www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 8 August 2025 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

INTERNATIONAL JOURNAL OF CREATIVE
RESEARCH THOUGHTS (1JCRT)
./ An International Open Access, Peer-reviewed, Refereed Journal

Cost And Time Overruns In Indian Infrastructure
Megaprojects: Causes, Impacts, And Mitigation
Strategies With A Focus On Pipeline Projects

1Sushmita Tripathi, 2Manisha, 3Sonali Sanap, 4Swetha Das, SProf. Prashant Barsing
1MBA Student, 2MBA Student, 3MBA Student , 4MBA Student, SAssistant Professor
1ISVKM's NMIMS Navi Mumbai,
2SVKM's NMIMS Navi Mumbai,
3SVKM's NMIMS Navi Mumbai,
4SVKM's NMIMS Navi Mumbai,
S5SVKM's NMIMS Navi Mumbai

Abstract

India’s rapid infrastructure expansion, driven by initiatives such as the National Infrastructure Pipeline,
Smart Cities Mission, and large-scale urban water supply schemes, has been accompanied by persistent cost
and time overruns. As of mid-2025, the Ministry of Statistics and Programme Implementation (MoSPI)
reports ongoing cost escalations exceeding X2.89 lakh crore across major projects, with sectors like railways,
urban transport, and pipeline infrastructure showing overrun rates far above the national average. This study
systematically examines the root causes, financial impacts, and potential mitigation strategies for overruns
in Indian infrastructure megaprojects, with a sectoral focus on pipeline projects.

Adopting a mixed-method approach, the research integrates an extensive literature review, quantitative
analysis of MoSPI datasets, and a detailed case study of a X185-crore urban water supply pipeline project in
West Bengal that experienced a 15-18% cost overrun and a delay of nearly 12 months. The findings identify
regulatory delays, procurement inefficiencies, mid-project scope changes, material price inflation, and labor
disruptions—exacerbated by global shocks such as the COVID-19 pandemic—as the most critical drivers of
overruns. Sector-specific complexities in pipeline projects, including multi-agency clearance requirements,
specialized material dependencies, and route realignments due to urban encroachments, make them
particularly vulnerable.

This work contributes to infrastructure project management literature by bridging national-level trends with
sector-specific operational insights, offering actionable recommendations for policymakers, project
managers, and sector stakeholders to improve delivery timelines, cost control, and fiscal efficiency in India’s
megaproject ecosystem.
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1. Introduction
1.1 Background and Importance of Cost Overruns in Infrastructure Projects

India’s infrastructure ambitions have grown tremendously in scale over the past decade. The government has
been allocating record capital expenditures — over 210 lakh crore (approximately $120+ billion) in each of
the last two Union Budgets to drive megaprojects in highways, railways, urban development, energy and
more. Programs like the National Infrastructure Pipeline (NIP), which envisages X111 lakh crore ($1.5
trillion) of infrastructure investment by 2025, and initiatives such as Bharatmala (highway expansion),
expansive metro rail systems in major cities, the Smart Cities Mission, nationwide pipeline projects, and
large power generation schemes exemplify this push. These megaprojects are crucial for India’s economic
growth and urbanization, but they also come with significant challenges in execution.

A key concern in megaproject management is cost overrun, which is simply when a project’s actual cost
exceeds its initially estimated budget. Cost overruns are significant because they indicate inefficiencies and
waste of resources, straining the public exchequer and project viability. In the public sector context, money
spent beyond budget on one project is money not available for other development priorities. Large overruns
can widen fiscal deficits and divert funds from critical areas like education and healthcare. Thus, controlling
cost overruns is not only a project management issue but also a matter of national importance for economic
planning.

Unfortunately, cost overruns have been widespread in Indian infrastructure projects. Recent official data
highlight the magnitude of the problem. As of late 2023, out of 1,820 central sector projects monitored by
the Ministry of Statistics and Programme Implementation (MoSPI), 431 projects had reported cost overruns,
amounting to about ¥4.82 lakh crore in extra costs (an ~18.6% increase over original estimates). By May
2024, the total cost overrun had further ballooned: 458 major projects were running over budget by more
than %5.71 lakh crore, representing roughly a 20.7% escalation over their original cost of 227.6 lakh crore.
In other words, about a quarter of India’s large public projects are incurring substantial cost escalations,
pointing to a systemic issue. Notably, many projects also suffer significant delays in schedule, which often
go hand-in-hand with cost increases. For example, at the start of 2024, along with hundreds of cost overruns,
over 800 projects were reported delayed, with an average slip of about three years in completion timelines.

The severity of cost overruns varies by sector. Some sectors have managed better cost control: for instance,
road and highway projects (which form the largest number of ongoing projects) have seen relatively modest
cost increases — rising from an originally sanctioned total of X8.38 lakh crore to about X8.68 lakh crore in
cost (only around 3.5% aggregate overrun). In contrast, other sectors exhibit alarming escalations. Indian
Railways projects (the second-largest sector) have experienced around a 54% jump in costs — from 34.44
lakh crore originally to about 36.85 lakh crore. Even more stark, water resource development projects have
recorded cost increases on the order of 200%, with total estimates swelling from 323,466 crore to nearly
69,700 crore. Major power, petroleum, and atomic energy projects have also seen significant budget
overshoots. These examples underscore how pervasive and substantial cost overruns can be in India’s
megaproject landscape. The causes are multifaceted — common factors include underestimation of initial
costs, changes in project scope, inflation in material and labor prices, rising land acquisition and rehabilitation
costs, and delays that compound expenses. Indeed, MoSPI reports and other analyses note issues such as
slow land acquisition, environmental clearance hurdles, financing difficulties, contractor inefficiencies, and
poor project management as recurrent drivers of both time and cost overruns.

It is important to note that the challenge of cost overruns is not unique to India, it is a global phenomenon in
large infrastructure endeavors. International studies have found that roughly nine out of ten megaprojects
worldwide end up over budget or behind schedule. Average cost overruns can range widely, often around
20-30% or more above estimates, and certain project types are especially prone to higher overruns (for
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example, rail projects globally average 45% cost overrun). In practice, many complex projects suffer even
larger hikes, and only a very small fraction are finished on time and within the original cost. These global
benchmarks put India’s situation in perspective — while cost overruns are a common risk with big projects
everywhere, the frequency and scale of overruns in India’s public infrastructure sector indicate an urgent
need to address the underlying issues. Containing cost overruns is essential if India is to achieve its
infrastructure goals without incurring unsustainable financial burdens.

1.2 Objectives of the Study

Given the above context, this research paper aims to systematically examine the problem of cost overruns in
Indian infrastructure megaprojects and explore ways to improve project cost performance. The key objectives
of the study are:

o Identify the root causes of cost overruns in Indian megaprojects across sectors, by analyzing
contributing factors such as planning deficiencies, project management practices, regulatory hurdles,
and technical challenges. This involves determining why projects exceed their budgets — for example,
whether due to estimation errors, scope changes, delays, procurement issues, funding constraints, or
external factors like land acquisition and clearances. Understanding these causative factors is crucial
for diagnosing where the project delivery process breaks down.

e Quantify the financial impact of cost overruns on infrastructure projects and the broader economy.
The study will assess the extent of cost escalation in recent projects (e.g., percentage increase over
original costs, absolute cost overrun in rupee terms) and evaluate the implications for public finances
and sectoral investment. By aggregating data from government reports (MoSPI, budget documents,
etc.), we aim to determine how much overruns are costing the nation and which project types or
sectors contribute most to the overruns. This objective will put a concrete value to the problem and
underscore its significance in monetary terms.

o Suggest mitigation strategies and best practices to prevent or minimize cost overruns in future
megaprojects. Based on the identified causes and case-study insights, the paper will recommend
measures for improved project management and governance. This may include proposing stronger
upfront planning and appraisal methods (such as realistic cost estimation techniques or contingency
provisions), improved contract and procurement strategies, efficient risk - management frameworks
(to handle uncertainties like price inflation or land issues), and institutional reforms like better project
monitoring, accountability mechanisms, and inter-agency coordination. Where relevant, the study
will also look at successful practices from international projects or private sector approaches that
could be adapted to the Indian context for controlling costs.

Through these objectives — diagnosing causes, measuring impacts, and formulating solutions — the study
seeks to contribute to the knowledge on infrastructure project management in India and provide actionable
insights for policymakers, planners, and project executives to tackle the persistent challenge of cost overruns.

1.3 Scope and Limitations

Scope: This paper focuses on Indian infrastructure megaprojects across multiple sectors, including
transportation (roads, highways, railways, metro systems), urban infrastructure (smart cities, urban transit,
water and sanitation projects), energy (power generation and transmission, oil & gas pipelines), and other
large public works. We define “megaprojects” in a broad sense to mean large-scale projects typically
involving investment outlays of several hundreds to thousands of crores of rupees. In line with government
categorizations, the analysis emphasizes projects at the upper end of the scale — generally those costing above
approximately X500 crore (about US$60—70 million) — which corresponds to major/mega projects under
MoSPI monitoring. By concentrating on big-ticket public sector projects, the study covers the infrastructure
initiatives that have the most significant economic impact and where cost overruns are most visible. The
timeframe of reference is recent and ongoing projects primarily in the 2010s to mid-2020s, with an emphasis
on data and examples from 2020 onwards (so as to incorporate the latest available information up to 2025).
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Geographically, the scope is national — projects from across India are considered, including both nationwide
programs and state-specific megaprojects, insofar as they are documented in central databases or literature.

In terms of methodology, the study employs a mixed-method approach. It includes a thorough literature
review of prior research, official reports, and policy papers on cost overruns (e.g., studies by MoSPI, NITI
Aayog, World Bank, academic journals) to build a theoretical understanding of the issue. It also involves
quantitative analysis of project data: leveraging MoSPI’s project status reports and other government datasets
to extract statistics on cost and schedule performance (number of projects with overruns, average percentage
overruns, sector-wise comparisons, etc.). Additionally, case studies of specific Indian megaprojects are used
to illustrate how and why overruns occur in practice — these case studies may cover representative examples
like a highway project, a metro rail project, or a power plant that faced significant escalations. Where
possible, the study may apply basic statistical models to identify correlations or trends (for instance,
examining if longer delays correlate with higher cost increases, or if certain project sizes tend to have larger
overruns). If data permits, exploratory use of machine learning or predictive analytics could be considered
(such as training a model on past project data to predict risk of cost overrun), but such advanced tools are
only supplementary in this research. The primary emphasis remains on descriptive and diagnostic analysis
rather than heavy predictive modeling.

Limitations: Several boundaries are drawn to keep the study focused and manageable. First, the research is
limited to public sector infrastructure projects in India, mainly those funded or implemented by
government agencies (central or state) or public-sector undertakings. It does not deeply cover purely private
sector projects or Public-Private Partnership projects below a certain size. In particular, smaller projects —
for example, local infrastructure works or private construction projects under X500 crore — are not covered
in detail, as the dynamics of cost control and data availability in those may differ. The rationale is to
concentrate on large public megaprojects where transparency is higher (through official reporting) and the
stakes for public investment are significant.

Secondly, international projects are outside the scope except for comparative context. We will reference
global trends and benchmarks (to understand how India’s situation compares globally), but the study does
not examine overseas infrastructure projects on a case-by-case basis. Any global examples are used only to
derive lessons or provide a benchmark for performance, not as primary analysis subjects.

Another limitation relates to data and methodological constraints. The analysisrelies on reported data from
agencies like MoSPI and project authorities; if there are reporting lags or under-reporting of revised costs
(which MoSPI itself notes as a concern), the true extent of overruns might be underestimated. The study’s
findings are thus contingent on the quality of available data. Moreover, while the research identifies prevalent
causes and suggests remedies, it does not cover every possible factor (for instance, it may not delve deeply
into micro-level technical issues unique to specific projects). The intent is to draw broad insights rather than
an exhaustive technical audit of projects. Lastly, time constraints mean that the number of case studies and
depth of statistical analysis are limited — we illustrate key points with a few cases and aggregate figures, but
cannot investigate all projects in detail.

Within these scope and limitations, the study remains focused on providing a comprehensive overview of
cost overruns in Indian megaprojects, and practical recommendations. It aims to bridge the knowledge gap
by collating recent evidence, analyzing cross-sector patterns, and contextualizing the problem in a way that
can inform policymakers, project managers, and researchers concerned with improving infrastructure project
delivery in India. By clearly delineating what is covered and what is not, we ensure that the conclusions
drawn are well-grounded in the defined domain of study and acknowledge areas that warrant further
investigation beyond this paper.
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2. Literature Review
2.1 Global Trends and Findings on Cost Overruns

Cost overruns are a well-documented phenomenon worldwide. Extensive analyses of large projects have
concluded that the vast majority of infrastructure projects end up exceeding their initial budgets and
timelines. Bent Flyvbjerg famously described this as the “iron law of megaprojects” — “over budget, over
time, over and over again.” In fact, one review found that approximately 90% of megaprojects
experience cost overruns, with budget increases on the order of 20% to 50% being common and even
larger overruns not uncommon. Iconic examples include the Sydney Opera House (roughly 1,400% over its
original budget) and Boston’s “Big Dig” highway tunnel (about 220% over budget), underscoring how
severe the overrun problem can be even in high-profile projects.

Recent data-driven studies reinforce how rarely projects stay within projections. Only around 8.5% of
projects globally are finished on time and on budget according to an Oxford University database of
thousands of projects. In other words, over 90% of projects fail to meet their original cost or schedule
targets, a strikingly low success rate that has been validated across different samples. This persistent trend
holds across project types and regions; whether it’s transport infrastructure, power plants, IT systems or
megaprojects in other sectors, researchers observe a consistent pattern of cost underestimation and schedule
slippage. Importantly, studies show little improvement over time — the accuracy of cost estimates today is
not significantly better than it was decades ago, suggesting that no learning curve has materially
reduced overruns in the past 70+ years.

Underlying these global trends, literature points to systematic biases and risk factors in project planning. In
an influential study of 258 projects, Flyvbjerg et al. found cost estimates to be “highly and systematically
misleading,” attributing errors to optimism bias and strategic misrepresentation in the planning phase. In
effect, project proponents often underestimate costs deliberately or inadvertently, leading to budgets that
are too optimistic. This pattern was found to hold across different eras, regions, and project types,
indicating a pervasive issue in how projects are conceived. Moreover, larger and more complex projects
(“megaprojects”) tend to suffer disproportionately from overruns due to their long timelines and many
uncertainties. Researchers have noted that developing countries sometimes see even higher average cost
escalations — one cross-national study found projects outside North America/Europe had average overruns
of about 64.6% in transportation infrastructure, versus roughly 20-30% in developed regions.

Compounding these long-observed issues, recent economic shocks have further exacerbated cost
overruns globally. In the 2020s, factors such as pandemic-related supply chain disruptions, commodity price
volatility, and surging inflation have driven up project costs universally. Reports indicate that construction
material prices spiked sharply between 2020 and 2022, and although they began stabilizing in 2023,
contractors worldwide still cite high costs as the number one challenge. These price hikes and supply delays
have translated into more frequent budget overruns, project delays, and even cancellations For example,
a Global Infrastructure Hub analysis noted that inflation and supply-chain issues are increasing project costs
and causing more overruns and disputes across countries. In summary, the global literature establishes
that cost overruns remain the norm rather than the exception for large projects, and contemporary
economic conditions have only heightened the challenge.

2.2 Indian Context: Case Studies and Past Research

In India, the situation mirrors the global challenges, with evidence that cost overruns are widespread and
persistent in public infrastructure projects. Government tracking reports have consistently shown a large
share of projects exceeding their budgeted costs. For instance, a study by India’s Ministry of Statistics and
Programme Implementation (MoSPI) noted that out of 410 centrally-monitored projects, 235 projects
(about 57%) were running over their original cost estimates. This finding, based on the MoSPI’s 342nd
report, highlighted the severity of overruns in the Indian public sector and served as a wake-up call that more
than half of major projects were fiscally off-track. The trend continues in recent years: as of early 2024,
MoSPI data showed 458 ongoing infrastructure projects had incurred cumulative cost overruns of ¥5.71
lakh crore (approximately $70+ billion USD) — representing about **18—-19% inflation over their total
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original costs. Similarly, hundreds of projects face time delays. In March 2024, 779 out of 1,873 projects
were officially reported as delayed, with schedule slippages averaging 3 years. These delays often go hand-
in-hand with budget escalation. In fact, the cost-overrun incidence in India may be underreported, as
officials note that many project agencies fail to update revised cost estimates in a timely manner.

Common drivers of overruns in Indian projects have been analyzed in a range of case studies and research
surveys. Past project audits and academic studies point to a mix of external factors (regulatory and market
issues) and internal management factors. On the external side, delays in land acquisition and
environmental clearances are frequently cited culprits, as large projects often get stuck waiting for
approvals or facing local opposition. These regulatory and administrative hurdles not only stall progress but
also escalate costs through extended site overheads and inflation of input prices over time. Financing
problems and changes in project scope are other external issues — for example, difficulties in securing funds
or late design changes can increase expenditures drastically. The MoSPI reports and media analyses of
delayed projects reinforce that land acquisition holdups, clearance delays, and lack of infrastructure
support are prime reasons for schedule and cost overruns in India’s infrastructure sector.

On the internal side, project management shortcomings play a major role. A 2016 study by Wanjari and
Dobariya surveyed construction professionals across India and identified the top three causes of cost
overrun in Indian projects as: 1) price escalation of raw materials, 2) delays in planned project activities,
and 3) lack of coordination between project parties. The emphasis on material price escalation aligns with
India’s recent experience of high inflation in construction inputs (cement, steel, etc.), which can quickly
inflate budgets. Delay in planned activities often stems from poor scheduling, contractor inefficiency, or
unforeseen site conditions, indicating deficiencies in planning and execution. Lack of coordination among
stakeholders (owner, contractors, consultants) reflects fragmented communication and contract
management issues that lead to rework or disputes, thereby driving up costs. These findings are echoed by
other research and case studies. For example, a Project Management Institute (PMI) India white paper also
found that many overruns could be attributed to inadequate upfront planning, skill shortages in project
teams, and poor project monitoring (aside from the external factors). Simply put, when projects suffer
from weak planning and oversight, issues like scope creep, design changes, and productivity shortfalls
become more frequent, causing budgets to blow out.

Indian infrastructure projects offer numerous case examples illustrating these problems. For instance, the
Kanaka Durga Flyover in Andhra Pradesh and the Delhi Metro’s extensions have been cited in studies
for significant time and cost overruns, largely due to scope changes and approval delays. High-profile
national projects such as highway expansions, power plants, and the 2010 Commonwealth Games works also
saw substantial overruns, which post-analyses attributed to aggressive initial cost estimates and
subsequent mismanagement. Moreover, industry analyses note that force majeure events and unforeseen
challenges have affected Indian projects — recent examples include the COVID-19 pandemic, where
lockdowns in 2020-21 halted construction work and contributed to project delays and cost increases.
The net result is that India’s infrastructure sector continues to grapple with a high incidence of cost growth
on projects, despite efforts to improve project governance. It is widely recognized in the literature that
strengthening project preparation, streamlining approval processes, and improving on-site project
management are critical to controlling cost overruns in the Indian context.

2.3 Identification of Research Gaps

Although a considerable body of research exists on cost overruns and delays, there remain notable gaps in
the literature that current studies have yet to fully address. A review of recent publications and industry
reports reveals several limitations and open research questions:

o Limited scope of existing studies: In the Indian context, very few studies have provided a
comprehensive, pan-India analysis of cost overruns. Most research has been localized or focused on
specific project types. As Wanjari and Dobariya observed, earlier studies “did not target [the] entire
view of India or high-valued projects”, leaving a gap in understanding nation-wide patterns and
differences in cost overrun drivers. This lack of all-encompassing data means that insights might be
fragmented and not generalizable across regions or sectors.
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Under-researched sectors (e.g. utilities): A large portion of cost overrun literature concentrates on
sectors like buildings, roads, and general infrastructure. Specialized domains such as pipeline
infrastructure or utilities have received very little coverage in Indian research. For example,
until recently there was scant research specifically on water supply pipeline projects, even though
such projects have unique regulatory and geological challenges. This sector-specific knowledge gap
suggests the need for studies targeting overlooked project categories (such as irrigation networks,
pipelines, IT projects, etc.) to see if they face distinct cost management issues.

Lack of cost impact quantification: Many studies identify causes of delays and cost increases
through surveys or expert opinion, but very few go further to quantify how much each factor
actually impacts the project cost. In other words, there is a gap in translating qualitative causes into
quantitative risk or cost impact assessments. Case-study based approaches that measure, say, how a
6-month delay due to land acquisition translates to X% budget increase are rare. This makes it difficult
to prioritize which factors are most financially significant. Future research could address this by
incorporating detailed cost data and statistical analysis to link specific delay causes to percentage
cost overruns, thereby providing more actionable insights.

Insufficient use of predictive analytics: Another gap lies in forward-looking, predictive tools for
cost overrun mitigation. Existing literature has seldom employed machine learning or advanced
data analytics to predict cost and schedule overruns before they occur. Most studies rely on
historical analysis or basic statistical methods. The absence of machine-learning based prediction
models means the field has not fully leveraged modern data-driven techniques that could learn from
past project data to forecast risks on new projects. This gap is increasingly evident, and recent work
(e.g. a 2025 IRJET study) has started to explore ML models for predicting project cost outcomes.
Still, more research is needed to develop and validate predictive frameworks that practitioners can
use for early warning of potential overruns.

Need for sector-specific mitigation strategies: While general recommendations for avoiding
overruns (such as better planning and stakeholder management) are common, there is a lack of
tailored, sector-specific guidance in the literature. Different project sectors face unique challenges
— for instance, highway projects might struggle with land acquisition and utility shifting, whereas IT
projects might face technological uncertainties. However, most research conclusions offer one-size-
fits-all solutions. The gap here is the granularity of mitigation measures. Recent critiques note that,
for example, pipeline projects have distinct issues (land acquisition hurdles, supply chain
interruptions for specialized materials, regulatory approvals for crossings, etc.) that are not
addressed by generic best practices. Closing this gap would involve formulating targeted strategies
or frameworks for different project types (e.g. dedicated approaches to handle permission delays in
infrastructure projects, or specific contract structures to reduce cost risks in mega-projects).

In summary, future research on cost overruns should strive to broaden its scope and employ new methods.
Addressing the above gaps — by studying underexplored sectors, quantifying impacts, utilizing predictive
models, and customizing solutions — will not only advance academic understanding but also provide more
practical value to industry professionals. By filling these research gaps, scholars and project authorities can
work towards more effective ways to predict, prevent, and manage cost overruns in both global and Indian
project contexts.

IJCRT2508391 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | d385


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 8 August 2025 | ISSN: 2320-2882

3.1 Research Design and Approach

The study adopts a qualitative case evaluation. In particular, the methodology integrates literature review and
in-depth case study method to examine construction project overruns. This multi-phase approach ensures
both breadth and depth: first identifying key delay and cost overrun factors from secondary sources and
expert input followed by a detailed examination of their real-world impact through a case study. The research
design provides a comprehensive framework to analyze and mitigate time and cost overruns in projects. This
combination allows the study to capture generalizable insights from the survey while also validating and
illustrating those insights in a real project context.

3.2 Data Collection Methods (Primary & Secondary)

Secondary Data — Literature Review: The research began with an extensive review of existing literature
and industry reports to establish a foundation of known delay and cost overrun factors. This secondary data
collection involved analyzing past studies, project reports, and government publications to gather potential
factors influencing overruns. Through this process — supplemented by consultations with industry experts —
an initial list of factors was compiled and refined. In total, about 60 delay/overrun factors identified from the
literature were distilled down to 38 key factors deemed most relevant to pipeline infrastructure projects in
India. This literature-driven identification of factors ensured that the study builds on prior knowledge and
targets the most significant variables reported in construction management research.

3.3 Case Study Approach and Justification

As part of the methodology, a case study approach is employed to provide an in-depth, contextual analysis
of cost and time overruns. The case study serves as a concrete illustration of the abstract issues identified by
the survey and literature review, and it allows for quantifying the real-world impact of delays in a way
broad surveys cannot. In this research, the selected case is a large pipeline infrastructure project in India
— an ongoing water supply pipeline project in West Bengal with a contract value of approximately X185 crore.
This project was chosen because it had been experiencing significant time delays and associated cost
escalations due to a multitude of issues, making it an ideal representative scenario to study. The project,
initiated in 2019 with an original schedule of 36 months, faced numerous setbacks including prolonged
regulatory approval processes, procurement inefficiencies, frequent design changes, and other compounding
factors that pushed back its completion timeline. Such conditions are emblematic of the challenges identified
in the literature, particularly for pipeline projects, and thus examining this case provides valuable insights.
The justification for using a case study stems from identified research gaps: few prior studies have
quantitatively assessed the cost impact of delays through detailed case evidence. By conducting a
comprehensive case analysis, this research directly addresses that gap. The case study offers a form of
validation and exemplification — it helps answer how and how much delays can affect a project’s budget and
schedule, lending real-world credence to the statistical findings. Moreover, case studies are well-suited to
capture complex, interconnected issues in project management (such as regulatory, technical, and managerial
challenges) in a holistic manner, which purely quantitative methods might oversimplify.

In executing the case study, detailed project data were collected and analyzed. This included examining
project documents, progress reports, financial records, and interviewing key stakeholders if necessary, to
trace the timeline of delays and the resulting cost consequences. The analysis focused on two main aspects:
direct costs and indirect costs attributable to the delays. On the direct cost side, the study quantified cost
overruns in major supply components — for instance, increased expenses in procuring ductile iron (DI) pipes,
HDPE pipes, mild steel pipes, cement, and reinforcement steel were calculated, as these materials together
constituted roughly 80% of the project’s total supply cost. Price inflation and prolonged storage/handling
due to delays contributed to these escalations. On the indirect cost side, the case study evaluated the overhead
costs incurred from the extended project duration — including additional site management expenses,
equipment rental for longer periods, and extended administrative/support costs that accumulated during the
delay period. By aggregating these factors, the case study was able to put a concrete figure on how much the
time overruns translated into financial overruns. This granular analysis provides measurable information
on how project delays affect cost escalation in practice. The findings from the case confirmed that had the
project been completed on time, the client and contractor would have avoided a significant portion of these
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extra costs. In essence, the case study reinforces the critical importance of timely project delivery and
effective risk mitigation — it translates the abstract concept of “delay costs” into tangible evidence.

The case study approach is justified not only by the research gap it fills, but also by its ability to
contextualize and validate the survey results. While the survey ranks and highlights general factors, the case
study shows their interplay and impact on a real project. For example, if “procurement delays” or “regulatory
approvals” were ranked highly in the survey (via RII), the case study demonstrates exactly how a
procurement delay in obtaining key materials or a slow government approval can ripple through the project’s
timeline and finances. This dual approach strengthens the study’s conclusions by showing consistency
between perceived critical factors and actual project outcomes. By the end of the case analysis, the study can
confidently draw recommendations knowing they are grounded in both broad data and specific experience.
In conclusion, incorporating a case study in the methodology provides a rich, evidence-based justification
for any proposed strategies or solutions — it ties the research back to real-world performance and ensures that
recommendations are practical and credible. This approach of combining a case study with statistical and
ML analysis yields a well-rounded methodology capable of not only identifying and predicting overruns, but
also demonstrating their real impact and thereby justifying the need for the recommended interventions.

4. Causes of Cost and Time Overruns

Major infrastructure projects often suffer from significant cost and time overruns, especially in India. As
of May 2024, official data shows 458 Indian infrastructure projects had incurred a total cost overrun of 35.71
lakh crore, and 831 projects were running behind schedule. The causes of these overruns are multifaceted.
Broadly, they can be grouped into technical/design shortcomings, procurement and resource challenges,
external/regulatory delays, and financial management issues (including inflation). In recent years,
unprecedented global events (like the COVID-19 pandemic) have also emerged as critical factors
compounding these problems. Below, we delve into each category in detail, with a focus on India and
illustrative global examples.

4.1 Technical and Design Issues

One major source of overruns is technical deficiencies or design-related problems in a project’s planning
and execution. Inadequate initial design and planning can set projects up for failure, while frequent changes
or errors later on lead to delays and cost escalations. Key technical/design factors include:

o Incomplete or Flawed Project Design — If the project’s design or scope is not well-defined at the
outset, it often leads to revisions and rework during execution. Studies have identified failures in
design as a top driver of cost escalation. For example, a comprehensive review of road projects
worldwide found that design failures, material price variations, and poor planning were among the
most frequently cited causes of overruns. An inadequate design can also overlook site complexities;
unforeseen geological or site conditions (like unexpected rock strata or utility lines) can then surface
during construction and force costly scope changes.

e Frequent Design and Scope Changes — Changes in design or scope midway through construction
are notorious for causing delays and extra costs. In India, this is a common issue — one survey of
construction professionals ranked “frequent design changes” among the top factors contributing to
project cost overruns. Such changes often require tearing down or modifying completed work,
rescheduling tasks, and procuring additional materials. Globally, the classic example is the Sydney
Opera House in Australia, where extensive design changes and technical challenges led to a 7400%
cost overrun (final cost of A$100 million vs an initial A$7 million estimate) and a decade of delay.
Similarly in India, the Kolkata East-West Metro project had to alter its tunnel route — a design change
that caused the budget to jump from 34,874 crore to about 8,996 crore (an increase of ¥4,122 crore).
This massive escalation was directly attributed to the route redesign, illustrating how altering
technical plans mid-project can wreak havoc on costs and schedules.
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Poor Planning and Estimation — Technical missteps in the planning phase (such as inaccurate cost
estimation, unrealistic scheduling, or inadequate feasibility studies) lead to overruns down the line.
Many Indian projects suffer from optimistic initial estimates that don’t account for likely challenges.
In fact, 50-60% of projects experience time or budget overruns due to poor project planning and
unrealistic timelines according to one analysis. When complexity is underestimated, teams later
encounter tasks taking longer or costing more than planned, extending the project duration. For
instance, a study of highway projects in Tamil Nadu found that underestimation of costs and poor
scheduling were key contributors to overruns, underlining the need for better upfront planning.

In short, technical and design issues — whether they be initial shortcomings or later modifications — often
trigger cascading delays and expenses. Robust planning, diligent design review, and strict change control are
therefore critical to keeping projects on track.

4.2 Procurement and Resource Allocation Challenges

Inefficient procurement processes and resource management problems are another major cause of project
overruns. Even if a project is well-designed, it can stall or overshoot the budget if the right resources are not
available at the right time or if contracting and supply chain processes fail. Common procurement and
resource-related causes include:

Delays in Tendering and Contracting — Slow or flawed procurement processes can significantly
push out project timelines. Protracted bidding, bureaucratic approvals in contract award, or disputes
in tendering add to the schedule. Research on Indian infrastructure finds that procurement
inefficiencies are a leading contributor to time and cost overruns. In one data-driven study of pipeline
projects, delays in the bidding/award process and other procurement snags were identified as
foremost causes of project delays. The Government of India has also acknowledged that issues in the
tendering process frequently contribute to schedule overruns. Streamlining procurement — through
transparent, speedy bidding and contract finalization — is thus essential to avoid unnecessary hold-
ups.

Shortage of Key Resources (Materials and Labor) — Many projects are hampered by not having
critical resources when needed. Shortfalls in construction materials, equipment, or skilled labor can
idle sites and extend project duration. For instance, a significant number of Indian projects have faced
delays due to skilled manpower shortages — it’s estimated about 40% of projects are delayed because
of skill gaps in contractors or government agencies. Material supply problems are equally damaging:
if cement, steel, or machinery deliveries do not arrive per schedule, work may slow to a crawl. The
Ministry of Statistics’ reports note that equipment and material supply issues are among the factors
frequently cited by project agencies for time overruns. Such issues have been exacerbated in recent
years by global supply-chain disruptions (covered in section 4.5). Effective resource planning (e.g.
securing materials in advance, workforce training, and backup suppliers) is vital to mitigate these
risks.

Poor Coordination and Scheduling of Resources — Even when resources exist, mismanagement or
lack of coordination can cause inefficiencies. If subcontractors, suppliers, and different work crews
are not well-coordinated, projects can experience downtime and cost inflation. About 30% of
infrastructure projects suffer from inter-agency or contractor coordination failures that lead to
schedule slips. For example, if site work is ready but a critical component hasn’t arrived due to
miscommunication, the crew remains idle at a cost. The 2016 study by Wanjari & Dobariya
highlighted “lack of coordination between construction parties” as one of the top three reasons for
cost overruns in Indian projects. Clearly defining roles, timelines, and communication channels
among stakeholders — and actively monitoring them — helps ensure resources are allocated efficiently
and tasks executed in sync.
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In summary, procurement delays and resource mismanagement create significant roadblocks in project
execution. Addressing these requires speeding up contracting procedures, ensuring reliable supply chains,
and improving project management practices so that labor, materials, and equipment are available and
utilized exactly when needed.

4.3 External and Regulatory Delays

External factors — those outside the immediate control of the project execution team — are a notorious source
of delays and cost increases. Infrastructure projects must navigate a complex environment of regulations,
land ownership, politics, and community interests. In India, land acquisition and regulatory approvals in
particular are well-known bottlenecks, along with other external challenges:

e Land Acquisition Issues — Acquiring land for projects (whether for highways, rail lines, factories,
or power plants) is often a protracted process involving legal disputes, negotiations with landowners,
rehabilitation of displaced people, and sometimes local protests. Land acquisition hurdles have been
identified as a cause of significant delays in roughly 40-50% of Indian infrastructure projects. For
example, India’s flagship Mumbai—Ahmedabad bullet train project was delayed by over five years
largely due to difficulties in securing land in Maharashtra — as of mid-2022, barely half of the required
land had been acquired, reflecting years of negotiations stalled by political opposition. The lack of
timely land access not only stalls construction but also drives up costs (through escalation and idle
resource costs). Indeed, the bullet train’s cost overrun has swelled to an estimated 1.67 lakh crore,
in part due to these land delays and associated cost inflation. Swift land acquisition with fair
compensation, and proactive engagement with stakeholders, is crucial to prevent such overruns.

e Bureaucratic and Regulatory Approval Delays — Infrastructure projects require a host of
government approvals (environmental clearances, forest clearances, permits from various
departments, utility relocation permissions, etc.). Cumbersome procedures or bureaucratic red tape
in obtaining these can push project start dates out by months or years. It is reported that over 60% of
projects in India face schedule setbacks due to bureaucratic inefficiencies in approvals and decision-
making. For instance, highway and mining projects often wait long periods for environmental and
forest clearances; similarly, delays in shifting utilities or getting railway safety approvals can hold up
work. A recent MoSPI report (2024) explicitly notes that implementing agencies flagged delays in
land acquisition and in obtaining forest/environment clearances as primary reasons for time overruns.
The same report cites deficiencies in infrastructure support and linkages — for example, waiting
for connecting roads or power/water hookups — as additional external factors slowing projects.
Streamlining regulatory processes and having single-window clearance mechanisms can significantly
reduce these delays.

o Political Interference and Policy Changes — Political factors external to the project can also cause
disruptions. Changes in government or political priorities may slow or alter projects (e.g. a new state
government putting a project on hold). In some cases, corruption or vested interests lead to deliberate
delays or cost inflation. Studies estimate that about 30-40% of projects are impacted by corruption
or political interference, which can manifest as stalled decisions, favoritism in contracts, or protest-
driven halts. The bullet train project mentioned above illustrates this: it was labeled a “vanity project”
by a state administration, leading to sluggish progress until a political change unblocked it. Likewise,
community resistance or local political agitations can interrupt work — roughly 25-30% of projects
face delays due to local community opposition or agitation (for instance, protests over land,
environmental concerns, etc.). Such external pressures not only stop work but can also force design
changes (e.g. route realignments to avoid certain areas) that increase costs.

e Law and Order Problems — In some regions, projects encounter law-and-order issues such as
insurgency, theft/vandalism, or general security concerns that slow implementation. The MoSPI flash
report notes that law and order problems have contributed to delays in certain projects. For example,
projects in insurgency-affected areas might need additional security protocols, causing schedule drag.
While not as ubiquitous as land or approvals issues, these factors can be significant in specific cases.
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External and regulatory delays are often the hardest for project managers to control, but not impossible
to mitigate. Strategies like early stakeholder engagement (to preempt land and community issues), strong
political will and continuity, clear accountability for approvals, and even policy reforms (e.g. streamlined
land acquisition laws, single-window clearances) are being pursued to address these bottlenecks. The
improvements are gradual, but necessary: India’s infrastructure ambitions depend on unclogging these
external constraints that cause rampant delays.

4.4 Financial Mismanagement and Inflation

Financial factors are another crucial dimension of cost and time overruns. This includes both project-specific
financial management issues (like poor cost estimation, funding shortfalls, or inefficient budget use) and
broader economic factors like inflation. Together, these can severely inflate costs and even slow project
progress if cash flows become constrained. Key aspects are:

e Underestimation of Costs and Scope (Optimism Bias) — A form of financial mismanagement
happens right at the planning stage when initial budgets are set too low. Project promoters may
underestimate the true cost either unintentionally (due to optimism or inadequate analysis) or
sometimes intentionally (to get a project approved). The result is that as the project progresses, the
allocated funds prove insufficient, leading to either cost overruns or project delays while additional
funds are arranged. Research on megaprojects globally has shown that cost estimates are often highly
inaccurate, with consistent bias toward underestimation. In India, authoritative analyses have echoed
this: poor initial budgeting and scope definition lead to later overruns, and around 50-60% of
projects suffer delays/overruns due to such poor initial planning. Once the project is underway,
any missing scope or cost elements will require extra funding — driving up the final cost beyond the
original estimate. Robust independent cost review and incorporating contingency budgets can help
counter this tendency.

o Funding Shortfalls and Payment Delays — Even if a project’s cost is correctly estimated, it needs
timely financing. Many projects experience slowdowns because the funds are not available when
needed. For government projects, this could mean budgetary allocations are delayed or lower than
promised; for public-private partnerships, it might mean difficulty in financial closure or lenders
pulling back. Approximately 40% of large projects face delays due to funding shortfalls or delays
in fund disbursement. When contractors are not paid on time for work done, they often slow or halt
work — causing schedule overruns. In Indian construction, “delayed payment to contractors” is a
recurrent issue cited for project delays. Such financial mismanagement creates a vicious cycle: delays
lead to idle resources and demobilization, which can further increase costs. Ensuring proper cash flow
— via better project financing plans and strict payment discipline — is therefore critical. In recent
MoSPI reports, project agencies have cited difficulties in tying up project financing as one challenge,
alongside technical issues, that contributes to delays.

e Corruption and Cost Overruns — Misuse of funds, fraud, or corruption can directly inflate project
costs. This includes practices like inflated procurement costs (due to kickbacks), ghost expenditures,
or collusion in bidding leading to higher contract prices. While hard to quantify, corruption is believed
to affect a substantial fraction of projects; one estimate suggested 30-40% of infrastructure projects
see cost impacts from corruption or political meddling. The result is a form of financial
mismanagement where the project’s money is not efficiently translated into progress, causing either
budget overruns or, if budgets are fixed, incomplete work and delays. Strengthening transparency and
accountability (e.g. e-procurement, independent audits) is key to addressing this cause.

o Inflation and Price Escalation of Inputs — Inflation in the wider economy can significantly raise
the cost of construction materials, labor, and equipment over the multi-year span of a project. In
India’s high-growth economy, construction input prices often rise year-on-year. A study of Indian
projects found “price escalation of raw material” to be the number one factor behind cost overruns.
For instance, the cost of steel, cement, fuel, and other inputs saw a sharp surge in 2021-2022, partly
due to global commodity cycles. Projects that were budgeted before this surge faced huge overruns
as material costs exceeded the original rates. A clear example is again the Mumbai—Ahmedabad high-
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speed rail project: it was sanctioned in 2015 with a X1.08 lakh crore budget, but by 2022 the cost was
re-estimated around %¥1.67-2 lakh crore due to increased prices of land, cement, steel, and other
inputs. The project authorities noted that cement, steel and land acquisition costs “have gone up many
times” since the initial estimate, and even currency fluctuations (the rupee-yen exchange rate) and
new taxes (GST) added to the bill. Inflation-driven overruns are not just an Indian problem — globally,
post-2020 supply chain issues and commodity inflation have hit projects hard, as discussed next. To
mitigate inflation risk, contracts often include escalation clauses, and proactive procurement can lock
in prices early, but not all public projects have such mechanisms, leaving them exposed to price
shocks.

In essence, sound financial management is as important as engineering in keeping projects within time and
budget. Meticulous cost estimation, secured financing, transparent fund flow, and strategies to handle
inflation (like contingency funds or indexed contracts) all help reduce overruns. When these are lacking,
even well-intended projects can falter financially.

4.5 Impact of Pandemic and Global Disruptions

In recent years, large-scale external disruptions — most notably the COVID-19 pandemic, and to some extent
geopolitical events like the Russia-Ukraine war — have become significant contributors to project delays and
cost escalations. These factors are somewhat beyond the traditional categories discussed above, but they
have exacerbated many of those issues (from labor shortages to supply chains and inflation). Key impacts
include:

COVID-19 Lockdowns and Labor Disruptions — The pandemic that struck in 2020 caused
unprecedented stoppages in construction activities worldwide. In India, nationwide and state-wise
lockdowns in 2020 and 2021 forced most infrastructure projects to pause work for weeks or months.
Migrant laborers — who form the backbone of construction crews — returned to their home towns in
large numbers, leading to acute workforce shortages at project sites. Implementing agencies formally
cited COVID-19 lockdowns as a contributing factor to project delays in government reports. For
projects already behind schedule, these disruptions compounded the delays, and many others that
were on-track had to push out their completion dates. A World Bank analysis found that contracts
signed during the COVID-19 pandemic experienced significantly longer delays on average, due
to movement restrictions and slowed supply chains. In essence, the pandemic introduced a force-
majeure scenario: even well-managed projects could not proceed as planned, leading to time overruns
(and associated cost increases due to extended overheads and idle resources).

Global Supply Chain Breakdown — The pandemic (and later events like the Ukraine conflict) also
disrupted global supply chains, which has directly affected project procurement. International
shipping delays, factory shutdowns, and supply shocks made it harder to get critical construction
materials and equipment on time. For example, overseas shipments of specialized equipment were
delayed by port closures and container shortages in 2020-21. The World Bank’s procurement study
noted slow supply chain logistics during COVID-19 as a factor in project delays. Furthermore, the
Russia-Ukraine war in 2022 led to shortages and price spikes for commodities like steel, aluminum,
copper, bitumen, and fuel (since Russia and Ukraine are major exporters of these). In Europe,
contractors warned that if the conflict persisted, shortages of steel and other materials could halt
construction works and drive up costs, as alternative supplies were hard to secure quickly. Even in
India, which is less directly dependent on those supply lines, global price surges for steel and oil
translated into higher domestic prices, straining project budgets. These global disruptions essentially
intensified the procurement and inflation challenges discussed earlier — materials cost more and
took longer to arrive, causing both cost overruns and time overruns.

Inflationary Wave — As a result of the supply chain issues and expansive fiscal measures in response
to COVID-19, many countries saw a sharp rise in inflation in 2021-2022. Construction costs inflated
rapidly. One European report highlighted that by early 2022, prices of construction materials had
skyrocketed (e.g. steel prices in some markets rose ~70% year-on-year). India too felt this, though
somewhat moderated — e.g. steel prices hit record highs in 2021 before stabilizing. This inflationary
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wave meant that projects under execution suddenly faced budgets that could no longer cover the
planned quantities of materials. Unless additional funds were injected, projects slowed or scaled back
to stay within the original budget, leading to delays. Thus, global inflation directly fed into the
financial mismanagement/inflation category of causes, but with an external trigger.

In summary, the last few years have shown that large external shocks like pandemics or global conflicts
can dramatically impact infrastructure projects. They introduce delays and cost pressures beyond normal
expectations — works get suspended, workers leave, supply lines fracture, and input costs surge. Indian
infrastructure projects, in particular, saw timeline extensions due to COVID-19 lockdowns. While such
events are rare, they underline the importance of building flexibility and resilience into project plans (for
example, through force majeure clauses, diversified supply sources, and buffer time in schedules). Project
managers now have to factor in these potential global disruptions as part of risk management, since they can
be as impactful as any traditional project management issue in causing cost and time overruns.

5.1 Case Study Analysis of Selected Projects

A key reference case analyzed in this study is a large-scale urban water supply pipeline project undertaken
by the Public Health Engineering Department (PHED) in West Bengal. With a sanctioned budget of 3185
crore, the project was designed to improve drinking water infrastructure under national initiatives like the Jal
Jeevan Mission (JJM) and AMRUT (Atal Mission for Rejuvenation and Urban Transformation). It involved
the end-to-end design, procurement, and commissioning of Ductile Iron (DI), High-Density Polyethylene
(HDPE), and Mild Steel (MS) pipelines to supply treated water to various urban clusters.

Although initially planned for a 36-month completion window, the project experienced substantial delays,
stretching the execution timeline to approximately 45—48 months—an overrun of nearly 9 to 12 months.
These delays stemmed from a combination of scope changes, regulatory complexities, and logistical
disruptions. One of the primary reasons for delay was the need for late-stage design realignments, largely
triggered by unforeseen urban encroachments and terrain-related obstacles. These changes necessitated
revisions in pipe routing and distribution zone coverage, delaying trenching and material laying operations.

Regulatory and permitting delays further compounded the situation. The pipeline's route cut across multiple
jurisdictions—including forested zones and railway lines—requiring sequential approvals from municipal
corporations, forest departments, and Indian Railways. Each of these clearances introduced significant
waiting periods, further elongating the project schedule. The onset of the COVID-19 pandemic during the
construction phase also disrupted global and domestic supply chains, particularly affecting the availability
of key components like DI/HDPE pipes, valves, and jointing materials. Additionally, the pandemic-induced
migrant labor crisis led to daily productivity losses, prolonging groundwork operations like excavation, pipe-
laying, and backfilling.

Financially, the project witnessed a significant cost escalation, primarily driven by inflation in material prices
and extended administrative overheads. A breakdown of the cost impact is presented below:

Estimated

I D ipti
Cost Component |Impact Description Escalation

Material Costs Increased base rates for steel (MS), HDPE/DI pipes, cement due|320-25 crore (11—

to global inflation 13%)
Labor and|post-COVID wage hikes, subcontractor turnover, and reduced|[3-4% of project
Workforce daily outputs value
Overheads Extended site managemgnt, consultant fees, administrative rentals||5-7% of project
due to prolonged execution value
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The cumulative cost escalation, amounting to approximately ¥27-33 crore, represents a 15-18% overrun—
a figure that is consistent with the national average reported by the Ministry of Statistics and Programme
Implementation (MoSPI), which places the average cost overrun for centrally monitored projects at around
16—17%. Since materials and installation accounted for nearly 80% of the project budget, fluctuations in
commodity prices disproportionately affected overall costs.

Several strategic insights emerge from this case. One critical issue was the absence of design freeze prior to
project tendering. The evolving scope introduced a domino effect, disrupting procurement schedules,
contractor mobilization, and on-ground civil works. In terms of administrative coordination, the lack of a
single-window clearance mechanism meant that approvals were obtained sequentially, causing bureaucratic
delays across different departments and stakeholders. Furthermore, the project’s dependence on a small set
of suppliers made it vulnerable to delivery lapses during the pandemic, reinforcing the need for diversified
sourcing strategies and pre-tender stocking policies.

The COVID-19 pandemic exposed gaps in contract flexibility. Most public sector EPC contracts did not
contain adequate force majeure provisions or price escalation clauses, leaving contractors unable to pass on
inflation-related cost burdens. This resulted in cash flow issues and underperformance, which in turn affected
project momentum and workforce stability.

When viewed in the national context, this case mirrors similar outcomes across India’s urban pipeline
projects. In Uttar Pradesh and Maharashtra, multiple AMRUT Phase 2 projects experienced delays
averaging 6—8 months due to overlapping utility clearances and contractor demobilization. In Jharkhand
and QOdisha, Jal Jeevan Mission projects struggled with material logistics and approval backlogs, while
Gujarat’s rural pipeline grid encountered contractor payment disputes and labor shortages during the
COVID waves.

Overall, the case underscores a pressing need for integrating risk forecasting, flexible contracting
mechanisms, and centralized cost monitoring dashboards into public infrastructure projects. It also
highlights the importance of pre-construction diligence, especially in land acquisition and design approval,
and the adoption of digital procurement and tracking systems to prevent future delays and overruns.

5.2 Cost Impact Quantification from Delays

Cost overruns in India’s infrastructure sector have become not just frequent but structurally embedded in the
way large-scale public projects are planned and executed. A primary source for understanding this national
trend is the Ministry of Statistics and Programme Implementation (MoSPI), which monitors infrastructure
projects exceeding X150 crore in sanctioned cost. According to the MoSPI Infrastructure Status Report
(March 2024), a total of ¥5.55 lakh crore was recorded as cost overrun across 1,897 projects. Initially, this
represented nearly 65% of the originally sanctioned budgets, an alarming figure that raised red flags across
ministries. However, upon project reconciliation and closure-based adjustments, the average cost overrun
was re-estimated at 17-19%, which reflects a more grounded and realistic benchmark for assessing financial
slippage across megaprojects in India.

This trend has remained consistent into 2025. As per the June 2025 update by MoSPI, the infrastructure
sector still grapples with ¥2.89 lakh crore in ongoing cost overruns, only marginally reduced from ¥2.92
lakh crore in May 2025. Given that the total value of infrastructure stock currently under monitoring is
estimated to be close to ¥30 lakh crore, nearly 9.6% of the country’s infrastructure portfolio is in an
overrun status. This ratio underscores that cost overruns are not isolated events, but widespread and
systemic—especially within public sector undertakings and centrally sponsored schemes.

When examining these overruns through a sectoral lens, a stark disparity emerges. The highway sector,
benefiting from centralized design standards, repetitive construction logic, and mature procurement systems,
consistently performs better with average cost overruns limited to 3—4%. On the other hand, power and
petroleum sectors have seen cost escalations of more than 60,000 crore each, translating to a steep 10—
15% overrun rate. However, the most unpredictable sectors remain railways, urban transport, and
pipeline infrastructure, where project-specific risks—ranging from route complexity and land acquisition
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delays to inter-agency coordination—often push cost overruns above 40-50%. For instance, urban water
pipeline and metro projects face unique engineering and bureaucratic hurdles, such as forest department
clearance, tunneling under heritage zones, or frequent revisions in route design—all of which make financial
estimation a moving target rather than a fixed forecast.

The severity and structure of these cost escalations are best understood through concrete project-level
examples. The West Bengal water pipeline project, undertaken by the state’s Public Health Engineering
Department (PHED) with a base budget of X185 crore, is a compelling case in point. This project, which
aimed to supply treated water to multiple urban zones under the AMRUT and Jal Jeevan Mission (JJM)
programs, experienced a 12-month delay and a resultant cost overrun of ¥27-33 crore, accounting for
approximately 15-18% of the original project cost. This figure is well-aligned with the national average
projected by MoSPI and illustrates how localized operational challenges aggregate to a national pattern of
fiscal leakage.

The cost escalation in the West Bengal project was predominantly driven by sharp increases in input
material prices. The global spike in steel, ductile iron, and oil-derived HDPE during and after the COVID-
19 pandemic caused material procurement costs to inflate by ¥20-25 crore alone. This was compounded by
prolonged site administration, supervision, and consulting expenses, which rose due to the extended
project timeline, contributing an additional 5-7% in overheads. Labor costs also surged due to migrant
workforce shortages and reduced daily productivity, adding anether 2—3% to the financial burden. Notably,
around 80% of the total project cost was allocated to material procurement and installation—making it
extremely sensitive to inflationary pressures and supply chain disruptions.

What exacerbated the situation further was the absence of flexible contractual mechanisms to absorb these
shocks. The contract reportedly lacked comprehensive price escalation adjustment clauses, forcing the
executing contractor to absorb financial losses during procurement delays. This created cash flow strain,
reduced working capital availability, and eventually led to delayed mobilization of key resources. Such
contractual rigidity is common across government EPC (Engineering-Procurement-Construction) models
and severely hampers the ability of contractors to respond to volatile macroeconomic variables.

This micro-level case mirrors broader national experiences. Similar cost inflation and-delays have been
reported in AMRUT 2.0 pipeline projects in Uttar Pradesh and Maharashtra, where land disputes and
permit delays caused 6—10 month hold-ups. In Jharkhand and Odisha, Jal Jeevan Mission schemes were
delayed by up to 4 months due to gaps in valve and pipe delivery. Gujarat’s rural water pipeline grid faced
prolonged disruptions due to the post-COVID migration of workers and contractor-side payment
uncertainties. Each of these adds a layer of data-driven evidence supporting the conclusion that pipeline and
utility projects—despite their critical public importance—suffer disproportionately from cost control
failures.

In the context of infrastructure megaprojects, especially pipeline and water supply schemes, cost and time
overruns are not caused by a single factor but by a confluence of interrelated issues. To understand and
quantify these causes systematically, project researchers often use the Relative Importance Index (RII)
approach, which evaluates each factor based on how frequently and severely it is perceived to impact project
delivery. Supported by a high Cronbach’s alpha (a > 0.8)—a statistical indicator of internal consistency in
survey responses—this method provides credible quantitative evidence of root causes.

Based on data collected from Indian pipeline and public utility project professionals (engineers, consultants,
contractors), and further validated through national infrastructure case reviews, the following six core factors
have emerged as the leading contributors to project overruns:

o Regulatory Delays, such as slow approvals for land acquisition, environmental clearances, and utility
shifting, are responsible for 5—7% of total project cost overruns. These delays not only increase idle
time but also push back procurement schedules and trigger inflation-linked penalties.

e Procurement and Vendor-Related Delays are another critical issue, accounting for 4—6% of the
overrun burden. Inadequate vendor capacity, single-source dependency, and bureaucratic tendering
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cycles often hinder the timely supply of materials like DI/HDPE pipes and valves—particularly in
pipeline projects where such components are specialized and often imported.

e Scope or Design Changes, especially mid-course realignments or expansion of service areas, add
another 3-5% to project costs. These revisions require design rework, new BOQs (Bills of
Quantities), and often renegotiation of contract terms, delaying execution and inflating total outlay.

e Material Price Inflation is a particularly volatile factor, contributing 4-5% to project overruns. During
periods of macroeconomic turbulence (like the COVID-19 aftermath), global prices of steel, oil-based
plastic resins (used in HDPE), and cement can spike, raising procurement costs sharply—especially
in contracts without effective escalation clauses.

e Labor and Contractor Issues, including productivity drops, subcontractor disputes, or shortage of
skilled manpower (especially post-pandemic), account for 2-3% of cost escalation. These are
typically short-term, operational challenges, but in labor-intensive projects like pipeline trenching
and jointing, even minor delays can accumulate into significant time and cost slips.

e Force Majeure Events, such as the COVID-19 pandemic, although extraordinary, have been factored
into post-2020 project evaluations. Their estimated impact on cost is 1-2%, primarily through
disrupted timelines, migrant labor dislocation, and site lockdowns. While this seems modest, the
cumulative effect across thousands of projects has been substantial.

When these factors are considered together, the total cumulative cost overrun is estimated to be in the range
of 15-18%, which aligns closely with empirical trends reported by MoSPI and case studies like the West
Bengal pipeline project. This structured attribution of causes is not only vital for diagnostics but also for
scenario modeling, AI/ML-based forecasting, and risk-adjusted budgeting in future projects.

5.3 Implications for Public Budgeting and Policy

The systemic nature of cost and time overruns has significant implications for India’s public budgeting,
infrastructure governance, and fiscal policy. Recognizing the inherent risks involved in large-scale public
works, many government departments have resorted to what is colloquially termed “budget padding”—that
is, inflating the contingency reserves in Detailed Project Reports (DPRs) by 20-25%. This is done to
preemptively account for inflation, delays, and other disruptions. However, while this strategy helps shield
departmental budgets from immediate shocks, it fails to address the root causes of overruns such as
procurement inefficiency, scope creep, or regulatory lag. Without systemic reform, inflated reserves merely
become self-fulfilling, often leading to moral hazard and lax execution standards.

These inefficiencies have directly impacted several flagship central government programs. For instance, the
Jal Jeevan Mission, aimed at delivering tap water to every rural household, has witnessed over 30% of its
pipeline and water treatment projects facing significant delays. According to the CAG audit released in April
2024, many of these delays were attributed to vendor backlogs, poor inter-agency coordination, and weak
project management information systems (PMIS). Similarly, under the Smart Cities Mission, nearly 40-45%
of urban infrastructure projects, including water pipelines, underground cabling, and mobility corridors, have
missed original deadlines. Cities like Pune, Indore, and Bhopal have reported project suspensions due to
material procurement bottlenecks and coordination issues with multiple vendors and consultants.

In response to these persistent issues, the government has begun emphasizing digital integration and real-
time tracking. One such initiative is the enhancement of the PM Gati Shakti National Master Plan, which
now aims to incorporate project lifecycle visualization, real-time cost tracking dashboards, and logistics
planning tools into the budgeting and implementation workflow. These platforms are intended to break silos
between central ministries, state bodies, and executing contractors—making cross-verification of project
timelines, expenditures, and milestones easier and more transparent.

From a policy standpoint, the shift from reactive firefighting to predictive governance is slowly gaining
traction. Ministries are now being nudged to adopt standardized digital DPR templates, link budgeting
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systems to execution milestones, and deploy predictive analytics to anticipate risks. The Union Budget 2024—
25 reflects some of these intentions, with increased capital outlay linked to performance-based disbursement
models and greater reliance on Digital Public Infrastructure (DPI) for infrastructure financing and
monitoring.

DISCUSSION:
Interpretation of Findings

The aggregated analysis drawn from sectoral surveys, empirical case studies, and national
infrastructure datasets consistently points to a core set of drivers behind time and cost overruns in
Indian megaprojects. Chief among these are regulatory delays, procurement inefficiencies, scope and
design alterations, and material price inflation. These observations are strongly aligned with findings
from both official sources such as the Ministry of Statistics and Programme Implementation (MoSPI)
and academic literature, including IRJET-backed field studies, reinforcing the systemic and repetitive
nature of these challenges.

One of the most critical insights to emerge is the cascading effect that often characterizes delays in
infrastructure projects. A single late-stage scope revision—such as realigning a pipeline route or
expanding service coverage—can initiate a bureaucratic loop involving fresh permitting, re-
engineering, or renewed community engagement. These procedural lags not only defer critical project
activities but also translate into prolonged site overheads, cash flow disruptions, and inflated indirect
costs. The impact of these is multiplicative rather than linear, meaning that one delay often spirals
into several related ones, thereby compounding financial strain and prolonging completion timelines.

Sectoral trends indicate that some domains are far more vulnerable to overruns than others. Projects
in urban water pipelines, metro rail, and smart city infrastructure often contend with multi-agency
clearance systems, intricate urban layouts, and challenging land acquisition environments. These
result in cost escalations that frequently breach 40—50% of the original estimates. In contrast, highway
projects, which benefit from well-established design templates and centralized procurement
ecosystems, typically exhibit much lower overrun rates—averaging around 3-4% as per the MoSPI’s
public dashboard. This contrast illustrates how the institutional maturity and standardization of a
sector can directly influence its project delivery efficiency.

Global shocks—particularly the COVID-19 pandemic, the 2021 surge in commodity prices, and
ongoing supply chain bottlenecks—further exposed structural weaknesses in India's infrastructure
delivery framework. During this period, key materials like cement and steel experienced
extraordinary price hikes, with cement breaching 600 per bag and finished steel exceeding 55,000
per ton. These price increases were often not covered by pre-negotiated EPC contracts or escalation
clauses, leading to unplanned expenditure spikes. Such external economic shocks, while global in
origin, disproportionately affected Indian projects that were already grappling with internal execution
flaws.

Importantly, these delays and cost escalations are not isolated occurrences but are manifestations of
deep-rooted governance deficits. A recurring issue is the failure to conduct rigorous scope and design
baseline reviews at the project approval stage, giving rise to what scholars describe as optimism
bias—the systematic tendency to underestimate risk and overstate project benefits. Additionally,
opaque procurement practices, frequent vendor disputes, and disjointed stakeholder engagement
exacerbate execution delays. These problems are often compounded by financial planning
mechanisms that rely on static budgets, with minimal scope for real-time adjustments based on
inflation, policy changes, or operational setbacks.

The Danish economist Bent Flyvbjerg encapsulates this phenomenon in what he famously describes
as the "Iron Law of Megaprojects": namely, that "over budget, over time, over and over again" is the
default trajectory of most large infrastructure projects. In his assessment, megaprojects tend to suffer
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from “survival of the unfittest,” where proposals with the most ambitious—and often least realistic—
cost and benefit assumptions are more likely to be approved. Consequently, these projects struggle to
perform when exposed to real-world conditions.

This diagnosis is affirmed by the MoSPI infrastructure performance report from March 2024, which
found that 449 out of 1,873 centrally monitored projects were over budget by a combined X5.01 lakh
crore—an average overrun of 18.65%. Furthermore, 779 projects were delayed, with the average time
slippage clocking in at 36 months. Commonly cited causes by implementing agencies included land
acquisition hurdles, regulatory bottlenecks, financing gaps, inadequate DPRs, and poorly designed
tenders. These reasons mirror the causal factors unearthed in academic and field research,
highlighting a high level of congruence between on-ground realities and scholarly assessments.

6.2 Sector-Specific Factors in Pipeline Projects

Pipeline megaprojects—particularly those involving water distribution or oil & gas transmission—possess
sector-specific complexities that make them more vulnerable to cost and time overruns when compared to
relatively standardized infrastructure segments such as highways. These vulnerabilities stem primarily from
route complexity, dependence on specialized materials, and multi-agency clearance requirements.

One of the foremost challenges arises from route complexity and urban encroachments. Pipelines
frequently traverse multiple land parcels, municipalities, and densely inhabited zones, often encountering
informal settlements or physical obstructions. These conditions lead to route alterations and scope changes,
triggering cascading delays due to re-approvals and revised design work. A prime example is the Kandla—
Gorakhpur LPG Pipeline (KGPL)—a 2,805 km cross-state project estimated at ¥9,000—10,000 crore. It
has faced repeated delays at Gujarat port due to technical complications and land acquisition issues, delaying
commissioning well beyond the targeted June 2025 timeline.

Further compounding risks are the specialized material and supply chain dependencies. Pipeline projects
heavily rely on components such as HDPE or DI pipes, specialized valves, metering systems, and pressure
pumps—many of which are imported. This makes projects sensitive to international supply chain disruptions,
currency fluctuations, and shipping delays. Sector-wide reviews (e.g., by HKA) highlight oil and gas
pipelines as particularly vulnerable to incomplete design data, poor coordination at project interfaces, and
last-minute scope changes—all of which heighten procurement risks.

Another critical factor is the requirement for multi-agency coordination. Pipelines often intersect with a
diverse set of jurisdictions and physical boundaries—including highways, railways, rivers, and utilities. Each
of these crossings requires separate technical and regulatory clearances, adding layers of administrative
burden. For instance, the East-West Gas Pipeline (Kakinada to Bharuch, 1,386 km) reportedly crossed 18
National Highways, 17 rail tracks, and over 370 rivers and canals, necessitating clearances from dozens of
agencies. Similarly, the Jagdishpur—Haldia—Bokaro—Dhamra pipeline (Urja Ganga) stretched 2,540 km
and was subject to extensive state and forest clearance procedures.

Case studies further illustrate the delay and overrun patterns typical of this sector. The KGPL has faced
multi-year delays due to land disputes, COVID-era supply disruptions, and prolonged approval cycles,
despite being among the largest such projects in the world. In contrast, the Motihari—-Amlekhganj pipeline,
which crosses into Nepal, was delivered in just 15 months after streamlined diplomatic resolution and
emergency regulatory facilitation—demonstrating how effective coordination can drastically improve
timelines.

These challenges illustrate why generic megaproject management strategies, often modeled around
highways or metro systems, fail to address the unique operational and planning needs of pipeline projects.
Instead, pipelines require specialized mitigation approaches such as early geotechnical surveys to avoid route
encroachments, modular station design to allow for flexible execution, and parallel clearance systems via
single-window multi-agency platforms. Moreover, inclusion of price escalation clauses and diversification
of supplier sources is essential to absorb material cost shocks and ensure timely procurement.
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6.3 Linkage Between Performance Indicators and Overruns

Understanding and tracking performance indicators such as Schedule Variance (SV), Cost Performance Index
(CPI), and Earned Value (EV) metrics is essential for assessing the health and trajectory of infrastructure
megaprojects. These metrics not only measure progress against time and budget but also serve as early
warning signals for emerging risks. In many Indian pipeline and infrastructure projects, time and cost
overruns are themselves performance metrics, reflecting deviation from the baseline execution plans defined
during the Detailed Project Report (DPR) stage.

Empirical research and global project databases have shown a strong correlation between schedule delays
and cost escalation. A seminal global study by Bent Flyvbjerg found that for each additional year of delay
in the pre-construction phase, a project could face an average cost overrun of approximately 5 percentage
points. This trend holds in India as well, particularly in public-sector projects where prolonged land
acquisition, design finalization, and permit approvals extend timelines. As delays accumulate, so do the costs,
often due to extended contractor mobilization, price inflation, and idle capital costs.

Moreover, post-project analysis using performance metrics like SPI (Schedule Performance Index) and
CPI (Cost Performance Index) often reveals that cost overruns closely follow early signals of schedule
deviation. For example, when SPI consistently falls below 1.0 or CPI drops under 0.90, it usually reflects
inefficient resource deployment or late milestone achievement—both of which tend to precede financial
overruns. Recognizing this pattern, several project management bodies (such as PMI and NITI Aayog) now
recommend predefined action thresholds, including:

o SPI <0.85: Flag for immediate schedule re-baselining
e CPI <0.90: Trigger financial corrective measures
e SV >2 months: Escalate to senior governance panel

From a practical perspective, tools like Earned Value Management (EVM) systems are increasingly being
used in large-scale infrastructure programs to continuously monitor and quantify deviations. These tools can
be enhanced with machine learning algorithms, which learn from past performance to predict future cost
escalations based on early anomalies in CPI, SPI, or scope changes. For example, predictive ML models can
flag high-risk projects by learning patterns such as repeated schedule slippage in design phases or sudden
procurement delays, allowing managers to deploy contingency reserves or revise delivery timelines in
advance.

Linking these performance indicators directly with root causes of overruns creates the possibility for data-
driven decision dashboards. For instance, a real-time dashboard could auto-flag any design deviation above
10%, permitting delay exceeding 90 days, or an SPI-CPI gap of more than 0.15 as “red alert,” requiring
executive attention. This structured approach ensures that problems are not just observed but acted upon
within a limited window—before they cascade into larger financial liabilities.

In summary, the integration of performance KPIs with causality models transforms project management from
a reactive mode to a proactive governance mechanism. It not only identifies where and when delays are
occurring but also explains why they happen and estimates how much they might cost. For Indian
infrastructure projects that often span multiple years and departments, this approach can significantly
enhance predictability, control, and fiscal discipline.

7. Mitigation Strategies

This section synthesizes current research and real-world examples to propose actionable strategies for
reducing cost and time overruns in Indian pipeline and infrastructure projects. Drawing upon recent literature,
government reports, and technology innovations, we explore best-practice interventions across four critical
areas.
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7.1 Risk Identification and Proactive Planning (Expanded Explanation)

One of the foundational strategies to mitigate cost and time overruns in large infrastructure projects—
particularly pipeline megaprojects—is early and accurate risk identification coupled with proactive
planning. Traditional project risk management in India has often relied on manual workshops, where
experienced stakeholders brainstorm potential risks and document them in static risk registers. However,
these methods are increasingly seen as insufficient in a modern, data-intensive project environment. Static
registers fail to account for dynamic changes, interlinked risk chains, and real-time operational variances.
Hence, a shift is now underway toward more systematic, Al-enabled, and predictive risk management
frameworks.

Recent research—including from David Publishing Company, The Institute of Risk Management India
(theirmindia.org), MDPI, and the arXiv academic repository—has emphasized the need for predictive risk
modeling. In this approach, machine learning algorithms are trained on large datasets from past infrastructure
projects. These datasets include parameters such as historical cost escalations, delays in procurement, time
slippage patterns, changes in commodity prices, vendor performance issues, and project geography. By
analyzing these data points, the models generate probability-weighted risk scores for every major work
package or task in the project lifecycle.

This approach enables what-if scenario simulations. For instance, a model might predict that a 2-month delay
in obtaining forest clearance could cascade into a 4-month overall schedule delay due to monsoon window
constraints, thereby triggering increased idle labor costs. These predictions allow project managers to test
multiple contingency plans before the actual risk unfolds. For example, a risk of steel price escalation might
prompt early bulk procurement or financial hedging.

In a particularly relevant case from arXiv (Nov 2023), researchers designed an Al-based framework that
automatically generates and updates risk registers based on project stage, geography, and past project
outcomes. Unlike conventional registers that remain unchanged for months, this intelligent system learns
from past deviations and dynamically updates its risk assessment as the project progresses. It cross-
validates early-stage risk assumptions with real-time execution data, flagging which assumptions are proving
accurate and which are not. This feedback loop improves the accuracy of future forecasts and makes planning
more resilient.

This type of hybrid risk assessment—which blends domain expertise with data-driven analysis—is proving
critical in infrastructure ecosystems like India’s, where projects face volatile inputs, multi-agency
dependencies, and shifting policy environments. By institutionalizing such frameworks, organizations can
move from reactive firefighting (responding to crises after they occur) toward predictive and pre-emptive
project management. The ability to anticipate risks early also improves budget planning, contract
structuring (e.g., escalation clauses), and stakeholder communication—ultimately leading to fewer
disruptions, more accurate forecasting, and greater accountability.

In conclusion, risk identification today is no longer just about listing what might go wrong—it is about
quantifying and prioritizing risks with scientific precision, continuously updating those insights, and
integrating them into every layer of project decision-making. This approach is not just theoretical; it is
actively being piloted in global and Indian projects and forms the backbone of modern project risk
governance.

7.2 Digital Tools and Predictive Analytics

Digital technologies have become game-changers in mitigating cost and time overruns in large infrastructure
projects, especially those as complex as pipeline megaprojects. The integration of AI-powered predictive
analytics is helping project managers forecast issues well before they become critical. These tools analyze
historical data, live execution metrics, vendor performance patterns, weather disruptions, and material
logistics to anticipate cost spikes or schedule delays. According to recent studies and industry white papers,
such Al models can reduce cost overruns by up to 25% and compress project schedules by 30%, simply
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by enabling early warnings and smarter interventions before the issues escalate into major budgetary
failures.

One significant leap in infrastructure execution is the application of Digital Twin technology. Originally
developed for structural health monitoring, Digital Twins are now being deployed in pipeline construction
and maintenance. These are real-time virtual replicas of physical pipeline infrastructure that track pipeline
alignment, valve conditions, pumping station loads, and even terrain-sensitive excavation activity. By
integrating GIS, sensor telemetry, and SCADA data, Digital Twins enable project managers to detect
anomalies (e.g., sudden pressure drops, material backlog, or water ingress) and adjust execution schedules
or procurement dynamically. This technology is especially relevant for Indian pipeline projects that face
unpredictable site conditions, land encroachments, and permit-driven route realignments.

Another powerful digital enabler is Earned Value Management (EVM), a project control system that tracks
performance using three key indicators: Planned Value (PV), Earned Value (EV), and Actual Cost (AC).
When EVM is combined with machine learning-based anomaly detection models, real-time project
dashboards can issue alerts when critical thresholds are breached—for example, if the Schedule Variance
(SV) or Cost Performance Index (CPI) dips below acceptable levels (e.g., CPI < 0.90). This allows project
teams to intervene before the delay spirals, rather than reacting after the fact. In India, such systems are
increasingly being considered for Smart Cities Mission pipelines, oil and gas corridor projects, and Jal Jeevan
Mission schemes in high-risk geographies.

What makes these technologies so impactful in the Indian context is their ability to tackle high-volatility
project environments. Pipeline megaprojects in India often face dynamic changes in material availability,
price inflation, labor productivity, and bureaucratic clearance timelines. Traditional planning tools fail to
account for such fluid variables. But digital platforms—powered by Al, geospatial tech, and integrated
control systems—offer real-time situational awareness, enabling course correction and budget control
with far greater precision.

7.3 Policy and Regulatory Recommendations

To address persistent cost and time overruns in infrastructure megaprojects—especially complex sectors like
pipelines—systemic policy and regulatory reforms are critical. Many of the root causes of delays stem not
from technical issues, but from fragmented regulatory approvals, lack of formal renegotiation mechanisms,
and inefficient risk allocation in contracts. Therefore, policy-level solutions must target these structural
inefficiencies to enable smoother project execution.

One of the most impactful reforms has been the push for single-window clearance platforms. For example,
Delhi’s real estate and urban infrastructure reform pilot, which rationalized amalgamation charges and
integrated township approval processes, significantly reduced approval cycle times. This model, when
extended to pipeline corridors—especially those crossing multiple municipalities, railways, forest zones, and
highways—can drastically cut down bureaucratic delays. The same approach is being studied for national
implementation under various state industrial corridor projects to enable parallel clearances rather than
sequential ones.

Another key recommendation stems from the Kelkar Committee on PPP reforms, which emphasized the
need for clear contractual risk allocation between public authorities and private partners. One of the
report’s major recommendations was to institutionalize renegotiation frameworks—allowing projects
stuck due to unforeseen external factors (e.g., pandemic, inflation) to be revived through structured
renegotiation tribunals, rather than being abandoned or entering litigation. The proposed frameworks also
allow flexibility in risk-sharing, making it easier to implement large, capital-intensive projects like gas or
water pipelines.

Another crucial intervention is the inclusion of price escalation clauses in EPC (Engineering, Procurement,
and Construction) contracts. These clauses tie payments to commodity indices (e.g., steel, copper, cement,
HDPE), absorbing input cost fluctuations without constant renegotiation. This has proven particularly useful
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in long-duration pipeline projects, where global commodity price volatility can erode profit margins and stall
procurement if not accounted for contractually.

On the data and monitoring front, there is increasing emphasis on integrating central infrastructure
databases like the National Infrastructure Pipeline (NIP) with real-time project tracking portals such
as the India Investment Grid (IIG). These platforms offer granular visibility into project progress,
bottlenecks, and cost trends across thousands of infrastructure assets. By linking on-ground data (e.g., permits
pending, cost revisions, time overruns) with national dashboards, policymakers can detect emerging risks
earlier and reallocate resources more efficiently.

These reforms—when pursued in combination—create a more responsive, transparent, and risk-resilient
project governance ecosystem. They also help reduce blame-shifting among stakeholders, ensure timely
course corrections, and enable private sector confidence by making contract terms more adaptive to
dynamic conditions.

IMPLICATIONS
8.1 Academic and Theoretical Implications

This study makes a significant contribution to the evolving academic discourse on infrastructure megaproject
management in India. One of the key theoretical affirmations it offers is the validation of Bent Flyvbjerg’s
widely cited “Iron Law of Megaprojects”—that these projects are consistently over budget, over time, over
and over again. Despite the adoption of newer governance frameworks and digital monitoring systems,
Indian megaprojects continue to report cost overruns averaging between 17% and 19%, and delays spanning
over 20-30% of original timelines, as per recent data from the Ministry of Statistics and Programme
Implementation (MoSPI, 2024). This persistence suggests that root causes like optimism bias and strategic
misrepresentation are not only present but deeply embedded in project initiation and planning.

In a departure from traditional project evaluation techniques, this study introduces a novel hybrid risk
assessment methodology by integrating the Relative Importance Index (RII) approach with machine
learning (ML)-based predictive modeling. RII—commonly used in construction and civil engineering
research—helps quantify practitioner perceptions of risk. When combined with machine learning models like
Random Forest and XGBoost, which are trained on historical project data, this hybrid approach enables a
more holistic and dynamic identification of likely cost and time deviations. The result is a data-backed
framework that can be replicated across multiple infrastructure domains, offering a new standard for
academic modeling in risk forecasting.

This methodological innovation also addresses a major gap in the literature: the assumption that all
infrastructure megaprojects face similar challenges. On the contrary, the study shows that sector-specific
vulnerabilities play a defining role. For instance, urban pipeline projects—unlike highways—encounter
more frequent scope changes, supply chain dependencies, and inter-agency approval hurdles. These
distinctions require theoretical models to adapt and offer customized frameworks, rather than treating
megaprojects as a monolithic category.

Sector Type | Key Challenges

Urban Pipelines||Multi-agency clearance, land encroachments, imported valves

Highways Standardized procedures, fewer regulatory hurdles

Metro Projects |[Complex funding structures, underground risks

Such sectoral insights point toward the need for adaptive theories that can incorporate regulatory friction,
supply chain volatility, and terrain-specific engineering risks into the planning models—thus making project
management theories more nuanced and context-aware.
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Another academic advancement proposed in this study is the call to shift from retrospective to predictive
project control systems. While existing literature often focuses on post-mortem evaluations, this study
advocates for real-time project performance tracking using tools such as Earned Value Management
(EVM) integrated with anomaly detection algorithms. This dynamic integration allows project teams to
forecast delays or cost spikes even before they occur, using live inputs like Schedule Variance (SV) or Cost
Performance Index (CPI). Such an approach moves beyond mere reporting to actual decision-enabling
intelligence, which is a significant theoretical shift.

Additionally, the study contributes to the growing academic dialogue around Digital Twin technologies.
Originally confined to structural engineering, digital twins are now being positioned within project
management literature as real-time, interactive models capable of simulating construction site dynamics,
material movement, and contractor coordination. By embedding digital twins into megaproject execution
frameworks, this study highlights the need for academia to expand its definition of project planning to
include live, bidirectional data loops, not just Gantt charts and risk registers.

Finally, this study lays the foundation for future interdisciplinary research that intersects engineering, data
science, policy studies, and behavioral economics. By proposing adaptive planning, predictive analytics,
and sectoral disaggregation as foundational pillars, it invites scholars to rethink traditional linear models of
project development. Instead, the research advocates for feedback-rich, technology-enabled, and

behavior-aware systems—a significant theoretical advancement in megaproject literature, particularly in
the Global South.

8.2 Managerial and Industry Implications

The findings of this study hold substantial relevance for practitioners across infrastructure and utility sectors,
particularly project managers, engineering consultants, regulatory bodies, and EPC contractors. The
integration of empirical overrun patterns, digital innovation, and sector-specific risk mapping translates into
actionable managerial lessons.

Proactive Risk Planning as a Competitive Edge

One of the most immediate implications is the importance of proactive risk identification. Traditional
models often react after issues arise—triggering expensive rework or dispute resolution. Instead, project
managers should adopt hybrid risk frameworks that combine expert insights with algorithmic scenario
analyses. This approach allows for dynamic simulation of “what-if” cases—Ilike a 15% material cost inflation
or 60-day vendor delay—before project lock-in.

Such simulations help managers structure realistic contingency reserves and negotiate contract clauses
early. For example, pre-emptively modeling the impact of route changes in a pipeline through sensitive forest
or coastal zones can guide better land clearance sequencing or material procurement phasing.

Digital Tools and Operational Visibility
The study highlights the powerful role of digital execution platforms such as:
o Earned Value Management (EVM) with real-time CPI/SPI tracking
e Anomaly detection algorithms using historic project benchmarks
o Digital twins for simulating pipeline behavior, geotechnical risk, and site dynamics

When combined, these tools offer predictive monitoring, significantly improving time and cost control.
International case evidence—such as the UK's Crossrail project or Canada's LNG terminals—demonstrates
that such platforms have cut cost overrun risk by up to 25%, especially when slippage indicators are
addressed within the first 10% of the execution timeline.
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Tool Managerial Benefit

CPI/SPI dashboards |[Early warning triggers for renegotiation

Digital Twin Models|[Real-time view of underground/urban works

Al Risk Engines Forecast probability-weighted overrun scenarios

Indian managers, especially in pipeline and urban infrastructure, can embed these tools into DPRs and
execution contracts, thus ensuring that mitigation isn’t a post-mortem step but an in-built capability.

Regulatory Strategy for Pipeline Projects

The third critical insight pertains to regulatory navigation in pipeline megaprojects. Since such projects often
traverse diverse jurisdictions—forest zones, highways, railway lines, rivers—they face high clearance
friction. Managers should push for parallel processing frameworks rather than linear clearance sequencing.

Advocating for single-window approval platforms at both central and state levels—integrated with GIS
routing and utility coordination—is now essential. The success of such platforms in urban development (e.g.,
Delhi’s Online Building Plan System) shows that bureaucratic delays can be cut by 20-30% when
approval dashboards are made transparent and collaborative.

Contract Structuring and Financial Resilience

Incorporating indexed escalation clauses and force majeure buffers into contracts is another critical
managerial implication. For example, HDPE and DI pipeline projects are highly exposed to steel price
fluctuations and shipping delays. Contracts must therefore:

o Reference official commodity indices (e.g., RBI/MCX) for cost realignment
e Define trigger thresholds for renegotiation (e.g., 10% delay, 15% inflation)
e Build in multi-stage payment security mechanisms for vendor resilience

This ensures financial flexibility and reduces project paralysis during external shocks—be it pandemics,
land litigation, or international freight volatility.

Collaborative Ecosystems and Accountability

Perhaps the most important lesson for industry stakeholders is the value of collaborative execution
ecosystems. Information asymmetry between agencies, contractors, and vendors often amplifies delays. This
can be reduced via:

o Unified dashboards that track permits, work progress, and payments
o Stakeholder rating panels to enforce performance-based vendor engagement
e Real-time communication systems to replace fragmented reporting emails or meetings

District-level pilots by UNDP and NITI Aayog in Bihar, which trained block officials in Al monitoring and
geotagged field tracking, demonstrated that collaborative, tech-enabled systems boosted execution speed
and credibility—especially in rural piped water missions.

9. Conclusion

This research makes several important contributions to the understanding and management of India’s
infrastructure megaprojects. First, it empirically reaffirms the phenomenon known as Bent Flyvbjerg’s “Iron
Law of Megaprojects”’, showing that despite advances in governance mechanisms, Indian infrastructure
projects continue to experience average cost overruns of 17-19%—consistent with global trends—but in a
high-volume environment involving thousands of projects.
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Second, by proposing a hybrid methodological framework that combines Relative Importance Index (RII)
for prioritizing risk factors with machine learning predictive modeling (e.g., Random Forest, XGBoost), the
study offers a new, scalable analytical strategy for megaproject risk forecasting. This fusion of expert inputs
and data-driven forecasting opens new research pathways and practical applications for proactive project
planning.

Third, the study draws attention to significant sector-specific variation: urban pipeline and water
infrastructure projects face distinct cumulative delays and cost pressures due to multi-agency coordination,
scope fragmentation, and supply chain volatility—unlike more standardized highways or metro systems. This
differentiation challenges simpler models that treat all infrastructure projects as homogeneous categories.

Finally, the study advocates a theoretical shift from retrospective evaluation to real-time, adaptive project
management frameworks, supported by tools like Earned Value Management dashboards integrated with
anomaly detection, digital twins, and dynamic risk registers. This approach modernizes megaproject
governance by embedding predictive capabilities and system feedback loops rather than relying on static
planning.

9.2 Limitations and Future Research Directions
Despite its strengths, the study acknowledges several limitations:

o Data Constraints: The predictive model's effectiveness is dependent on the availability and integrity
of historical project datasets. Missing or biased data can skew forecasting accuracy.

o Explainability of ML Tools: Models like Random Forest and XGBoost, though powerful, often act as
"black boxes." There is a pressing need to incorporate Explainable Al (XAI) frameworks in
construction analytics to ensure practitioners can understand predictive rationale and trust Al-driven
decisions.

e Generalizability: While the study focuses on pipeline and urban water projects, the extrapolation to
other infrastructure sectors (e.g., power, metro, renewable energy) requires further research.

Future research should explore:

o Pilot studies embedding the hybrid RII + ML framework in ongoing megaprojects to validate forecast
reliability and mitigation effectiveness in real time.

o Developing policy evaluation tools that assess the impact of single-window clearance, contract clause
reforms, and PM Gati Shakti integration on project delivery timelines.

e Conducting longitudinal studies on the effectiveness of digital twin frameworks and anomaly
detection systems in reducing slippage over multiple phases of infrastructure execution.

o Exploring social and behavioral aspects such as optimism bias, contractor incentive structures, and
trust in digital tools to improve both governance and execution quality.

Ultimately, this study lays the groundwork for bridging the gap between academic risk forecasting models,
industry execution tools, and public policy frameworks—creating a more resilient, accountable, and digitally
empowered infrastructure ecosystem in India.
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