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ABSTRACT 

Hydrogen are green energy carrier which is renewable and pollutant free. The world is moving towards a 

green economy in which hydrogen plays has major role. Hydrogen is used as an alternate fuel for automobiles and 

other transportation services. Though hydrogen is considered as a zero emission fuel it has many other problems. 

Hydrogen is unstable it is complex to store hydrogen in gaseous form. Several research works have been done to 

find out the best possible methods to store hydrogen. But scientists have not yet come to a final conclusion and the 

process is still under research. This paper discusses about the hydrogen fuel, its need and its importance as well as 

the best possible methods to store hydrogen for automotive purpose.  
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1. INTRODUCTION 

The fossil fuel reserves of the world are getting used up day by day. As a result, there is an increasing need 

for an alternate source of energy. The average temperature of the earth is increasing rapidly and there is an urgent 

need to reduce global warming. The alternate source should be renewable as well as non-toxic. Hydrogen can be 

termed as the best alternative fuel of the future. The product of combustion of hydrogen is simply water. Due to the 

abundant nature of hydrogen in the atmosphere the future of the fuel is good. But the problem lies in its production 

and storage methods. Though hydrogen is a valuable resource it is unstable and is very difficult to store it in a 

container. Some of the best methods of storage of hydrogen are; a) compression, b) liquefaction, c) physisorption 

d) metallic Hydrides, e) complex Hydrides (Venetsanos, 2009). 

Hydrogen Fuel: Hydrogen is the fuel of the future. As the earth gets warmed up, the world is moving towards an 

emission free and coal free economy. Though there are other alternate sources of energy such as solar, bio ethanol, 

propanol, etc. hydrogen proves to be the best among them and has zero emissions (Gupta, 2009). As a result, much 

concentration has been given to hydrogen fuels. The implementation of hydrogen in automobiles can make the 

world carbon free. 

Production of hydrogen fuels: Hydrogen can be produced by various methods and by using various sources such 

as fossil fuels, biomass and water.  The impact it has on the environment depends on the environment depends on 

how it is produced. Some of the methods to produce hydrogen currently are given (Barley, 2009). 

Natural Gas Reforming/Gasification: Blend gas, a blend of hydrogen, carbon monoxide, and a little measure of 

carbon dioxide, is made by responding normal gas with high-temperature steam (Husing, 1996). The carbon 

monoxide is responded with water to deliver extra hydrogen. This technique is the least expensive, most proficient, 

and most basic for delivering hydrogen. Common gas transforming utilizing steam represents the larger part of 

hydrogen created in the United States every year. A combination gas can likewise be made by responding coal or 

biomass with high-temperature steam and oxygen in a pressurized gratifier, which is changed over into vaporous 

parts—a procedure called gasification. The subsequent amalgamation gas contains hydrogen and carbon monoxide, 

which is responded with steam to isolate the hydrogen. 

Electrolysis: An electric momentum parts water into hydrogen and oxygen. In the event that the power is from 

renewable sources, for example, sun based or wind, the subsequent hydrogen will be viewed as renewable too, and 

have various emanations benefits. Since renewable power might be accessible when it is not required on the 

matrix, energy to-hydrogen undertakings are taking off (Dillon, 1997). These ventures use overabundance 

renewable power when it's accessible and make hydrogen through electrolysis. These renewable activities would 

can possibly turn out to be considerably more sparing if the hydrogen was sold to the power module electric 

vehicle market. 

Hydrogen storage: As discussed earlier the major barrier in hydrogen economy is the hydrogen fuel storage. 

Developing a compact, reliable, safe and cost effective technology to store hydrogen is very important. Storage 

methods differ in accordance with the purpose. To be focused with routine vehicles, hydrogen controlled autos 

must have the capacity to travel more than 300 mi between fills (Dillon, 1997). This is a testing objective since 

hydrogen has physical attributes that make it hard to store in vast amounts without taking up a lot of space. There 

are basically five methods that have attracted the researchers: a) compression, b) liquefaction, c) Physisorption      

d) metallic Hydrides e) complex Hydrides. 

Compression: It probably the easiest way to store hydrogen in a cylinder of pressure up to 20 MPa, but the vigor 

density is simply too low to satisfy the gasoline demand of using observe. About four times greater strain is needed 

to satisfy the using purpose, nonetheless, such industrial cylinders have not been commercially on hand. Enterprise 

sets up a purpose to manufacture cylinders competent of withstanding pressure as much as 70 MPa with a weight 

one hundred ten kg to arrive a gravimetric density 6%; and volumetric density 30 kg/m3 (Zuttel, 2004; Hirscher, 
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2001; Chambers, 1998). The hydrogen density as such is remarkably scale down than the cry adsorption method, 

and the high price of compression and the cylinder would preclude the approach to be permitted commercially. The 

isothermal compression of hydrogen from 0.1 to eighty MPa consumes energy 2.21 kW h/kg, however a lot higher 

energy would be consumed in an actual method as the case of liquefaction. A file from Linde organization 

estimates the price of compressed H2is a lot higher than the cost of liquid hydrogen (Ahn, 1998; Liu, 1999). It 

seems, for this reason, this method is just not doubtless for use at some point. Furthermore, the safeguard of 

pressurized cylinders is of massive hindrance above all in the densely populated regions. 

Liquefaction: This procedure faces two challenges: the effectivity of the liquefaction system and the boil-off of 

the liquid. The theoretical work quintessential to liquefy hydrogen gasoline of room temperature is three. 

23kWh/kg, however the technical work is about 15.2kWh/kg, which is just about half of the shrink heating price of 

hydrogen (Fan, 1999). Gasification of liquid hydrogen within the cryogenic (21.2 okay) vessel is an inevitable loss 

even with a ideal insulation technique. The exothermic reaction of the conversion from ortho to Para-hydrogen 

provides a heat supply of the gasification. The warmness of conversion is 519 kJ/kg at 77 k, ands523 kJ/kg at 

temperatures curb than seventy seven k, which is larger than the latent heat of vaporization (451.9 kJ/kg) of usual 

hydrogen on the normal boiling factor. The vital temperature of hydrogen could be very low (33.2 okay), above 

which liquid state cannot exist (Fan, 1999; Mao, 2000). Consequently, liquid hydrogen can best be saved in an 

open approach otherwise the strain in a closed system can be as excessive as one thousand MPa at room 

temperature. So, the boil-off of liquid manner the emission of H2 into the atmosphere. The moderately huge 

quantity of vigor crucial for liquefaction and the continuous boil-off of liquid restrict this storage procedure to 

utilizations where the price of hydrogen shouldn't be an foremost problem and the hydrogen is consumed in a as an 

alternative short time, e.g. Air and area applications. 

Metallic Hydrides: Some metals and alloys take in hydrogen and type hydrides. There are two lessons of 

hydrides: metal hydrides and complicated hydrides (Veziroglu, 2008). The principal difference between them is the 

transition of metals to ionic or covalent compounds for the difficult hydrides up on absorbing hydrogen. The 

prototype metal hydrides are composed of two elements. The ‘A’ element is ordinarily a rare earth or an alkaline 

earth metal and tends to type a steady hydride. The B aspect is most of the time a transition steel and varieties only 

unstable hydrides. Nickel is frequently used as B aspect considering the fact that it's an fine catalyst for the 

hydrogen dissociation. Some steel hydrides take in and desorb hydrogen at ambient temperature and close the 

atmospheric stress, and the volumetric density of the hydrogen atoms present in the host lattice is highly excessive. 

A volumetric density of 115 kg/m3 was reached in LaNi5H6. Nevertheless, all the reversible hydrides working 

round ambient temperature and atmospheric pressure include transition metals; as a result, the gravimetric 

hydrogen density is constrained to lower than 3 wt%, for illustration, the gravimetric density of hydrogen 

inLaNi5H6is just one. Four%. Latest attention turns to the hydrides shaped by means of light metals, and Mg turns 

into the focal point. The formation of metallic hydrides is an exothermic response. Big warmness is launched for 

the duration of absorbing hydrogen and the identical quantity of warmth is required in order for hydrogen launched 

from the hydrides. Extra stable the hydride is, more heat is needed to desorb hydrogen. An quantity of vigor 

roughly 25% better than the heating price of hydrogen is required for the discharge of hydrogen from MgH2. 

Despite the fact that many efforts have been contributed to the Mg-headquartered hydrides in contemporary years, 

it's nonetheless a project to find out an suitable hydride of sunshine metals (Balat, 2008). 

Complex hydrides: Group I, II, and III factors, e.g. Li, Mg, B, Al, build a giant kind of steel–hydrogen complexes. 

The number of hydrogen atoms per metallic atom is 2 in many circumstances. This form of complexes suggests the 

very best volumetric density, a hundred and fifty kg/m3, in Mg2 FeH6 and Al(BH4) three, and the perfect 

gravimetric density at room temperature recognized at present in LiBH4 (18 wt %). NaAlH4 can reversibly soak 

up/desorb hydrogen at reasonable temperatures; thus, received more concentration (Dougherty, 2008; Baschuk, 

2009; Kelly, 2008). LiBH4 and NaBH4 are also on the record of candidates (Kim, 2008). Some researchers 

suggestion elaborate hydrides because the promising answer of the hydrogen storage problem is also considering 

that this group of material has now not been well studied with admire to the behaviour as a hydrogen service. The 

low dynamics of the hydrogen releasing process is important obstacle. Unlike the steel hydrides, hydrogen is 

released through cascade decompositions from the problematic hydrides, and the step reactions name for 

distinctive stipulations. Hence, there's a big difference between the theoretical and the virtually possible hydrogen 

capacities. Apart from, gigantic alterations in the particle morphology and elemental distribution have been 

precipitated by way of hydrogen desorption. Repeated absorption/desorption cycles ought to be established earlier 

than the conclusion related to the potential software being made. Al (BH4)3 also has very high gravimetric 

hydrogen density (17 wt%). It has a melting point of 650C and is liquid at room temperature. 

2. METHODS & MATERIALS 

Physical and material based methods were followed in storing of hydrogen. The physical method includes 

compressed gas, cold/cryo compressed method and liquid H2 and the material based methods include adsorbent, 

liquid organic, interstial hydride, complex hydride and chemical hydrogen. 
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Metal hydride materials, Chemical hydrogen storage materials, Sorbent materials are widely used as hydrogen 

storage system. This research focuses on improving the volumetric and gravimetric capacities, hydrogen 

adsorption/desorption kinetics, cycle life, and reaction thermodynamics of potential material candidates. 

3. RESULTS 

Hydrogen is likely to be the synthetic fuel for the future. However, just as the fossil fuels started the 

industrial age, hydrogen will start an economic and technical revolution. Once the investments for the production 

of renewable energy have been made, human beings will be able to profit from a hydrogen-based environmentally 

clean energy economy. Hydrogen will be stored in various ways depending on the application, e.g. mobile or 

stationary. Today we know about several efficient and safe ways to store hydrogen; however, there are many other 

new potential materials and methods to store hydrogen. 

4. CONCLUSION 

It is not preferred to store hydrogen in pressurized cylinders due to its low density and high expansion 

character. If the cost of liquid hydrogen is comparable to gasoline then the usage of liquid hydrogen could be 

possible. But still it could have problems of boiling off at high temperatures. The possibilities of metallic hydrides 

also pose a great threat as they cannot get rid of gravimetric density and high temperatures of absorption and 

desorption. It has become difficult to arrive at a conclusion before more works are made. Thus the storage of the 

hydrogen fuel poses a great challenge for us. At present, compressed hydrogen gas along with fuel cells are used in 

modern day automobiles. The possibilities of failure encountered in compressed hydrogen tanks are very less when 

compared with other methods. Hence as per current situation and trend it can be concluded that the storage of 

hydrogen as a compressed liquid is safer and efficient. 
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