Why Maglev?
The ultimate implementation of maglev technology in regional and national networks would reduce air and highway congestion, air pollution, and petroleum use. The advantages of a magnetically levitated (maglev) train over existing conventional high speed ground transport systems and air travel:
· High Speed: - Since lift, guidance, and propulsion occur without physical contact, speeds in excess of 220 meters per second (800 kmph.) are well within the technological limits. Furthermore, because magnetic drag is small at high speeds, only aerodynamic drag consumes appreciable energy. Limiting the top speed of maglev is a cost trade-off decision, not a physical or engineering limit.  Maglev is also capable of rapid acceleration/ deceleration and can climb hills with gradients of up to 10%, due to its lighter weight. 
· Reduction in transit time: - Maglev offers the advantage of railways by getting rid of waiting times in airports for check-in, boarding etc., while offering high speed transit; thereby reducing the total time for point to point transit.
· Save Oil: - Electrically powered, maglev will be independent of petroleum-based fuels. 

· Low energy consumption: - Maglev's energy intensity (energy/seat-meter) ranges from one-seventh to one-quarter of the efficient Boeing 737-300 for a 200 to 1,000 kilometre trip. Applying electrical conversion efficiencies of modern power plants, maglev still consumes only one-quarter to one-half the total energy of a 737-300 [1].  The high energy efficiency also stems from the fact that only selective portions of the tracks need be energised for propulsion.

· High Capacity: - Maglev guideways achieve very high capacity of 12,000 passengers per hour in each direction. An equivalent air capacity would be 60 Boeing 767's per hour departing in each direction at 1-minute intervals. Comparable highway traffic would require about 10 full lanes (5 lanes per direction).

· Low Wear and Maintenance: - By nature, maglev requires no physical contact between vehicle and guideway. Lift and guidance forces are distributed over large areas, resulting in low contact stresses. In contrast, high-speed rail experiences high stresses from wheel-rail contact (up to 70,000 psi advantages of a magnetically levitated (maglev) train over existing conventional high speed ground transport systems and air travel) and power transfer resulting in frequent maintenance operations.   Also, maglev allows significant reduction in vehicle weight, because propulsion does not require physical contact.  This in turn reduces maintenance costs by up to 70%. 
· Modest Land Requirements: - Land requirements for maglev stations will be very modest because the vehicles are narrow. Furthermore, maglev's elevated dual guideways have small footprints and can be located along existing rail and highways. Maglev guideways can be elevated or constructed at-grade.  Elevated tracks have the advantage of being immune to collisions with animals/ humans straying on the track.  

Land required for maglev will be lesser than that for expressways or normal rail [2].
	Guideway Road
	Width 

ft (m)
	Area 

ft2 (m2)

	4-Lane Freeway
	98(30)
	1,070(100)

	Normal Rail (2-guideway)
	46(14) 
	430(40)

	Transrapid (2-guideway)
	40(12)
	246(23)


Maglev trains have an added advantage that the turning radius may be minimised.  The stable turning radius varies as the square of the velocity, and is proportional to the weight.  A maglev train runs at a specific velocity with minimum contact, allowing tracks to be banked at very tight radii.
· Safety: - Maglev vehicles operate safely under more extreme weather conditions and with less maintenance. Maglev concepts offer exceptional derailment protection when compared with high-speed rail systems. Large-gap maglev systems, in particular, will be much more tolerant of guideway displacements than high-speed rail.

The Transrapid is designed with a "safe hovering" concept to ensure that the vehicle will come to a stop only at a location where auxiliary power and means of evacuation are provided. The vehicle will not proceed unless it is able to reach the next safe location independently of guideway power. For this purpose, the vehicle has the minimum of 7.5 minutes reserve electricity stored in the on board batteries. In the case of emergency, it has primary and secondary braking systems. The brakes are magnets, which create a disruptive magnetic field by interacting with the guideway, there by reducing speed. The vehicle then slides along on its skids (friction coefficient 0.1) until it comes to a halt. The vehicles are constructed from non-combustible materials. 

· Environmental issues: - Also, maglev systems will complement existing transportation systems--and with significantly less environmental impact than other modes.

The Transrapid produces no site-specific gas or liquid pollution. However, electrical generation creates large amounts of pollution at electrical generation plants. The amount of pollution is a function of the generation process and the amount of energy needed. Comparison of emissions in milligram/seat km for various transportation systems is shown in the following table [2]. 

Emission in mg/seat/km

	

	CO 
	NO2
	SO2
	CH
	CO2

	Transrapid 

200km

300km

400km
	2.0 

2.8

3.9
	8.5 

11.7

16.4
	7.1 

9.7

13.5
	0.20 

0.27

0.37
	11,000 

15,000

21,000

	Airbus A 320 

<600km
	225
	449
	44
	17
	139,000

	Automobile with catalytic converter
	510
	132
	12
	42
	71,000


The result shows that the Transrapid has fewer emissions than Airbus or automobile.

· Low magnetic fields: - Maglev designs achieve static magnetic fields of less than 1 gauss (about twice the earth's field) in passenger seating areas, with little cost or weight penalty.
· Low noise levels:   
At low speeds:  Maglev avoids the major noise sources of high-speed rail namely wheel-rail contact and pantograph-catenary contact, and can be operated in urban areas. For example, TR07 can travel about 25 percent faster than existing high-speed rail trains before reaching the peak noise restrictions of 80 to 90 dBa.
At high speeds:  Noise due to aerodynamic drag predominates over wheel-rail contact at high speeds.  Data indicate that even at high speeds maglev is 5 to 7 dBa quieter than high-speed rail.

· Compatible: - Maglev networks can interconnect with existing air and highway networks, reducing air and highway congestion and extending the life of highways and air facilities.

A Chennai – Bangalore maglev train?
A maglev train running between Chennai and Bangalore would complete the journey in not more than 90 minutes.  The following are to be considered for pricing:

1. At present, passenger rail travel is highly subsidized due to cross-subsidization from freight rates.  Therefore it would be extremely difficult to compete with the Railways in passenger transport.  An indicator of this is the ratio of (net earning per passenger km) to (net earning per freight tonne km).  This ratio, (ideally unity) is about 1.15 in China, but a miserable 0.3 in India. (Source: World Bank)  However there are indications that this policy is on the way out [3,4].  This may see a hike in passenger fare of more than 200% over the next five years.  At present, passenger fares are:

	Mode of transport
	Fare

	Express train
	Rs. 110/-

	Sleeper train
	Rs. 175/-

	Bus (Ordinary)
	Rs. 150/-

	Bus (Luxury)
	Rs. 220/-

	Shatabdi express
	Rs. 560/-


Transit time by train/bus is around six hours at an average speed of 60 kmph. (120 kmph. on the Shatabdi)

Maglev would offer a very fast and smooth ride when compared to these, also saving 4 hours of time.

2. When the Golden Quadrilateral project is complete, road travel will be an option competing with railways for both passenger and freight movement.  

A trip by automobile would cost 360km. / 15kmpl. * Rs.35/ltr = Rs. 840.  In the future of satellite towns, daily commuting between cities may be a necessity.  Maglev would greatly reduce transit times.

3. With further development, air traffic is bound to increase, leading to increased pressure on airports.

Current air price is Rs. 2000/-.  

There are 3 express trains and 2 sleeper trains, and around 20 buses each way daily.  There are 8 daily flights, each way, of capacity 150 passengers, flying, say, 60% full

	Means
	Capacity
	No. of travellers (assuming trains, buses running 80% full)

	Express train
	13 x 108 = 1404
	24,59,808

	Sleeper train
	13 x 72 = 936
	10,93,248

	Bus
	40
	4,67,200

	Air
	150
	5,25,600

	Total
	45,45,856


Clearly, about 78% of the total commuters travel by express/ sleeper rail.  Hence the maglev alternative would have to compete with rail fares.  Assuming an increase of 150% in rail fares (very optimistic), the fare would rise to about Rs. 440/- in the next 10 years (project timeframe).  The maglev trip could be priced at Rs. 500/-.
Assuming that only half these travellers opt for the maglev, the revenue generated would be Rs. 500 x 22,72,928 = Rs. 113.7 crores
Costs:

The total lifecycle cost analysis is the sum of four major categories: 
1) Research and Development Cost 
2) Production and Construction Cost 
3) Operation, Maintenance and Support Cost 
4) Retirement and Disposal cost 
Research and Development costs:  

The following aspects must be looked into:

· Conceptual research

· Prototype and test guideway construction

· Control systems research

· Safety features

A proposal for a maglev project in Virginia [5] puts this as $3.5 billion.  The recently constructed Shanghai test track cost a total of $1.2 billion (Rs. 6000 crores) for a track 30 km. long.  This would be a minimum figure, considering that most of the technology was supplied at highly subsidised rates by the German Transrapid Inc.

Research costs:  Rs. 6,000 crores.

Construction Costs: 

Fixed facilities costs: 

These costs would include,

· Industrial engineering, which includes production and manufacturing engineering
· Guideway construction

· Maintenance and control centre facilities
Guideway costs are highly dependent on the location of the particular project, the nature of the terrain and the degree of urbanisation, and are very difficult to estimate offhand.

The estimated cost, according to the Transrapid system (Germany), is $6.25 million (Rs. 32 crores) per km for a single-track guideway.   The Shanghai Hangzhou line in China is estimated to cost $20 million per km.  Guideway costs are about 65% of the total, i.e. $13 million per km.  This is about the same as the German estimate of $12.5 million per km. for a double track line.

At this cost, a Chennai-Bangalore line (360 km. + 40 km for double track) would cost around Rs. 12,800 crores

· Indian Railways estimates the total cost of a proposed high-speed track between Ahmedabad and Mumbai (approx. 550 km) as Rs. 20,000 to 30,000 crores [3].  This would amount to Rs. 45 – 50 crores per km.

· Delhi Metro: Phase I and II are expected to cost around Rs. 170 – 200 crores per km. [6].  This is extremely high as compared to other projects, probably because it is an underground system in an urban area.

· The Konkan Railway when completed in 1996 had cost around Rs. 4,000 crores at around Rs. 5.3 crores per km.

· The Mumbai – Pune Expressway (total length of 95 km.) has been completed at a cost of Rs. 1630 crores (around 16 crores per km.)

Vehicle cost:  
The following costs would be taken into consideration:

· Engineering costs

· Material – a fire resistant, non-magnetic and lightweight material that can withstand high speeds.

· Cost of superconducting magnets and refrigeration facilities

· Construction costs

The AP Metro project will import coaches at Rs. 5.25 crores per coach

The Virginia project estimate is $ 50,000 (Rs. 25 lakh). per seat.  A coach of 100 passengers each would cost Rs. 25 crores.

If 5 trips are to be run, we would need only two trains of, say, 10 coaches each running back and forth.  This would cost Rs. 500 crores.
Land cost:

Land costs are dependent on the particular routing and topography. Existing expressway lands may be used since the maglev does not require much ground area if it is elevated, however there may be serious speed penalties because of the presence of curves. In any case, the land costs represent only a small fraction of the overall construction costs. 

(The Delhi Metro land acquisition costs were 8% of the total project cost.   This works out to Rs. 13 crores per km.  So the Bangalore Chennai line would cost Rs. 4700 crores.  However costs along the Bangalore-Chennai route would be far lower than this.  So we shall neglect this for the time being)

Total capital costs: Rs. 18,300 crores. (Transrapid  + Virginia estimate)

It may be noted here that there is a proposal to extend the Shanghai maglev track by a length of 300 km. at a cost of $5 billion. (Rs. 25,000 crores)

Operation and Maintenance Costs:
· Power supply / fuel

· Training of personnel for operation and maintenance

· Staff costs

· Spares and repairs

· Diagnostic equipment

· Customer facilities like ticketing, parking, etc.

South Central Railway spends Rs. 2250 crores a year on operational costs [7].   The total track length is 7102 km.  Therefore the operation and maintenance cost is around 0.32 crores/year/km.  Around 30% of this spent on staff costs.  Fuel costs total 15%.  The maglev efficiency should reduce fuel costs by as much as 50%.

Operation Cost:  Rs. 120 crores per year (without considering superior maglev efficiency)

However, the maglev is about 30% more efficient on fuel consumption (conservative), and the maintenance costs are also reduced by about 50%.

Therefore, operating costs would be about Rs. 84 crores/year.

Retirement and Disposal Costs:
· Recycling of material

· Transportation and disposal of unusable materials

Revenues:

· Ticketing: Pricing would be competitive when compared to automobile or air travel, while being slightly higher than conventional rail travel.

· Parking fees at rail stations

· Freight transport

· Scrap disposal

Timeline:

	Stage
	Years

	Research and development
	1 to 5

	Prototype construction and experimentation
	 4 to 8

	Construction (in stages)
	6 to 14

	Open to public
	8 to 10


Break-even time:  
At the present cost and ridership estimates, the maglev track should make an annual profit of Rs.29.7 crores.  At this rate, it would take an impossible 600 years to recover the initial capital.  However, things to be considered are the escalation in costs due to inflation and the increase in ridership due to an increase in population and further development.

1.  The rate of inflation in India based on the wholesale price index has been about 5.3% (on an average) for the past five years.  Assuming the same rate, cost prices would increase by 67% by the end of the next ten years.  But, the revenue generated will also go up by the same amount due to higher pricing, which means that the annual profit would be Rs. 49.7 crores.

2.  The population growths in Bangalore for the periods 1981-91 and 1991-01 have been 38.44% and 34.80% respectively.  The corresponding numbers in Chennai have been 17.24% and 9.26%.  With the population growing at such a rapid rate in Bangalore, and considering rapid development, we can expect an increase of about 35% in the maglev ridership.  

After these considerations, the annual profits would increase to about Rs. 49.7 cr. X 1.35 = Rs. 67.1 crores per year.

The time required to recover fixed facility costs still works out to 273 years.

There is another viewpoint, which holds that there will be an induced demand for maglev trains due to developments in computer technology and communication systems.  Eggleton and Zavergiu [8] contend that traditional economic models will always predict a shortfall in ridership for economic operation.  Induced demand will bring in new ridership of 200 to 400% of the predicted levels by 2020, while diversion from other modes to maglev will be limited.  In this case the project could recover its costs within 30 years.

There is also a case for going ahead with maglev research even if it appears to be uneconomical at the present juncture.  Better materials and technology will greatly reduce the prohibitive initial costs in the near future.  The spin-offs from maglev research into the fields of medicine, linear drives, automobile industry etc. cannot be enumerated.  Also, maglev has a certain romantic appeal and showcasing maglev technology will be an issue of national pride.

Areas for further improvement / research:


Guideway Structure 
Fixed facilities account for about 90% of the total maglev capital costs (Transrapid). The guideway structure represents 70% of the fixed-facility costs. Any technological improvements in this area will have a substantial impact on system economics.  At present, there are two different technologies being tested – the repulsive electrodynamic suspension (EDS) with linear induction motors (LIM) in Japan and the attractive electromagnetic suspension (EMS) with linear synchronous motors (LSM) in Germany and China.

Propulsion System
The propulsion system integrated into the guideway is a major element of capital cost; breakthroughs in design of such systems could reduce the capital cost.  The LIM requires stricter gap restrictions than the LSM, and is less cost intensive.  Many alternatives or improvements to the LIM and the LSM are being proposed – notably the pulsed linear motor developed by Sandia laboratories [9].
Aerodynamic Drag losses

At high speeds, overcoming aerodynamic drag consumes most of the propulsion energy.   It also tends to nullify some of the advantages of maglev, i.e. low noise and unlimited speed capability.  Further improvements in materials would help in increasing speed.  Also to be considered is the option of running maglev trains at low air pressures in evacuated chambers [10].

Wheeled Alternatives

Some experts argue that non-contact propulsion with LSMs on conventional rails would reduce high guideway construction costs while retaining most of the advantages of the maglev.

Superconductors and refrigerating systems

A large part of the power consumption during operation is due to the refrigeration system and ac losses in the superconducting material.  Further improvements would reduce these costs.

Operational Consideration 
An important operating consideration is whether to use multi-car trains with limited number of intermediate stops, or frequent single-car trains with multiple intermediate stops, or single-car shuttle trains servicing individual pairs of stations, etc. These different operation scenarios will depend on the characteristics of the routes (length, stations, capacities, etc)
Freight transport

Freight transport rates of the Indian Railways are extremely high.  This may be a potential market for maglev operation.
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