, such as Large Language Models 

(LLMs), Generative AI, predictive analytics, and automated 

decision-support systems, in traditional pre-construction 

processes. While these technologies are quickly becoming a 

part of the discussion in the Architecture, Engineering and 

Construction (AEC) industry, their practical applications to 

intelligent planning, interdisciplinary collaboration and early 

project optimization are still a developing field of study. 

[10],[12], [15] 

Based on these observations, there is a need to integrate the 

existing knowledge from the lean construction and digital 

engineering fields in order to gain a deeper understanding of 

how digital technologies in the modern era can be used in 

combination to further improve pre-construction planning 

and project performance. A synthesis can be useful to 

researchers and practitioners who are looking for an 

intelligent, technology-enabled workflow that can enhance 

decision making, decrease project risk, and enable more 

efficient and reliable project delivery. 

III. DIGITAL TECHNOLOGIES ACROSS THE 

PRE-CONSTRUCTION LIFECYCLE  

Digital technologies in pre-construction have transformed 

the planning process from a sequential, document-based 

process to an integrated and intelligent decision-making 

environment. Digital technologies are not only being used to 

support individual project activities but are being integrated 

across the entire pre-construction lifecycle, helping project 

teams to better collaborate, automate repetitive activities, 

improve the quality of information and make informed 

decisions before construction even starts. Contribution is not 

only limited to enhancing the individual tasks, but to also 

encompass project scope definition, design coordination, cost 

certainty, schedule reliability, procurement and risk 

mitigation. This section summarizes the current research by 

discussing the role digital technologies can play in the key 

pre-construction activities and how they can be integrated 

together to optimize the project as a whole. 

A. Feasibility Analysis and Site Assessment 

The feasibility stage is a crucial phase in the construction 

project lifecycle that sets the strategic course of the project by 

analyzing its technical, economic, regulatory, environmental, 

and risk factors. The information gathered at this stage will 

have a significant impact on the design development and 

construction performance that follow and thus it is vital to 

have accurate and reliable information. The traditional 

feasibility studies approach involves using partial data, 

manual surveys, and analyzing feasibility reports that are 

based on static data. These methods prevent project teams 

from efficiently evaluating several alternatives. 

Feasibility assessments have greatly benefitted from recent 

developments in digital technologies in terms of quality and 

timeliness. Geographic Information Systems (GIS), remote 

sensing, satellite imagery and aerial drone surveys give a full 

spatial picture of the site and allow for a quick assessment of 

access, surrounding infrastructure, environmental 

restrictions, and existing services. Using unmanned aerial 

vehicles (UAVs) and laser scanning techniques, project 

teams can acquire high-resolution terrain data with a much 

shorter time of traditional field survey. 

AI and Machine Learning (ML) further enhance feasibility 

analysis by analyzing huge amounts of historical and spatial 

data to locate suitable sites for projects, evaluate potential for 

development, forecast environmental restrictions and assist 

in the investment decision-making process. Multiple site 

alternatives can be considered simultaneously by predictive 

analytics, taking into account factors like accessibility, 

demographic trends, market demand, regulatory restrictions 

and infrastructure availability. These functions can help 
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decision makers make more confident decisions about project 

opportunities, and help minimize the uncertainty in the 

earliest stages of project development. 

Digital Twins are also starting to aid feasibility analysis, as 

they can simulate a virtual development in various planning 

scenarios. Digital Twins can be used to integrate 

geographical information, create preliminary design models, 

and provide environmental data and infrastructure 

constraints, enabling planners to conduct scenario analysis to 

evaluate project performance before further development of 

the design. This allows potential constraints to be identified 

early, and gives stakeholders a better understanding of 

project viability. 

Combined, these technologies make feasibility analysis a 

dynamic and evidenced-based process of decision support 

system. Combining the power of spatial intelligence, 

predictive analytics and digital simulation equips project 

teams with a more efficient approach to site selection, 

minimizing uncertainty in the planning process, boosting 

investment decisions, and providing a more solid base for 

future pre-construction activities. 

B. Design Development and Stakeholder Coordination 

Design development is a widely known information 

intensive activity in the pre-construction process. The 

architectural, structural, mechanical, electrical, plumbing and 

specialist engineering disciplines need to work closely 

together to ensure that the designs are coordinated and 

constructable, and the design meets the client needs as well as 

regulatory and technical requirements. In traditional practice, 

these disciplines generally function in isolation which leads 

to lack of consistency, duplication of effort, design conflicts, 

and a considerable amount of rework during the construction 

process. 

The use of Building Information Modeling (BIM) has 

changed the way multidisciplinary design coordination is 

done, as it offers a digital representation that is shared across 

all disciplines within the design process [7], [21], [22]. BIM, 

in contrast to traditional 2-D drawings, allows the project 

team to create, visualize, coordinate and review integrated 

3-D models with a combination of geometric and 

non-geometric project information. This common 

information space provides ongoing designer, engineer, 

contractors and client collaboration and allows design 

problems to be discovered and addressed prior to 

construction. 

Automated clash detection is one of the most important 

features that BIM brings to the table: it detects clashes 

between elements of the building, the structure and the 

architectural designs before the project is built. Identifying 

conflicts early significantly decreases Requests for 

Information (RFIs), design changes and rework during 

construction. BIM clash detection has shown to increase 

constructability, increase design quality, and increase more 

reliable project delivery [7], [21], [22]. 

C. Cost Estimation and Value Engineering 

Cost estimation is the cornerstone of good project planning 

and financial decision-making in pre-construction phase. 

Traditional techniques use extensive manual work in the 

form of quantity take-offs, spreadsheet calculations, and 

historical cost databases which make such approaches prone 

to mistakes, inaccurate assumptions, and delayed adjustments 

after the design revisions are made. In complex projects, 

those problems become common, reducing accuracy and 

slowing down the decision-making process. 

The use of advanced digital solutions allowed making a 

breakthrough in the cost planning practice by incorporating 

the design data into estimating procedures. Building 

Information Modeling allowed for automatic quantity 

take-offs using the digital models and thus removing most of 

the traditional practices used in quantity surveying. In 

combination with 5D BIM, geometric information is tied up 

with cost databases providing for the real-time estimation in 

case of changes to the design. Such a combination enables the 

evaluation of different design alternatives from the financial 

perspective [7], [21], [22], [24]. 

AI and machine learning systems are beginning to be 

considered as an option for cost estimation through analysis 

of past data and trends about projects, labor productivity, 

price volatility of building materials, as well as 

characteristics of projects themselves. This will allow for 

creating predictive models that could estimate probable range 

of cost values, as well as identify risk factors and make 

contingency plans by exploring multiple scenarios before 

construction begins. 

Modern technologies are able to make a contribution to the 

field of value engineering, helping project teams in making 

collaborative analysis of different design alternatives in terms 

of functionality, buildability, performance throughout its life 

cycle, sustainability and cost-effectiveness. Using digital 

technologies, project teams will be able to make comparison 

of several design alternatives at once, using more 

comprehensive performance criteria than just cost. 

Principles of Target Value Delivery can contribute to this 

process. Unlike cost estimation being an after-the-fact 

exercise, with digital technology cost estimating is done 

continuously during the design phase in order to make early 

corrective decisions, which helps reduce the chances of any 

cost overrun. 

Through the combination of automated take-off quantities, 

real-time cost modeling, predictive analytics, and value 

engineering, digital technology has brought about the 

transformation of cost estimating into an ongoing and smart 

decision-making process. 

D. Schedule Planning and Constructability Analysis 

The schedule planning during the pre-construction stage 

outlines the project execution process by determining activity 

order, resource distribution, procurement planning, and 

construction stages. Although the traditional techniques used 



  ISSN (Online) 2394-2320 

International Journal of Engineering Research in Computer Science and Engineering  

(IJERCSE) 

Volume 13, Issue 07, July 2026 

 

16 

in scheduling the construction projects, which are CPM 

network and Gantt charts, offer the entire project duration, 

they do not account for the physical, logistic, and operation 

challenges related to the construction projects. As a result, 

schedule conflicts, inefficiencies in scheduling, congestions 

in the resource usage, and construction feasibility problems 

go unnoticed before starting the construction phase, causing 

delays and changes to the project. 

Modern technologies contribute immensely to the 

schedule planning through the integration of project 

information, visualization, and predictions in the planning 

process. Some of the modern planning techniques include 4D 

Building Information Modelling (4D BIM), where 

four-dimensional information is added to the digital model of 

the building. The 4D BIM technology links three- 

dimensional design models with construction schedules in 

order to predict construction processes, check workspace, 

detect schedule conflicts, and simulate the construction 

processes prior to the beginning of the site activities [7], [24]. 

The application of Artificial Intelligence (AI) and Machine 

Learning (ML) improves schedule optimization through 

predictive scheduling and planning assistance. AI-powered 

algorithmic models can predict risk in schedule based on 

project history, labour efficiency, weather, resources, and 

constraints and give recommendations for the optimal 

construction sequence [10], [25]. Prediction tools assist in 

exploring various scheduling options and the probability of 

delays under various project scenarios. The ability to use 

these tools for making decisions helps take corrective actions 

ahead of the commencement of construction activities rather 

than reacting to disruptive events that happen in the process. 

Constructability analysis has also been enhanced through 

digital transformation. Simulation systems based on BIM 

have made it possible to evaluate the process of construction, 

the accessibility of equipment, temporary structures, 

logistics, and site constraints at design development stage. 

Integration of Digital Twins, reality capture solutions, and 

visualization using Virtual Reality (VR) has further improved 

constructability analysis by creating an opportunity to 

experience the construction process in a virtual environment 

[11], [12]. 

Further enhancement of digital planning has been achieved 

by collaborative methods like advanced work packaging 

(AWP). Under this method, engineering deliverables, 

procurement, and construction work packages get digitally 

connected in order to ensure that continuity of planning 

processes remains unaffected and that the planning is more 

reliable. The combination of BIM, CDEs, and AI-driven 

scheduling along with AWP helps achieve coordination 

among engineering, procurement, and construction processes 

[8], [9]. 

Thus, these technologies help convert the static process of 

schedule planning into a much more intelligent process of 

planning which can continuously evaluate the feasibility of 

construction and sequence of activities. 

E. Procurement Planning and Supply Chain Integration 

Procurement planning is a key factor in preparing projects 

for construction, as it helps to ensure that materials, 

equipment, subcontractors and long-lead items are on hand at 

the right time. Poor procurement planning often leads to a 

lack of materials, late deliveries, high inventory expenses, 

and production delays. Traditional procurement methods 

tend to be based on siloed communication, paper-based 

documentation and siloed information systems, which hinder 

coordination between project stakeholders. 

Digital technologies have greatly enhanced procurement 

planning by bringing design information, scheduling data and 

supply chain management together in one collaborative 

digital environment. With Building Information Modeling 

(BIM), procurement requirements can be directly connected 

with project components, so that quantities, specifications 

and material requirements can be automatically extracted 

from digital models. This minimizes manual errors, improves 

procurement accuracy, and identifies long-lead materials that 

result in impacting project timelines. 

Common Data Environments (CDEs) help to manage 

procurement documents, supplier data, technical 

specifications, requests for quotation, and approval processes 

in a centralized way. CDEs facilitate standardized 

information management, reducing duplicated documents 

and promoting communication between clients, consultants, 

contractors and suppliers. Digital collaboration platforms 

ensure timely tracking of procurement, document revisions, 

and the performance of supplier, resulting in efficient 

decision-making [8], [9]. 

The combination of Enterprise Resource Planning (ERP) 

systems, BIM, and cloud-based tools has enhanced supply 

chain management, allowing for the smooth management of 

procurement timelines, stock availability, logistics, and 

financial data. This can help project teams have better 

visibility of the supply chain and plan accordingly, which 

will help minimize the impact of material shortages or delays 

in procurement [6], [10], [25]. 

New technologies are pushing procurement into the realm 

of intelligent automation. AI can analyze past procurement 

data and external market trends to aid supplier evaluation, 

demand forecasting, procurement optimization, and market 

trend analysis. Machine learning algorithms can help detect 

procurement risks, forecast delivery times, and suggest 

alternative sourcing options to enhance supply chain 

resilience. Furthermore, technologies like FID, QR-code 

tracking, IoT and blockchain-based logistics monitoring and 

transaction management are being looked at to enhance 

material traceability, transparency, and accountability across 

the procurement lifecycle. 

Digital integration is transforming procurement planning 

from an administrative task to a strategic decision-making 

support process, which improves the efficiency of the supply 

chain, the reliability of procurement, and directly optimizes 
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the project. 

F. Risk Assessment and Regulatory Compliance 

Pre-construction risk management aims to uncover, assess, 

and reduce the uncertainties that could impact the project's 

cost, schedule, quality, safety and regulatory compliance. 

Traditional risk assessment approaches are mainly based on 

expert opinion, qualitative analysis, and routine risk 

assessments, and tend to fall short of capturing new risks in 

increasingly complex project contexts. 

As digital information on projects becomes more 

available, the ability to carry out more in-depth and 

data-driven risk assessments has increased. BIM gives a 

single information ecosystem enabling identification of 

design errors, constructability issues and coordination risks 

before construction. Together with Common Data 

Environments, BIM increases the transparency of 

information and alleviates uncertainties due to the lack of 

information in the project. 

AI and ML have become a useful tool for predictive risk 

assessment. AI algorithms help evaluate previous project 

data, contract clauses, schedules, productivity metrics, and 

other factors to predict the likelihood of delays, cost 

overruns, procurement issues, and quality problems. 

Predictive analytics can help project teams assess the 

effectiveness of different mitigation options in the planning 

phase, helping to inform and facilitate proactive decision 

making. 

Digital Twins also enhance risk assessment by allowing 

virtual simulation of project scenarios with different 

operational conditions. Digital Twins can be used to 

continuously integrate design information, planning data, and 

external variables, enabling stakeholders to assess the 

implications of different choices before they are made. These 

types of simulations help to better understand the interactions 

in a complex project and help with better contingency 

planning. 

Digital technologies also play a major role in regulatory 

compliance during pre-construction. BIM can be used with 

automated rule checking systems to check digital models 

against building regulations, fire safety requirements, 

accessibility standards and design criteria for the project. 

These automated verification processes minimize manual 

verification workload, boost accuracy of compliance and 

speed up approvals. Similarly, Large Language Models 

(LLMs) are also beginning to show promise in analyzing 

specifications, understanding contractual terms, detecting 

inconsistencies in project documentation, and assisting in 

compliance reviews using natural language processing. 

Predictive analytics, intelligent automation, and digital 

information management are combining to change the way 

risk management is perceived as a reactive control process 

into a proactive planning function. Digital technologies 

increase the certainty of project planning, increase project 

resilience and decrease the potential of downstream impacts 

by identifying potential project risks and regulatory issues 

prior to construction. 

Table 1. Digital Technologies Across Pre-Construction 

Lifecycle 

Phase Technologies Application Outcomes 

Analysis, 

Site 

Study 

• GIS, 

• UAVs, 

• AI-ML, 

• DigitalTwin 

Site selection, 

Terrain 

modelling, 

evaluation 

Less uncertainty, 

improved 

decisions 

Design 

• BIM, 

• CDE, 

• Generation 

• VR/AR 

Coordination, 

Clash 

Detection, 

Visualization 

Reduced rework, 

improved 

constructability 

Cost Plan 

• 5D BIM, 

• AI-ML, 

• Quantity 

Take-off 

Dynamic 

estimation, 

Value 

Engineering 

Increased 

certainty and 

budget 

Time 

Plan 

• 4D BIM, 

• AI, 

• AWP, 

• DigitalTwin 

Simulation, 

predictive 

planning, 

constructable 

Higher 

reliability, 

optimized 

workflow 

Procurem

ent 

• BIM, 

• ERP, 

• CDE, 

• RFID, 

• Blockchain 

Resource 

planning, 

Supplier 

coordination, 

logistics 

Efficient supply 

chain, 

procurement 

Risk, 

Complia

nce 

• AI-ML, 

• BIM, 

• DigitalTwin 

• LLMs 

Predictive 

analysis, 

Automated 

compliance 

Reduced risks 

and quicker 

approvals 

G. Synthesis of Digital Technologies across 

Pre-Construction Phase 

As shown in Table 1 corresponding to the preceding 

discussion, digital technologies are not only used for 

individual planning activities but are part of an integrated 

pre-construction system. Digital technologies collectively 

improve the quality, reliability and accessibility of project 

information, and they can help with collaborative and 

data-driven decision-making throughout the feasibility 

assessment, design development, cost estimation, schedule 

planning, procurement management and risk assessment. 

While each of these technologies offers unique strengths, 

their true power lies in their ability to work together. While 

each of these technologies has its own strengths, their 

potential is maximized when they are used in tandem. BIM 

lays the foundation for digital information, CDEs help 

manage information collaboratively, AI and machine 

learning technologies aid in intelligent decision making, and 
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Digital Twins, immersive visualization, and simulation 

technologies provide predictive analysis and scenario 

evaluation. These technologies can be used in combination to 

move project teams from disjointed and reactive planning to 

integrated, intelligent, and optimization-driven 

pre-construction processes [10]-[12]. 

This lifecycle approach Figure 1 emphasizes that digital 

transformation is not a single technology but the integration 

of multiple digital solutions throughout the key 

pre-construction processes. This integration enhances the 

quality of the design, accuracy of planning, inter-disciplinary 

collaboration, certainty of cost, reliability of schedule, 

readiness for procurement and risk mitigation prior to the 

start of construction. The use of digital technologies in 

pre-construction processes will become more and more 

relevant to intelligent project planning and the performance 

of construction projects as digital technologies mature. 

 
Figure 1. Relationship between Digital Technologies and 

Pre-Construction 

IV. IMPACT OF DIGITAL TECHNOLOGIES ON 

PROJECT OPTIMIZATION 

The use of digital technologies in the pre-construction 

phase has revolutionized the way construction projects are 

planned, coordinated and executed. These technologies are 

not a replacement for traditional documentation methods, but 

rather they help optimize projects by increasing decision 

quality, decreasing uncertainty, enhancing collaboration, and 

allowing for proactively managing project constraints prior to 

construction. Together, they impact several aspects of project 

performance, such as schedule reliability, cost certainty, 

productivity, communication efficiency, risk management 

and sustainability. Therefore, project optimization must be 

considered as the sum of integrated digital decision making, 

and not a single technology. 

A. Improved Schedule Reliability 

One of the most important factors of project success is still 

schedule performance, especially when delays are continuing 

to plague construction projects around the world. A lot of 

schedule disruptions start in the preconstruction phase 

because of incomplete design information, lack of 

coordination, unrealistic planning assumptions and delayed 

decision making. Digital technologies can greatly enhance 

the reliability of a schedule by allowing project teams to 

detect and correct planning problems before construction 

work begins. 

Integrated planning environments provide a holistic view 

of construction sequences and enable planners to assess 

different execution options and optimize activity sequencing. 

The predictive analysis enhances schedule reliability, as it 

identifies possible bottlenecks, resource constraints, 

procurement delays and constructability issues prior to 

project commencement. These limitations can be identified 

early, allowing for proactive measures to be taken to prevent 

them from affecting the schedule and workflow. 

Moreover, digital collaboration platforms help to 

coordinate the various actors involved in the project, as they 

enable planning decisions to be made based on the same and 

current information. This, in turn, makes project schedules 

more realistic, transparent and resistant to sudden changes, 

which ultimately helps to achieve greater project 

predictability and on-time project delivery. 

B. Cost Certainty and Financial Performance 

Design changes, inaccurate quantity estimates, 

procurement inefficiencies, and unexpected project risks 

once construction starts, are all common causes of cost 

overruns. Digital technologies help to enhance information 

quality in the pre-construction phase and have a major impact 

on financial planning and cost control throughout the project 

lifecycle. 

Integrating design information into estimating processes 

continuously allows project teams to consider the financial 

impact of design decisions as they occur, and minimizes the 

risk of significant budget variances. Data-driven forecasting 

methods also add to the certainty of costs by leveraging past 

project data, market trends, productivity trends, and 

procurement data in the forecasting process. These functions 

help in more precise budgeting, contingency planning and 

financial resource allocation. 

Value-based decision-making is also enabled through 
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digital decision-support environments, with the ability to 

consider a number of design alternatives simultaneously 

against cost, functionality, constructability and lifecycle 

performance. Therefore, financial optimization is not only 

cost saving, but also optimizing the use of project resources 

to satisfy the value and quality of the project for the client. 

C. Enhanced Collaboration and Decision Making 

Construction projects have many stakeholders whose 

decisions together influence the performance of the project. 

Pre-construction communication and information exchange 

has been a challenge, with fragmented communication and 

inconsistent information sharing often leading to delays in 

approvals, duplicated work and design inconsistencies. 

Collaborative planning environments have been created as 

a result of digital transformation, with project information 

being shared via a central digital platform, which enhances 

transparency, communication and interdisciplinary 

coordination. Having access to accurate and up to date 

information means that project participants are able to make 

decisions on consistent information and not on individual 

documents or disjointed communication methods. 

The increasing adoption of Artificial Intelligence and 

advanced analytical systems helps in decision-making by 

analyzing vast amounts of project data and offering 

data-driven insights and suggestions for planning, 

scheduling, procurement, and risk management. Intelligent 

systems do not replace the professional experience of the 

user, but they will complement it by quickly analyzing 

several options and providing a list of possible implications 

for the project. This joint partnership of digital intelligence 

and engineering skills helps inform, time and make decisions 

throughout the pre-construction process. 

D. Workflow and Productivity Efficiency 

Pre-construction productivity improvements directly 

impact construction productivity. Standard planning 

processes can be time-consuming, resource-intensive, and 

inefficient, with numerous repetitive manual tasks, multiple 

document revisions, and redundant information processing. 

Digital technologies enhance the efficiency of work by 

automating repetitive planning tasks, optimizing information 

management and eliminating unnecessary administrative 

work. The engineering teams can concentrate on high-value 

tasks like design optimization, strategic planning, and 

stakeholder communication, thanks to automated quantity 

extraction, document management, design coordination, 

compliance verification, and analytical processes. 

Better access to information also minimizes delays in 

document retrieval, approval and multi-disciplinary 

coordination. Standardized digital workflows lower the risk 

of errors resulting from manual data work, enhancing the 

accuracy of planning and reduces the need for frequent 

revisions. Together, they enhance organizational 

productivity, shorten planning cycles and maximize the use 

of technical expertise in project development. 

E. Resilient Risk Management 

One of the greatest benefits of digital pre-construction is 

the ability to identify and minimize project risks before 

construction starts. However, traditional risk management 

methods are often based on qualitative evaluations and 

periodic reviews, which are not effective in today's complex 

project landscape. 

Digital technologies can provide more comprehensive risk 

assessment because they can bring together a range of project 

information into a single planning environment that can 

facilitate predictive analysis and scenario evaluation. Project 

teams can assess the potential impacts of different decisions 

at the planning stage and take proactive steps to prevent them 

from happening. 

Better project information visibility also enhances the 

organizational resilience by allowing the identification of 

design conflicts, procurement uncertainties, scheduling 

constraints, regulatory issues, and resource limitations, early 

in the process. This makes projects more resilient to 

uncertainty, minimizing the risk of major cost overruns, 

delays and quality issues when delivering the project. 

F. Efficient Pre-Construction to Optimized Overall 

Project Delivery 

The use of digital technologies mentioned in this study is 

predominantly focused on the pre-construction stage, but it 

can impact much more than the initial stages of project 

planning. Pre-construction is the basis upon which the rest of 

construction is carried out, and it is during this phase that key 

decisions are made about the project scope, design 

development, scheduling, cost planning, procurement 

strategies, constructability, resource allocation and 

regulatory compliance. Hence, the quality and reliability of 

the decisions taken during this phase directly affect the 

project progress and performance throughout the project 

lifecycle. 

Digital technologies help to optimize the project as a whole 

by reducing uncertainties before the start of construction. 

Better design coordination minimizes design conflicts and 

Requests for Information (RFIs) during execution, and 

precise quantity estimation and integrated cost planning 

enhances budget certainty and minimizes financial 

deviations. Similarly, consistent scheduling, better 

constructability analysis, and integrated procurement 

methods reduce disruptions, material shortages and resource 

constraints that often lead to overruns. 

The use of predictive analytics, intelligent automation and 

collaborative information management also help project 

teams uncover and address risks before they even begin 

construction. This proactive approach enhances the quality of 

decision making, increases project resilience and minimizes 

the need to take corrective actions, which are typically much 

more expensive and disruptive after construction has begun. 
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As a result, investments in digital pre-construction can 

provide returns throughout the project lifecycle, as it 

increases productivity, lowers waste, improves coordination, 

and increases the confidence in project delivery. 

Hence, from a project management perspective, digital 

pre-construction is not just a one-off planning process, but 

rather a strategy that can shape the efficiency of upcoming 

construction processes. All the benefits of better planning, 

better project information, better use of project resources and 

better risk management combine to improve project 

performance in the traditional dimensions of cost, schedule, 

quality, safety and satisfaction of project stakeholders. 

 

Table 2. Impact of Digital Technologies on Project Optimization 

Dimension Primary Improvement Overall Impact 

Schedule Performance Reliable planning, decreased uncertainty Improved on-time project delivery 

Cost Performance Accurate estimation, financial control Higher cost certainty and less overruns 

Collaboration 
Integrated information, coordinated 

decision-making 
Improved stakeholder collaboration 

Productivity Automation of repetitive tasks Efficient workflows 

Risk Management Predictive and scenario analysis Reduced uncertainty and improved resilience 

Sustainability Optimized resource usage, lifecycle planning Improved long-term value 

 

G. Discussion 

The analysis in Table 2 shows that project optimization 

does not happen through the use of individual digital 

technologies, but through the use of multiple technologies 

across the pre-construction lifecycle. Each technology 

provides specific capabilities, but when combined, they 

provide a connected planning environment that delivers 

reliable information, collaborative workflows, predictive 

decision making and intelligent automation. These 

capabilities allow project teams to minimize uncertainty, 

enhance the quality of planning, improve inter-disciplinary 

coordination and maximize project outcomes prior to 

construction. Overall project optimization is realized in this 

context by systematic optimization of pre-construction 

processes, so that informed decisions are made at the earliest 

phase, thus providing value for the project life cycle. 

The results also show the wider change in project 

management in the construction industry. Pre-construction is 

moving beyond a documentation-based process, and is now 

becoming an intelligence-based decision-making process in 

which, digital technologies enable ongoing evaluation, 

simulation and optimization of project alternatives. This 

transition allows organizations to transition from a reactive 

approach to problem solving to a proactive approach of 

planning strategies, ultimately benefiting the overall project 

performance and the industry's ability to successfully deliver 

complex projects more efficiently. 

V. IMPLEMENTATION CHALLENGES, FUTURE 

CONSIDERATIONS 

Although the digital technologies have the potential to 

improve pre-construction and optimize the overall project, 

the use of these technologies in the construction industry has 

not been widespread due to various organizational, 

technological and operational challenges. To reap the full 

benefits of digital transformation, it is crucial to overcome 

these obstacles. 

The lack of interoperability between digital platforms is 

one of the main issues. Many software solutions are used, 

each with its own data format, which leads to data 

duplication, and limited integration between project 

stakeholders. This hinders flow of information and reduces 

the effectiveness of collaborative planning. 

A major challenge is the need for substantial start-up costs 

to adopt sophisticated digital tools. The implementation of 

BIM, Digital Twins, AI-driven analytics, cloud-based 

collaboration tools, and the necessary digital infrastructure 

demands significant financial investment, which can be 

particularly difficult for SMEs. In addition to technology 

acquisition, organizations need to also spend on software 

maintenance, system upgrades, and employee training [7], 

[11], [21], [22], [24]. 

Lack of a digitally competent workforce is another major 

challenge. The effective use of digital tools in the current 

planning processes is as important as the availability of 

technology for successful implementation. Organizational 

resistance to change, lack of digital literacy and inadequate 

training are common inhibitors of technology adoption and 

the success of digital transformation efforts. 

The increasing data-centricity of construction projects has 

also created a need for cybersecurity, data governance, and 

information reliability issues. To build trust on digital 

collaboration platforms, it is crucial to safeguard sensitive 

project information, ensure secure data sharing between 

stakeholders, and maintain data quality at all stages of the 

project. Likewise, the increasing adoption of Artificial 

Intelligence raises concerns about transparency, 

explainability, and accountability, especially if AI-driven 

recommendations are part of key planning processes. 
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Lastly, the adoption of digital technologies is not simply 

about software – it also needs organizational commitment, 

standardized processes, collaborative project cultures and 

enabling leadership. The development of interoperable 

digital ecosystems, improving the skills of the workforce, 

creating effective governance structures, and industry-wide 

standards to support secure and effective digital collaboration 

are thus areas where industry efforts should be focused in the 

future. These challenges can be overcome to enable 

organizations to derive the maximum value from digital 

pre-construction and to get on the path to more intelligent, 

resilient and optimized project delivery [8], [9], [15], [25]. 

VI. INDUSTRY RECOMMENDATIONS FOR 

DIGITAL PRE-CONSTRUCTION 

IMPLEMENTATION 

Successfully using digital technologies in the 

pre-construction phase goes beyond the use of sophisticated 

software. It requires an organizational change in processes, 

practices, and decision making. Given the conclusions drawn 

from the results of this study, several recommendations are 

suggested to help project owners, consultants, contractors 

and policymakers implement digital technologies effectively 

to maximize overall project performance. 

A. Initiate Digital Transformation at Early Project 

Stages 

Digital implementation should start in the project 

feasibility and conceptual planning stage, not after detailed 

design or construction has started. Early use of digital 

technologies means that project teams can find constraints, 

explore design options, consider procurement approaches, 

schedule and plan resources before they make major 

decisions about the project scope, design, procurement, 

scheduling and resource planning. Organizations should 

therefore include digital workflows from project start to build 

a solid information foundation for the next project phases. 

B. Develop an Integrated Digital Information 

Environment 

Digital technologies should not be used as individual 

software packages. The benefits are enhanced when Building 

Information Modeling (BIM), Common Data Environments 

(CDE), scheduling platforms, cost management systems and 

analytical tools are part of an integrated digital ecosystem 

that facilitates seamless information sharing between all 

project stakeholders. Good data management standards and 

conforming to internationally recognized information 

management standards, can further improve collaboration, 

minimize information loss and increase the reliability of 

decisions made during the pre-construction lifecycle [8]. 

C. Digital and Organizational Competency 

Project optimization cannot be achieved through 

technology alone, as it requires the right people with the right 

skills to work with digital technology. Construction 

companies require to invest continuously towards 

professional growth by providing systematic training on 

BIM, AI, Digital Twins, data analytics, cloud collaboration, 

and digital project management [10], [11], [25]. 

Organizational leadership should promote a culture that 

promotes innovation, interprofessional collaboration, and 

continuous improvement, and support staff in digital 

transformation efforts. Building technical capability and 

organizational readiness will greatly enhance technology 

adoption and long-term implementation success. 

 

 

D. Adoption of AI 

AI can be used as an intelligent decision support system 

alongside engineering capabilities. AI-powered analytics can 

help project teams identify constraints in the planning 

process, analyze various scenarios, predict potential risks, 

and facilitate evidence-based decision making. Ultimately, 

engineering knowledge, project experience and stakeholder 

collaboration should still be used to make final project 

decisions [10]. Combining human and intelligent automation 

will enhance transparency, accountability, and trust in 

digitally facilitated planning processes. 

E. Standardized and Collaborative Digital Workflows 

Standardized workflows are essential for successful digital 

transformation to enable collaboration between architects, 

engineers, contractors, clients and regulatory bodies. To 

reduce inconsistencies across project development, 

organizations should have agreed protocols for sharing 

information, managing documents, coordinating the model, 

approval processes and digital communication. Integrated 

digital platforms create collaborative planning environments 

that facilitate earlier stakeholder involvement, quicker 

decision-making and better coordination, which helps to 

minimize project uncertainty prior to construction. 

F. Continuous Innovation and Performance Evaluation 

Digital transformation is not just a technology investment 

but a constant system of improvement. Organizations should 

set up performance indicators to assess the effectiveness of 

digital implementation based on planning accuracy, the 

efficiency of coordination, the reliability of the schedule, the 

certainty of costs, and the collaboration of stakeholders. 

Completed projects should leave a legacy of lessons learned 

that can be captured, documented, and integrated into future 

pre-construction planning processes to enable organizations 

to improve their digital workflows and maximize project 

performance over the long term. Ongoing assessment will 

also help to integrate new technologies like Digital Twins, 

predictive analytics, intelligent automation, and Large 

Language Models as they evolve in the Architecture, 

Engineering, and Construction (AEC) sector. 



  ISSN (Online) 2394-2320 

International Journal of Engineering Research in Computer Science and Engineering  

(IJERCSE) 

Volume 13, Issue 07, July 2026 

 

22 

It is essential to understand that digital technologies offer 

the best value when part of an integrated, standardized, and 

collaborative environment. The adoption of digital tools, 

developing employee skills and capabilities, intelligent 

decision support, standardized information management, and 

ongoing performance assessment all create the basis for more 

predictable, efficient and resilient project delivery. 

Implementing these recommendations will enhance 

pre-construction planning and provide benefits throughout 

the construction process. 

VII. CONCLUSION 

The pre-construction phase is the strategic base of all 

construction projects because the decisions made during the 

project scope, design development, cost planning, 

scheduling, procurement and regulatory compliance phases 

all influence the success of the project in the execution phase. 

However, even in the real estate sector, which is vital to the 

development of a thriving economy like India, 

pre-construction processes are still largely manual and 

fragmented, with documentation and coordination between 

parties often done sequentially. The restrictions often lead to 

design inconsistencies, miscommunication, delayed decision 

making, rework, cost overruns, and schedule delays 

throughout the construction process. Thus, the need to 

improve the efficiency and reliability of pre-construction has 

become a critical need to achieve overall project 

optimization. 

This paper summarized the current state of digital 

technology and how it is shaping the pre-construction process 

from a document-driven planning process to an integrated, 

intelligent, and data-driven decision environment. The study 

did not focus on any specific technology, but rather on the 

implementation of each across the major pre-construction 

activities that are considered: feasibility analysis, design 

development, cost estimation, schedule planning, 

procurement management and risk assessment. The review 

found that technologies like Building Information Modeling 

(BIM), Common Data Environments (CDE), Artificial 

Intelligence (AI), Machine Learning (ML), Digital Twins, 

4D and 5D simulation, cloud-based collaboration platforms 

and intelligent analytical tools all contribute to the 

enhancement of planning quality, better multidisciplinary 

coordination, increased information reliability and proactive 

decision making prior to the start of construction [25]. 

The results show that digital transformation isn't about any 

single technology, but rather the seamless adoption of 

multiple technologies across the entire pre-construction 

process. These technologies help in real-time information 

flow, automated analysis, predictive planning, and 

collaborative decision-making, which minimizes the 

uncertainty in planning uncertainty and provides a more solid 

basis for project execution. The benefits that are realized in 

pre-construction – such as better design coordination, cost 

certainty, scheduling optimization, procurement readiness, 

and identification of risks proactively – directly translate into 

downstream benefits like less rework, better productivity, 

fewer project disruptions, and more predictable project 

delivery. In this context, the optimization of the 

pre-construction phase becomes an important enabler for the 

overall project optimization, showing that value is added 

throughout the project lifecycle through informed decisions 

made in the pre-construction phase. 

The review also noted that technological progress is not 

enough to make any significant digital transformation. 

Integrated information management, standardized digital 

processes, interoperability of digital platforms, investment in 

skills, organizational commitment and collaborative project 

cultures are essential for successful implementation. To 

unlock the operational and strategic advantages of digital 

pre-construction, it is critical to overcome these 

implementation challenges. Equally important is the 

implementation of industry standards and governance 

mechanisms that encourage secure, transparent and efficient 

sharing of information among all project stakeholders. 

Digital transformation of pre-construction is a huge 

opportunity for the Indian real estate sector, where projects 

are still grappling with the challenges of fragmented planning 

processes, growing stakeholder expectations, and the 

complexity of projects. The early adoption of integrated 

digital technologies can help mitigate schedule delays, cost 

overruns, and process inefficiencies, as well as facilitate 

more reliable planning, better use of resources, improved 

collaboration, and better decision making. With the industry 

becoming more digital, the pre-construction phase will be 

more influential in determining project success. 

In the future, the combination of AI, Digital Twins, 

generative design, predictive analytics, Large Language 

Models (LLMs), cloud computing, and intelligent 

automation will continue to transform pre-construction 

planning [10], [11], [25]. These new technologies can 

facilitate the development of digital ecosystems that can 

continuously process project data, simulate alternative 

scenarios, assist in evidence-based decision-making 

processes, and increasingly autonomous planning processes. 

This development is in harmony with the development of the 

vision of Construction Robotics and Automation, which is 

based on intelligent digital planning that is the basis for 

automated construction execution and project management of 

the construction lifecycle. 

Finally, the study shows that the use of digital technologies 

in the pre-construction phase goes beyond the mere 

technology aspect and can be used as a strategy to enhance 

the project performance. Incorporating digital innovation 

with a collaborative planning and informed decision-making 

can empower construction organizations to build more 

resilient, efficient and predictable project delivery systems. 

Optimizing pre-construction will continue to be a key path 

towards delivering sustainable, intelligent and value-driven 
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projects as digital transformation continues to transform the 

Architecture, Engineering, and Construction (AEC) industry. 
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