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Abstract - This paper examines the effectiveness of various 
project delivery models employed by the National Highways 
Authority of India (NHAI) for highway infrastructure projects. 
Through case study analysis of Engineering, Procurement and 
Construction (EPC), Build-Operate-Transfer (BOT), and 
Public-Private Partnership (PPP) models, this research 
compares performance in terms of cost, time, and quality. 
Findings highlight the relative strengths and weaknesses of 
each model, with recommendations for optimizing delivery 
mechanisms. A focus on digital tools and improved 
stakeholder coordination is presented, along with policy 
recommendations. 
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1.INTRODUCTION 

India's road transport infrastructure plays a critical role in 
economic growth and development. The National Highways 
Authority of India (NHAI) is responsible for the planning, 
development, and maintenance of over 1,45,000 km of 
national highways. As the demand for efficient transportation 
systems grows, NHAI has adopted various Project Delivery 
Models (PDMs), including Engineering, Procurement, and 
Construction (EPC), Build-Operate-Transfer (BOT), and 
Public-Private Partnership (PPP). However, challenges such 
as cost overruns, delays, and quality compromises persist. 
This research investigates the effectiveness of these delivery 
models by analyzing the performance of selected NHAI 
highway projects. The study aims to identify best practices, 
evaluate model-specific strengths and weaknesses, and 
provide recommendations for improving project delivery 
outcomes. 

2. LITERATURE REVIEW 

This chapter critically examines existing literature on project 
delivery models, focusing on EPC, BOT, and PPP models in 
highway infrastructure. Various international studies have 
explored the effectiveness of these models, highlighting 
challenges such as cost overruns, delays, and stakeholder 
satisfaction. Bhattacharjee & Sahoo (2020) have identified 
that HAM provides financing flexibility; involves reduced 
developer risk, Sharma & Gupta (2019) have analyzed 
private sector efficiency and risk-sharing mechanism in their 

study on PPP models. Whereas, Vyas & Desai (2016) have 
studied BOT model and identified key risks and mitigation 
strategies in BOT projects. 

 Key research gaps are identified, including the need for 
better risk-sharing strategies, the integration of digital tools 
in project monitoring, and the need for more comprehensive 
post-project evaluations. Several scholars have proposed 
performance-based contracts, enhanced financial 
structuring, and the adoption of advanced technologies to 
improve project outcomes. 

3. METHODOLOGY 

This research adopts a case study-based methodology to 
evaluate the effectiveness of the EPC, BOT, and PPP models 
used in NHAI highway projects. The study examines three 
selected case studies representing these models: NH44 
(EPC), NH48 under HAM (BOT), and Eastern Peripheral 
Expressway (PPP). Data was collected through a 
combination of primary interviews, secondary project 
reports, and field observations. Performance metrics such as 
cost efficiency, time adherence, quality of construction, and 
risk allocation effectiveness were analyzed using SWOT 
analysis, comparative analysis, and thematic analysis 
techniques. 

Table 1: Components of Conceptual Frame Work 

Dimension Key Variables / Parameters 

Project 
Delivery 
Models 

EPC, BOT (Toll / Annuity), HAM, PPP 

Project 
Performance 
Indicators 

Cost Efficiency, Time Adherence, Quality 
of Construction, Lifecycle Maintenance, 
Stakeholder Satisfaction 

Risk 
Management 
Practices 

Risk Identification, Risk Allocation, Risk 
Mitigation, Force Majeure Handling, 
Dispute Resolution Mechanisms 

Enabling 
Factors 

Institutional Capacity, Financing 
Structure, Policy Support, Use of Digital 
Monitoring Tools (BIM, GIS, IoT) 
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4. Case Study Analysis  

The case study analysis section presents a detailed 
evaluation of three key highway projects under different 
delivery models. The findings suggest that each model has its 
own strengths and challenges. The EPC model is best suited 
for low-risk, government-funded projects but struggles with 
time delays and cost overruns. The BOT (HAM) model offers 
balanced risk-sharing and cost control but faces challenges 
in traffic estimation and delayed fund disbursements. The 
PPP model leverages private sector efficiencies but is highly 
sensitive to demand forecasts and revenue generation. 

 

Figure 1: SWOT Analysis of HAM Model 

 

Figure 2: SWOT Analysis of PPP Model 

 

Figure 3: SWOT Analysis of EPC Model 

Table 2: Cost Over-run Analysis 

Project Planned Cost 
(₹ Crore) 

Actual Cost (₹ 
Crore) 

Cost Overrun 
(%) 

NH44 (EPC) 1200 1350 12.5 

NH48 (HAM) 2100 2150 2 

EPE (PPP) 4500 4950 10 

 

5. Discussion and Comparative Evaluation  

The comparative evaluation of the three models revealed 
several key insights. The HAM model demonstrated superior 
cost efficiency and stakeholder satisfaction due to its 
balanced risk-sharing approach. The EPC model, while 
providing better time adherence, suffered from cost 
overruns and lacked flexibility to handle unforeseen 
circumstances. The PPP model, despite offering high-quality 
construction, was burdened by high financial risks and 
significant delays. 

 

Figure 4: Quality Performance of Highway Projects 
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Figure 5: Time Over-run Analysis 

 

Figure 6: Cost Comparisons of Highway Projects 

Table 3: Effectiveness of Risk Allocation 

Model Risk Sharing Structure Effectiveness 

EPC 
Risk largely retained by 
government 

Low; weak flexibility for 
cost or time variation 

HAM 
Balanced between NHAI 
and developer 

High; shared risks 
reduce disputes 

PPP 
Revenue and financing risk 
mostly on developer 

Low; skewed risk leads 
to stress for private 
partners 

 

6. Recommendations and Best Practices 

Based on the findings, this paper proposes the following 
recommendations for optimizing project delivery in NHAI: 1. 
Adoption of performance-based maintenance contracts 
(PBMC) to ensure high-quality post-construction outcomes. 
2. Improved risk-sharing mechanisms, with clear guidelines 
on risk allocation across the delivery models. 3. Integration 
of digital tools such as GIS, BIM, and IoT to enhance project 
monitoring and reduce cost/time overruns. 

 

 

Table 4: Model Recommendations 

Project Condition 
Recommended 
Model 

Reason 

Fully government-
funded with design 
control needed 

EPC Model 

Suitable for low-
complexity, time-
bound projects with 
government 
financing. 

Balanced risk-
sharing with stable 
financing required 

HAM (Hybrid 
Annuity Model) 

Shared financial 
responsibility 
reduces developer 
stress and ensures 
time adherence. 

Large-scale projects 
requiring private 
innovation and 
operation 

PPP (BOT Toll / 
Annuity) 

Encourages private 
sector efficiency but 
requires strong 
demand projections 
and revenue 
assurance 
mechanisms. 

 

6. Conclusion  

This study concludes that while each project delivery model 
has its merits, the Hybrid Annuity Model (HAM) emerges as 
the most balanced in terms of cost control, time 
management, and stakeholder satisfaction. Future research 
should focus on refining these models and incorporating 
emerging technologies to further optimize highway project 
delivery in India. 
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