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POLICY NOTE 

INDIGENOUS SOLUTIONS AND OPPORTUNITIES FOR HIGH-SPEED RAIL 
IN INDIA 

 

Achal Khare1 
 

India’s need to improve connectivity for economic and social development has been 
paramount, and this has formed the basis for introducing high-speed rail in the country. With 
the Mumbai–Ahmedabad High Speed Rail project taking strides toward fruition, it makes for 
an interesting look at the economic, social, and environmental impact of high-speed rail.  
 
The rapid economic growth India has undergone in recent years has been accompanied by a 
sharp rise in the volume of people and goods movement in the country. To meet this increase, 
the introduction of new innovative modes of transport is required, aiming at improving 
connectivity and making commuting easy. Once completed, the Mumbai–Ahmedabad High 
Speed Rail (MAHSR) project will not only propel India to join the group of countries with a 
successful high-speed rail (HSR) system but also connect two important states—Maharashtra 
and Gujarat—that contribute nearly a third of the country’s gross domestic product (GDP). 

IMPORTANCE OF TRANSPORT SECTOR AND RAILWAYS IN THE INDIAN 
ECONOMY 

The transport sector plays an important role in bettering and increasing regional connectivity 
and facilitating the movement of individuals and trade of goods across the country. The 
transport system in India is among the most dense and complicated networks in the world and 
has its share of complications related to congestion and pollution, among other issues. The 
country’s rapid urbanization and growth has further led to an increase in the demand for 
mobility, with railways playing an important role in meeting people’s needs for improved 
services. Although rail faces stiff competition from roads and civil aviation, it is still a more 
energy-efficient, less emission-intensive and a safe mode of transport for ferrying both goods 
and individuals. According to a World Bank (2018) report, the transport sector contributes 
5.5% of India’s GDP, with road transport having the majority share. Indian Railways, as per 
the data recorded in its yearbook for 2018/19 (Government of India 2020), carried 8.439 billion 
passengers covering 1,157 billion passenger-kilometers. On the basis of such encouraging 
data, the Government of India aims to increase the share of rail to meet total transport demand 
to 45% by 2030 from the current 36% by introducing dedicated freight corridors, intensifying 
electrification of railway routes, and expanding penetration of the mass rapid transit system.  
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OPERATIONAL HIGHLIGHTS OF THE MUMBAI–AHMEDABAD HIGH SPEED 
RAIL PROJECT 

The MAHSR project, estimated to cost $17 billion, is being executed with financing from an 
official development assistance (ODA) loan from the Japan International Cooperation Agency 
(JICA) (JICA and Government of India 2015). Covering a distance of 508.09 kilometers (km) 
between Mumbai and Ahmedabad in approximately 2.07 hours (with limited stops), 
connectivity between the two noteworthy financial and industrial hubs of the country will 
assume a new meaning.  
The HSR line will pass through Bandra Kurla Complex – Mumbai, Thane, Virar, Boisar, Vapi, 
Bilimora, Surat, Bharuch, Vadodara, Anand, Ahmedabad, and Sabarmati, and all stations will 
be elevated except for the one in Mumbai, which will be built underground. 
The Mumbai–Ahmedabad HSR corridor will comprise 463 km of viaduct, 26 km of tunnels, 
9 km of bridges, and 13 km of embankment. The longest tunnel, 21 km from Bandra Kurla 
Complex in Maharashtra including 7 km undersea, will be constructed using a combination of 
tunnel boring machines and the New Austrian tunneling method. 
To provide a broader view, the following are salient features of the MAHSR transport project 
that makes it revolutionary (JICA and Government of India 2015). The feasibility study for the 
project concluded that 10 train configurations with 24 rakes will be made operational. These 
numbers are estimated to be sufficient for HSR to make 35 trips (one way) per day and handle 
close to 17,900 passengers in one direction. The feasibility study also revealed that three 
trains can be made operational during peak hours to manage the traffic volume and two trains 
are sufficient to manage the requirement during off-peak hours. The report is part of a 30-year 
plan to keep increasing the traffic volume and expanding the project by adding trains, rakes, 
and routes in order to manage an estimated 92,900 passengers per trip per day by 2053. The 
Operational Control Centre of the project will be headquartered in Sabarmati. Maintenance 
depots for the rolling stock will be constructed at Thane, Surat, and Sabarmati, in addition to 
a workshop in Sabarmati. The project has also charted a meticulous maintenance plan, which 
includes daily, monthly, and yearly inspection and maintenance work of the trains to ensure 
smooth and safe running, year-over-year.  
Other salient features include the planned construction of 12 traction substations, 2 depot 
substations, and 16 distribution substations to meet the power supply requirements. The 
project is estimated to consume 1.1 billion units of energy (kilowatt hours) annually. State-of-
the-art signaling, acceleration, and brake control systems will be used to enable trains to run 
and be controlled at operating speeds of up to 320 km per hour.    
Another feature of interest is the use of advanced technology to reach optimum efficiency 
during project creation. For the first time in India, the project applied technologies like LiDAR 
(short for light detection and ranging) remote sensing to conduct a topographic survey 
covering 500 km within a short span of 3 months with an accuracy rate of less than 
100 millimeters, as well as static refraction tomography in the construction of an undersea 
tunnel. Further, advanced methods were used in the design of aerodynamic high-speed trains, 
improved bogy technology for noise mitigation, pantographs, a special lurch control system, 
and a pressurized car body system; a continuous automatic train control (known as DS-ATC) 
system for improving track-to-train transmission, a fallback system, and a digital audio 
frequency track circuit (DAFTC); and disaster management systems. Such systems are 
among those being brought together under one umbrella for the successful execution of the 
railway project. By introducing these new technologies, India is taking the next step toward 
modernizing its transport system and realizing its long HSR dream.   
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Figure 1: Continuous Monitoring for a Safe and Comfortable Journey 

 
Source: Author. 

 

Equipment needs to be installed along the track to ensure passengers experience safe and 
comfortable travel (Figure 1). 

ADOPTING GLOBAL TECHNOLOGY FOR LOCAL IMPACT  

A major part of the MAHSR project revolves around transfer of technology (ToT) and the 
“Make in India” platform. Fusing Japan’s technology and India’s quest to create world-class 
parts could prove to be a boon for the project. As a major step toward being self-reliant, all 
civil construction packages, contributing to about 70% of the construction cost, are open to 
Indian contractors. This also includes a 21 km-long large-diameter (13.2 m) tunnel with a 7 km 
portion undersea. An important initiative toward technology transfer is the opening of track 
construction packages to Indian contractors. In consultation with Japanese counterparts, an 
elaborate facility is being set up at Surat where Japanese experts train and certify contractors’ 
personnel in Shinkansen track technology. About 1,153 personnel will be trained in 
Shinkansen construction technology as well as operation and maintenance (O&M) 
procedures. 
The project plans to import 18 high-speed train sets from Japan, with 6 train sets assembled, 
tested, and commissioned in India. Signaling equipment and power systems for the HSR 
corridor will be imported from Japan, per the terms of the loan agreement with JICA. By 
promoting new products for HSR, India will set up manufacturing facilities in the country, 
generate new jobs, upgrade the skills of its existing workforce, give a boost to allied industries 
(steel, cement, electrical components, infrastructure, etc.), and get a toehold on new and 
upcoming technologies. In order to succeed, talks are ongoing with various indigenous 
engineering, manufacturing, and technology-based companies to achieve top-level 
manufacturing standards and fulfill this purpose. It will help lower the cost of construction and 
give Indian companies a ready-made global platform to showcase their prowess, 
inventiveness, and readiness to take on projects of such colossal scope. 

THE INDIAN SIDE OF THINGS  

To boost India’s “Atmanirbhar Bharat” vision of self-reliance and push indigenous engineering, 
technology, construction, manufacturing, and other allied industries to enhance their 
knowledge base and showcase their innovation skills, the “Make in India” aspect of the project 
is crucial. Through this government initiative, not only will the Indian companies play a major 
role in meeting the national-level requirements such as creating the parts and fitting the tracks 
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(see examples in Figure 2), but also once complete the project can be a stepping stone for 
them to emerge as facilitators as well.  

 
Figure 2: Items Identified for “Make In India”  

 
Source: Author. 

FOSTERING INDIGENOUS CAPABILITIES THROUGH INNOVATION 

The High Speed Railways Innovation Centre Trust set up by National High Speed Rail 
Corporation Ltd. (NHSRCL) has a mandate to undertake targeted, applied collaborative 
research to solve issues raised by the rail industry to enhance railway safety, reliability, 
productivity, efficiency, and sustainability while ensuring customer satisfaction. 
The trust will leverage Indian technical capabilities and develop indigenous capabilities in 
relevant fields to develop professional expertise in all HSR aspects so as to provide innovative, 
indigenous, and cost-effective solutions; technical guidance; strategic analysis; advice to the 
rail transportation industry in the country on significant challenges and opportunities, and eco-
friendly, environmentally sustainable solutions. It also contributes to the development of HSR-
specific standards in India. 
The HSR Innovation Centre, which was registered on 22 January 2019, is managed by its 
Board of Trustees chaired by the Managing Director, NHSRCL, and supported by the 
Executive Council. Assisting the management in reviewing the nature of the projects to be 
undertaken by the center is the Advisory Council, which comprises eminent persons from 
academia and research institutes both from India and abroad, such as from the Indian 
Institutes of Technology (IITs), the University of Tokyo, and the Railway Technical Research 
Institute, Japan. The trust will adopt a collaborative approach for funding, execution of 
research projects, and other operations. 
As a step toward a self-reliant India, the following capabilities in the area of HSR technology 
are being developed by the High Speed Railways Innovation Centre Trust, in close association 
with the IITs, the Indian Institute of Science, and other institutes of repute. 
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DEVELOPING CAPABILITIES IN ELECTRICAL SYSTEMS  

All present simulation studies for traction power supply and overhead equipment system 
design for railway projects in India (metro, dedicated freight corridor, HSR) are carried out 
abroad. Simulations, with varying degrees of detail, are required at several stages of a project, 
such as the feasibility stage, detailed project report, basic design, detailed design, and 
validation of design modification at any stage and during O&M.  

 
Table 1: Simulation Studies  

Project Institute 

Development of indigenous 
simulation model for design 
validation of power supply 

IIT Roorkee 

IIT Delhi 

IISC Bangalore and IIT Bombay 

Development of indigenous 
simulation model for design 
validation of OHE pantograph 
interaction 

Advanced Manufacturing Technology Development 
Centre (AMTDC) of IIT Madras 

IIT Delhi 

IISC Bangalore and IIT Bombay 

IISC = Indian Institute of Science, IIT = Indian Institute of Technology, OHE =overhead equipment. 

Source: Author. 

 
The required software simulation models are being independently developed with active 
engagement of NHSRCL. The two indigenous simulation models are expected to be 
developed in the coming 2–3 years and will be applicable to various HSR corridors in India 
(Table 1). 

DEVELOPING CAPABILITIES IN CIVIL TECHNOLOGY SYSTEMS 

The following capabilities related to civil technology for HSR systems are been developed 
in India:  

1. Geosynthetic Reinforced Earth retaining wall: Developing Reinforced Earth (RE) 
retaining wall and RE abutments design methods and specifications to suit Indian 
conditions, based on materials available in India, would help tap its advantages for more 
efficient railway applications. The use of RE walls on a large scale in HSR has substantial 
cost optimization potential. The research and development work in this regard has been 
undertaken with IIT Gandhinagar with a timeline for completion in 5 years. Once the Indian 
design standards for RE walls are developed, the same can be applied in HSR projects. 

2. Cement asphalt mortar: Cement asphalt mortar (CAM) is a filler material consisting of 
cement, sand, asphalt emulsion, and admixtures. It is used in between track slabs and 
reinforced concrete track beds on ballastless track structures. CAM in semisolid form is 
poured into a nonwoven bag by gravity flow and inserted below a slab for support and 
adjustment of the vertical alignment. As suitable material for HSR is not produced in India, 
a project has been undertaken with IIT Madras and IIT Kharagpur to study the functional 
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and structural requirements of CAM for use in HSR to produce material suited to 
environmental conditions in India, based on available chemical and cement materials in the 
country, and to develop alternative material fulfilling the CAM requirements. 

DEVELOPING CAPABILITIES IN MATERIAL USED IN HIGH-SPEED RAIL 
SYSTEMS 

A two-phase project studying and analyzing the fire-related properties of materials 
associated with seat upholstery has been undertaken with the Ahmedabad Textile Industry's 
Research Association (ATIRA). In the first phase, the properties of the seat upholstery 
components used in Japan’s Shinkansen will be analyzed by testing as per EN 45545-2 
(Railway applications - Requirements for fire behavior of material and components) and the 
Technical Regulatory Standards on Japanese Railways (Rolling Stock) of the Ordinance of 
the Japanese Ministry of Land, Infrastructure, Transport and Tourism (No. 151, as of 31 
March 2002). The second phase will establish and set the specifications of all the seat 
components, identifying two to three sources for developing the same indigenously and 
establishing the supply chain for these.  

ENCOURAGING UPSKILLING AND LEARNABILITY THROUGH TRAINING 

Training is an essential part of any project of the same level as the MAHSR project. Thus, a 
training center offering advanced modules on cutting-edge technologies is being constructed 
in Vadodara, Gujarat. The High Speed Rail Training Institute (HSRTI) campus has been 
designed to provide an atmosphere conducive for sharing knowledge and promoting a culture 
of inclusiveness.  
State-of-the-art training equipment, such as simulators, model rooms, and slab tracks, is being 
introduced based on the Japanese HSR training institute at Shin-Shirakawa to ensure Indian 
HSR employees acquire skills at similar levels. 
As a one-of-a-kind educational hub in India for the design, development, and delivery of HSR 
training programs, the HSRTI will focus on imparting instructions through customized training 
programs for fields as diverse as construction, project implementation and management, and 
O&M, besides widening the practical knowledge horizon of the trainees through the use of an 
in-campus ballastless slab track training line custom-built for training purposes. Simulation-
assisted training, next-generation smart classes, and immersive learning experiences will be 
used to bridge the skills gap and build a future-ready workforce of forward thinkers, solution 
providers, and doers who are ready to rethink and strategize to prepare for the challenges of 
today and tomorrow. 

VOCAL FOR LOCAL: A STIMULUS FOR THE DEVELOPMENT OF SATELLITE 
TOWNS 

The HSR project could be a key component of India’s economic, social, and financial 
development in the coming years. Understanding the effects and benefits of the project, 
therefore, is crucial, as it can influence the long-term urban and regional development policy 
and planning. The proposed vision of the project has been prepared keeping in mind factors 
like convenience of transportation, safety, land use, passenger demand, technical aspects, 
cost, and environmental and social considerations. The entire rail corridor alignment from 
Mumbai to Ahmedabad is dotted with industrially developed pockets of manufacturing and 
other economic activities. With several urban agglomerations such as Surat and Vadodara, 
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besides the terminal metropolis of Mumbai (and Thane) and Ahmedabad, the whole HSR line 
will benefit from high-speed passenger train connectivity. 
HSR projects in various countries have successfully spurred the revitalization of smaller towns 
and cities and bridged the gap between metropolitan and lower-tier cities by opening up 
avenues not just of commuting but also of mixed land use, employment, tourism, and 
business. In this regard, the MAHSR project can prove to be a great economic connecter of 
metropolitan towns such as Thane and Ahmedabad with smaller and less-frequented but 
industrious towns such as Bilimora, Bharuch, Vapi, and Anand. For example, connectivity 
between Vapi, known as a chemical hub, and  bigger cities like Mumbai, Ahmedabad, or Surat 
brought about by the onset of the MAHSR project is predicted to improve ease of doing 
business, as reaching Vapi will be more convenient and faster compared to the current 
scenario.  

SPILLOVER EFFECT 

The increase in demand for products can spill over to have a positive effect on those directly 
or indirectly related to the economic and social chain. From human resources to construction 
industries and from engineering to housing and tourism, all sectors gain when a project of the 
level of MAHSR is envisioned, planned, and executed, and finally becomes operational.  
HSR provides the advantage of faster and convenient connectivity between cities. To encash 
this potential, the areas surrounding HSR stations can be developed appropriately. The station 
area development can be planned in consultation with various stakeholders such as national 
and local governments and the local community and with a view to promoting existing 
industrial centers of the city, as well as the new and upcoming industries in the region. This 
will result in overall improvement in the quality of life of the people in and around the area. 
With the objective of enhancing the economic and social development along the MAHSR 
corridor through transit-oriented development (TOD) around HSR stations, the Station Area 
Development Executive Committee (SADEC) was formed, consisting of representatives from 
concerned government agencies of the State of Gujarat and the State of Maharashtra and the 
Central Government (National Institution for Transforming India, Ministry of Railways, Ministry 
of Housing and Urban Affairs, and NHSRCL), along with participation of Japanese experts 
(JICA; Ministry of Land, Infrastructure, Transport and Tourism; JR East; and Urban 
Renaissance). For planning model schemes for station area development, under the guidance 
and support of JICA’s technical experts, two stations have been shortlisted in each state 
(Thane in Maharashtra and Sabarmati and Surat in Gujarat).  
A project of this level requires a multitude of talent. Positive effects of the MAHSR on the 
Indian economy are predicted given that, going forward, a major surge in job creation through 
this project alone is estimated at 92,000 (including direct and indirect jobs) during the 
construction phase. This would include 58,000 direct jobs, of which 51,000 will be for workers 
(skilled and unskilled) and 7,000 for engineers and supervisors. About 34,000 indirect jobs 
also will be generated, which would lead to growth and prosperity of the country. Setting aside 
the personnel requirement purely pertaining to the project, imagine the number of jobs created 
indirectly in other sectors like hospitality, engineering, manufacturing, real estate, architecture, 
health care, education, tourism, transportation, logistics, machinery, textile, exhibition centers, 
and retail and food, among others. The MAHSR project’s construction plan is not limited to 
corridor-related construction but also is likely to include setting up housing societies, hospitals, 
schools, roads, retail and commercial hubs, parking facilities, multimodal transportation 
junctions, depots, offices, industrial infrastructure, and so on, along the alignment as HSR 
stations are expected to serve as destinations rather than just railway stations. In short, the 
bullet train is believed to bring connectivity that will boost least-developed areas and increase 
the potential for developing new production bases and townships along the corridor. 
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Not just the employment market but also the production and manufacturing markets are 
expected to gain from the project. It is estimated that the demand for construction raw 
materials will increase as the project construction phase gathers speed. Close to 7.5 million 
tons of cement, 2.1 million tons of steel, and 0.14 million tons of structural steel will be used 
in the construction, and all of which shall be produced in India. In addition, large construction 
machinery is another market that will benefit greatly from the project. Equipment for excavation 
and piling (to the tune of 300 and 280 units, respectively), tunnel boring machines, and full-
span launchers (more than 20 machines) will be required and are expected to be 
manufactured domestically.  

ENVIRONMENTAL IMPACT 

A key element of the case for HSR is that it is more environmentally sustainable than other 
modes of transport such as cars and airplanes. HSR produces only a third of the carbon 
emissions of travel by car and a quarter of the emissions of an equivalent trip by air, taking 
into account the average loadings typically achieved on each mode.  
To establish this further, a study was conducted on the HSR and concluded that the carbon 
footprint of HSR is up to 8.32 times less carbon intensive than car travel and up to 11.48 times 
less than aviation travel. Currently, for a 600 km trip, an airplane emits 93.0 kilograms (kg) of 
carbon dioxide (CO2), a car around 67.4 kg of CO2, and a high-speed train just 8.1 kg of CO2 
(International Union of Railways). The significance of these comparative emission factors is 
that when HSR becomes operational, it will deliver a shift from car and air travel to HSR, which 
will help greatly reduce the carbon emissions from the transport sector. 
As the HSR project aims for a more holistic approach, benefits to the environment are crucial. 
In a bid to minimize the impact of construction work on the environment, a well-thought-out 
plan has been adopted and efforts are being made to preserve the wildlife and natural habitats. 
Special arrangements ensure that no harm is caused to the eco-sensitive zones of the Thane 
Creek Flamingo Sanctuary and surrounding area for which an underground tunnel up to 
40 meters below the ground level is being constructed. An interesting feature of the MAHSR 
project is that it will pass through a narrow corridor between Sanjay Gandhi National Park and 
Tungareshwar National Park. A railway line and a road already exist in this corridor, thus 
obstructing the natural movement of wildlife, but NHSRCL in association with other 
organizations have undertaken to restore the natural passage for wildlife between the two 
parks.  
Furthermore, to ensure minimum to zero disturbance to the natural green cover in areas along 
the corridor, tree spade technology is being utilized. This will ensure that the uprooted trees 
are taken to a new plantation site and replanted. NHSRCL so far has transplanted 5,920 trees. 
Further, tree plantation along the alignment has also been promoted and more than 69,000 
trees have been planted so far, with the activity to continue in future. 

CONCLUSION 

There is no doubt that the MAHSR project once completed will mark the start of a transport 
revolution in India. From benefiting the regional economy and connecting smaller towns with 
bigger financial and economic hubs to leapfrogging to the best HSR technology, the project 
will tick off all the boxes of progress and prosperity. With the advantage of one integrated 
economic region, chances are that both Maharashtra and Gujarat will script new stories of 
success in the coming years. For the future, a further seven new corridors comprising total 
length of 4,405 km are being studied for consideration (Table 2).  



 

9 

Table 2: Snapshot of the Proposed High-Speed Rail Corridor  

Corridor Name Expected Distance Covered (km) 

Delhi-Varanasi 865 

Varanasi-Howrah 760 

Mumbai-Nagpur 753 

Delhi-Ahmedabad 866 

Chennai-Mysore 435 

Delhi-Amritsar 459 

Mumbai-Hyderabad 711 

Source: NHSRCL (2020). 

 
With the MAHSR project opening up so many avenues in various sectors, and the likely 
implementation of more HSR corridors in future, the country will surely witness an 
unprecedented spurt and set the course for the Indian economy’s ascent toward more 
prosperous future. 
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