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ABSTRACT

Public-Private Partnerships (PPPs) have transformed infrastructure development in India, particularly for National
Highways in Karnataka, a state with 4,491 km of critical highway networks. This study evaluates the efficacy of PPP
models in enhancing Karnataka’s National Highways under the National Highways Development Project (NHDP),
focusing on projects like NH-48 and NH-44. Using a mixed-methods approach, the research analyzes NHAI reports,
Karnataka PWD data, and case studies to assess performance metrics such as cost efficiency, completion timelines,
traffic flow, and safety improvements. Findings reveal that PPPs have reduced project delays by 20% and improved
road quality, but challenges like funding disputes and risk allocation persist. The study proposes a framework for
optimizing PPP contracts, emphasizing stakeholder collaboration and innovative financing. By addressing these
challenges, PPPs can enhance connectivity, reduce congestion, and align with India’s infrastructure goals. This
research offers actionable insights for policymakers and stakeholders to strengthen PPP frameworks, ensuring
sustainable and safe highway development in Karnataka.
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I. INTRODUCTION

India’s rapid urbanization and economic growth have intensified the demand for robust transportation
infrastructure, with National Highways serving as the backbone of connectivity and commerce. In Karnataka, a
state pivotal to India’s economic landscape, the 4,491 km of National Highways, including major corridors like
NH-48 and NH-44, facilitate trade, tourism, and industrial development (NHAI, 2024). However, traditional
public funding models struggle to meet the financial and operational demands of expanding and maintaining these
critical networks. Public-Private Partnerships (PPPs) have emerged as a transformative approach, leveraging
private sector expertise and capital to accelerate infrastructure development while alleviating fiscal burdens on
the government. Under the National Highways Development Project (NHDP), managed by the National Highways
Authority of India (NHAI), PPPs have driven projects like the Bengaluru-Mysuru Expressway, enhancing
connectivity and reducing travel times by up to 30% (NHALI, 2023). These partnerships align with India’s vision
for sustainable infrastructure, promoting economic growth, road safety, and environmental efficiency.

PPPs in Karnataka’s highway sector operate through models like Build-Operate-Transfer (BOT) and Hybrid
Annuity Model (HAM), enabling private entities to design, finance, construct, and maintain highways while
sharing risks with the public sector. For instance, NH-48, a vital artery connecting Bengaluru to Mumbai, has seen
significant upgrades through PPPs, improving traffic flow and reducing accidents by 15% in upgraded sections
(Karnataka PWD, 2024). These projects integrate advanced technologies, such as Intelligent Transportation
Systems (ITS), to optimize toll collection and traffic management, contributing to the state’s goal of seamless
connectivity. Karnataka’s strategic position as a hub for technology and manufacturing underscores the
importance of efficient highways, which support the movement of goods and people, particularly in industrial
clusters like Bengaluru and Hubballi.
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Figure 1: PPP-Managed National Highway in Karnataka

The success of PPPs, however, hinges on addressing challenges such as funding constraints, land acquisition
delays, and equitable risk allocation. Karnataka’s diverse terrain and high traffic volumes necessitate innovative
financing and stakeholder collaboration to ensure project viability. This study evaluates the performance of PPPs
on Karnataka’s National Highways, analyzing case studies like NH-48 and NH-44 through NHAI and Karnataka
PWD data. By examining cost efficiency, completion timelines, safety improvements, and traffic impacts, the
research proposes a framework to optimize PPP models, fostering sustainable infrastructure that supports
Karnataka’s economic aspirations and India’s broader development goals.

1. LITERATURE REVIEW

Public-Private Partnerships (PPPs) have redefined infrastructure development globally, particularly in the
highway sector, by combining public oversight with private sector efficiency. In India, the National Highways
Authority of India (NHAI) has spearheaded PPP adoption under the National Highways Development Project
(NHDP), transforming the country’s 151,000 km highway network (NHAI, 2024). Karnataka, with its 4,491 km
of National Highways, serves as a critical case study due to its economic significance and robust PPP activity.
This literature review examines PPP models, their application in Karnataka’s highway sector, and the
opportunities and challenges identified in prior studies, providing a foundation for evaluating their performance.

Globally, PPPs in highway development have demonstrated success in accelerating project delivery and
improving service quality. Flyvbjerg et al. (2003) highlight that PPPs in countries like the UK and Australia reduce
cost overruns by 15% compared to traditional procurement, leveraging private sector innovation. In India, the
Build-Operate-Transfer (BOT) and Hybrid Annuity Model (HAM) are dominant PPP frameworks. Gupta and
Sharma (2022) note that BOT projects, such as the Delhi-Mumbai Expressway, achieve 25% faster completion
due to private financing, while HAM balances risk by splitting costs between government and private entities.
Karnataka’s NH-48 (Bengaluru-Mumbai) and NH-44 (Srinagar-Kanyakumari) exemplify these models, with
projects like the Bengaluru-Mysuru Expressway reducing travel time by 30% (NHAI, 2023).

Karnataka’s PPP landscape benefits from its economic vibrancy, hosting industrial hubs like Bengaluru and
Hubballi. Kumar et al. (2021) report that PPPs on NH-48 have improved road quality, reducing maintenance costs
by 20% and accidents by 15%. The integration of Intelligent Transportation Systems (ITS) in PPP projects, such
as electronic toll collection, has enhanced traffic flow and revenue efficiency (Singh & Mishra, 2023). However,
challenges persist. Raghuram and Upreti (2020) identify land acquisition delays as a major bottleneck, increasing
project costs by up to 10% in Karnataka. Funding disputes and inadequate risk allocation also hinder progress,
with private partners often bearing disproportionate financial risks (Patel & Gupta, 2024).
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Table 1: Summary of Key PPP Projects in Karnataka

Project NH Route PPP Model Length (km) Completion Key Outcomes
Year
Bengaluru- NH-275 BOT 119 2023 30% travel time
Mysuru reduction
Hassan- NH-75 HAM 190 2022 20% accident
Mangaluru reduction
Hubballi- NH-48 BOT 55 2021 Improved toll
Dharwad efficiency

Recent studies emphasize the need for innovative financing and stakeholder collaboration. Jain and Rao (2024)
propose viability gap funding (VGF) to address financial constraints, noting its success in NH-44’s Karnataka
stretch, where VGF reduced private investment risks by 12%. The USDOT’s PPP framework, which emphasizes
performance-based contracts, offers lessons for Karnataka, achieving 18% higher project efficiency (USDOT,
2024). Environmental sustainability is another focus, with PPPs incorporating green technologies like solar-
powered toll booths, reducing emissions by 5% on NH-48 (Kumar et al., 2021). Yet, community resistance to
tolls and regulatory delays remain concerns, as highlighted by Singh and Mishra (2023). The literature underscores
PPPs’ potential to enhance Karnataka’s highway infrastructure but highlights gaps in risk management and
scalability. This study builds on these insights, analyzing case studies and NHAI data to evaluate PPP performance
and propose a framework for optimizing contract design and stakeholder engagement, ensuring alignment with
India’s infrastructure goals.

I11. PROPOSED METHODOLGY

To evaluate the performance of Public-Private Partnerships (PPPs) on National Highways in Karnataka, this study
adopts a mixed-methods approach, integrating quantitative data analysis, qualitative case studies, and a structured
evaluation framework. The methodology leverages data from the National Highways Authority of India (NHAI),
Karnataka Public Works Department (PWD), and field observations to assess key performance indicators such as
cost efficiency, completion timelines, traffic flow, and safety improvements. By focusing on major PPP projects
like NH-48 (Bengaluru-Mumbai) and NH-44 (Srinagar-Kanyakumari), the study aims to provide actionable
insights for optimizing PPP models, aligning with India’s infrastructure development goals and Karnataka’s vision
for enhanced connectivity. The research begins with data collection from authoritative sources. NHAI’s annual
reports (2020-2024) provide detailed project data, including budgets, timelines, and traffic statistics for
Karnataka’s 4,491 km of National Highways. Karnataka PWD’s infrastructure database offers insights into state-
specific PPP contracts, maintenance records, and safety metrics. Field observations from sites like the Bengaluru-
Mysuru Expressway (NH-275) supplement these with real-world data on traffic patterns and user satisfaction.
Additionally, stakeholder interviews with NHAI officials, private contractors, and local communities ensure a
holistic perspective on PPP implementation challenges, such as land acquisition and funding disputes.

The evaluation framework is structured around four key performance indicators (KPIs):

1. Cost Efficiency: Measured as the ratio of actual project cost to estimated cost, expressed as:

Actual Cost
(ce =

= M) .A(CE < 1)indicatescostsavings, while(CE > 1) suggests overruns. ....(1)

2. Completion Timelines: Calculated as the percentage deviation from planned schedules,

Actual Duration—Planned Duration

(CT = x 100) ()

Planned Duration

Negative values reflect early completion.

3. Traffic Flow: Quantified using Average Annual Daily Traffic (AADT) and congestion reduction
metrics, derived from ITS data at toll plazas.
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4. Safety Improvements: Assessed by the percentage reduction in accident rates, using Karnataka PWD
crash data.

Quantitative analysis employs statistical tools to process KPI data. For cost efficiency, regression analysis
correlates project budgets with completion outcomes, identifying factors like land acquisition costs that impact (
CE ). Timeline deviations are analyzed using time-series models to pinpoint delays, such as the 12-month delay
on NH-75 due to regulatory hurdles (NHAI, 2023). Traffic flow is evaluated through AADT trends, comparing
pre- and post-PPP implementation to quantify congestion reduction, as seen in a 25% AADT increase on NH-48
post-upgrade (Karnataka PWD, 2024). Safety improvements are measured using crash data, with a focus on
reductions post-PPP, such as the 15% accident drop on NH-275. Qualitative analysis involves case studies of NH-
48 and NH-44, selected for their economic significance and diverse PPP models (BOT and HAM). Each case
examines contract structures, stakeholder roles, and community impacts, drawing on interviews to highlight issues
like toll resistance. The framework integrates findings to propose enhancements, such as viability gap funding
(VGF) to mitigate financial risks, inspired by its 12% risk reduction on NH-44 (Jain & Rao, 2024). By combining
quantitative rigor with qualitative insights, this methodology ensures a comprehensive assessment of PPP
performance, offering a scalable model for Karnataka’s highway development.

Data Collection

NHAI
PWD
Field Observations

KPI Definition

Quantitative Qualitative
Analysis Case Studies
Statistical Metrics N 8

Recommendations

Figure 2: Framework for PPP Performance Evaluation

Quantitative analysis employs statistical tools to process KPI data. For cost efficiency, regression analysis
correlates project budgets with completion outcomes, identifying factors like land acquisition costs that impact (
CE ). Timeline deviations are analyzed using time-series models to pinpoint delays, such as the 12-month delay
on NH-75 due to regulatory hurdles (NHAI, 2023). Traffic flow is evaluated through AADT trends, comparing
pre- and post-PPP implementation to quantify congestion reduction, as seen in a 25% AADT increase on NH-48
post-upgrade (Karnataka PWD, 2024). Safety improvements are measured using crash data, with a focus on
reductions post-PPP, such as the 15% accident drop on NH-275.

Qualitative analysis involves case studies of NH-48 and NH-44, selected for their economic significance and
diverse PPP models (BOT and HAM). Each case examines contract structures, stakeholder roles, and community
impacts, drawing on interviews to highlight issues like toll resistance. The framework integrates findings to
propose enhancements, such as viability gap funding (VGF) to mitigate financial risks, inspired by its 12% risk
reduction on NH-44 (Jain & Rao, 2024). By combining quantitative rigor with qualitative insights, this
methodology ensures a comprehensive assessment of PPP performance, offering a scalable model for Karnataka’s
highway development.
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V. Case Studies

To assess the performance of Public-Private Partnerships (PPPs) on Karnataka’s National Highways, this study
examines two prominent projects: NH-48 (Bengaluru-Mumbai) and NH-44 (Srinagar-Kanyakumari). These
highways, critical to Karnataka’s economic and logistical framework, represent diverse PPP models—Build-
Operate-Transfer (BOT) for NH-48 and Hybrid Annuity Model (HAM) for NH-44. By analyzing cost efficiency,
completion timelines, traffic flow, and safety improvements, these case studies provide insights into the
opportunities and challenges of PPP implementation, drawing on data from the National Highways Authority of
India (NHAI), Karnataka Public Works Department (PWD), and stakeholder interviews.

NH-48: Bengaluru-Mumbai Expressway (BOT Model):

NH-48, spanning 280 km in Karnataka, is a vital corridor connecting Bengaluru’s tech hub to Mumbai’s
commercial center. The BOT model, implemented by a private consortium, involved constructing a six-lane
expressway with intelligent transportation systems (ITS) for toll collection and traffic monitoring. Cost efficiency
was notable, with a cost efficiency ratio (CE) of 0.95, indicating a 5% savings over the estimated 312,500 crore
budget (NHAI, 2023). The project was completed in 2021, six months ahead of schedule, yielding a completion
timeline deviation (CT) of -8% (Karnataka PWD, 2024). Traffic flow improved significantly, with Average
Annual Daily Traffic (AADT) increasing by 25% to 45,000 vehicles, reducing congestion by 20% at key
bottlenecks like Nelamangala (NHAI, 2024). Safety improvements included a 15% reduction in accidents due to
crash barriers and smart signage. However, challenges included initial community resistance to tolls, requiring
public awareness campaigns, and land acquisition delays that increased costs by 3% in early phases (Kumar et al.,
2021).

NH-44: Srinagar-Kanyakumari Corridor (HAM Model):

NH-44, covering 374 km in Karnataka, connects northern and southern India, passing through industrial hubs like
Tumkur. The HAM model, with 40% government funding via viability gap funding (VGF), mitigated financial
risks for the private partner. The project, completed in 2022, achieved a CE of 1.02, slightly over the 315,000
crore budget due to unforeseen geological challenges (NHAI, 2023). Completion was on schedule (CT = 0%),
reflecting effective risk-sharing. Traffic flow improvements were substantial, with AADT rising to 38,000
vehicles and a 22% reduction in travel time between Bengaluru and Hosur (Karnataka PWD, 2024). Safety metrics
showed a 20% accident reduction, driven by ITS-enabled speed monitoring and lane discipline. Stakeholder
interviews highlighted smooth collaboration between NHAI and the private partner, though rural toll resistance
posed challenges, necessitating subsidized toll rates for local users (Jain & Rao, 2024).

Map of PPP National Highways in
Karnataka

e NH-48
Bengaluru - Mumbai

e NH-44
Srinagar - Kanyakumari

TT 8 Toll Plaza

Completed

Figure 3: Map of PPP National Highways in Karnataka
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These case studies demonstrate PPPs’ potential to enhance Karnataka’s highway infrastructure. NH-48’s BOT
model excels in cost and timeline efficiency, while NH-44’s HAM model ensures risk mitigation and scalability.
Both projects improve traffic and safety, aligning with India’s infrastructure goals, but face challenges like toll
resistance and land acquisition. These insights inform the proposed framework for optimizing PPP contracts.

V. DISCUSSION

The case studies of NH-48 and NH-44 underscore the transformative potential of Public-Private Partnerships
(PPPs) in enhancing Karnataka’s National Highways, aligning with India’s infrastructure goals under the National
Highways Development Project (NHDP). The analysis reveals that PPPs significantly improve cost efficiency,
completion timelines, traffic flow, and safety, yet face persistent challenges that require strategic interventions.
This discussion synthesizes these findings, compares PPPs to traditional procurement, and proposes pathways to
optimize PPP frameworks for sustainable highway development in Karnataka.

The NH-48 (BOT model) and NH-44 (HAM model) projects demonstrate notable successes. NH-48 achieved a
5% cost saving (CE = 0.95) and early completion (CT = -8%), while NH-44 maintained on-schedule delivery (CT
= 0%) with a 20% accident reduction (Karnataka PWD, 2024). Both projects enhanced traffic flow, with NH-48
increasing AADT by 25% and NH-44 reducing travel time by 22% (NHAI, 2024). These outcomes highlight
PPPs’ ability to leverage private sector expertise and financing, integrating Intelligent Transportation Systems
(ITS) to optimize toll collection and traffic management. The Hybrid Annuity Model’s risk-sharing mechanism,
as seen in NH-44, mitigated financial burdens through viability gap funding (VGF), reducing private partner risks
by 12% (Jain & Rao, 2024).

Table 2: Comparative Analysis of PPP vs. Traditional Procurement in Karnataka

Metric PPP Projects (NH-48, NH-44) Traditional Procurement
Cost Efficiency (CE) 0.95-1.02 1.10-1.20
Completion Timeline (CT) -8 to 0% +10% to +20%
Accident Reduction (%) 15-20% 5-10%
AADT Increase (%) 22-25% 10-15%

Despite these achievements, challenges persist. Funding disputes, driven by high initial costs and toll revenue
uncertainties, increased NH-44’s CE to 1.02 (NHAI, 2023). Land acquisition delays, particularly on NH-48, raised
costs by 3% and sparked community resistance to tolls (Kumar et al., 2021). Risk allocation remains uneven, with
private partners often bearing disproportionate financial exposure, as noted by Patel and Gupta (2024). These
issues underscore the need for robust contract designs and stakeholder engagement. Compared to traditional
procurement, PPPs outperform in efficiency and safety (Table 2), but traditional methods avoid toll-related
conflicts, suggesting a need for hybrid strategies.

Opportunities for improvement include adopting performance-based contracts, inspired by USDOT’s PPP
framework, which could enhance efficiency by 18% (USDOT, 2024). Strengthening VGF and exploring green
financing, such as solar-powered toll booths, can address funding and sustainability goals, as demonstrated by
NH-48’s 5% emission reduction (Kumar et al., 2021). Public awareness campaigns and subsidized tolls for local
users, as implemented on NH-44, can mitigate community resistance. By refining risk allocation and leveraging
ITS, Karnataka can scale PPPs to support its 4,491 km highway network, fostering economic growth and road
safety.

VI. CONCLUSION

This study has comprehensively evaluated the role of Public-Private Partnerships (PPPs) in transforming
Karnataka’s National Highways, focusing on NH-48 and NH-44 as case studies. The findings affirm that PPPs,
through models like Build-Operate-Transfer (BOT) and Hybrid Annuity Model (HAM), significantly enhance
Karnataka’s 4,491 km highway network, aligning with the National Highways Authority of India’s (NHAI) goals
under the National Highways Development Project (NHDP). The analysis of cost efficiency (CE of 0.95-1.02),
completion timelines (CT of -8% to 0%), traffic flow (22-25% AADT increase), and safety improvements (15—
20% accident reduction) demonstrates PPPs’ capacity to deliver high-quality infrastructure, as seen in the
Bengaluru-Mysuru Expressway and NH-44’s Tumkur-Hosur stretch (NHAI, 2024; Karnataka PWD, 2024). These
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outcomes underscore PPPs’ potential to foster economic growth, reduce congestion, and enhance road safety,
supporting Karnataka’s role as a hub for technology and industry.

Despite these successes, challenges such as funding disputes, land acquisition delays, and community resistance
to tolls require strategic interventions. The NH-48 project faced 3% cost increases due to land issues, while NH-
44°s toll resistance necessitated subsidized rates (Kumar et al., 2021; Jain & Rao, 2024). The proposed framework,
integrating viability gap funding (VGF) and performance-based contracts, addresses these by reducing private
partner risks by 12% and improving efficiency by 18%, as inspired by global models like the USDOT’s PPP
framework (USDOT, 2024). Incorporating green technologies, such as solar-powered toll booths, further aligns
PPPs with sustainability goals, reducing emissions by 5% on NH-48 (Kumar et al., 2021).

Automated toll plaza

Smart signal

N TOLL 72 22\ > W4

Figure 4: Vision for Future PPP Highways in Karnataka

Looking ahead, Karnataka can leverage PPPs to scale its highway infrastructure by enhancing stakeholder
collaboration and innovative financing. Public awareness campaigns and equitable toll structures can mitigate
community resistance, while streamlined land acquisition processes, as recommended for NH-48, can reduce
delays. The integration of advanced ITS, such as real-time traffic monitoring, will further optimize AADT and
safety, building on NH-44’s 22% travel time reduction. These strategies position Karnataka to lead India’s
infrastructure transformation, supporting economic connectivity and sustainable development. This study’s
framework offers a blueprint for policymakers to refine PPP contracts, ensuring Karnataka’s highways meet the
demands of a rapidly growing economy while advancing India’s vision for world-class infrastructure.
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