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1. India’s Attributes for Hosting WHTC (2009)

India - the largest democracy in the world with a population of ~1.2 billion has only sparse (~0.8%) deposits of the World reserves of oil. It has to import almost 100MT of oil per year at a cost of about 12 billion US$. A price rise of about 1$ per barrel results in an increase of expenditure of 0.6 billion US$. This creates a very crucial effect on the economy of the country.  Since the vehicle numbers are increasing rather rapidly, e.g. in Delhi about 10,000 new vehicles are being added  per year, the consumption of oil keeps on increasing. This creates economic burden involving more than 60% expenditure of foreign exchange reserves. The related problem of pollution also aggravates since pollution increases beyond safe limits. The capital of India, New Delhi is considered to be the one of the worst polluted cities of the world. Caught in this twin catastrophic scenarios, India will have to shift to renewable fuel which may be an indigenous and clean option of depleting and polluting fossil fuel “oil”.  Hydrogen is undoubtedly the only option which corresponds to indigenous and clean fuel. 

India has been placing placid emphasis on Science and Technology of ‘Renewable Energies’ right after getting Independence in (1947). The R&D efforts in the area of ‘Renewable’ formed component of special emphasis on “Science and Technology” by the Indian Government. After decades of work on ‘Renewables’ in the general framework of Science and Technology, the Government created Dept. of Non-conventional Energy Sources (DNES) and thereafter for about two decades a full fledged Ministry of Non-Conventional Energy Sources was established. India is possibly the only country in the World which has a separate Ministry of Non-Conventional Energy Sources (MNES). Amongst several aspects of Renewables, the MNES has a division of New Energy Technologies (NET) of which Hydrogen together with Fuel Cell is the most important ingredient. 

India has myriad many R&D programmes on Hydrogen Energy. These will be described in the next section. Indian Scientist and Engineers have been taking significant interest in the R&D and application aspect of Hydrogen Energy. Indian scientists have been attending regularly WHECs held in the last two decades. Also two International Conferences/Seminars have been organized by India in the last decade. These are as in the following : 

a) International Seminar cum Workshop on Hydrogen Energy (1997) [sponsored by UNDP and CSIR (India); and held at Banaras Hindu University, Varanasi – 221 005]

b) International Hydrogen Energy Seminar (2003) [sponsored by IOC and held at Hotel Le Meridian, New Delhi]

Recently in 2003 reflecting the increased emphasis on ‘Hydrogen Energy’ the Indian Govt. at its Planning Commission held several meetings of energy planners, experts, scientists and engineers to create “Roadmap for Hydrogen Energy”. As a result of six meetings a tentative draft on Roadmap was created by the end of 2003. In early 2004, ‘Hydrogen Energy Board’ (HEB) was formed and its first meeting was held on 23 Feb. 2004. In order to fix priorities of ‘Hydrogen Applications” and to speed up the process of entry of Hydrogen in the market, HEB formed steering Committees chaired by the pioneering industrialist Sri Ratan Tata. The first meeting of this steering Committee was held in April 2004. As a result of detailed discussions on Hydrogen Energy including Fuel cells, five groups have been formed to prepare the status report in various thrust areas of Hydrogen Energy. These groups are Hydrogen Production (Chair : Bhabha Atomic Research Centre, Dept. of Atomic Energy, Bombay); Hydrogen Storage (Chair Prof. O.N. Srivastava, BHU, Varanasi); Hydrogen Applications for Power Generation (Bharat Heavy Electrical, Hyderabad); System  Integration (Prof. Kasturirangan, Ex-Secretary ISRO, Bangalore). Meetings of most of there groups have already taken place and status reports are being prepared. Recently (15 Sept. 2004), the second meeting of Hydrogen Energy Board has been held under the Chairmanship of Ministry of Non-conventional Energy Sources. Some important long range such as Hydrogen Production through Nuclear Energy, Hydrogen Applications involving 10% Hydrogen in CNG as motor Fuel  have been considered by the HEB at its 15 Sept. meeting. A first draft of ‘Road map for Hydrogen Energy’ has also been presented to HEB. 

The above background already reveals, the intensive interest in ‘Hydrogen Energy’ aroused in India in the past few years. It is felt that it is ripe now to hold International Meet in Hydrogen Energy in India in the coming years. With this aim in view Sr. Advisor MNES Dr. S.K Chopra presented the case of India during WHEC-XV held at Yokohama (27 June to 1 July 2004)before the IAHE International Advisory  Committee. The Committee has tentatively agreed to hold World Hydrogen Technologies Convention WHTC in India in 2009. This proposal for holding WHTC in India in 2009 is being submitted to IAHE so as to obtain the final concurrence for WHTC (2009) in India. 

2. India’s Contribution to Hydrogen Energy

Hydrogen is receiving worldwide attention as clean, efficient energy carrier/fuel and energy storage medium used for transportation and decentralized power generation applications.  The widespread use of hydrogen by direct combustion in Internal Combustion engines and through fuel cells can substitute petroleum fuels in an environmentally benign way, both for vehicular application as well as for decentralized power generation.  However, transition to the Hydrogen economy from the present fossil fuel based economy will require solutions to many challenges in the area of production, storage, delivery, applications and expanding infrastructure technology, economics and large scale public awareness.

In view of the growing importance of hydrogen energy as an effective alternative to fossil fuels, Ministry has constituted a National Hydrogen Energy Board, which is chaired by the Minister and has members from Government, Industry, Academia and other experts. The Board will guide and oversee implementation of a National Hydrogen Energy Road Map and National Programme.  

The National Hydrogen Energy Road Map, which will lead to the National Hydrogen Energy Programme, would require a dual strategy.  Top down to provide assistance in framing the necessary policy support and legislation and bottom up to develop the required technology.

The policy and legal framework requires large-scale awareness and understanding of hydrogen as a fuel and identification of the various issues involved in production, storage, delivery and use of hydrogen energy including fuel cells.

The use of hydrogen especially in vehicular applications will require better understanding of the properties of hydrogen as a fuel. Several properties of hydrogen require safe handling, which is different from other fuels; therefore, it will be necessary to have new safety standards & codes, and regulations.   

Hydrogen production is a key area of concern.  The present status of development and goals to be achieved in hydrogen production for moving towards hydrogen economy has to be identified. The renewable methods of hydrogen production require to be further developed to provide low cost and carbon free hydrogen. 

Similarly, in the area of hydrogen storage including gaseous, liquid & solid state storage and methanol, various issues concerning energy efficiency of storage, its useful life on recycling, compactness etc. have to be addressed. The path ahead, after taking into account the current status of research, has to be identified and a detailed research programme prepared.  At the same time, it is necessary to create large-scale awareness about the hydrogen applications. 

In this context, it would be appropriate to take up selected demonstration projects which would not only provide operating experience in key hydrogen applications such as decentralized power generation and automobile use, but also facilitate public-private partnership involving major stakeholders, including government, industry, research and user groups, in this effort.

The Ministry of Non-Conventional Energy Sources has been supporting a broad based programme on R&D and demonstration for over a decade on different aspects of hydrogen energy and fuel cells including production, storage and utilization of hydrogen as a fuel. Several R&D and academic institutions, IITs, CSIR laboratories and industries are involved in implementing this programme. Key results under some of the projects are described in the following sections.  In addition to MNES, several other Departments like DST, DAE, DoS, DRDO and CSIR are also supporting research on different aspects of hydrogen energy. 

Hydrogen Production 

Currently hydrogen is being produced on large scale in fertilizer and petroleum refining industries. Hydrogen is also produced as a by-product in chlor-alkali industries. It is mainly produced from steam reforming of naphtha and natural gas. The other commercially used methods are partial oxidation, electrolysis and gasification. Most of the hydrogen used in various commercial applications including research on hydrogen applications in power generation and transport is produced from hydrocarbons. The cost of compressed hydrogen gas available at distribution points is about Rs. 10 – 30 per Nm3 depending on the location. The present cost of hydrogen is high for such applications. The focus of research in hydrogen production is on development of renewable methods. 

USA, Japan, Germany, Iceland and many other countries have launched major projects to produce hydrogen through several routes.  The focus of international research is also to demonstrate on-site hydrogen production from various hydrocarbon resources, which could facilitate development of initial infrastructure for the demonstration projects on hydrogen applications. In addition, research is being pursued to develop renewable methods to produce hydrogen, especially through various biomass routes   and water splitting methods. The US goal is to reduce the cost of hydrogen production from natural gas to equivalent of $ 1.5 per gallon of gasoline at the pump. It also envisages to demonstrate and verify by 2010, large-scale central electrolysis at $ 2.0/kg. With regard to renewable methods of hydrogen production the goal is to produce hydrogen at $ 2.6 /kg from biomass by 2010. By 2015 hydrogen production by direct splitting of water to come down to  $ 5 / kg and  photo biological route to be  at $ 10 / kg from the current $ 200/kg. 

R&D on Hydrogen Production in India

With a view of producing clean hydrogen from decentralized plants using renewable methods, research work is in progress on different routes of hydrogen production at several institutions.   AMM Murugappa Chettiar Research Centre, Channai, has set up a 125 m3 capacity reactor for hydrogen pilot production from distillery waste at the distillery of M/s EID Parry, near Pondicherry The Banaras Hindu University (BHU) has worked at laboratory scale to demonstrate hydrogen production from (i) Bagasse; and (ii) photolytic route by photo electrochemical splitting of water. RV College of Engineering is working on microbial degradation of bagasse and other types of biomass waste to produce hydrogen. SPIC Science Foundation and Central Electrochemical Research Institute (CECRI) are developing PEM based water electrolysers  for generating hydrogen.  
Key Areas of Research
Further research is required to lower the cost of hydrogen and improve the production rate of hydrogen. The present cost of hydrogen at delivery point needs to be reduced by a factor of 3-4. Apart from setting up of central hydrogen production facilities for emerging hydrogen applications, the technology for on-site generation of hydrogen by reformation of hydrocarbons needs to be further improved and demonstrated in phased manner. This will be necessary to provide hydrogen in selected locations for proposed demonstration of hydrogen energy applications. Similarly, renewable energy based hydrogen production methods have to be improved to enhance the existing hydrogen production rates and thereby reduce the cost of hydrogen production. This has to be done in stages through further research and planned demonstration projects.  Extensive research and development and demonstration efforts are needed to lower the cost of production, improve efficiency and develop better techniques both for central station and distribution for hydrogen production.  A well defined and target research programme has to be prepared as part of road map for hydrogen production.

Hydrogen Storage

The currently used methods to store hydrogen include storage in pressurized tanks/cylinders (usually at pressure up to 170 bar), liquefied hydrogen stored and also in pipelines during its transport.  In view of low volumetric density, storage of hydrogen is one of the key areas where significant developments are required to accelerate use of hydrogen in transportation and stationary power generation applications. The major technical challenge for hydrogen storage, especially for the transport applications, is how to store sufficient amount of hydrogen for a convenient driving range before refuelling, keeping in view the constraints of weight, volume, efficiency, safety, and cost requirements for on-board storage. In addition, storage will also be required at hydrogen production and hydrogen refueling stations.  

In view of growing prospects of hydrogen as an energy carrier, new methods of storage are being developed. Several solid-state materials like metal hydrides; chemical hydrides, carbon nanostructures, glass microspheres etc. can store hydrogen and have good prospects. Some metals readily absorb gaseous hydrogen under conditions of high pressure and moderate temperature to form metal hydrides. In the metal hydride storage systems hydrogen becomes part of the chemical structure of the metal itself and therefore does not require high pressures or cryogenic temperatures for operation. In essence, the metals soak up and release hydrogen like a sponge.  Since hydrogen is released from the hydride for use at low pressure (and must be released before it can burn rapidly), hydrides are the most intrinsically safe of all methods of storing hydrogen.

Certain carbons have a very large surface area and research has been going on for several years to try to store hydrogen in these materials. According to several research groups, carbon nanostructures such as nanofibers, nanotubes and fullerenes have shown promising abilities to absorb hydrogen. Glass microsphere storage systems use tiny, hollow glass balls into which hydrogen is forced under very high pressure. Once stored, the balls can be stored at ambient conditions without hydrogen loss. Moderate heat releases the hydrogen again. Experiments are being done to increase the hydrogen release rate by crushing the spheres.

The existing storage methods with some improvements may be adequate for the stationary power generation plants. In the recent years new type of composite tanks, which can store hydrogen at about 350-bar pressure, have been developed in USA, Japan and some other countries.  Efforts are in progress to develop tanks that can store hydrogen at about 700-bar pressure. This will further reduce the tank size, which is necessary for transport applications.   
Energy efficiency is a major challenge for all hydrogen storage approaches including reversible solid-state materials, compression and liquefaction techniques. The life of hydrogen storage systems needs to be improved, especially for the solid-state storage methods.  Materials and components are needed that allow hydrogen storage systems with a lifetime of => 1500 cycles with on board  9% storage capacity by weight by 2015.  Refueling time for on-board storage is another important issue. This is also linked with the performance characteristics of the fuelling station and its compatibility with the on-board storage system.   
In addition to  development of efficient methods of hydrogen storage, it is necessary to integrate it with suitable delivery techniques.  Bulk storage of hydrogen would be necessary for setting up any distribution / refueling facility. This would also require storage systems to be compatible with the delivery systems.  Several countries like USA, Japan,  Canada, China and European Union have established hydrogen fuelling stations and in most of the cases  on-site hydrogen generation plants, pressurized bulk storage facility and dispensing facilities have been demonstrated. These demonstration refueling facilities are using different types of  hydrocarbons to produce hydrogen, which is stored and delivered at 350 bar or 250 bar pressure, mainly for automobile applications using fuel cells. 

USA has announced goals to make hydrogen storage viable for automobile applications. It is envisaged that by 2005, it would be possible to  develop and verify on-board hydrogen storage systems achieving 1.5 kWh/kg (4.5 wt%), 1.2 kWh/L, and $6/kWh which should gradually improve to  (i) by  2010 to develop and verify on-board hydrogen storage systems achieving 2 kWh/kg (6 wt%), 1.5 kWh/L, and $4/kWh and (ii) by 2015, develop and verify on-board hydrogen storage systems achieving 3kWh/kg (9 wt%), 2.7 kWh/L, and $2/kWh. The US goals also envisage to develop and demonstrate by  2015, a  low-cost, off-board hydrogen storage systems, as required for hydrogen infrastructure needs to support transportation, stationary and portable power markets. By the same time also develop and verify vehicle interface technologies for fueling on-board hydrogen storage systems.  

R&D on Hydrogen Storage in India   

Several research groups are working in the country on development of solid-state storage materials. The Banaras Hindu University (BHU) has developed a wide range of metal hydrides, which can be used for both small decentralized power generation and automobile applications.  BHU has reported up to 2.4% weight storage capacity. BHU has also set up a facility to regularly produce metal hydride for demonstration projects and research work by various groups in the country.  International Advanced Research Centre for Power Metallurgy and New Materials (ARCI), Hyderabad and IIT - Madras are working   on synthesis and evaluation of hydrogen absorbing alloys by mechanical alloying techniques. IIT – Madras and BHU are also working on development of carbon nanostructures to store hydrogen. 

Key Areas of Research

Further research is necessary on developing techniques for higher compression pressure up to 700 bars. This will also require research on materials required to store hydrogen. It may also be necessary to redesign the storage tanks for optimal space utilization in vehicles and also to allow sufficient range to the vehicles. The goal for research in hydrides and other solid state storage materials should be to achieve 9 wt % storage by 2020 with a recycle life => 1500. This goal can be achieved in phases. The presently available hydride storage per charge should be quickly improved to 3 wt% to provide a reasonable driving range for motorcycles and three wheelers. For four wheeler applications this capacity may have to be around 6 wt %, which should be achieved by 2010.  Current research and development efforts need to be significantly upgraded, as convenient access to hydrogen through storage devices and delivery systems is the key for developing hydrogen economy with expanded demonstration.  The Road Map will identify and propose a phased research & development and demonstration programme for different types of storage devices, especially those with particular relevance to light-duty vehicles and decentralized production of hydrogen. 

Hydrogen Applications

Hydrogen use in Internal Combustion Engines /Turbines

In view of the unique properties of hydrogen it is possible to use hydrogen directly or blended with diesel / CNG in internal combustion engines / turbines. Hydrogen has a wide flammability range in comparison with all other fuels. Therefore, hydrogen can be combusted in an internal combustion engine over a wide range of hydrogen-air mixtures, specially a lean mixture. Hydrogen has very low ignition energy. The amount of energy required to ignite hydrogen is significantly less than that required for petrol. This enables hydrogen engines to ignite lean mixtures and ensures easy ignition. Generally, fuel economy is greater and the combustion reaction is more complete when a vehicle is run on a lean mixture.  

Additionally, the final combustion temperature is generally lower, reducing the amount of pollutants, such as nitrogen oxides, emitted in the exhaust. However, a lean operation, below certain limit, can significantly reduce the power output of the engine due to a reduction in the volumetric heating value of the air/hydrogen mixture.

Hydrogen has a small quenching distance, smaller than petrol. The hydrogen flames can travel closer to the cylinder wall than other fuels before they extinguish. Thus, it is more difficult to quench a hydrogen flame than a petrol flame. The smaller quenching distance can also increase the tendency for backfire since the flame from a hydrogen-air mixture more readily passes a nearly closed intake valve, than a petrol/diesel -air flame.

The high auto-ignition temperature of hydrogen allows larger compression ratios to be used in a hydrogen engine than in a petrol engine. However, hydrogen is difficult to ignite in a compression ignition or diesel configuration, because the temperatures needed for those types of ignition are relatively high.

Hydrogen has high flame speed at stoichiometric ratios, which is significantly higher than that of petrol. This means that hydrogen engines can more closely approach the thermodynamically ideal engine cycle. At leaner mixtures, however, the flame speed decreases significantly. The stoichiometric ratio for the complete combustion of hydrogen in air is about 34:1 by mass, which is much higher than the 14.7:1 ratio for petrol

Hydrogen has very high diffusivity. The ability to quickly disperse in air facilitates the formation of a uniform mixture of hydrogen in air. Also if a hydrogen leak develops, the hydrogen disperses rapidly and the unsafe conditions can either be avoided or minimized.

Some of the above mentioned properties like lower ignition energy, wider flammability range and shorter quenching distance also result in problems like premature ignition which is a much greater problem in hydrogen fueled engines than in other IC engines.  Redesigning the fuel delivery system can be an effective method in reducing or eliminating pre-ignition problem.

Several international research groups and some of the automobile companies have been working on development and demonstration of direct use of hydrogen and blending with CNG in IC engines.  BMW has developed a dual fuel vehicle, which can work on conventional gasoline and hydrogen as a fuels. BMW has demonstrated use of hydrogen fuel in IC Engine based BMW 7 series Sedan car. The vehicle has a range of 180 miles (290 km) and top speed of 140 miles (225 km) per hour and liquid hydrogen is stored on board.  A 5 kW PEM fuel cell stack is used for auxiliary power unit (APU), which provided energy for the car's on-board electrical needs, including climate control - even when the engine is off. This five-kilowatt unit runs on liquid hydrogen as a fuel.
Present Status of Development in India

R&D efforts are in progress in the country to optimize use of hydrogen in existing internal combustion engines.  Small vehicles and generators, which work with internal combustion engines, have been modified to work with hydrogen.  Hydrogen operated motorcycles and three wheelers have been developed and demonstrated.  BHU has modified a commercially available motorcycle (100 cc, four strokes) and a three-wheeler (175 cc, four strokes) to operate on hydrogen as a fuel, which is stored in metal hydride powder (1.6 wt%). The engine is modified to run on hydrogen using a specially developed automatic valve. The amount of hydrogen going in the engine is controlled through this valve. In this case also the engine exhaust is passed through hydride tank to facilitate heating of the hydride to about ~60oC. This ensures continuous release of hydrogen from the hydride material.
A petrol driven small capacity generator set (1.2 kW) has also been converted by BHU to demonstrate the decentralized electricity generation through hydrogen fuel stored in metal hydrides. Hydrogen is stored in a mischmetal-based hydride.  The heat transfer is optimized to maximize the release of hydrogen. RV College of Engineering has also converted  a 0.6  kW portable generator to work with hydrogen as a fuel. 

A 10 kW, single cylinder spark ignition (petrol) engine generator set has been converted by IIT – Delhi to operate on hydrogen stored in cylinders. The fuel induction system forms the most crucial part in the development of this system. The performance of hydrogen-fuelled generator set has been evaluated at different load conditions. IIT – Delhi has also converted compressed ignition engines to operate in dual fuel mode by blending of hydrogen with diesel.  Several designs of fuel-feeding systems have been tested for using hydrogen as a fuel. The thermal efficiency of the system is about 31.1 %. There is no emission of carbon monoxide and hydrocarbon. The NOx level is 200 ppm at 0.6 equivalence ratio. In addition, IIT has also conducted studies on blending of hydrogen with CNG.

IIT, Kharagpur is working on development of compressor driven metal hydride cooling and heating systems and the IIT – Madras is working on demonstration of solar heat driven metal hydride based water pumping, cooling and heating hybrid system. The IIT – Madras is also developing hydrogen sensors and the University of Rajasthan is developing hydrogen filters.  

Key areas of Research

R&D efforts are in progress in the country to optimize use of hydrogen in existing internal combustion engines.  Small vehicles and generators, which work with internal combustion engines, have been modified to work with hydrogen.  However, the hydrogen powered IC engine system development in terms of the fuel injection techniques and associated safety features are yet to be fully developed and optimized to ensure a smooth and reliable operation. Optimum performance of the systems would depend on  several factors such as equivalence ratio, ignition timing, compression ratio and method of fuel injection. Safety devices such as flame traps/ flame arrestors, pressure release valves and non-return valve to prevent backfire and hydrogen sensors are to be installed at the appropriate location.  Therefore, it will be necessary to undertake extensive field trials at different phases of technology development to fully optimize the design of the engines and also the vehicles. This will help in achieving the targeted goals for introduction of hydrogen powered IC engines and turbines in the country for both power generation and transport applications. Hydrogen fuelled IC engines both for vehicles and stationary applications are near-term lower cost options that would accelerate the development of hydrogen infrastructure and hydrogen storage technology.  Another advantage of this option is that hydrogen fuelled IC engines can be conveniently produced in larger numbers as demand picks up.  The Road Map will propose the detailed programme for research & development and demonstration of combustion based applications including IC engines and gas turbines based on direct hydrogen use or mixed with natural gas for stationary and vehicular applications.

Central Themes 

With a view to progressively introduce hydrogen energy applications in the country, the Ministry of Non-Conventional Energy Sources is preparing a National Hydrogen Energy Road Map.  In order to accelerate research and product development, the Ministry has proposed demonstration projects on direct hydrogen application in engines / turbines for automobiles and decentralized power generation. These projects also are expected to facilitate establishment of support infrastructure for production, storage and supply of hydrogen, development of safety codes and standards and other related matters. The Ministry has also proposed to set up a Hydrogen Energy Centre and also testing facilities.   Certain milestones concerning research, technology development and demonstration activities have been proposed which are given in Annexure I. 

A detailed technical plan needs to be prepared which would identify the technical goals to be achieved in a phased manner by 2012. It is also necessary to identify the technology gaps and priorities for research in the Indian context. These inputs would be utilized to finalise the National Hydrogen Energy Road Map and prepare a detailed plan on direct use of hydrogen energy under the National Hydrogen Energy Programme. 

The following major issues are proposed to be discussed in the meeting:

(i) Review of technical developments in hydrogen energy in India and abroad and preparation of a status paper of hydrogen energy technology 

(ii) Assessment of potential of hydrogen for introduction in India for stationary and transport applications and the status of commercial availability of products including issues relating to their technical performance, safety features and cost effectiveness

(iii) Preparation of National Road Map for hydrogen energy development: timeframe, technical performance, technology gaps, priorities for research etc.

(iv) Preparation of Research and Technology Development Plan, consisting of short, medium and long term activities, including linkages with industry and identification of specific projects for funding in mission mode

(v) Resource requirements for research and demonstration activities

(vi) Coordination and Monitoring of implementation of hydrogen energy research programme.

(vii) Design and contents of the National Hydrogen Energy  Programme including broad targets, time frame and resource requirement.
Annexure I

National Hydrogen Energy Road Map:  Proposed Milestones

FY  2004-2007
· Preparation of a detailed research and technology development plan

· Pilot demonstration plant for hydrogen production from hydrocarbons (Natural gas etc.)

· Demonstration reactors for production of hydrogen through biological, biomass, PEC routes 

· R&D for onsite generation of hydrogen

· R&D on carbon dioxide sequestration

· Pilot plant for production of metal hydrides

· R&D for improving hydride storage efficiency to 3-weight %, cycle life. 1,000

· R&D in other solid state storage materials like carbon nanostructures, glass microsphres 

· Development of limited area hydrogen pipeline linked to pilot demonstration hydrogen plants, which could be transported to CNG stations for blending 

· Development of high pressure hydrogen storage tanks and their testing (=>300 Bar)

· Demonstration of electrolyser system for on-site hydrogen production and delivery at refueling stations

· Extensive testing of hydrogen based IC Engine for evaluating their performance and limited demonstration for (i) decentralized power generation, and (ii) in automotive engines in selected locations

· Demonstration of CNG-Hydrogen blend in three/four wheelers and buses

· Demonstration of hydrogen (metal hydride) powered two / three wheelers

· Development and demonstration of direct hydrogen powered vehicles

· Setting up of Hydrogen Test Facility

· Setting up of Hydrogen Energy Centre

FY  2007-2012
· Centralised hydrogen production from hydrocarbons

· Pilot plant production of hydrogen production from renewable methods for on-site hydrogen production

· Carbon dioxide sequestration demonstration projects suitable for Indian conditions

· Production of metal hydrides

· R&D for improving solid state storage efficiency to 5 weight %, > 1,000 cycles

· Demonstration of other hydrogen storage systems

· Enlarging network of hydrogen pipeline linked to hydrogen production plants to areas having concentrated users of hydrogen 

· Production of high pressure hydrogen storage tanks (> 300 bar) for transportation of hydrogen

· Expanded demonstration of electrolyser system for on-site hydrogen production and delivery at refueling stations

· Expanded demonstration of hydrogen based IC Engine for (i) decentralized power generation, and (ii) in automotive engines in areas having hydrogen supply or on site hydrogen production facilities

· Widening the user base of CNG-Hydrogen blend in three / four wheelers and buses

· Expanded use of hydrogen (metal hydrides) in two wheelers

· Expanded demonstration of direct hydrogen powered vehicles

3. Organization of WHTC (2009) 

3.1  Some Details of Organization of WHTC (2009)  

Date of WHTC : 2009 (4 days between 20 and 26 June 2009) 

Convener : 

(a)

Prof. O.N. Srivastava 

Physics  Dept. 

Banaras Hindu University

Varanasi- 221 005

email : hepons@yahoo.com
Phone : +91-542-2368468 / 2223047 

Joint Convener 
(b) 

Prof. L.M. Das

Centre of Energy Studies      

Indian Institute of Technology

New Delhi – 100 016

email : lmdas1@hotmail.com
Phone : +91-11-26511290 / 26591624

Mobile : 09891714856

Co-convener : 
(c)

Dr. R.K. Malhotra 

General Manager (R&D) 

Indian Oil Corporation Ltd., New Delhi

Phone : 09811302249 Fax : 2286221

email : malhotrark@iocrd.co.in, 

malhotrark@iocl.co.in
Some Details of WHTC (2009)  
VENUE

NEW DELHI
(The Hotel where Conference will be held : to be announced shortly) 

3.2 Advisory Committees of WHTC (2009)
International Advisory WHTC Committee

1. T.Nejat Veziroglu (USA) 

2. Tokio Ohta (Japan) 

3. David S. Scott (Canada)

4. Frano Barbir (USA) 

5. Hussein I. Abdel-Aal (Saudi Arabia)

6. Bragi Amason (Iceland) 

7. Juan C. Bolcich (Argentina) 

8. James E. Funk (USA)

9. Shoichi Furuhama (Japan)

10. Victor A. Goltson (Ukraine) 

11. Zong Qiang Mao (China)

12. Cesare Marchetti (Austria) 

13. Tokio Ohta (Japan)

14. Vladimir D. Rusanov (Russia)

15. Jacques Saint-Just (France)

16. Walter Seifritz (Switzerland) 

17. Giuseppe Spazzafumo (Italy)

18. Alexander K. Stuart (Canada)

19. Patrick Takahashi (USA)

20. Carl-Jochen Winter (Germany) 

3.3 Organizing Committee of WHTC (2009)
National Advisory WHTC Committees

1. Ministry of Non-conventional Energy Sources (c/o Minister, Sri Vilasrao Muttamwar) 

2. Ministry of Non-conventional Energy Sources (c/o Senior Advisor, Dr. S.K. Chopra)

3. Minister Science and Technology

4. Minister, Petroleum and Natural Gas 

5. Minister Human Resource and Development 

6. Secretary, Ministry of Non-conventional Energy Sources 

7. Secretary, Deptt. of Science and Technology

8. Secretary, Ministry of Petroleum 

9. Director, R & D, IOC

10. Chairman, Indian Oil Corporation Ltd. 

11. Chairman, Oil and Natural Gas Commission 

12. Chairman, Gas Authority of India Ltd. 

13. Chairman, University Grants Commission

14. Chairman, All India Council for Technical Education

15. Chairman TATA Group

16. Chairman CII, India

17. Chairman, Mahindra & Mahindra

18. CMD, International Cars & Motors Ltd.
National  Programme Committee 
1. Prof. O.N. Srivastava (Varanasi; Convener) 

2. Prof. L.M. Das (New Delhi; Co-Convener)

3. Sri Anand Kumar (Director R & D)

4. Sri R.K. Malhotra (IOC, Joint Convener) 

5. Mr. Balraj Bhanot (Director, Automobile Research Association of India Poona)

6. Dr. Vikram Kumar (NPL, New Delhi) 

7. Dr. S.K. Sikka (New Delhi) 

8. Dr. R.H. Auluck (BHEL, Hyderabad)

9. Prof. S.Srinivasmurthy (Madras)

10. Dr. R. Sunderseshan (Hyderabad) 

19. Dr. V. Sumantran (Exec. Director, Tata Motors)

20. Dr. Pawan Goenka (CMD, Mahindra & Mahindra)

21. Sri Abhai Firodia (CMD, Bajaj Tempo, Puna)

22. Dr. Sunil Khatri (Joint Secretary, MNES)

23. Dr. B.M.S. Bist (Advisor, MNES) 

24. Dr. M.R. Nouni (Scientist, MNES)

Organization of WHTC (2009)

Following  the directives established by the Advisory and Organizing Committees, the various Committees presented in the previous section will form a dedicated organization team that will plan the activities leading up to the Convention in 2009. Once the date of the Convention approaches, portions of the work will be assigned to subcomittees. The breakup of the work is given in the following  table 

	Activity 
	Resource

	Structuring of Mailing Lists
	Organizing Committee supported by International Committees 

	Promotional Material i.e. Pamphlets, Mailings, Advertisements
	Organizing Committee

	Planning of Technical Visits 
	Organizing and Technical Program Committees

	Planning of Cultural Visits 
	Organizing Committee

	Exhibit Coordination 
	Industrial Committee

	Review of Papers submitted 
	Technical Program Committee

	Proceedings 
	Organizing and Technical Program Committee

	Registration of Participants 
	Hotel Management 

	Accommodations 
	Hotel Management 

	Conference Logistics i.e. Conference Rooms, Audio-visuals 
	Organizing Committee

	Accounting
	Financial Committee

	Press Releases 
	Organizing Committee


:

4. Budget for WHTC (2009)

	Sl. No.
	Details
	Estimated Expenditure 

(in lacs) 

	1. 
	Support for participation of 100 invited International Scientists and Engineers
	50.00

	2. 
	Support for Participation of 20 National Experts  
	10.00

	3. 
	Pre-Conference Expenditures (announcements, circulars, publicity, mailing charges etc.) 
	15.00

	4. 
	Support for Accommodation and Venue (hotel charges) 
	20.00

	5. 
	Expenditure on Conference Organization Management (Secretarial Assistance, support for Conference Secretariat at IIT(D) and BHU, Travel for Convener and co-Convener) 
	10.00

	6. 
	Expenditure on publications : including Conference Programmes and Abstract Booklet and conference proceedings 
	35.00

	
	TOTAL 
	Rs. 140.00

	7. 
	Income from Registration 
	

	
	100 participants from abroad @ $300 per participants 
	15.00

	
	200 participants from India @ Rs. 1000 per participants
	2.00

	
	TOTAL 
	Rs. 17.00


TOTAL SUPPROT REQUIRED = Rs. 140.00 Lacs – Rs. 17.00 Lacs






= Rs. 123.00 Lacs 
[It is expected that the required support will be provided /obtained from various sponsoring agencies including Industries]

7. Technical Visits

On the fourth day of the convention and then after the Convention is over (fifth day) technical tours will be organized. Some of the places proposed to be shown are as in the following : 

1. Indian Institute of Technology; New Delhi

2. National Physical Laboratory, New Delhi

3. Jawaharlal Nehru University, New Delhi

4. Sri Ram Institute, New Delhi

5. Institute of Immunology, New Delhi

6. Indira Gandhi Open University, New Delhi

7. Central Electronics Research Institute Lab. at New Delhi 

8. All India Institute of Medical Sciences (AIMS)

8. Cultural Visits   

On the last day of the Conference (some date between 20 to 26 June 2009) cultural visits will be arranged. Some notable cultural venues are shown in the enclosed pictures. 







