_ IntERNATIONAL JOoURNAL oF MuLtiDiscipLiNnarY EpucaTtionar ReEsearcH
B IUWWNANN  1ssn:2277-7881(Print); iweact Factor:10.16(2026); IC Vawe:5.16; 151 Vawe:2.286

Peer-Peer Reviewed, Refereed & Open Access International Journal - As per UGC Norms
(Fulfilled Suggests Parameters of UGC by IJMER)

O[-{00} Volume:15, Issue:9(2), September 2026
Scopus Review ID: A2B96D3ACF3FEA2A
E Article Received: Reviewed: Accepted

Publisher: Sucharitha Publication, India
Online Copy of Article Publication Available: www.ijmer.in

ROADS ARE THE CULTURE OF THE NATION: ASSET MONETIZATION, P3 STRUCTURAL SHIFTS, AND
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Abstract

In contemporary macroeconomic paradigms, transport infrastructure has evolved from a passive public service utility into
an active socio-economic engine. Roads serve as a reflection of a nation's cultural integration, engineering capabilities, and
economic vitality. In India, which possesses the world’s second-largest road network, the National Highway (NH) network
expanded significantly from 91,287 km in 2014 to 1,46,572 km by 2026. This paper examines the strategic fiscal shift from
legacy, state-funded asset preservation to aggressive highway commercialization via modern Public-Private Partnerships
(P3). By evaluating the structural mechanics of the Toll-Operate-Transfer (TOT) model, Infrastructure Investment Trusts
(InvITs), and the deployment of Wayside Amenities (WSAs), this study provides empirical evidence of how capital
recycling and roadside resource maximization elevate the national Gross Domestic Product (GDP) and raise the standards
of living for peripheral rural communities.

Key Words: National Highway, Public-Private Partnerships, Toll-Operate-Transfer model, Infrastructure Investment
Trusts (InvITs), and Wayside Amenities.

1. Introduction: Roads as the Economic and Cultural Core

The idea that “roads are the culture of a nation” reflects the close relationship between mobility, economic activity, and
social development. When highways are viewed not merely as transport routes but as commercial and strategic assets, they
can generate revenue, improve connectivity, create local economic opportunities, and contribute to national growth.

India’s highway development has evolved in response to a persistent infrastructure financing gap. Traditional state-funded
models placed significant pressure on public finances, while inadequate connectivity constrained the movement of goods
and economic activity. In response, India has progressively adopted public—private partnership (PPP) and asset monetization
models. This paper examines this transformation through major corridors such as the Golden Quadrilateral and Delhi—
Mumbai Expressway, highlighting how modern highways can function as both transport infrastructure and economic assets.

2. Structural Shift to PPP Financing
India’s highway financing has progressed through three broad phases:
Phase I: Traditional EPC — Public Financing

EPC stands for Engineering, Procurement, and Construction. Highways were primarily funded through government
budgets, placing construction, land acquisition, and maintenance responsibilities on the state. Limited fiscal resources
contributed to slow infrastructure expansion.

Phase II: BOT Models — Private Participation

The introduction of Build-Operate-Transfer (BOT) models brought private capital into highway development. Under BOT-
Toll, developers assumed construction and traffic risks in exchange for long-term toll rights, while BOT-Annuity transferred
traffic risk to the government through fixed payments. However, unrealistic traffic projections, land acquisition delays, and
financing constraints eventually led to widespread project stress and reduced bank lending.
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Phase II1: Modern PPPs and Asset Monetization

Modern PPPs are smart team-ups between the government and private companies to build roads faster and safer. Unlike
traditional "pure" models—where either the government paid for everything (traditional EPC) or the private player bore all
the financial and traffic risks (legacy BOT-Toll) but modern PPPs use highly balanced risk-sharing algorithms to protect
both public finances and private balance sheets

India subsequently adopted more balanced models such as the Hybrid Annuity Model (HAM) for new projects and Toll-
Operate-Transfer (TOT) and Infrastructure Investment Trusts (InvITs) for operational assets. Under the National
Monetisation Pipeline (NMP), mature highways are monetized to unlock capital and attract long-term institutional
investment.

The central principle is capital recycling: revenue from existing highways is mobilized to finance new infrastructure. This
creates a more sustainable financing cycle, reduces dependence on direct public expenditure, and enables India to expand
its highway network while leveraging private investment.

3. Highway Commercialization Models

Different countries demonstrate how highways can be treated as long-term commercial assets rather than solely public
infrastructure.

3.1 India: Asset Monetization through TOT and InvITs

India monetizes operational highways through Toll-Operate-Transfer (TOT) concessions and Infrastructure Investment
Trusts (InvITs). Supported by digital tolling and organized Wayside Amenities (WSAs), these models attract private capital,
generate upfront revenue, and recycle funds into new infrastructure while creating local commercial opportunities.

3.2 United States: Long-Term PPP Concessions

The United States uses long-term PPP concessions, exemplified by the Indiana Toll Road, where private operators invest in
road modernization and commercial travel facilities. These arrangements generate upfront or long-term financial value for
governments while improving highway services.

3.3 France: Regulated Private Concessions

France operates major highways through long-term, state-regulated private concessions. Commercialized rest areas combine
retail, food, services, and tourism facilities, while private operators undertake substantial maintenance and technology
investments, reducing the direct financial burden on the state.

Comparative Perspective

Country|[Primary Model Commercial Focus Key Benefit
India TOT & InvIT WSAs & digital tolling Capital recycling and regional development
USA Long-term PPPs Travel plazas & EV facilities||Private investment and public revenue
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Country|[Primary Model Commercial Focus Key Benefit

France |[Regulated concessions||Retail and service areas Reduced public maintenance burden

Economic and Social Benefits

Highway commercialization generates value through three interconnected channels:

Improves Living Standards & National Income

Highway Commercialization

F» Unlocks Private Capital =P Reduces State Budget Pressure —P Enables Greater Spending
on Education, Healthcare & Welfare

I-I" Develops Roadside Commercial Hubs —P Creates Local Micro-Economies —P Generates
Jobs & Income in Rural Communities

|—I" Improves Logistics Efficiency —P Lowers Transportation Costs —P Strengthens GDP
Growth & International Trade

e Local economic development: WSAs create markets for farmers, artisans, retailers, and service providers, particularly
in rural areas.

o Capital recycling: Monetizing mature road assets releases public capital for new infrastructure and other development
priorities.

e Lower logistics costs: Better-maintained, digitally managed highways reduce travel delays, fuel consumption, and
vehicle operating costs, strengthening national productivity and trade competitiveness.

The international experience shows that commercially managed highways can simultaneously mobilize private capital,
support local economies, reduce public financial pressure, and improve national logistics efficiency.

4. Financial Engineering and Commercialization of Indian Highways

India has gradually moved from conventional, state-funded highway development toward asset monetization and public—
private partnership (PPP) models. Through Toll-Operate-Transfer (TOT) and Infrastructure Investment Trusts (InvITs),
operational highways generate capital that can be recycled into new infrastructure.
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NHAI Developed Operational Highway
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Toll-Operate-Transfer (TOT Model)
( Asset Monetization )
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(Capital Markets)
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Upfront Capital Inflow & Long-term Yield

v
Capital Recycled into Greenfield Projects

4.1 Toll-Operate-Transfer (TOT)

Under TOT, operational highways are transferred to private or institutional investors for a fixed concession period in
exchange for an upfront payment to NHAI. The investor operates and maintains the asset while recovering its investment
through toll revenues. This approach unlocks capital from mature roads and reduces the government’s dependence on direct

budgetary funding for new projects.

4.2 Infrastructure Investment Trusts (InvITs)

InvITs pool operational infrastructure assets and offer investors units backed by their long-term cash flows. They enable
institutional and retail investors to participate in infrastructure investment while providing NHAI with an additional channel
for capital recycling and long-term financing.

3. Roadside Resource Utilization: Creating Local Economic Hubs

National Highway Network

I
\J

Micro-Economic Hubs

(Wayside Amemities & Services)

v
Macro-Logistics Engine

(Digital Tolling & FASTag)

I
A J

Employment

Generation

v A J
Inclusive Reduced Logistics
Growth Friction
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A. Transforming Rest Areas into Micro-Economic Hubs

Wayside Amenities (WSAs) are evolving from basic rest stops into integrated commercial and service hubs along major
highways. They can combine fuel and EV charging stations, vehicle repair, retail, food, accommodation, and dedicated
facilities for truck drivers, including rest areas, healthcare, and logistics services.

B. Promoting Social Inclusion and Local Development

WSASs can also connect rural communities with growing highway markets by providing space for farmers, artisans, and
Self-Help Groups (SHGs) to sell local products directly to travelers. This creates new markets, generates employment in
retail, hospitality, transport, and maintenance, and helps retain economic activity within rural communities. Thus, WSAs
can function not only as highway service facilities but also as localized engines of employment, entrepreneurship, and rural
economic development.

6. Technology as an Economic Multiplier

The NETC/FASTag system has further strengthened highway commercialization by digitizing toll collection. It reduces
manual intervention and revenue leakage while improving transaction efficiency.

Faster toll processing also reduces vehicle idling, fuel consumption, and travel delays. Lower logistics costs improve supply-
chain efficiency and strengthen the competitiveness of Indian goods in domestic and international markets.

7. Traditional vs. Commercialized Highway Paradigm

Dimension Traditional Model Commercialized Model
Funding Public budgets and debt Asset monetization and private capital
Maintenance Primarily state-managed Concessionaire-led

Roadside Land ||Limited commercial planning  ||Organized WSAs and service hubs

Local Impact Mainly passive beneficiaries Employment, retail, and market participation

The commercialized highway model represents a shift from roads as public expenditure to roads as productive economic
assets, combining capital recycling, digital efficiency, roadside commerce, and local economic development.

8. Case Studies and Data Analysis: Corridor-Level Monetization

Modern highway development in India increasingly transforms transport corridors into integrated economic zones. The
Golden Quadrilateral (GQ) demonstrates the impact of improved national connectivity on logistics and manufacturing,
while the Delhi-Mumbai Expressway (NE-4) illustrates how planned commercial nodes can extend economic benefits to
rural and peripheral communities.
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Empirical Case Studies of Specific Corridors

Corridor Monetization & Spatial Transformation

|
v

Golden Quadrilateral (GO)

|
v

Delhi Mumbai Expressway

* Supplier switching optimization

v v
Freight Efficiency Peripheral Economic Development
* 1-week inventory reduction for firms * 94 planned WSAs

* Direct rural retail access

* EV & logistics hubs integration

8.1 Golden Quadrilateral: Transforming National Supply Chains

The 5,846 km Golden Quadrilateral, connecting Delhi, Mumbai, Chennai, and Kolkata, provides a strong example of how
highway modernization can reshape industrial and logistical activity.

Golden Quadrilateral Macroeconomic Impacts
I
| |
v v
Logistical Efficiency Industrial Relocation
l
| |
v v
* 1-week reduction in factory * 15-20% surge in new plant
input inventory holdings. setups in non-urban districts.
* Drastic drops in long-haul * Broad geographic dispersion of
freight turnaround times. manufacturing output.

The expansion of major routes from two lanes to four or six lanes reduced travel bottlenecks, improved supply-chain
reliability, and expanded access to suppliers and markets. Studies indicate that firms in the corridor reduced input inventories
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by approximately one week, freeing working capital, while improved connectivity enabled manufacturers to source from a
wider and more competitive supplier base.

Thus, the GQ’s significance extends beyond faster transportation: it has contributed to greater supply-chain efficiency, wider
market integration, and the geographic expansion of industrial activity.

8.2 Delhi-Mumbai Expressway: Creating Peripheral Economic Hubs

The 1,386 km Delhi-Mumbai Expressway represents a newer model of corridor development in which transport
infrastructure is integrated with commercial and regional economic planning. Designed for high-speed movement, the
corridor significantly reduces travel distance and can substantially shorten freight transit times between northern India and
major western markets.

Delhi-Mumbai Expressway
Commercialized Nodes
| I |
v v
Macro-Logistics Engine Peripheral Economics
| |
v v
* Distance cut by ~130 km * 94 Standardized WSAs
* Transit time: 24h —P> 12h * Structured EV Grid & Motels

* Closed loop FASTag Tolling * Village Haats for SHGs

Its planned network of Wayside Amenities (WSAs) further expands the economic function of the highway. These facilities
can combine fuel and EV charging, logistics services, retail, food, healthcare, and rest areas, creating organized commercial
nodes along the corridor.

Importantly, the inclusion of spaces such as Village Haats can connect farmers, artisans, and Self-Help Groups (SHGs)
directly with highway consumers. This creates local markets and employment opportunities while allowing rural
communities to participate in the economic value generated by improved connectivity.

Together, these corridors demonstrate two complementary dimensions of highway commercialization: the Golden
Quadrilateral strengthens national logistics and industrial integration, while the Delhi-Mumbai Expressway links high-
speed infrastructure with localized commercial and rural development.

9. Advanced Financial Engineering and Risk Analysis

The choice between Toll-Operate-Transfer (TOT) and Infrastructure Investment Trusts (InvITs) largely depends on how
risk is distributed and the type of investment sought.
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9.1 Concentration vs. Diversification

A TOT involves a private operator acquiring long-term rights to a specific highway bundle, thereby assuming greater
exposure to traffic and demand risks within that corridor.

An InvIT, by contrast, pools multiple road assets across regions, spreading traffic and operational risks across a diversified
portfolio. This makes InvITs relatively more resilient to localized fluctuations in individual highway performance.

Thus, TOT offers direct asset exposure, while InvIT provides greater diversification and risk distribution.

NHALI Infrastructure Asset Pipeline

|
v

Toll-Operate-Transfer

(TOT Framework)

\4

» Single Asset Block
* Upfront Lump Sum

* High Equity Risk

|
v

InvIT Model
(Capital Markets)
v
* Diversified Pooling
* Regular Distribution

* Retail/Pension Funds

9.2 Comparative Risk and Investor Profiles

Risk & Structural
Dimension
Dimension

Toll-Operate-Transfer (TOT)

Infrastructure Investment Trust (InvIT)

Construction Risk

None. Limited to operational brownfield
road assets.

None. Focused on stable, cash-

generating highway assets.

operational,

Traffic & Demand

High & Concentrated. Private operators bear

Low & Diversified. Traffic underperformance across

. the direct impact of localized traffic||individual corridors can be partially offset by stronger
Risk . . .
declines. performance elsewhere in the portfolio.
Operations &||High Concessionaire Exposure. Investors|Moderate / Outsourced. Professional managers
Maintenance are responsible for asset maintenance and|oversee O&M, funded through pooled portfolio cash
(O&M) Risk pavement quality under defined SLAs. flows.

Financing Structure

Upfront Lump-Sum. The winning bidder
pays NHAI a one-time concession fee.

Unit-Based Capital Raising. Capital is raised through
the issuance of units to institutional and retail
investors.
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Risk & Structural
Dimension Toll-Operate-Transfer (TOT) Infrastructure Investment Trust (InvIT)
Dimension

Global private equity firms, sovereign

Target Investor . Institutional pension funds, insurance companies,
wealth funds, and large infrastructure . o
Profile mutual funds, and domestic retail investors.
operators.
Typical Concession|| . . Long .te.rm, typlC{:lHy 20-30 years, with greater
Horizon Fixed-term, typically 20 years. flexibility depending on the underlying assets and
structure.

10. Quantitative Monetization Dynamics
India’s modern PPP and asset monetization framework has generated significant financial value from operational highways.

e Asset Recycling: NHAI has raised over 1.4 lakh crore through the monetization of more than 6,100 km of national
highways.

e FY 2025-26 Performance: NHAI generated 328,307 crore through InvIT and TOT transactions, including 36,366.98
crore from InvIT Round-5 and %3,087 crore from TOT Bundle-18.

e Toll Revenue: Annual highway toll collections have reached approximately 282,900 crore, providing a stable revenue
base that strengthens investor confidence and supports continued private participation.

These figures demonstrate that highway monetization is evolving into a sustainable mechanism for recycling public assets,

mobilizing private capital, and financing future infrastructure development.

11. Technological Enablers: Improving Toll Efficiency and Revenue Management

The commercialization of India’s highway network increasingly depends on digital technologies that improve toll collection,
reduce revenue leakage, and enhance the efficiency and value of road assets. Systems such as NETC/FASTag, Automatic
Number Plate Recognition (ANPR), and Weigh-in-Motion (WIM) are transforming tolling from a manual process into a
more transparent and data-driven system.

Digitized Toll Ecosystem

}—»FASTag (RFID) —P Cashless Tolling —P Reduced Revenue Leakage

}—» ANPR (Cameras / Gantries) — Barrier-Free Tolling —» Enables Dynamic &
Distance-Based Tolling

L—» WIM (Weigh-in-Motion Sensors) —» Real-Time Overload Detection —» Lower Road
Damage & Longer Pavement Life

11.1 FASTag and Digital Toll Collection

FASTag, based on RFID technology, has replaced much of the earlier cash-based toll collection system. It enables faster,
traceable transactions, reduces queues and manual intervention, and improves revenue transparency. By minimizing delays
at toll plazas, it also contributes to more efficient freight movement and lower logistics costs.
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11.2 ANPR and Open Road Tolling

ANPR technology can further modernize tolling by identifying vehicles electronically and enabling toll collection with
minimal or no physical barriers. Its integration with Open Road Tolling (ORT) can support more flexible, distance-based
charging while reducing the land, infrastructure, and operating costs associated with conventional toll plazas.

11.3 Weigh-in-Motion and Asset Protection

Weigh-in-Motion systems provide automated monitoring of vehicle loads and help identify overloaded freight vehicles. By
controlling excessive axle loads, these systems reduce premature pavement deterioration, lower maintenance costs, and
protect the long-term value and financial performance of highway assets.

The digital tolling and monitoring technologies are critical to making India’s highways more efficient, transparent,
financially sustainable, and resilient as commercial infrastructure assets.

12. Strategic Policy Recommendations

To strengthen the National Monetization Pipeline (NMP) while ensuring inclusive and sustainable regional development,
India’s PPP framework should focus on three key priorities:

12.1 Inclusive Land Monetization

Large-scale development of Wayside Amenities (WSAs) requires substantial land and can create local resistance. A
Highway Land Pooling Model (HLPM) could replace conventional compensation with equity participation or guaranteed
commercial space for landowners. This would transform affected rural communities into long-term stakeholders, generating
rental income, employment, and local economic opportunities.

12.2 Flexible Concession Structures

Fixed-term Toll-Operate-Transfer (TOT) contracts can expose investors to fluctuations in traffic and economic conditions.
Concession agreements should therefore incorporate dynamic traffic-based clauses. Lower-than-expected traffic could
trigger an extension of the concession period, while significantly higher traffic could result in additional revenue sharing
with the government. This would balance investor protection with public value creation.

12.3 Green and Sustainable Corridors

Commercialized highways should support India’s broader environmental goals. WSAs should progressively adopt solar-
powered energy systems and EV charging infrastructure, while a defined share of toll revenues could support afforestation
and ecological restoration along highway rights-of-way. This would enable highway commercialization to contribute to
both economic growth and environmental sustainability.

The policy framework should move beyond revenue maximization toward a model that combines financial resilience, local
participation, and environmental responsibility. Such an approach can make highway asset monetization more equitable,
sustainable, and beneficial to both investors and surrounding communities.

13. Conclusion

India’s evolving highway development strategy demonstrates that transport infrastructure can be transformed from a
conventional public expenditure into a self-sustaining and productive economic asset. The shift from traditional state-funded
EPC models toward public—private partnership (PPP) and asset monetization frameworks such as Toll-Operate-Transfer
(TOT) and Infrastructure Investment Trusts (InvITs) enables the government to unlock the value of mature road assets and
recycle the resulting capital into the development of new infrastructure.
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Beyond mobilizing financial resources, this approach creates an opportunity to integrate highways with wider regional
development. The planned development of roadside commercial, logistics, transit, tourism, and cultural facilities can
generate employment, support local enterprises, improve access to markets and services, and create new sources of income
for communities along these corridors. Such interventions are particularly significant in rural and semi-urban areas, where
improved connectivity combined with commercial activity can accelerate local economic development and help reduce
regional disparities.

The policy implication is therefore clear: highway development should be approached not merely as the construction of
transport corridors, but as the creation of integrated economic ecosystems. Effective asset monetization should be
complemented by systematic planning for roadside land use, logistics, public amenities, local enterprise development, and
community participation. This would enable the economic benefits generated by major highway investments to extend
beyond toll revenues and reach the communities located along these corridors.

India’s experience suggests that when highways are managed as long-term economic assets rather than simply as physical
infrastructure, they can simultaneously support capital formation, attract private investment, stimulate regional economies,
and improve social and economic inclusion. The future of highway development therefore lies in combining asset
monetization, commercial development, infrastructure efficiency, and inclusive regional planning.

Ultimately, India’s commercialized highways have the potential to become more than roads connecting destinations. They
can serve as catalysts for investment, platforms for regional development, and instruments for creating and distributing
economic value across the country.
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