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ABSTRACT 

Present paper deals with the use of hydrogen as fuel and with its future 

aspects too. Due to increase in dependency in non-renewable energy 

resources, there has been studies and interest in using a cleaner and more 

eco-friendly approach to consuming energy and one such approach is 

hydrogen fuel, combination of oxygen from air and water through electricity 

produces hydrogen fuel cell. Hydrogen can be produced by variety of 

technologies, such as chemical, biologic, electrolytic, and photolytic. 

Hydrogen can be produced from methods like gasification, electrolysis, and 

hydrogen fuel cells etc. Hydrogen fuel cells functions best with the help of 

proton exchange membranes fuel cells (PEMFC). PEMFC is type of fuel cell 

being developed mainly for transport applications, as well as for stationary 

fuel cell application. Their distinguishing features include lower temperature/ 

pressure ranges (50 to 100 C) and a special proton conducting polymer 

electrolyte membrane. The major application of polymer electrolyte 

membrane fuel cells focuses on transportation primarily because of their 

potential impact on the environment e.g. the control of emission of the 

greenhouse gases. 
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INTRODUCTION 

For many years, the focus of the emerging 

“hydrogen economy” has been on the use of 

hydrogen fuel cells for vehicles. While federal 

and state government and automakers still 

continue to invest in and promote policies to 

create the “hydrogen highway,” private 

businesses and government agencies are 

increasingly deploying fuel cells for stationary 

power applications. Stationary fuel cells are a 

technology that is commercially available, 

reliable, suitable to a wide variety of 

applications, declining in costs, and with federal 

and state support, becoming more affordable 

[8]. Due to the increase in dependency in non-

renewable energy resources, there has been 

studies and interest in using a cleaner and more 

eco-friendly approach to consuming energy. 

Although there is not yet a current shortage of 

conventional fuels, such as reserves of coal, oil, 

and natural gas, they provide hazardous gases  
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that helps in polluting our world even further 

not only that but also helps in the expansion of 

the earth ozone layer that protects our earth 

from UV rays. Therefore, research is conducted 

to provide a sustainable environment for future 

generations [5, 9].  

Hydrogen has several benefits as a fuel for 

vehicles compared to petroleum. A hydrogen 

fuel cell does not generate any pollution. The 

only by-product is pure water, which leaves the 

system as both liquid and vapour. The amount 

of water produced by a fuel cell propulsion 

system in a typical driving schedule is 

comparable to the amount of water produced 

by an internal combustion engine. If another 

fuel is used (such as methanol or gasoline) and 

reformed on board, the propulsion system has 

some emissions generated in the reforming 

process, but those emissions are in general still 

much lower than the emissions from an internal 

combustion engine and would typically qualify 

it for ultra-low emission vehicles [1, 2, 11] 

Hydrogen is being used as fuel in increasing 

numbers of today's motor vehicles which are 

expanding locally and internationally, with the 

goal to reduce carbon dioxide emissions [5, 16, 

and 17]. The National Aeronautics and Space 

Agency (NASA) have been using hydrogen as 

fuel in their space shuttles since the 1950's [5]. 

Finding Hydrogenis not an easy task because it 

doesn’t found freely in nature .We can modify 

them by fossil fuel or by natural gases. This 

aspect indicates that hydrogen is like with the 

usage of electricity. The combination of oxygen 

from the air and water through electricity 

produce Hydrogen fuel cell. The usage of 

Hydrogen and fuel cell technologies will affect 

significant social, economic and environmental 

which will impact [10]. Hydrogen can be 

produced from a variety of feed stocks. These 

include fossil resources, such as natural gas and 

coal, as well as renewable resources, such as 

biomass and water with input from renewable 

energy sources (e.g. Sunlight, wind, wave or 

hydro-power). A variety of process technologies 

can be used, including chemical, biological, 

electrolytic, photolytic and thermo-chemical. 

Each technology is in a different stage of 

development, and each offers unique 

opportunities, benefits and challenges. Local 

availability of feedstock, the maturity of the 

technology, market applications and demand, 

policy issues, and costs will all influence the 

choice and timing of the various options for 

hydrogen production [13].  

Enough electricity can be produced to power 

electric vehicles. The usage of Hydrogen and 

fuel cell technologies will affect significant 

social, economic and environmental which will 

impact [10]. Hydrogen can be produced from a 

variety of feed stocks. These include fossil 

resources, such as natural gas and coal, as well 

as renewable resources, such as biomass and 

water with input from renewable energy 

sources (e.g. Sunlight, wind, wave or hydro-

power). A variety of process technologies can 

be used, including chemical, biological, 

electrolytic, photolytic and thermo-chemical. 

Each technology is in a different stage of 

development, and each offers unique 

opportunities, benefits and challenges. Local 

availability of feedstock, the maturity of the 

technology, market applications and demand, 

policy issues, and costs will all influence the 

choice and timing of the various options for 

hydrogen production [13].  

Investments in hydrogen fuel cells have 

improved significant technologies, but have 

also revealed the many difficulties of designing 

fuel cell and hydrogen storage and dispensing 

systems that are practical, cost-effective, and 

safe to operate. In this context, it is worth 

noting that hydrogen can also be so much 

effective apart from fuel cells as a fuel for 

combustion engines and gas turbines in a 

variety of transport as well as stationary 

applications (potential examples include 
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hydrogen internal combustion engine vehicles 

and hybrid electric vehicles; hydrogen engines 

and/or turbines for heavy-duty transportation 

applications such as forklifts or maritime 

vessels; and hydrogen gas turbines for power 

generation). These be used even in market 

segments where fuel cells have not yet become 

established [14]. 

LITERATURE SURVEY 

The important reason for the lack of interest in 

FCEVs is their high purchase price. It will 

probably be necessary to offer additional 

financial incentives to buy a FCEV, e.g. in the 

form of higher subsidies. It is necessary to 

inform the public about the potential hydrogen 

has to contribute to a low-carbon transport 

sector and the storage of renewable energy [1]. 

Hydrogen is a highly versatile basic chemical. 

The most important material applications in 

industry are ammonia synthesis (fertilizers) and 

methanol synthesis. Although it is possible to 

use hydrogen as an energy source in heat 

engines (such as the internal combustion 

engine), that rarely occurs now [2]. Fuel cells 

can promote energy diversity and a transition 

to renewable energy sources. Hydrogen the 

most abundant element on Earth can be 

directly used. Fuel cells are also ideal 

candidates for a new trend of power 

generation, called distributed power generation 

[3]. H2FC SUPERGEN endeavours to produce 

and facilitate world class fundamental research 

across the entire Hydrogen and Fuel Cell 

landscape and link through to the point of 

commercialization [4]. The chemical properties 

of hydrogen can be a nuisance when 

implementing it in daily applications like motor 

vehicles for daily transportation needs [5]. 

Hydrogen fuel cell is environmentally friendly 

with useful end product of clean pure water, no 

percentage production of emissions such as 

NOx, CO, SOx, etc., zero capability of depleting 

the ozone layer, is a substitute to the 

conventional fossil fuels [6, 19, 20]. The fuel 

cell, an electrochemical device that generates 

electricity, is often referred to as “green power 

generators” and is rapidly becoming a globally 

high-potential industry. Many countries focus 

their policies on developing relevant 

technologies, and promoting the investment 

and education [7]. Fuel cells are an ideal source 

of both primary and standby power. They are 

clean, quiet, reliable, and produce consistent, 

high quality power. They are also cost-effective 

relative to other technologies on a life-cycle 

basis [8]. The advantages and disadvantages of 

fuel cells are important to take decisions for 

every application; specifically here are the most 

important. The main advantages includes 

Efficiency, Simplicity, Low emissions, Silence, 

Flexibility and wide application range The main 

disadvantages includes Cost and Hydrogen 

infrastructure [9]. The usage of hydrogen and 

fuel cell technologies can enhance and improve 

different aspects of our lives if it’s through 

economic, social and especially in 

environmental aspects [10]. Hydrogen gas can 

used in traditional gasoline-powered internal 

combustion engines (ICE) with minimal 

conversions. Even the production of hydrogen 

gas can be emissions-free with the use of 

renewable energy sources [11, 14]. Hydrogen 

ICE vehicles may provide sufficient early term 

fuel savings and carbon dioxide emission 

reductions that they may be worth promoting 

as a transition strategy [12, 17]. The potential 

advantages of solid H2-storage compared to 

gaseous and liquid hydrogen storage are Lower 

volume, Lower pressure (greater energy 

efficiency) and Higher purity H2 output [13, 16]. 

As a source of power for transportation, fuel 

cell systems have been improved recently by 

means of intensive development and probably 

will soon be used in the larger vehicles [15]. 

Hydrogen appears to pose risks of the same 

order of magnitude as other fuels. In spite of 

public perception, in many aspects hydrogen is 
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actually a safer fuel than gasoline and natural 

gas [18]. 

WORKING PRINCIPLES 

METHODS OF PRODUCING HYDROGEN 

NATURAL GAS REFORMING 

Synthesis gas (methane CH4), a mixture of 

hydrogen, carbon monoxide, and a small 

amount of carbon dioxide, is created by 

reacting natural gas with high-temperature 

steam and a pressure between 3 - 25 bars using 

a processing device called a reformer. The 

process is endothermic and requires a catalyst 

in addition to the carbon dioxide reaction in 

order to successfully produce hydrogen. This 

method is the cheapest, most efficient, and the 

most common way to extract hydrogen from 

hydrocarbons especially methane. The equation 

below shows the reaction that was mentioned 

to obtain hydrogen using the reforming method 

[5] 

CH4 + H20 +heat � CO + 3H2 

ELECTROLYSIS 

Electrolysis can be defined as splitting of a 

water molecule into two hydrogen and one 

oxygen atom by use of a sufficient electrical 

current. As shown in Figure 1, two electrodes 

are inserted in a tank which is filled with water; 

a cathode carries a negative charge in addition 

to an anode which carries the positive charge. 

An alternating current is then passed through 

the electrodes so that it can start the splitting. 

Since the hydrogen is positively charged in the 

water molecule, it will leave the apparatus in 

the location of the cathode [5]. 

GASIFICATION 

Gasification is the process in which coal or 

biomass is reacted with high-temperature 

steam and oxygen in a pressurized reactor 

called a gasifier and converted into gaseous 

components. The resulting synthesis gas 

contains hydrogen and carbon monoxide, which 

can be reacted with steam to produce more 

hydrogen [5]. 

 
Figure 1.hydrogen production by electrolysis 
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HYDROGEN FUEL CELLS 

A fuel cell is a device that can efficiently 

capture and use the power of hydrogen. There 

are two main type of fuel cells; stationary and 

portable fuel cells [23].  

Stationary fuel cells are used as a backup power 

source; provide power for remote locations and 

in distributed power generation. The latter is 

used to power personal vehicles, trucks, buses, 

marine vessels [23]. 

HOW DO HYDROGEN FUEL CELLS 

FUNCTION?  

A fuel cell needs three main components to 

create the chemical reaction: an anode, 

cathode and an electrolyte. First, a hydrogen 

fuel is channelled to the anode via flow fields. 

Hydrogen atoms are ionized and carry only a 

positive charge. Then, oxygen enters the fuel 

cell at the cathode, where it combines with 

electrons returning from the electrical circuit 

and the ionized hydrogen atoms. After the 

oxygen atom picks up the electrons, it then 

travels through the electrolyte to combine with 

the hydrogen ion. The combination of oxygen 

and ionized hydrogen is the basis for the 

chemical reaction [23]. 

A polymer electrolyte membrane permits the 

appropriate ions to pass between the anode 

and the cathode. If the electrolyte gave free 

control for all electrons or ions to pass freely, it 

would disrupt the chemical reaction. At the end 

of the process the positively charged hydrogen 

atoms react with the oxygen to form both 

water and heat while creating electrical charge 

[23]. 

WHERE ARE FUEL CELLS USED? 

Fuel Cells are used in both stationary and 

motive power applications for: 

• Cars, trucks, buses, and recreational 

vehicles. 

• Material handling equipment. 

• Act as a primary power source for high-

volume data centres or commercial, 

industrial, and residential buildings. 

• Backup power source to critical computer 

and communications networks. 

• Generating power on-site [23]. 

 
[https://www.fueleconomy.gov/feg/fc_pics/fuel_cell_still 

Figure 2.Proton Exchange Membrane Fuel cell function 
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ADVANTAGES 

1. Hydrogen can be stored as a compressed 

gas or liquid, or in a chemical compound 

[10]. 

2. One of the ways to transport hydrogen is 

through pipelines, roads (via cylinders, 

cryogenic tankers, or tube trailers [10].  

3. One of the characteristics of hydrogen is 

that it burns nearly pollution-free, one can 

look at it as a final clean fuel. The process 

of hydrogen is that when it is burned, it 

transforms into heat and hydrogen is that 

when it is burned, it transforms into heat 

and water vapour. Today in the type of 

engine which uses gasoline (aninternal- 

Combustion) the combustion will produce 

small amounts of other gases. The other 

gases are mostly oxides of nitrogen as at it 

is used as two-thirds of nitrogen as 

hydrogen. When using hydrogen there is a 

free carbon dioxide. One of the main 

changes for the climate change today, is the 

burning and the use of fossil fuels [10].  

4. Hydrogen can be used to store energy from 

different sources which will result in an 

unlimited supply of clear fuel [10].  

5. As we know it is pollution-free, no 

greenhouse gases are generated as there is 

no carbon in the fuel [10].  

6. Hydrogen can be used as an energy carrier 

together with other alternative domestic 

fuels and technologies. It can enhance long-

term energy security while mitigating the 

effects of air pollution and greenhouse gas 

emissions. Greenhouse gas emissions [10].  

7. The use of hydrogen is that it can be cooled 

to produce liquid hydrogen [10]. 

DISADVANTAGES 

1. Hydrogen is a gas which can be compressed 

and stored in cylinders. One of the major 

problems is the fuel tanks. Hydrogen is 

compressed which will contain less energy 

compared to liquid fuels like ethanol or 

gasoline [10].  

2. Even though hydrogen is pollution-free, 

which in the future can make popular in 

transportation. However, some of the 

problem are: make popular in 

transportation. However, some of the 

problem are: how to store hydrogen in 

vehicles and high costs (in comparison to 

gasoline) [10].  

3. The usage of Hydrogen is not a very good 

fuel for internal combustion engine, It is not 

a very good fuel for an internal combustion 

engine. For example, the companies of 

BMW, Mazda, and Ford have done several 

tests; one of the most efficient ways to use 

it is in fuel cell vehicles, however this is still 

in the experimental stage which are still in 

the demonstration stage [10]. 

4. As mentioned in the advantages on the 

issue of transporting, the use of pipelines is 

limited to only a few countries and states. 

For example in the US: large hydrogen 

chemical plants and refineries are 

concentrated in California, Texas and 

Louisiana [10].  

5. Hydrogen must be produced from another 

energy source (upstream emissions unless 

renewable primary source is used) [10].  

6. Currently, nearly all hydrogen produced 

and made is from natural gas. In that 

aspect, hydrogen costs more than natural 

gas [10]. 

CURRENT RESEARCH AND OBSTACLE 

COMMON HYDROGEN MYTHS 

HYDROGEN IS TOO DANGEROUS! 

Many fuels with high energy densities - such as 

hydrogen and gasoline - must be handled with 

care. Like gasoline, propane, methane and 

other fuels, hydrogen has the potential to 

combust. This means that safety precautions 
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must be taken so that hazardous combustion 

does not occur [21]. 

Producing hydrogen can create a hydrogen 

bomb. 

Hydrogen bombs require that nuclear fusion be 

performed. This, in turn, requires deuterium 

and tritium - isotopes of hydrogen - in large 

quantities, which does not happen in nature 

[21]. 

HYDROGEN ISN'T A CLEAN FUEL. 

A comparison between a combustion vehicle 

using gasoline or diesel and a car powered by 

hydrogen reveals that hydrogen is much 

cleaner as the only emission is water. In 

vehicles, hydrogen cannot compete with 

gasoline or diesel[21]. 

Actually, hydrogen powered vehicles are 

roughly twice as efficient as internal 

combustion vehicles. This means that for the 

same amount of energy from the fuel, a 

hydrogen car can go twice as far. This also 

means that for vehicles that use primarily 

electronic systems (steering, braking, etc.) fuel 

cells are actually more viable [21]. 

FUTURE SCOPE 

Hydrogen in future being an important energy 

carrier will join electricity, since it can be made 

safely from renewable energy sources and is 

virtually non-polluting. It will also be used as a 

fuel for ‘zero-emissions’ vehicles, to heat 

homes and offices, to produce electricity, and 

to fuel aircraft. Hydrogen has the potentiality to 

reduce reliance on imported energy sources 

such as oil. Hydrogen played a bigger energy 

role and become a widely used alternative to 

gasoline, many new facilities and systems must 

be built to make use of hydrogen as fuel [22]. 

A key development in industries in Canada and 

internationally in recent years shifted from 

small bench and laboratory demonstration 

projects to larger integrated hydrogen system 

projects. These demonstration projects provide 

the basis for testing and evaluating fuel cell and 

hydrogen technologies in an integrated 

interactive system which includes transport, 

stationary applications with hydrogen 

transport, storage and refuelling platforms. 

These projects also provide a more high-profile 

exposure and general public awareness [22]. 

In the near future, fuel cells will supply power 

to our cars, with hydrogen replacing the 

petroleum fuel that is used in most vehicles 

today. Unlike a typical battery, which eventually 

goes dead, a fuel cell continues to produce 

energy as long as fuel and oxidant are supplied 

[22]. 

CONCLUSION 

It has been proved from the study, it is 

beneficial to use hydrogen as fuel. In the future, 

hydrogen based stationery system can help 

supply some or all of the power demanded with 

additional advantages of higher reliabilities. 

This study considered the ways by which 

hydrogen can be produced and used as fuel in 

order to minimise the use of non- renewable 

energy resources. 

The role and use of fuel cells in near term 

stationary and portable application could be 

significant, especially if opportunities for 

integrated systems are considered. 

Technologies must be developed in order make 

more use of hydrogen as fuel which will lead to 

better and sustainable environment. 

REFERENCES 

[1]. Schneider U, User perceptions of the 

emerging hydrogen infrastructure for fuel 

cell electric vehicles (2017), Fraunhofer 

Institute for Systems and Innovation 



International Journal on Emerging Trends in Electronics & Communication Engineering  

55  Vol. 2, Issue 2 - 2018 

© Eureka Journals 2018. All Rights Reserved.  ISSN: 2581-558X 

Research ISI Breslauer Strasse 48 76139 

Karlsruhe Germany, [uta.schneider@isi. 

fraunhofer.de [https://www.isi.fraunho 

fer.de/content/dam/isi/dokumente/cce/

2017/4-289-17_Schneider.pdf]. 

[2]. Dr. Adolf J (Project Lead), Dr.Balzer C.H, 

Dr. Louis J, Schabla D, SHELL, Prof. Dr. 

Fischedick M (Supervision), Dr. Arnold K 

(Project Coordination), Dipl.-Soz.Wiss., 

Pastowski A,Energy Of The Future? 

(2017), Wuppertal Institute, Shell 

Deutschland Oil GmbH 22284 Hamburg, 

[https://www.shell.com/energy-and-inno 

vation/the-energy-future/future-transpo 

rt/hydrogen/_jcr_content/par/textimage

_1062121309.stream/1496312627865/46

fec8302a3871b190fed35fa8c09e449f57bf

73bdc35e0c8a34c8c5c53c5986/shell-h2-

study-new.pdf]. 

[3]. Prof. Chavan M, HYDROGEN FUEL CELL 

VEHICLE (2016), International Journal of 

Latest Trends in Engineering and 

Technology (IJLTET), Vol 7 issue 3 June 

2016 Summer Special Issue [https://ww 

w.ijltet.org/journal/146639508027.pdf]. 

[4]. StockfordC, Brandon N, Irvine J, Mays T, 

Metcalfe I, Book D, Ekins P, Kucernak A, 

Molkov V, Steinberger-Wilckens R, Shah 

N,Dodds P, Dueso C, SamsatliS, 

Thompson C, An overview of the 

Hydrogen and Fuel Cell research across 

the UK, issue on 11 March 2015 

[https://www.sciencedirect.com/science/

article/pii/S0360319915002797]. 

[5]. Hydrogen as an alternative fuel(2015), 

Oregon State University [http://physics. 

oregonstate.edu/~giebultt/COURSES/ph3

32/termpapex3.pdf]. 

[6]. Ajoko, John T and Kilakime, 

Amawarisenua T, Department of 

Mechanical/Marine Engineering, Faculty 

of Engineering. Niger Delta University, 

Wilberforce Island, Bayelsa State, Nigeria, 

generation of power through hydrogen– 

oxygen fuel cell (2014), Research Inventy: 

International Journal Of Engineering And 

Science Vol.4, Issue 10 [http://www. 

researchinventy.com/papers/v4i10/H041

0056062.pdf]. 

[7]. Huang M-H, Yang H-W, A Scientometric 

Study of Fuel Cell Based on Paper and 

Patent Analysis (2013), Journal of Library 

and Information Studies 11:2 [http:// 

jlis.lis.ntu.edu.tw/article/v11-2-1(pre).  

[8]. Kubert C, Fuel Cell technology A Clean, 

Reliable Source of Stationary Power, may 

2010 (updated august 2011) Fuel Cells: 

Briefing Papers for State Policymakers, 

Clean energy States alliance, [https:// 

www.cesa.org/assets/2011-Files/Hydro 

gen-and-Fuel-Cells/CESA-Fuel-Cells-Brif 

ing-Papers-for-State-Policymakers-Aug 

2011.pdf]. 

[9]. Luna-Sandoval G, Urriolagoitia-C G, 

Hernández L.H, Urriolagoitia-S G, Jiménez 

E, Hydrogen Fuel Cell Design and 

Manufacturing Process Used for Public 

Transportation in Mexico City (2011), 

Proceedings of the World Congress on 

Engineering 2011 Vol III WCE 2011, July 6 

-8, 2011, London, U.K., [http://www. 

iaeng.org/publication/WCE2011/WCE201

1_pp2009-2014.pdf]. 

[10]. Dr. Mor A, Hydrogen as an Alternative 

fuel for transportation, issue on 10
th

 June 

2010 [http://www.energianews.com/ 

newsletter/files/596d605ad5f2eb8c6453

9c7128e2df98.pdf]. 

[11]. ChamousisR, HYDROGEN: FUEL OF THE 

FUTURE (2008), [https://www.csustan. 

edu/sites/default/files/honors/document

s/journals/Stirrings/Chamoussis.pdf]. 

[12]. Gillingham K, Hydrogen Internal 

Combustion Engine Vehicles (2007), 

Stanford University -Department of 

Management Science & Engineering 

Global Climate and Energy Project 

Precourt Institute for Energy Efficiency, 

issue on January 17 2007, [http:// 



A Review on Hydrogen: The Futurefuel 

Koushik S et al.   56 

© Eureka Journals 2018. All Rights Reserved.  ISSN: 2581-558X 

environment.yale.edu/gillingham/hydrog

enICE.pdf]. 

[13]. Riis T, Hagen E.F, P. Vie J. S. , Ulleberg O, 

Hydrogen Production And Storage (2006), 

International Energy Agency, Head of 

Publications Service, 9 rue de la 

Fédération, 75739 Paris Cedex 15, France. 

[https://www.iea.org/publications/freep

ublications/publication/hydrogen.pdf]. 

[14]. Antonia Herzog, Natural Resources 

Defense Council Marika Tatsutani, a 

hydrogen future fuel,issued on November 

(2005) [https://www.nrdc.org/sites/ 

default/files/hydrogen.pdf]. 

[15]. Merewether E.A, Alternative Sources of 

Energy An Introduction to Fuel Cells 

(2003), U.S. Geological Survey, Reston, 

Virginia: 2003 Version 1.0, [https://pubs. 

usgs.gov/bul/b2179/B2179-508.pdf]. 

[16]. Davis C, Edelstein B, Evenson B, Brecher 

A, Cox D, Hydrogen Fuel Cell Vehicle 

Study (2003),A report prepared for the 

Panel on Public Affairs, issued on June 

12,2003 [https://www.aps.org/policy/ 

reports/occasional/upload/fuelcell.pdf]. 

[17]. John B. Heywood, Malcom A.Weiss, 

Andreas Schafer, Stephane A. bassene, 

VinodK. Narajan, The Performance of 

Future ICE and Fuel Cell Powered Vehicles 

and Their Potential Fleet Impact (2003), 

Laboratory for Energy And the 

Environment, Massachusetts Institute of 

Technology Cambridge, USA, issued on 

December 2003. [http://web.mit.edu/ 

sloan-auto-lab/research/beforeh2/files/ 

heywood_fcv2003.pdf]. 

[18]. Sherrif S.A, Barbir F, Vezirgolu T.N, 

Principle of Hydrogen Energy Production, 

Storage and Utilization (2003),Journal pf 

Scientific & Industrial Research Vol.62, 

January-February 2003. [http://nopr. 

niscair.res.in/bitstream/123456789/1757

7/1/JSIR%2062(1-2)%2046-63.pdf]. 

[19]. Frano Barbiir, ENERGY CARRIERS AND 

CONVERSION SYSTEMS – Vol. II - Vehicles 

with Hydrogen-Air Fuel Cells [2001] 

[https://www.eolss.net/sample-chapte 

rs/C08/E3-13-06-01.pdf]. 

[20]. DeLuchi M.A and Ogden J.M, Solar-

Hydrogen Fuel-Cell Vehicles (1993), 

University of California Transportation 

Center, Reprinted from Transportation 

Research-A 1993, Vol. 27A, No.3., [http:// 

citeseerx.ist.psu.edu/viewdoc/download?

doi=10.1.1.294.1291&rep=rep1&type=pd

f. 

[21]. Hydrogen Means Business in California!, 

California Hydrogen Business Council, 

[https://www.californiahydrogen.org/res

ources/current-research-and-obstacles/]. 

[22]. Hydrogen Energy-The Perfect Energy 

Source for the Future?, AZoCleantech, 

2008 [https://www.azocleantech.com/ 

article.aspx?ArticleID=29].  

[23]. Lish T, What is a Hydrogen Fuel Cell and 

How Does it Work?, Setra, 2017 [https:// 

www.setra.com/blog/what-is-a-hydroge 

n-fuel-cell-and-how-does-it-work]. 


