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Abstract 
This paper compares high speed Maglev systems in China, Japan and India, focusing on the interplay between infrastructure 
costs, technology maturity and policy frameworks. Shanghai’s EMS based Maglev is a short term, state funded demonstration 
project with limited ridership and no network integration. Japan’s SCMaglev is a long term, scalable national infrastructure 
project with strong public private partnerships and phased implementation. Using operational data, cost estimates and national 
transportation plans we explain why China’s system did not scale, how Japan is preparing for long term resilience and return on 
investment (ROI) and whether India is strategically and institutionally prepared for Maglev adoption. We assess India’s position 
in this spectrum by looking at proposals like Mumbai-Pune and Delhi-Agra corridors in the context of land acquisition hurdles, 
fiscal constraints and technological readiness. The paper also looks at emerging opportunities like AI assisted grid management, 
modular Maglev fabrication and room temperature superconductors (RTSCs) as enablers of future viability. Governance models 
– centralized vs hybrid PPPs are analysed to highlight the role of institutional continuity and policy coherence. Despite technical 
advancements, challenges in energy demands, infrastructure integration and governance slow down Maglev scalability. Our 
study concludes with a framework for India’s pilot scale deployment and a future ready roadmap aligning Make in India with 
high speed mobility. 
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1. Introduction 
The introduction plays an important role in providing back-

ground information (including relevant references), empha-

sizing the importance of the study, and outlining its objectives. 

It is crucial to conduct a thorough review of the current state 

of the research field and incorporate key publications into 

your work. By referencing other research papers, you can pro-

vide context and position your own work within the broader 

research landscape. The final paragraph should provide a con-

cise summary of the main findings and conclusions, which 

will be helpful to the readers. 

Magnetic Levitation (Maglev) is touted as the future of high 
speed mobility – faster travel, less wear and tear and lower 
carbon footprint. As urbanization and intercity travel grows in 
Asia and beyond, Maglev seems to be the answer to modern 
day transportation bottlenecks. Yet very few countries have 
implemented or scaled Maglev systems to commercial levels. 
The gap between technology and economics is huge. 

More than two decades after the launch of the world’s first 
commercial high speed Maglev in Shanghai, only Japan has 
made progress in scaling the technology beyond isolated 
corridors. Both countries have similar engineering capabilities 
but the outcomes are vastly different. Shanghai’s system is 
underutilized, mainly because it is a tourist attraction, while 
Japan’s SCMaglev is still under construction and has a long 
term vision. India which is facing rapid urbanization and 
transport congestion has shown interest in Maglev but lacks 
clarity on execution, funding and technology readiness. 

This paper asks two fundamental questions: 
What are the big challenges like infrastructure costs, land 
acquisition and energy requirements in making high speed 
Maglev commercially viable and how do existing systems like 
Shanghai Maglev and Japan’s SCMaglev address these 
challenges? 
Can India bypass conventional rail upgrades and adopt 
Maglev in its high density corridors? 

To answer this, we do a comparative analysis of three national 
Maglev contexts: China, Japan and India. We synthesise data 

from technical reports, policy white papers, energy 
assessments, infrastructure budgets and urban transport 
feasibility studies. The analysis looks at five key parameters: 
cost per km, energy efficiency, technology maturity, 
governance frameworks and public ridership alignment. By 
comparing China’s short-range, tourism-oriented model with 
Japan’s long-range, phased infrastructure approach, we see 
two different implementation philosophies. We then position 
India in this spectrum and examine its strategic gaps and 
opportunities. 

The Shanghai Maglev uses electromagnetic suspension (EMS) 
technology and can go up to 431 km/h; but its 30.5 km route 
and no connection to the metro makes it uneconomical. Japan’s 
SCMaglev uses electrodynamic suspension (EDS) technology, 
with superconducting magnets and can go over 500 km/h along 
the Tokyo–Nagoya–Osaka corridor. It’s costly at over $70 
billion but public-private partnerships and national policy 
coherence is backing it.[1-2] 
 
India is at a crossroad. By comparing China’s short-haul, state-
led EMS model with Japan’s long-haul, high-investment 
SCMaglev backed by PPPs, this paper shows how vision, in-
tegration and governance—not just technology—determine 
Maglev viability. India’s path forward depends on what it 
learns from these two models. Modular EMS pilots, AI enabled 
energy management and Make in India localization can be the 
building blocks of a scalable, future ready Maglev network. 
This paper is the foundation for India to make an informed, 
strategic leap towards next generation transport. 

2. Literature Review 

Maglev technology has been around for decades with varying 
degrees of policy support, cost constraints and technological 
hurdles. Early developments in Germany under the Transrapid 
project laid the foundation for electromagnetic suspension 
(EMS) based systems which China’s Shanghai Maglev has 
adopted. Operational since 2004, the Shanghai system proved 
that a 431 km/h service can be maintained over 30.5 km. But 
it was a high-tech novelty with minimal commuter uptake [1-
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2] 

Japan’s SCMaglev project uses electrodynamic suspension 
(EDS) technology which employs superconducting magnets 
cooled by liquid helium. Designed for long distance intercity 
travel, the Tokyo-Nagoya-Osaka corridor has reached 500 
km/h in test runs and has seismic resilience, advanced tunnel 
engineering and high energy demand management [3]. 
SCMaglev is a national level, phased infrastructure project 
with strong public-private partnerships, especially with JR 
Central. 

Several studies have looked at high costs and governance 
models of these systems. While the government fully funded 
Shanghai’s project, Japan’s SCMaglev had a hybrid model 
with costs shared between government and corporate 
stakeholders. Operational data shows that superconducting 
systems like SCMaglev require 1,300 MW of power during 
peak hours so we need robust energy infrastructure.[3]  
Worldwide failed projects like South Korea’s Incheon line and 
Germany’s Transrapid have shown common pitfalls: poor 
integration, misaligned ridership projections and cost overruns 
[4]. Technological maturity is a debate especially with high-
temperature superconductors (HTSCs) and speculative 
materials like LK-99. These can reduce cooling costs and 
operational energy by a huge margin but scalability is a 
challenge [5]. 
These international experiences are the benchmark for India’s 
Maglev journey. Urban planning gaps, land acquisition delays 
and fiscal priorities are the hurdles. But initiatives like “Make 
in India”, Smart City missions and recent AI-based 
transportation prototypes suggest we are ready for pilot scale 
adoption. This review aggregates global insights to evaluate 
India’s Maglev journey. 

3. Methodology 

This paper uses a comparative and qualitative approach to 
look at the challenges and implementation strategies of high-
speed Maglev systems in China, Japan and India. The study is 
based on a multi-source literature review and policy synthesis, 
of technical white papers, government feasibility reports, 
peer-reviewed transportation and engineering journals, energy 

assessments and infrastructure budgets published between 
2000 and 2024. 

To ensure data quality and reduce bias the sources were 
selected based on the following criteria: 

1. Published by established institutions (e.g. JR 
Central, NITI Aayog, IEEE, DST, UN-Habitat) 

2. Include empirical or modelled data (e.g. cost/km, 
energy use, speed performance) 

3. Region specific and Maglev relevant 

Exclusion criteria were opinion articles, non-peer reviewed 
speculative blogs and outdated reports (pre-2000). Academic 
sources were given the highest priority. 

The comparison framework looks at each country across five 
areas: 

1. Cost per km 
2. Energy efficiency 
3. Technology maturity (EMS vs EDS readiness) 
4. Governance and financing models (PPP vs state-led) 
5. Public ridership alignment and scalability potential 

We cross-checked where data conflicted and used the most 
conservative estimate. Since we don’t have operational Indian 
Maglev data, proxy estimates were used based on similar 
corridor costs (e.g., Mumbai-Ahmedabad HSR). 
We know some data, financial disclosures and ridership 
projections, are not transparent or regionally limited. But we 
have triangulated our findings from multiple sources to 
validate. 
This structured approach gives a practical and multi-
dimensional view of how Maglev systems can be compared 
and what India can learn from global examples. 

4. Discussion 

4.1 Cost and Infrastructure: Beyond the 
Price Tag 

4.1.1 Construction Cost per Kilometer: China, Japan, 
and India 
The key to Maglev projects is capital expenditure (CAPEX) 
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per kilometre and this is the biggest barrier to global 
adoption. Shanghai Maglev, a 30.5 km airport connector 
between Pudong and Longyang Road, cost over $1.2 billion, 
or $39 million per kilometre [3]. It’s a technological marvel 
but a standalone demonstrator with limited scalability and 
integration into Shanghai’s urban network. 

Japan’s SCMaglev, the Chuo Shinkansen line connecting 
Tokyo, Nagoya, and Osaka, is a different infrastructure 
philosophy. Estimated to cost over $70 billion, or $140 
million per kilometre, it’s engineered for resilience, long-
term scalability and seismic safety. It’s not just a high-speed 
wonder, but a national infrastructure investment backed by 
decades of planning and strong public–private collaboration 
between JR Central and the Japanese government [2]. 

The financing models show the difference in strategic intent. 
The Shanghai Maglev was built with full government 
funding, but no plan for broader network integration. Japan’s 
SCMaglev has a hybrid financing model with public 
institutions and JR Central sharing the financial burden over 
a multi-decade horizon. This is not just a technical ambition 
but a vision of structural transformation for national 
mobility. 

India is going for high speed rail with the Mumbai–Ahmeda-

bad bullet train which will cost $20–30 million per km [6]. 

Cheaper than Maglev but still a strain on India’s public sec-

tor driven infrastructure model. Maglev’s higher grade tech-

nical requirements from smoother gradients to exclusive cor-

ridors make it even more capital intensive. 

In short while both Shanghai and Japan use magnetic levita-
tion technology they are different in terms of vision, scale 
and institutional planning. Japan’s SCMaglev is not a show-
piece but a backbone for next gen transport. Success is not 
just about speed but about governance, phased financing, 
seismic resilience and long term intercity utility. 

4.1.2 Key Infrastructure Challenges in Maglev  
Deployment 

4.1.2.1 Land Acquisition Delays 
Land acquisition is a sensitive and operational nightmare 
across India. Projects face legal disputes, fragmented land 
ownership and local resistance especially in peri-urban and 
high density corridors. China faced similar issues but its top 
down government enabled faster execution at the cost of dis-
placed communities and high compensation rates [7]. 

In India, delays in suburban rail expansion projects like in 
Mumbai show the real risks of public protests and judicial 
roadblocks [8]. Unless pre-cleared urban corridors or acqui-
sition laws are reformed Maglev projects will face long wait-
ing periods that are not sustainable. 

 

Parameter Shanghai Maglev 
(China) 

SCMaglev  
(Japan) 

India  
(Proposed) 

Top Speed 431 km/h 505 km/h (test) 300–500 km/h (proposed) 

Line Length 30.5 km 286 km (underway) ~210 km (e.g., Delhi–Agra) 

Cost per km  
(approx.) 

$40 million/km $85–100 million/km Projected: $50–80 million/km 

Energy  
Consumption 

~100-130 Wh/pax-km ~90–120 Wh/pax-km Unavailable 

Commercial Status Operational since 2003 Under construction Feasibility studies ongoing 

Government /  
Private Stake 

Primarily Government Government + JR Central Undecided / Public Sector 
Driven 

Public Acceptance Moderate-High Limited (under trial) Speculative 

Table 1: Comparative technical and financial parameters of high-speed Maglev systems in China, Japan, and India. 
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4.1.2.2 Tunneling vs. Viaducts: Engineering & Political 
Constraints 
Unlike traditional rail Maglev requires smoother curvature 
and minimal gradient variations, so dedicated corridors 
should be chosen. Japan has responded to this by deep boring 
tunnels, which protect against seismic activity and minimize 
disruption but at a very high cost. 

India may not have the fiscal bandwidth for tunnel intensive 
routes. The alternative - elevated viaducts - is a lower cost 
and faster option but faces local resistance due to visual in-
trusion, concerns over electromagnetic field (EMF) exposure 
and fears of displacement. We have seen this in Delhi Metro 
Phase IV and Mumbai’s Coastal Road opposition, so viaduct 
based Maglev routes will be politically challenging [9].  

4.1.3 Transferable Insights for India 
Despite the challenges India can learn from global practices to 
localize a Maglev model for the economy. Japan’s phased 
rollout strategy of prioritizing economically viable stretches 
before full expansion can be a model for India to follow. 
Testing can be done on high traffic corridors like Delhi-Agra 

or Mumbai-Pune. 

Meanwhile China’s use of modular guideway fabrication and 
AI powered construction scheduling shows how costs can be 
compressed with the right technology stack. Integrating these 
with India’s Make in India can reduce component imports and 
costs by 20%. 

To make Maglev work in India infrastructure planning needs 
to shift from standalone transport engineering to systems level 
optimization, including land policy, construction models and 
domestic manufacturing under one mobility vision. 

4.2 Energy Efficiency and Operational De-
mands 

4.2.1 SCMaglev’s Projected Load vs. Shanghai’s 
Real-World Data 
Energy consumption is a major factor in the long-term 
viability of high-speed Maglev systems. Japan’s 
SCMaglev with superconducting electrodynamic 
suspension (EDS) will consume 1,300 MW along the 

Figure 1: Specific energy consumption (Wh per seat-km) comparison for SCMaglev and Shanghai Maglev systems. 
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whole Tokyo-Osaka  

corridor [3]. This is for both high-speed operation and to 
cool the superconducting magnets. 

Shanghai’s EMS-based Maglev is less energy-intensive but 
has a shorter track (30.5 km) and lower speed (up to 431 km/h). 
Its energy consumption is 20–25 kWh per km per train based 
on studies that include both levitation and propulsion [1]. 
This is the operational energy gap between the two systems 
and the implications for scalability, infrastructure and long-
term sustainability. 

Maglev is often praised for its efficiency but its energy 
requirements especially for superconducting systems— have 
hidden costs. Maglev beats aviation and personal vehicles in 
Btu/passenger-mile metrics (~3,000 Btu/PM vs 8,000 Btu/PM 
for flights), but cryogenic cooling systems reduce interior 
capacity by up to 25% which affects energy-per-seat 
efficiency. The Chuo Shinkansen for example consumes ~85–

99 Wh/seat-km in tunnel segments compared to Transrapid’s 

~45–63 Wh/seat-km in open air [10]. 

But superconductors also have some benefits: vehicle weight 
reductions of up to 9.5%, energy savings of 3–9.5% and zero 
emissions during operation. Switching short-haul air routes to 
Maglev could save 11–17% of airline fuel consumption and 
25% of airport pollution [11]. 

4.2.2 Are We Limited in India? 
India has various challenges and opportunities. Metro areas 
are already overloaded during peak hours, and most intercity 
corridors lack redundancy. Adding 1000 MW of continuous  
load on a regional grid without energy banking or hybrid stor-
age will destabilize the system.  

However, India can mitigate this constraint through AI-based 
load scheduling, renewable energy integration, and the use of 

Parameter Shanghai Maglev 
(China) 

SCMaglev  
(Japan) 

Technology EMS (Electromagnetic Suspension) EDS (Electrodynamic Suspension using 
superconductors) 

Top Speed (Operational/Test) 431 km/h (operational) 505+ km/h (tested) 

Route Length 30.5 km (Pudong Airport ↔ Longyang 
Road) 

286 km planned (Tokyo ↔ Nagoya), 500+ 
km (Tokyo ↔ Osaka by 2037) 

Purpose Airport connector (short haul) Intercity backbone for future regional 
transport 

Operational Since 2004 Expected 2027  
(Tokyo–Nagoya segment) 

Funding Model Government-funded, localized planning JR Central-backed, strong national policy 
support 

Integration with Other Systems Low (standalone route) High (planned integration with existing 
Shinkansen and metro networks) 

Profitability Struggles with ROI; low daily ridership Long-term cost recovery anticipated 

Infrastructure Cost $1.2 billion total ($39M/km) $70 billion for Tokyo–Osaka  
($244M/km est.) 

Track Type Elevated, flat terrain-specific Tunnels + viaducts; earthquake-proof infra-
structure 

Snow/Weather Handling Sensitive to snow and ice accumulation Designed for harsh winters; uses tunnels, 
snow barriers, cryo-cooling 

Table 2: Key differences between Japan’s SCMaglev and China’s Shanghai Maglev in terms of scale, integration, and scalability. 
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smaller pilot corridors with modular substations. Shorter, ur-
ban Maglev routes (under 100 km) optimized for off-peak 

hours can be tested before being implemented nationally.[12] 

4.3 Governance, PPP Models, and Policy 
Vision 

4.3.1 Japan’s PPP with JR Central vs China’s Cen-
tralized Planning 
Governance models shape not just the pace of delivery but 
also the long term viability of Maglev systems. Japan’s 
SCMaglev is a public-private partnership (PPP) where the 
private sector takes operational and financial responsibility 
under strong state regulation. This has allowed phased 
construction with financial risk tied to long term ridership 
recovery and integrated corridor planning [3]. 

China’s Shanghai Maglev was done under a centralized state-
driven model where speed of delivery and national prestige 
took precedence over cost recovery or user integration. 

Expansion stalled not because of technological failure but 
because of inadequate financial structuring, minimal network 
integration and lack of adaptability after deployment [1]. 

These two models show that while state led models can deliver 
fast, PPP models deliver resilience and the ability to course 
correct over the long term especially in dynamic, demand 
sensitive transport systems.  

4.3.2 A Concise Study of the Riyadh–Dammam Cor-
ridor 

The Riyadh–Dammam corridor study helps emerging mar-

kets. It recommends a governance model that balances risk 

between public and private sectors, using demand-triggered 

investment thresholds and fiscal buffers to account for politi-

cal and economic volatility [13]. 

Saudi Arabia is different from India in terms of de-

mographics and governance but the study shows how adapta-

ble, modular governance can mitigate high cost infrastructure 

risks. India can adopt this model especially for Tier-1 corri-

dor prototypes. 

4.3.3 What India Can Adapt (Even with Rising Pop-
ulation Pressure) 
India doesn’t have a long term public private partnership (PPP)  

framework for high speed transit. While metro rail in Delhi 
and Bengaluru has seen success with hybrid governance,  

intercity projects like Mumbai-Ahmedabad bullet train are 
heavily state led. 

Maglev in India will require a multi-tier governance structure 

with coordination among Indian Railways, state urban de-

partments, EPC firms and NITI Aayog. JR Central’s experi-

ence shows that giving a private operator execution control 

Country Governance Model Key Operator Risk Allocation Policy Flexibility Expansion Status 

Japan PPP JR Central Private-led High Ongoing (phased) 

China Centralized State-owned Public-led Medium Stagnated 

Saudi Arabia Hybrid PPP Consortium Balanced Moderate In planning 

India (Proposed) Hybrid PPP TBD Shared Low–Variable Conceptual 

 
 

Figure 2: Comparative energy consumption per seat-km 
across Maglev, high-speed rail (HSR), and short-haul 

aviation. 

 

Table 3: Governance and policy models shaping Maglev implementation across China, Japan, India, and Saudi Arabia 
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under national oversight ensures both innovation and ac-

countability. 

India’s growing population density means corridor alignment 

and station placement has to be politically and demograph-

ically sensitive unlike Shanghai’s short airport shuttle con-

cept. PPP contracts have to address not only construction but 

also land rights, ridership triggers, and dispute resolution up-

front.  

4.3.4 Risks of Under regulation and Political Turno-
ver 

India’s infrastructure history is full of stalled projects, budget 

escalations and land clearance issues. Political change—es-

pecially at the state level—often alters funding priorities, de-

laying execution or shifting land use mid-project [14]. 

Without regulatory insulation and contract-locking mecha-

nisms, long gestation projects like Maglev are vulnerable to 

electoral cycles. India needs a National High-Speed Innova-

tion Authority with a 15 year protected charter, so that the 

budget and policy is stable. 

Such a model can combine Japan’s accountability and 

China’s urgency to create a unique Indian Maglev govern-

ance strategy. 

4.4 Technology Readiness and Local Inno-
vation 

4.4.1 EMS vs. EDS Maturity: Which Is Right for In-
dia? 

The EMS technology used in the Shanghai Maglev is more 

mature and has been tested in both commercial and prototype 

scenarios globally. It allows levitation without cryogenic 

cooling but suffers from dynamic instability at higher speeds 

and needs active control systems [1]. 

EDS technology, used in Japan’s SCMaglev, offers greater 

levitation height, better speed stability and longer distance 

potential. But it uses superconducting magnets cooled with  

Figure 3: Infrastructure cost delays and their cascading 
impact on Maglev project timelines. 

Figure 4: Comparison of Electromagnetic Suspen-
sion (EMS) and Electrodynamic Suspension (EDS) 

technologies. 
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liquid nitrogen which makes it both cost intensive and com-

plex [15]. 

For India, EMS is a more deployable short term entry point, 

especially for metro or semi-urban corridors. EDS can be re-

served for future intercity corridors once domestic expertise 

and cooling infrastructure improves. 

4.4.2 Room-Temperature Superconductors and In-
dia’s Research Position 
One area of hope is room-temperature superconductors 
(RTSCs) which can eliminate cryogenic systems. While 
RTSCs are still in lab globally, India has increased funding in 
condensed matter research through Department of Science 
and Technology and various IIT labs. 

RTSCs can make Maglev power consumption free and 
eliminate cryogenic cooling. Materials like LK-99 announced 
in 2023 showed some results (~0.15 mT flux density) but 
didn’t achieve zero resistivity at ambient conditions [5]. 

Until RTSCs mature, India’s realistic path forward is a 
modular EMS track design along with AI driven active control 
systems and domestic manufacturing under Make in India. 

AI driven materials screening as done at KIST, IISc, MIT 
continues the global race towards ambient superconductors. If 
successful India can manufacture localized levitation magnets 
under Make in India and reduce operational costs for routes 
like Mumbai–Delhi. But infrastructure grade scaling will take 
decades and depends on sustained public R&D funding and 
international research collaborations [16]. 
 
 

4.5 Technology Readiness and Local Inno-
vation 

4.5.1 Why China and Japan Could Do It – Ridership, 
Integration, and Public Trust 
Despite being high-tech, the Shanghai Maglev isn’t a 
commuter railway. It only runs 30.5 km between Pudong 
International Airport and Longyang Road and isn’t connected 
to the dense Shanghai metro network so interchanges are 
clumsy and time consuming. So it’s mainly for tourists and 
business travellers not daily commuters [7]. 

Lack of network-level integration, poor fare coordination and 
a standalone corridor has resulted in low cost recovery and 
stagnant ridership. Studies show that Shanghai’s Maglev has 
never exceeded 20–25% of its designed daily capacity [17]. 

Parameter EMS (Shanghai) EDS (SCMaglev) India Readiness 

Speed Efficiency ≤ 431 km/h ≥ 500 km/h EMS Now, EDS Later 

Cooling Infrastructure None Liquid Nitrogen EMS Preferred 

Capital Cost/km ~$39M ~$140M EMS More Viable 

Maturity High Medium EMS Higher 

Tech Scalability Moderate High EDS (Future) 

Table 4: Technology readiness of electromagnetic (EMS) and electrodynamic (EDS) systems across key deployment metrics. 

Figure 5: "Trust Triangle" depicting the 
interaction of cost, performance, and public 
confidence for successful Maglev adoption. 
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Without being part of daily mobility chains even the most 
advanced transport system is underused. 

4.5.2 Japan’s National-Scale Intermodality 
In contrast Japan’s SCMaglev is an extension of Japan’s 
already efficient Shinkansen system. The Chuo Shinkansen 
line under construction between Tokyo and Osaka via Nagoya 
is a strategic intercity corridor with metro and regional rail 
links [18]. 

This is due to Japan’s systems thinking, where the national and 
prefectural governments coordinate route integration, 
passenger interchange stations and phased development. Real-
time passenger flow modelling and demand analytics are used 
to forecast and smoothen transfer volumes, making it more 
convenient and reducing modal friction [17]. Japan’s ridership 
projections are based on historical demand along the Tokaido 
corridor, one of the world’s busiest transportation routes. 

4.5.3 What Would Make Indian Passengers Trust & 
Use Maglev? 
In India, public adoption depends on a few key levers: 

1. Affordability: Maglev fares should be similar to 
premium express rail or low-cost flights like Mumbai–
Pune, Delhi–Agra, and Bangalore–Mysore flights. 

2. Multimodal Seamlessness: Stations should be at or 
connected to major metro, bus, and airport nodes. 

3. Frequency and Reliability: The service should match or 
beat the frequency and reliability of existing premium 
trains. 

4. Trust and Awareness: Indian commuters, used to delays 
and infrastructure gaps, will only switch if Maglev is 
reliable. 

Pilot corridors like Mumbai–Pune, Delhi–Agra, and 
Bangalore–Mysore are testbeds. But without integrated 
ticketing, transit hubs and real–time mobility apps, it will be 
an elite corridor not a mass-scale success [19]. 

 

4.6 Future Openings for Maglev in India 

India is considered a high-potential but complex Maglev can-

didate. Political will, urbanization (34% of the population is 

in cities) and economic growth support the need for high 

speed urban connectivity. Corridors like Mumbai–Pune and 

Delhi–Agra are realistic pilots but land acquisition, electro-

magnetic radiation and legal fragmentation are hurdles. 

Public private partnerships like Japan’s SCMaglev can help 

mitigate the risks. Make in India driven localization of mag-

net and track can reduce costs by 20%. But success will de-

pend on actual ridership demand as seen in Korea’s Incheon 

line (had only around 4,000 passengers a day before closure) 

[19]. 

4.6.1 AI-Assisted Energy Optimization 
Maglev systems especially those with electrodynamic sus-

pension (EDS) consume a lot of power. India already has en-

ergy deficits and load shedding in urban areas and can’t sus-

tain full scale SCMaglev like operations without intelligent 

energy management. 

AI has the answer: predictive grid integration, load balancing, 
real-time power draw adjustment can optimise energy usage 
across routes. Studies in Shenzhen’s smart grid and 
Germany’s Transrapid energy feedback loops show 17-22% 
reduction in peak load through AI optimisation [20]. 

In India, integrating Maglev corridors with solar arrays, 
battery buffer stations, time-of-use pricing, managed through 
AI can make the system sustainable even under grid stress. 

Real world pilots from China’s 600 km/h prototypes and 
Germany’s Transrapid show AI enabled scheduling and 
predictive maintenance algorithms can reduce lifecycle costs 
by up to 25%. Applications in Indian cities like Pune under 
Smart City Mission can optimise operations, reduce delays 
and energy peaks. India’s BharatNet backbone provides the 
IoT infrastructure, but rural sensor coverage and data 
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governance frameworks are the constraints [12]. 

4.6.2 Need for Make in India R&D Ecosystems 
India’s long term Maglev viability depends on building 
an indigenous ecosystem. Current dependence on 
imported magnets, cryogenics and control systems is 
increasing costs and supply risks. But initiatives like: 

 

• IISc Bangalore’s superconductivity lab 

• IIT Madras’ transport innovation hub 

• CSIR’s energy efficient cooling research 

 
Are laying the foundation for local EDS/EMS systems 
and even room temperature superconductors (RTSCs) 
[21]. 
If embedded into flagship programs like Smart Cities 
Mission, Atal Innovation Mission, Make in India, 
Maglev R&D can scale from pilot to platform. India 
also needs to create technology procurement policies 
that favour in-country manufacturing and joint IP 
ventures with established Maglev players in Japan, 

South Korea and Germany. 

5. Conclusions 
Maglev is often touted as the future of transport but it’s not a 
guarantee of success. Our analysis shows long term vision, 
policy consistency and integration with overall infrastructure 
matters more than speed or superconductors. 

The Shanghai Maglev is a cautionary tale - technologically 
impressive but economically lacking as it’s limited by short 
route and disconnected from the city’s transit network. Japan’s 
SCMaglev is an example of strategic thinking - a high cost, 
high commitment project designed for scalability and national 
integration with decades of R&D and private-public 
investment. 

At this point India must not treat Maglev as a vanity metric of 
progress. Without urban planning, transparent PPP models and 
local technology ecosystem the implementation will be 
another stranded mega project. Instead India should focus on 
pilot corridors tied to metro upgrades, invest in indigenous 
high temperature superconductors and explore AI driven 
predictive maintenance frameworks under Make in India 
innovation mandates. 

Maglev’s promise is real - but only for nations that match 
engineering ambition with institutional discipline. If India can 
bridge this gap it won’t just import trains - it’ll build a future 
proof transit backbone that others will study next. 
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