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I. INTRODUCTION


Concerns of global warming and environmental impact, coupled with potential shortfalls of fossil fuels, make it imperative that we as a nation set a worldwide precedent by utilizing our renewable resources in the best manner possible.  Overwhelming dependence on fossil fuels as our main source of energy is causing drastic side effects to our environment stability.  Projections of continued global warming suggest that heat waves and heavy downpours are very likely to increase in frequency and intensity.  Large portions of the United States are likely to experience droughts of great magnitude.  Tropical storms, hurricanes, and storm surges are also likely to increase.  Even further, cold season storms harnessing menacing and torrential snowfall and winds are likely to become more frequent.

Our continuous and selfish release of pollution and greenhouse gases have caused great concern worldwide; creating a pandemonium of research into the best possible ways to minimize the harm our inhabitance and daily activities are causing.  Currently, most of our energy is produced through the use of fossil fuels, which has been strongly and substantially blamed for causing the current global warming phenomenon.  As a result, new research and new technologies have been sought to supplement our use of fossil fuels with some clean, renewable,  and environmentally sound sources.  Various forms and uses of renewable sources have been studied and implemented.  However, hydrogen energy, specifically in automobiles, offers the greatest promise to a cleaner and more efficient source of energy.

This paper discusses the background leading to hydrogen research and hopes for implementation.  This paper will next address the various issues regarding the use of hydrogen as fuel for vehicles.  Lastly, this paper will advocate for the use of hydrogen vehicles and the implementation of a sound infrastructure to support this new energy source.  Hydrogen will be of great importance in our global search for alternative, renewable, and cleaner sources of energy.  Hydrogen is not the only possibility and should not be viewed as such.  There are many different approaches and renewable resources that can be utilized and used in conjunction with hydrogen that can finally end our crippling dependence on fossil fuels as a source of fuel.

II. BACKGROUND

During his 2003 State of the Union address, President George W. Bush proclaimed the time had come to pursue crucial initiatives in protecting our environment by addressing our destructive energy uses.  Specifically, he spoke about the powerful potential hydrogen could have on our use for fuel in vehicles.  In this declaration, he announced a $1.2 billion initiative to begin development of a nation-wide hydrogen infrastructure that would enable the United States to produce, store, and distribute our own hydrogen for powering hundreds of millions of fuel cell vehicles.
  President Bush stated that “a simple chemical reaction between hydrogen and oxygen generates energy, which can be used to power a car, producing only water, not exhaust fumes. With a new national commitment, our scientists and engineers will overcome obstacles to taking these cars from laboratory to showroom, so that the first car driven by a child born today could be powered by hydrogen, and pollution-free.”
  
After six years, one may ask, “Are we almost there?” One look on our nation’s highways provides a simple answer: No.  Promises of a thriving hydrogen economy that would support not only commercial and industrial vehicles, but cellular telephones and towers, household appliances, and power homes date back long before President Bush’s presidency, and the road to fulfilling these promises stretches far beyond its horizon.
  
Currently in the United States, about 6.7 percent of our energy consumption is derived from a renewable source, while 93.2 percent comes from fossil fuels.
  Predictions by The Department of Energy project the United State’s consumption of fossil fuels will inevitably continue to rise at a startling rate of 34 percent by the year 2030.
  The International Energy Agency (IEA), a Paris-based research agency, predicted in November 2007 that fossil fuels will solely account for an 84 percent increase in worldwide energy demand between 2005 and 2030.
 The International Energy Agency stated that “oil remains the largest fuel, though its share in global demand falls from 35% to 32%.  In line with the spectacular growth of the past few years, coal sees the biggest increase in demand in absolute terms, jumping by 73% between 2005 and 2030 and pushing its share of total energy demand up from 25% to 28%.”
  
These detailed projections validate those predictions made by the U.S. Energy Information Administration (EIA).  The U.S. Energy Information Administration also sees fossils fuels, led by petroleum, leading global demand for energy in 2030.  The EIA predicts global consumption of oil to rise about 35% between 2005 and 2030, with natural gas consumption projected to increase over 50% and coal approximately 65% during the same time period.
 Aside from these staggering projections, the EIA foresees fossil fuels continuing to be the leading source of energy throughout the world from the present day until at least 2030.

Beyond consumption and depletion issues, the environmental concerns of our worldwide burning of fossil fuels are equally troubling.  Fossil fuels, when burned, release millions of tons of carbon dioxide into the atmosphere.  During this process, the gas traps the heat and is believed to contribute significantly to global warming.
  The process of attempting to rid ourselves of our dependence on these carbon-based fuels is no new phenomenon.  Worldwide research and participation of attempting to utilize renewable resources for energy needs is apparent.  There are a number of renewable resources currently being utilized (i.e. the use of wind, solar, ethanol, and hydro to mention a few) to reduce our use of fossil fuels.  However, each of these sources present issues and restrictions of their own, especially depending on location.  However, there may a renewable energy source that could be our solution to our increasing use of non-renewable resources; hydrogen.  

III. Hydrogen Energy
The use of hydrogen as fuel and energy, in the long-term, will be crucial in our global success of decreasing, as well as possibly eliminating, our continued output of greenhouse gases into the atmosphere.
  It will also be of vast importance in providing an energy source compatible for life as we have come to know it. 
A. HYDROGEN GENERALLY:

Hydrogen, chemical symbol “H”, is the simplest, lightest, and most abundant element in the universe.
  An atom of hydrogen has only one proton and one electron.  Hydrogen gas is a diatomic molecule ( each molecule has two atoms of hydrogen.
  At standard temperature and pressure, hydrogen exists as a colorless, odorless, and tasteless gas.  Similar to electricity, hydrogen is an energy carrier, not an energy source, meaning it can store and deliver energy in an easily usable form.
  In other words, hydrogen does not naturally exist in its elemental state and must be produced from other hydrogen-containing compounds.  Although hydrogen is the most abundant element in the universe, it combines readily with other elements and is almost always found as part of some other substance, such as water, or hydrocarbons like natural gas (which consists primarily of methane).
  It can also found in biomass, which includes all plants and animals.  Hydrogen is estimated to make up more than 90% of all the atoms ( three quarters of the mass of the universe.
  Hydrogen, as a fuel, burns cleanly, with water as its only combustion by-product.  On its face, hydrogen would seem like a viable substitute for our current dependence on fossil fuels for our energy consumption. Even more impressive, hydrogen can produce almost three times the energy as natural gas pound for pound, and when consumed its only emission is water.
 However, unlike oil and gas, hydrogen is not a fuel. It must be made before it can be used as an energy source.  The universe’s simplest and most abundant element, however, is not easy to capture.

B. HYDROGEN PRODUCTION AND CURRENT DIFFICULTIES:

There are numerous technologies and approaches for producing hydrogen in ways that will enable utilizing hydrogen for fuel. 
   According to the U.S. Department of Energy, 

[H]hydrogen can be produced from diverse domestic feedstocks using a variety of process technologies. Hydrogen-containing compounds such as fossil fuels, biomass or even water can be a source of hydrogen. Thermochemical processes can be used to produce hydrogen from biomass and from fossil fuels such as coal, natural gas and petroleum. Power generated from sunlight, wind and nuclear sources can be used to produce hydrogen electrolytically. Sunlight alone can also drive photolytic production of hydrogen from water, using advanced photoelectrochemical and photobiological processes.

Almost all of the hydrogen currently being produced in the United States is by steam reforming of natural gas.
  Researchers at the National Renewable Energy Laboratory see this method of production, at least for the near future, being the dominant method of production.
  

The current problem with hydrogen production is that virtually all of the world’s hydrogen is produced by applying heat and steam to hydrocarbons in fossil fuels.
  This process
 releases carbon dioxide, a greenhouse gas, into the atmosphere.  While hydrogen does burn clean, with the only by-product being water, the most common process of currently extracting hydrogen is still causing harm to the environment.  It is estimated that 95 percent of America’s hydrogen is produced by using this process.
  Joseph Romm, executive director of the Center for Energy & Climate Solutions and a skeptic for the use of hydrogen as fuel, projects that over the next 10 to 20 years, the main feedstock for hydrogen production will be fossil fuels, “and there’s the rub: using dirty energy to make clean energy doesn’t solve the pollution problem-it just moves it around.  As a CO2 reducer, hydrogen stinks.”
  The main problem with current hydrogen production is the lack of necessary infrastructure currently available for mass production of fuel for vehicles.  The United States currently uses roughly 10 million tons of hydrogen each year, generally for industrial purposes.
  To provide hydrogen for mass transit, it is estimated that at least 10 times more hydrogen fuel would need to be produced a year.
  As long as hydrogen is mainly being captured through natural gas, it appears the critical infrastructure for a hydrogen economy will remain limited.  The infrastructure issue can be summarized as the “chicken and the egg” dilemma.  Without customers and a global audience, businesses and developers are reluctant to construct an infrastructure.  Without the infrastructure, customers are prohibitively restricted and hesitant about purchasing a vehicle they cannot refuel. There are, however, new and developing innovative technologies that may provide viable solutions to the current production and infrastructure issues.  
1. Trapping Hydrogen Underground

The first method still involves the trapping of hydrogen through natural gas; however, the carbon dioxide it releases is captured and trapped underground.
  This process, if successful, could at least drastically reduce greenhouse gas emissions being released during hydrogen production.  In July of 2006, General Electric and BP Amoco PLC announced initial plans to erect roughly 15 power plans throughout the next 10 years that will utilize the same techniques to generate electricity by the use of hydrogen gathered from natural gas.
  The trapped carbon dioxide will be dispersed into depleted oil and gas fields.  Likewise, the Department of Energy is significantly funding a 10-year project
 to build a coal-fed plant that will also produce hydrogen to make electricity.  The Department of Energy also seeks to trap the carbon dioxide to achieve what they claim will be the world’s first zero-emissions fossil fuel plant.
  Whether this process of trapping carbon dioxide underground will be successful for long-term production purposes is still being researched, however, this ignores the fact that natural gas (like oil) is a limited and non-renewable resource.  Similar to oil, if hydrogen production is to continue relying on natural gas for production, it will also be subject to pricing issues dependent upon availability.
2. Liberating Hydrogen in Renewable Resources


Another potential solution is a new way to liberate the hydrogen in renewable substances, such as plants and fats left over from processing animal products.
  Chemical engineers at the University of Wisconsin-Madison developed this process that works by breaking apart and then rearranging carbon-carbon and carbon-oxygen bonds as sugar molecules reach with water on a platinum catalyst.
  These rearranged molecules react with the water in the sugary liquid to produce hydrogen.
  Another interesting feature that distinguishes this process from others that use biomass to produce hydrogen is the lower temperatures and less pressure at which this process occurs.
  As a result, the fuel remains a liquid (rather than turning into a gas), which saves a substantial amount of energy compared to steam processes used for biomass or conventional fossil fuels.
  
Another benefit of this process is that working at lower temperatures reduces the amount of carbon monoxide in the hydrogen fuel.  Also worth noting is that since this process is being performed at lower temperatures, there is no formation of other greenhouse gases, such as nitrogen oxide (which contributes to acid rain).


This process does release carbon dioxide like other types of hydrogen-producing processes.  However, the researchers and developers claim that is where the similarities end.  They claim that the carbon dioxide released during the process was recently removed from the atmosphere by the very plants from which the glucose feed stocks are made; claiming the process does not generate any extra carbon dioxide.
  The process also has fewer stages than the other biomass extraction methods, making it more efficient to build and operate the necessary equipment for production.  Randy Cortright, one of the process developers, has said:
the process could someday provide on-demand hydrogen, perhaps for very small devices such as mobile phones and laptop computers as well as larger applications such as vehicles.  You would have an on-board reformer that would extract the hydrogen from that fuel and send it to the fuel cell, right on the vehicle….You can visualize filling up your car with sugar water.

This process is still in a largely developmental stage as a prototype.  There is still a vast amount of research and engineering to do before this process can meet commercial energy demands.  There is also a large concern about the use of platinum for the catalysts.  Platinum on today’s market is extremely expensive, not to mention its issue of availability.  Research is still being conducted to find cheaper and more efficient possibilities for this process.
3. Green Algae as a Source of Energy

One of the two most promising approaches for cleaner, cheaper, and more efficient hydrogen production is the use of algae to create hydrogen.  Algae appear to be a promising source of biofuels and hydrogen.  Algae are easy to grow and handle, and even more impressive, some varieties of algae are rich in oil.
  Algae create a small amount of hydrogen naturally during the photosynthesis process, but Anastasios Melis, a plant-and-microbial-biology professor at the University of California, Berkeley, believes that the use of algae has a great chance at being a viable source for hydrogen.
  Melis has created mutant algae that utilize sunlight better than similar natural types of algae.  This process is projected to increase the amount of hydrogen the algae produces by a factor of three.
  Application of this two-stage photosynthesis and Hydrogen production protocol to green alga mass culture could provide a commercially viable method of renewable hydrogen generation.
  If projected yields of hydrogen can in fact be ascertainable, this process of manipulating algae in mass quantities would constitute a viable and profitable method of renewable hydrogen production.
  

This recent technological pursuit to increase hydrogen production will be important in maximizing the production of hydrogen to be used in mass commercial settings.
  Melis, explaining the entailed process, said:
[we make] low-density cultures and have thin bottles so that light penetrates all sides.  Because of this, the cells use all the light falling on them.  But in a commercial bioreactor, where dense algae cultures would be spread out in open ponds under the sun, the top layers absorb all the sunlight but can only use a fraction of it.  We are designing algae that have less chlorophyll so that they absorb less sunlight.  That means more light penetrates into the deeper algae layers, and eventually, more cells use the sunlight to make hydrogen.

Algae that use sunlight more effectively, allowing all layers to receive sunlight, will significantly increase the amount of oil and hydrogen produced.
  David Tied, senior chemist at U.S. Department of Energy’s Argonne National Laboratory, “believe[s] there is a fundamental advantage in looking at the production of hydrogen by photosynthesis as a renewable resource….Right now, ethanol is being produced from corn, but generating ethanol from corn is a thermodynamically much more inefficient process.”
  Algae have several benefits over corn in the production of fuel:  algae can be grown in a closed environment basically anywhere, including deserts or even on rooftops.
  Algae are easier to harvest because it has no roots or fruit and grows dispersed in water.  Unlike the production of corn for fuel, there is no competition for food or fertile soil.  However, Anastasios Melis projects that if the entire capacity of photosynthesizing algae is utilized to produce hydrogen, 80 kilograms of hydrogen could be produced per acre each day for commercial use.
  Using 100 percent of the algae’s photosynthesis is probably not likely, however, Melis projects that 

if we bring that up to 50 percent, it would be economically viable. With 50 percent capacity one acre of algae could produce 40 kilograms of hydrogen per day.  That would bring the cost of producing hydrogen to $2.80 a kilogram.  At this price hydrogen could compete with gasoline, since a kilogram of hydrogen is equivalent in energy to a gallon of gasoline.

According to experts, this process is at least four years from being capable of mass hydrogen production; however, it holds strong promise as an alternative for commercial hydrogen production.
 
4. Fuel Cells

Fuel cells appear to be the most promising technology to replace the internal combustion engine in vehicles because they are energy-efficient
, clean, and fuel flexible.
 The U.S. Department of Energy is specifically focused on hydrogen fuel cells
 for transportation applications.  A fuel cell

[u]ses the chemical energy of hydrogen to cleanly and efficiently produce electricity with water and heat as byproducts. Fuel cells are unique in terms of the variety of their potential applications; they can provide energy for systems as large as a utility power station and as small as a laptop computer.  Fuel cells have several benefits over conventional combustion-based technologies currently used in many power plants and passenger vehicles. They produce much smaller quantities of greenhouse gases and none of the air pollutants that create smog and cause health problems. If pure hydrogen is used as a fuel, fuel cells emit only heat and water as byproducts.”
  

Initially, fuel cells sound like the answer to our dependence on fossil fuels for energy: an efficient and non-polluting source of energy.  Even more surprising is that fuel cells are not a new phenomenon.  Fuel cells have been providing electricity on space shuttles since the 1960s.
  As mentioned earlier in this paper, the biggest concern with fuel cells is the price.  Fuel cells, to be durable enough to handle hydrogen production, are made from platinum.  Until recently, this has restricted the mass use of fuel cells because of high costs.   However, the cost of hydrogen in the United States continues to fall, suggesting that we may be near mass production of fuel cells. 
C. HYDROGEN STORAGE

Hydrogen has the highest energy content per unit weight (but not per unit volume) of any fuel.  However, hydrogen’s low volumetric energy content is what creates a significant challenge with regard to storage, especially for storage vehicle systems.
  Storage systems for vehicles must operate within the size and weight constraints of the vehicle; enable a driving range comparable to that which can be attained by gasoline
, and refuel at similar temperatures and times to that of gasoline.  Many consider on-board storage to be the largest technical challenge facing commercialization of hydrogen fuel cell vehicles.
  Although various hydrogen storage technologies are presently available, none appear to completely satisfy all of the auto industry requirements mentioned. Finding a solution to the hydrogen storage problem is considered by many to be the biggest challenge facing the implementation of the hydrogen economy.  
Hydrogen can be stored in three ways: As a compressed gas in high-pressure tanks, as a liquid in tanks (stored at -253°C), or as a solid by either absorbing or reacting with metals or chemical compounds or storing in an alternative chemical form.
   The main issues regarding these storing hydrogen are as follows: “operating pressure and temperature; the life span of the storage material (stability); the requirements for hydrogen purity imposed by the fuel cell; the reversibility of hydrogen uptake and release; the refueling conditions of rate and time; the hydrogen delivery pressure; overall safety, toxicity, and system-efficiency and cost.”
 Each process of storing has its drawbacks in their current state, and none of the three approaches meet all the criteria for on-board storing of hydrogen in fuel cell vehicles.  At room temperature and normal pressure, hydrogen contains less than one-three-hundredth the energy in an equivalent volume of gasoline; therefore, it must be put into a denser form.
  
During the liquefaction process
, hydrogen is placed in a chilled environment (near absolute zero), where the hydrogen turns into a liquid containing one-quarter the energy in an equivalent volume of gasoline.  This process requires a fair amount of energy; roughly one-third of the amount held by the hydrogen.  Another large concern is that the storage tanks for this liquid hydrogen are often large, heavy, and expensive.

Compressed hydrogen presents other issues.  Some hydrogen-powered vehicles use tanks of room-temperature hydrogen that has been compressed to roughly 10,000 pounds per square inch.
  Refueling a vehicle that is powered by compressed hydrogen is similar to that of a gasoline-powered vehicle.  The process to fill a hydrogen-powered vehicle with compressed hydrogen takes roughly the same time as it would to refuel a gasoline-powered combustion engine vehicle.  Initially, these storage tanks on the vehicles were four to five times larger than a gas tank with equivalent mileage range.  However, as technology has developed, the size of the tanks has seen a drastic decrease.  It is also worth noting that since fuel-cell vehicles contain fewer mechanical parts, the vehicles can accommodate bigger tanks or have larger seating capacity.
 
During the solid-state process, compounds can trap hydrogen molecules at room temperature and pressure, and then release the hydrogen molecules on demand.
  There has been less success with this storage process.  It appears that the most promising technique currently available is being conducted with materials called metal hydrides.
 Even though these materials are strong, the biggest problem with the use of these materials is the weight of hydrogen at normal temperature and pressure: a 700-pound tank of solid-state hydrogen may hold only a few hours worth of fuel.
  However, current research and studies could provide the necessary practicality and framework needed to storage of hydrogen in any state more practical.
D. HYDROGEN DISTRIBUTION

There are four main types of distribution techniques currently being utilized by the hydrogen industry.  There include: trucking and railway, pipelines, local production, and on-board production.  Hydrogen, no matter what form, is not easy to move from place to place.  Currently, most hydrogen is being transported either by tankers or as compressed gas in cylinders by trailers.
  According to Jeff Wise,

both methods are inefficient.  Trucking compressed hydrogen 150 miles, for instance, burns diesel equivalent to 11 percent of the energy the hydrogen stores.  It also requires a lot of round trips: A 44-ton vehicle that can carry enough gasoline to refuel 800 cars could only carry enough hydrogen to fuel 80 vehicles.

One possible solution to this “wasted energy” problem is the utilization of pipelines to send hydrogen where it needs to go.  There is currently about 700 miles of hydrogen pipelines now operating in the United States, generally near large hydrogen-using facilities.
  The longest pipeline in the world is 250 miles long, between Belgium and France.  The initial problem with the use of pipelines is the cost.  The pipelines must be treated and protected from deterioration and the large amounts of pressure of the hydrogen.  This treating process is estimated at around $1 million per mile.  Beyond this initial cost, pipelines provide the cheapest option of delivering vast amounts of hydrogen.


Hydrogen is also made on location; therefore requiring little or no transporting.  Self-production is performed at roughly half of the hydrogen fueling stations currently selling hydrogen in the United States.
  Another possibility of self-production is home energy stations.  These have the potential to be of great importance with regard to hydrogen vehicles, especially while the hydrogen infrastructure develops.  In 2003, Honda introduced a steam reforming Home Energy Station that produces hydrogen in the owner’s garage; however, steam reformation is performed using natural gas, which releases carbon dioxide into the atmosphere.
  Honda is also responsible for designing a solar-powered fueling station, which has been successfully operating at a Honda laboratory in California since 2001.
  Ideally, it appears the best and most promising approach is utilizing local renewable resources in the specific area the hydrogen is being produced, i.e. wind, solar, and hydro to name a few.
E. THE CASE FOR HYDROGEN

On February 6, 2003, President George W. Bush delivered a speech at the National Building Museum in Washington, D.C.
  The speech was directed towards promoting hydrogen use.  During his speech he said that
[H]ydrogen fuel cells represent one of the most encouraging, innovative technologies of our era.  And if you’re interested in our environment and if you’re interested in doing what’s right for the American people, if you’re tired of the same old endless struggles that seem to produce nothing but noise and high bills, let us promote hydrogen fuel cells as a way to advance into the 21st century…Hydrogen power is also clean to use.  Cars that will run on hydrogen fuel produce only water, not exhaust fumes.  Elimination pollution from cars would obviously make our air healthier.  Hydrogen power will dramatically reduce greenhouse gas emissions, helping this nation take the lead when it comes to tackling the long-term challenges of global climate change…If we develop hydrogen power to its full potential, we can reduce out demand for oil by over 11 million barrels per day by the year 2040.  So I’m asking Congress to spend $1.2 billion on a new national commitment to take hydrogen fuel cell cars from the laboratory to the showroom.  And as I said in my State of the Union, the idea is to see that a…child born today will be driving a car, as his or her first car, which will be powered by hydrogen and pollution-free.

As recent as April 15, 2009, Energy Secretary Steven Chu announced $41.9 million in funding for the American Recovery and Reinvestment Act for fuel cell technology.
  This $41.9 million will be utilized for immediate deployment of nearly 1,000 fuel cell systems for emergency backup power and material handling vehicle (e.g., forklifts).
  Additional systems are being used in hopes that stationary fuel cells will begin to grow in the larger residential and commercial market.  There is also hope that recent funding
 for hydrogen will bring costs down and encourage the infrastructure to grow.  This very recent display of support by the Obama Administration clearly shows that the hope for hydrogen and its wonderful potentials is still strong.

The first indicator that something needs to be done concerning our energy use and consumption is the altering climates seen around the world.  Galciers are melting, storms appear stronger and more intense, and temperatures are most definitely rising.  Dan Sperling, a well-known advocate for hydrogen energy, on the high energy lifestyle we enjoy in the United States and around the world has said that “humans are behaving like the proverbial frog in a pot of slowly heating water, oblivious to the fact that it will soon be cooked.”
  Sperling further stated that
[S]ometime soon global oil production will peak, and we will need to compliment the near-term efficiency strategy with a non-oil, non-carbon energy system for transport.  There are three basic strategies for doing so: converting wastes, wood, and grasses to liquid and gaseous fuels, running vehicles on electricity; and replacing oil with hydrogen.  All are promising, and all deserve more attention.  But hydrogen, together with fuel cells, has the greatest potential to dramatically reduce pollution, greenhouse gases, and oil use.  Hydrogen and fuel cell vehicles will only come about with a concerted effort over a long time.  Not to make that concerted effort is irresponsible and foolish.

Strangely enough, it is the automakers that appear to be leading the way towards the replacement of gasoline-powered combustion engines with hydrogen-powered vehicles.  General Motors, Toyota, Honda, Chrysler, Nissan, and Hyundai appear to be the most aggressive of the automakers, each devoting at least $100 million per year with regard to research and development of hydrogen fuel cell vehicles.
  This biggest issue is price.  Currently, the price of gasoline has dropped significantly from the record-high prices during the summer of 2008.  The economy is in shambles at the current time, and consumers are saving their money rather than purchasing new vehicles, especially a new type of vehicle with a lacking infrastructure.  Driving costs down of hydrogen vehicles is of vast importance.  Toyota has announced that by 2015, they can have the cost reduced to $50,000 per vehicle, and General Motors is even more optimistic.


There still remains the chicken and egg dilemma.  Consumers will not purchase a hydrogen car if a fueling infrastructure is lacking, and manufacturers will not build fueling infrastructures before hydrogen vehicles are a success in the marketplace.  This author suggests one possible solution to the infrastructure issue: develop the infrastructure with the deployment of vehicles.  One mistaken idea is that an entire infrastructure needs to be in place before these hydrogen vehicles are released.  The enormous up-front costs of transitioning an entire infrastructure before equally proportionate demand is present are restrictive and burdensome.  By constructing infrastructure with demand, high costs of transition to a hydrogen economy could be drastically undermined.

There is also the large push by large amounts of individuals to pursue more hybrid-vehicles, such as the Toyota Prius.  The Toyota Prius has become, so it appears, as the status symbol for a cleaner environment.  With its “acclaimed” fuel efficiency and lower emission rates, hybrids such as the Prius do initially appear attractive for tackling issues of fuel consumption and environmental protection.  However, Jeremy Clarkson of BBC’s Top Gear television series, along with researchers at BBC, performed a study on the Toyota Prius.  In the episode, Jeremy Clarkson stated the following with regard to the Prius:
To make this as economical as possible, they go to the ends of the earth, quite literally…[T]he nickel that they use to make the batteries that power the electric motor; that comes from Canada.  Now nickel mining is a filthy business; a lot of sulfur and acid rain, but no matter.  They load it on an enormous cargo ship.  Send it to Europe where it is refined.  Then onto China where it is turned into a sort of foam.  Then onto Japan where it is put into batteries and into the car.  It is so complicated in fact to make a Prius that a recent study found that in the long term it does more environmental damage than a Land Rover Discovery.

To conclude the research, BBC conducted a comparison of the Toyota Prius to the BMW M3.  The BMW M3 is not designed to be as economically fuel-efficient as possible.  However, BBC conducted a fuel efficiency comparison of these two vehicles.  The Toyota Prius was driven as fast as possible, and the only requirement for the BMW was to keep up.  It is worth noting that the Prius has a 1.5-litre four-cylinder engine, while the BMW has a 4-litre V-8 engine producing 414 brake horsepower.  The end results were rather surprising.  At the conclusion of the fuel-efficiency study, the Prius was found to have done 17.2 miles per gallon, while the BMW was found to have done 19.4 miles per gallon.
  Jeremy Clarkson, in concluding this research, suggested that perhaps what vehicle is being driven is not as important as how an individual actually drives that vehicle.

While on the topic of production vehicles, it is important to note that there is a strong industry and worldwide interest in electric vehicles to replace current gasoline-powered vehicles.  These also initially appear attractive because these vehicles generally only have one moving part, do not require fuel, and can be powered in your garage through a typical electrical outlet.  However, this energy from the outlet has to come from somewhere; generally being powered through power lines fed by heavily polluting production factories.

Within the last year, Honda released the first hydrogen fuel-cell vehicle commercially.  The vehicle is called the FCX Clarity.  It has 171-litre hydrogen tank that feeds the gas into the fuel cell stack, where hydrogen and oxygen combine to produce electricity.
  This car produces 134 brake horsepower, and also contains a lithium-ion battery pack which can feed supplement electricity to the motor if needed.  The vehicle also contains regenerative braking, so that the car is being charged when they brakes are used.  The FCX clarity can travel 270 miles on a single tank of hydrogen.  Honda also claims that the fuel stack in the FCX is a drastic improvement to prior prototypes; claiming that the fuel cell stack is 30 percent lighter, 65 percent smaller, and 20 percent more economical.
  The FCX is currently only available in Southern California, where the largest abundance of hydrogen fuel stations is located, and is currently only being released in limited numbers.  James May of BBC’s Top Gear television series recently visited California to conduct a segment on the first commercial production fuel cell vehicle.  After driving the FCX, James May said the following:
I’m absolutely convinced that the Clarity is the most important car for 100 years, and there’s a very good reason for that.  One day we will sadly run out of oil, and then we will need something else.  Now electric cars have always seemed promising, but as long as they are powered by batteries, they don’t quite cut it.  We’ve built out lives around the car as we know it.  You get in.  You drive as far as you want to go.  You fill up.  You drive some more.  That is the freedom that a petrol-powered car gives you.  If its replacement is something that goes for 10 yards and then takes 4 hours to bring back to life, we will have gone backwards.  The Clarity, though, is different.  It fits the life we already have.  The reason it is the car of the future is because it is just like the car of today.

Lack of infrastructure, as mentioned before is arguably the biggest problem facing commercial production of hydrogen cars.  

Pursuance towards a cleaner environment by implementation of a new energy infrastructure is not a pursuit that will be achieved without difficulties.  However, hydrogen appears to offer the greatest benefits of all other mass production types of renewable resources.  Hydrogen accesses a broad array of energy resources, provides broader and deeper societal benefits, creates no political or economic enemies, and has one of the most important advocates on its side; the automotive industry.
  California has led the way with the implementation of hydrogen vehicles.  While California leads all other states in the amount of hydrogen fueling stations and quantity of hydrogen implemented in other projects, more states need to follow suit.  It is uncertain if the hydrogen economy will eventually dominate the energy sector, as advocates hope, but it is a road worth investing in.
IV. CONCLUSION


In summary, hydrogen-powered vehicles and utilizing hydrogen as energy for our other energy needs has the greatest potential to drastically reduce and potentially eliminate our continued greenhouse emissions into the atmosphere, as well as our reliance on oil use.  Hydrogen is the must abundant element in the universe.  Utilizing a resource of such abundance which has such environmentally promising features only makes sense.  
Although hydrogen makes for a promising pathway into a cleaner future, it must be understood that the infrastructure necessary for a hydrogen economy will take time, with many obstacles ahead.  Technologies and research are being conducted to make the transition to hydrogen easier, cleaner, and more efficient.  However, with such a lack of infrastructure, it makes this possible transition even more difficult.  We need to pursue short and long-term strategies to begin this transition process.  Until hydrogen refueling stations are well-established, portable home-generators or similar technologies may be the solution.  This will allow consumers to be comfortable in purchasing a hydrogen vehicle they can readily refuel, while at the same time, giving the industry confidence to construct infrastructure along with demand.  The government also plays a crucial role in enabling the hydrogen economy to flourish.  Increased funding and subsidies are imperative to implement the necessary infrastructure to support commercial hydrogen use.
There are a number of possibilities for our future in energy.  Harnessing and utilization of renewable resources, such as wind, solar, algae, and hydro, will all be important.  Using all of these in conjunction with hydrogen offers the most promising rewards for a cleaner environment.  They also offer an end to our non-renewable resource depletion issues. Renewable sources of energy, such as hydrogen, will offer great benefits far beyond the environment and resource depletion though.  Implementing these resources will stimulate technological developments and inventions in a number of various fields of work, will offer continued improvement in our use of automobiles to make them even more efficient and viable, and offer many new jobs to accommodate this new industry growth.  We cannot wait any longer in hopes of finding some easier solution to our energy problems.  The positive impacts for which implementation of these renewable resources will have is endless; a cleaner non-depleting source of fuel and energy that all but alleviates our atmospheric pollution. 
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