
Step into the future of public transportation with 
modern light rail vehicles, designed to balance 
mobility, sustainability, and urban planning excellence.

Revolutionizing Urban 
Mobility with Light 
Rail Vehicles (LRVs)
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Typical Criteria of Trams LRVs Metros

Abstract

This paper explores strategies to alleviate road traffic challenges and enhance the quality 
of urban travel by promoting accessible and comfortable transportation alternatives. By 
advocating for increased public transport use, particularly in densely populated cities 
facing severe congestion, the study highlights the potential improvements to urban life. 
Modern light rail vehicles (LRVs) have been identified as a compelling solution that offers 
high levels of comfort without compromising convenience or mobility. Emphasizing the 
shift from private vehicles to public transit, the paper illustrates how expanded light rail 
options can foster a more sustainable and comfortable urban lifestyle.

Advantages of Rail-Bound Transport Solutions

Efficient urban mobility is a cornerstone of thriving cities. Trams and light rail vehicles (LRVs) are 
rail-bound vehicles which operate within cities and their immediate surroundings, offering 
transformative advantages by addressing key urban challenges. 

Axle load ≤ 10 - 12 t ≤ 12 t ≤ 17 t

Max. speed ≤ 70 km/h ≤ 80 - 100 km/h 125 km/h

Capacity 30 Seats, 157 Max 72 Seats, 220 Max 150 Max

Length 15 - 60 m 25 - 40 m 22.9 m

Typical consist of 1 Vehicle 2 - 5 Vehicles 4 - 10 Vehicles

Entrance height   200 - 350 mm 350 - 1,000 mm 760 – 1100 mm
above TOR above TOR above TOR

Network integrated into on segregated on segregated 
urban traffic tracks tracks
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The following highlights underscore the value of adopting rail-bound transport

02

Tram Light Rail Vehicle Metro Vehicle

Reduction in Individual 
Car Traffic
Less congestion and 
improved flow on urban roads

Enhanced Mobility 
Quick connections between 
urban and suburban areas.

Environmental Benefits
Reduced pollution and noise 
levels.

Attractiveness 
for Urban Development
Boosts tourism and supports 
sustainable city growth.

Economic Efficiency 
Lower costs for road repairs 
and maintenance.

Integration with 
Overland Traffic 
Extends the reach and 
effectiveness of city 
transport networks.
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What is LRV: An Introduction

Light Rail Vehicles (LRVs) represent a versatile and efficient urban transit solution. Derived from 
tram technology, LRVs offer higher capacity and speed while maintaining compatibility with urban 
environments. They fill the gap between heavy rail systems like metros and buses, operating 
effectively on short to medium distances. Key features include:

Comparison Between LRVs & Road Traffic

Comparing LRVs to road traffic reveals several advantages and challenges, especially in urban 
areas where both types of transit coexist. LRVs often bring benefits in terms of efficiency, 
capacity, environmental impact, and safety, but they also interact closely with road traffic, 
impacting flow, road infrastructure, and overall urban mobility. Here’s a breakdown of how LRVs 
compare to road traffic:

Parameter Light Rail Vehicles Road Traffic

Capacity and Efficiency
Accommodates several 
hundred passengers.

Limited capacity, leading to 
more congestion.

Environmental Impact
Electric-powered; low 
emissions and noise.

High emissions from 
combustion engines.

Safety
Operates on dedicated tracks, 
minimizing risks.

High accident rates due to 
decentralized control.

Space Usage
Requires dedicated 
infrastructure but less land.

Demands extensive road and 
parking spaces.

Urban Planning Role

Prominent in cities 
worldwide, from European 

to North American and 
Asian networks.

Design and Structure 
Compact and accessible, 

with flexible interior 
layouts and eco-friendly 

propulsion systems.

Operations and Applications

Dedicated tracks and urban 
integration, balancing 

efficiency with minimal 
environmental impact.
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Types of Light Rail Vehicles

Light Rail Vehicles (LRVs) are categorized based on their floor height, which impacts accessibility 
and infrastructure requirements. The two primary types are:

Specification Low-Floor LRVs High-Floor LRVs

Floor Height
300-400 mm above top of rail 
(TOR)

800-1,000 mm above top of rail 
(TOR)

Accessibility
Easier boarding for passengers 
with limited mobility

Requires raised platforms or steps 
for boarding

Design Features
Flexible interior layouts, suitable 
for urban environments

Greater durability and simplicity 
for long-distance routes

Infrastructure
Compatible with pedestrian 
zones, minimal retrofitting

Best suited for existing high-
platform infrastructure

Common Usage
Urban networks, modern transit 
systems

Older or high-capacity systems

Operational Usage
Ideal for urban networks, modern 
transit systems

Common in older or high-capacity 
systems

Cost Efficiency
Generally lower due to simpler 
integration requirements

Higher initial costs but longer 
service life

Wheel Arrangement 
and Bogies

Portal bogies allowing low-floor 
design flexibility

Conventional bogies for structural 
simplicity

Power and Traction 
Systems

Distributed systems with 
lightweight components

Underfloor systems enabling 
robust power capabilities

Low Floor LRVs1 2High Floor LRVs

Low Floor Vehicle High Floor Vehicle
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Technical Specifications of LRVs 

Typical specifications for LRVs reflect their adaptability to various urban transit needs. Below are 
key technical attributes:

Attribute Specification

Length 26.94 m

Width 2.5 m

Entrance Height Low-Floor: 300-400 mm | High-Floor: 800-1,000 mm

Maximum Speed 80 km/h

Seating Capacity 70 passengers

Standing Capacity 118 passengers (4 persons/m²)

Track Gauge 1,435 mm (standard gauge)

These specifications demonstrate the balance between capacity, speed, and accessibility that 
LRVs offer for efficient urban transit systems.
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Challenges and Key Operational Considerations for LRVs

Cities face a diverse set of obstacles that require strategic planning, technological investment, 
community support, and sustainable funding. By acknowledging and preparing for these 
challenges—such as high costs, urban planning complexities, and technical hurdles—cities can 
create robust, reliable, and sustainable LRV systems that support broader goals of urban mobility 
and sustainability. This section provides a detailed exploration of these challenges:

1. High Initial Implementation Costs

• Infrastructure Investment: Setting up an 
LRV system requires significant upfront 
costs including laying tracks, constructing 
stations, installing power systems (like 
catenary wires or battery charging 
infrastructure), and acquiring the LRVs 
themselves.

• Land Acquisition and Construction: In 
dense urban areas, acquiring land for 
tracks and stations can be costly and 
politically sensitive.

• Funding Sources: Cities may need to 
explore a mix of public funding, loans, and 
private investments, complicating project 
planning and budgeting.

2. Infrastructure and Urban Layout 
Requirements

• Space Constraints: Installing dedicated or 
semi-dedicated tracks, in narrow or 
crowded streets poses challenges.

• Track Design and Integration: Tracks 
must blend with pedestrian zones, car 
lanes, and other transit modes to avoid 
congestion, accidents, or disruption.

• Maintenance Needs: Infrastructure, 
including tracks and power systems, 
requires regular upkeep to ensure safety 
and operational efficiency.
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3. Operational Limitations

• Lower Speeds Compared to Heavy Rail: 
LRVs are more effective for short-to-
medium urban trips.

• Limited Capacity: While LRVs can carry 
more passengers than buses, they fall 
short of metros or heavy rail capacities. 

• Restrictions on Steep Inclines and Sharp 
Turns: LRVs face limitations in slope and 
curve tolerances, restricting their 
deployment in hilly areas.

4. Traffic and Safety Concerns

• Integration with Road Traffic: Shares 
Road space increases the risk of accidents, 
especially at intersections or pedestrian 
crossings.

• Safety Features: Requires advanced 
signalling systems, protective barriers, and 
pedestrian crossings.

• Training and Awareness: Public education 
and operator training are essential for safe 
LRV operations.

5. Environmental and Aesthetic Concerns

• Visual Impact: Overhead wires (in catenary 
systems) can be intrusive in historic or 
scenic areas. 

• Noise and Vibration: Although quieter 
than buses or cars, LRVs can still generate 
noise especially on shared tracks. 

• Energy Source: LRVs’ environmental 
depend on clean electricity sources.
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Future Trends in Light Rail Vehicle

Future innovations and transformations in LRV systems are designed to make urban transit faster, 
more efficient, and sustainable. Here are some key areas of exploration:

1. Autonomous and Driver-Assisted 
Technologies

• Self-Driving LRVs: Advanced AI and 
sensors enable autonomous 
operations, reducing costs and 
enhancing efficiency.

• Driver Assistance Systems: Features 
like collision avoidance, automatic 
emergency braking, and speed 
regulation improve safety and reliability.

2. Smart Infrastructure Integration

• Digital Signaling Systems: Real-time 
and communication optimize capacity 
and reduce congestion.

• Connected LRVs: Interaction with city 
infrastructure and other vehicles 
enhances route optimization and 
safety.

3. Passenger Experience and Accessibility 
Enhancements

• Advanced Passenger Information 
Systems (PIS): Real-time updates and 
route information enhance user 
experience.

• Enhanced Accessibility: Designs with 
wider doors, automated ramps, and low 
floors ensure inclusivity.

• Comfort and Customization: Features 
like adaptive seating, air purification, 
noise reduction, and climate control. 
improve ride quality.

4. Modular and Lightweight Designs

• Modular Vehicle Architecture: 
Customizable components enable city-
specific configurations. 

• Use of Lightweight Materials: 
Aluminium alloys and composites 
improve fuel efficiency and reduce track 
wear.

5. Cybersecurity and Data Privacy

• Protection Against Cyber Threats: 
Ensures secure operations and 
passenger safety.

• Data Privacy for Passengers: Protects 
sensitive passenger information while 
improving service.
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Cyient’s LRV Capabilities

Cyient is set to revolutionize the Light Rail Vehicle (LRV) industry with its innovative and intelligent 
engineering solutions. By offering a comprehensive suite of services, Cyient enhances efficiency, 
safety, and passenger experience, making it a trusted partner for the development of modern, 
sustainable transportation systems.

Key Contributions

By addressing the critical needs of efficiency, safety, and sustainability, Cyient is positioned as a 
key player in driving the transformation of the LRV industry and shaping the future of urban 
mobility.

End-to-End Design and 
Development
Providing integrated solutions 
that cover the entire lifecycle 
of LRVs, from concept and 
design to manufacturing 
support and maintenance 
strategies.

Sustainability Focus
Designing eco-friendly solutions 
to reduce environmental impact, 
including lightweight materials, 
energy-efficient propulsion 
systems, and renewable 
energy integration.

Innovative Engineering 
Excellence
Leveraging advanced technologies 
such as 3D modelling, digital 
twins, and simulation to 
optimize vehicle 
performance and 
durability.

Passenger-Centric Designs
Prioritizing passenger comfort 
with ergonomic seating, 
accessible layouts, and 
advanced infotainment 
systems.

Enhanced Safety Systems
Incorporating cutting-edge 
safety features and compliance 
with international standards 
to ensure passenger and 
operational security.

Rapid Market Adaptation
Delivering solutions tailored to 
evolving industry demands and 
regional requirements to 
ensure competitiveness 
and relevance.

1 4

2 5

3 6
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Cyient stands out as a trusted leader in delivering innovative, sustainable, and efficient LRV 
solutions. By addressing critical urban mobility needs, Cyient contributes to transforming urban 
transit systems, paving the way for greener, smarter, and more efficient cities.

About the Author

Conclusion

Karuna Nidhi Billa holds a bachelor’s degree in mechanical engineering and has over 28 
years of experience in the rail domain and engineering design. He is an expert in design 
optimization and product development, with specialized expertise in LRVs and metro 
system design. In the rail domain, his skills encompass the end-to-end design and 
engineering of LRVs and metro vehicles, including car body, interior and exterior systems. 
He has deep experience in developing ergonomic, efficient, and safe passenger spaces, 
optimizing for durability, and ensuring adherence to industry standards and regulations. 
His work includes structural design, weight reduction, and material selection to improve 
energy efficiency and operational costs. Additionally, he is adept at integrating advanced 
technologies to enhance passenger comfort, safety, and accessibility within the design of 
LRVs and metro vehicles, making him a versatile and highly knowledgeable professional in 
the rail engineering sector.
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Contact Us

North America Headquarters
Cyient, Inc.
99 East River Drive
5th Floor
East Hartford, CT 06108
USA
T: +1 860 528 5430
F: +1 860 528 5873

Europe, Middle East, and Africa Headquarters
Cyient Europe Limited
Apex, Forbury Road,
Reading
RG1 1AX
UK
T: +44 118 3043720

Asia Pacific Headquarters
Cyient Limited
L14, 333, Collins Street
Melbourne, Victoria, 3000 
Australia
T: +61 4 7026 3817
F: +61 3 8601 1180

Global Headquarters
Cyient Limited
Plot No. 11
Software Units Layout
Infocity, Madhapur
Hyderabad - 500081
India
T: +91 40 6764 1000
F: +91 40 2311 0352

Follow us on:

© 2025 Cyient. Cyient believes the information in this publication is accurate as of its publication date; such information is subject to change without notice. 
Cyient acknowledges the proprietary rights of the trademarks and product names of other companies mentioned in this document.

About Cyient

Cyient (Estd: 1991, NSE: CYIENT) partners 
with over 300 customers, including 40% of 
the top 100 global innovators of 2023, to 
deliver intelligent engineering and 
technology solutions for creating a digital, 
autonomous, and sustainable future. As a 
company, Cyient is committed to designing 
a culturally inclusive, socially responsible, 
and environmentally sustainable Tomorrow 
Together with our stakeholders. 

For more information, please visit
www.cyient.com

http://www.cyient.com/
https://in.linkedin.com/company/cyient
https://twitter.com/cyient?lang=en
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