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merica’s dependence on fossil fuels is costly:

But what about the alternative?
Wouldn't a transition to a clean energy: future also be
expensive?
Hydrogen is an environmentally friendly alternative to
fossil fuels, and they can be used to power just about any;
machine needing energy. The fuel cell, which is the energy
conversion device that canl capture and use the power of
hydrogenieffectively is the key to making this happen.

The world has algolden oppontunity to break our
dependence on fossil fuels and chart a new path
toward al clean enengy future. Make no mistake, we
must take large investments in energy efficiency;
renewable energy, clean transportation
technology and other cleant energy
strategies if we are going to wean
ourselves off fossillfuels and do our
share fo curtail global warming:
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                             PREFACE

Fueled by concerns about urban air pollution, energy security, and climate change, the notion of a “hydrogen economy” is moving beyond the realm of scientists and engineers and into the lexicon of political and business leaders. 

Interest in hydrogen, the simplest and most abundant element in the universe, is also rising due to technical advances in fuel cells — the potential successors to batteries in portable electronics, power plants, and the internal combustion engine.

The U.S. Department of Energy and the National Renewable Energy Laboratory are developing technologies to produce hydrogen from renewable, sustainable sources. A cost goal of $2.00–$3.00 kg of hydrogen has been identified as the range at which delivered hydrogen becomes cost competitive with gasoline for passenger vehicles. Electrolysis of water is a standard commercial technology for producing hydrogen. 

Using wind and solar resources to produce the electricity for the process creates a renewable system. Biomass-to-hydrogen processes, including gasification, pyrolysis, and fermentation, are less well-developed technologies. These processes offer the possibility of producing hydrogen from energy crops and from biomass materials such as forest residue and municipal sewage. Solar energy can be used to produce hydrogen from water and biomass by several conversion pathways. Concentrated solar energy can generate high temperatures at which thermochemical reactions can be used to split water. 

Photoelectrochemical water splitting and photobiology are long-term options for producing hydrogen from water using solar energy. All these technologies are in the development stage. But where will the hydrogen come from? Government and industry, keeping one foot in the hydrocarbon economy, are pursuing an incremental route, using gasoline or methanol as the source of the hydrogen, with the fuel reformed on board vehicles. 
A cleaner path, deriving hydrogen from natural gas and renewable energy and using the fuel directly on board vehicles, has received significantly less support, in part because the cost of building a hydrogen infrastructure is widely viewed as prohibitively high. Yet a number of recent studies suggest that moving to the direct use of hydrogen may be much cleaner and far less expensive. 

Just as government played a catalytic role in the creation of the Internet, government will have an essential part in building a hydrogen economy. Research and development, incentives and regulations, and partnerships with industry have sparked isolated initiatives. But stronger public policies and educational efforts are needed to accelerate the process. Choices made today will likely determine which countries and companies seize the enormous political power and economic prizes associated with the hydrogen age now dawning.

The scope of the United States Hydrogen Initiative1 has captured the attention of industrial and academic researchers around the world. A measure of success has already been achieved by the initiative; specifically, the uncovering of the extent by which current technology must advance to bring about the use of hydrogen as an energy carrier.

Among the challenges facing hydrogen production, distribution, storage, and usage, the improvements required for the safe and efficient storage of the volatile fuel have been cited as the most formidable. 

As a corollary, it has been claimed that if a breakthrough in hydrogen storage were realized, a favorable impetus would be applied to resolving the other issues. Several reviews have appeared on the use of hydrogen as a fuel and its storage in various media, many of which are cited below

The results show that the fossil hydrogen production dominates while the infrastructure is being developed and that the mix between gas and coal is highly sensitive to the price ratios. Even in this case, a remarkable CO2 reduction is achievable. In the first decade, decentralised plants play an important role, but also industrial by-product hydrogen. The introduction of hydrogen in areas with high population density minimises infrastructure costs. Liquefied hydrogen is economic with large plants and dispersed hydrogen 

demand. 

A wide variety of processes are available for hydrogen 
production from gaseous or liquid fuels. They differ according to the nature of the primary fuel used (ammonia, methanol, ethanol, gaseous or liquid hydrocarbons, water) and to the chemical reactions involved (decomposition, steam reforming, partial oxidation, electrolysis, gasification).

As recent technology progress makes hydrogen a realistic long-term energy option with little or no pollution, developments of new methods for its production and improvement of conventional technology are important. This paper analyzes the recent development of hydrogen production technologies followed by an overview of conventional and renewable energy sources and a discussion about enviro-economic aspects for hydrogen production methods. 

The results show that although renewable energy resources cannot entirely satisfy the energy demand but electrolysis associated with solar energy, wind power, hydropower and biomass are available renewable sources for significant hydrogen production.   

References;
*Michael Ball, Martin Wietschel, Otto Rentz,  International Journal of Hydrogen Energy Volume 42, Issue 21, Pages 14355-14842 (25 May 2017)
*L. C. Rowsell, Omar M. Yaghi Prof. Dr. Wiley Online Libraray, Volume 44, Issue 30 Pages 4647–4813

*Michael Ball, Martin Wietschel, Otto Rentz International Journal of Hydrogen Energy Volume 32, Issues 10–11, July–August 2007, Pages 1355–1368
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 15 Global Challenges facing humanity (1)
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The Global Challenges require collaborative action among governments, international organizations, corporations, universities, NGOs, and creative individuals. They are transnational in nature and transinstitutional in solution. They cannot be addressed by any government or institution acting alone. Although listed in sequence, Challenge 1 on sustainable development and climate change is no more or less important than Challenge 15 on global ethics. 
There is greater consensus about the global situation as expressed in these Challenges and the actions to address them than is evident in the news media.

1. How can everyone have sufficient clean water without conflict?  
2. How can population growth and resources be brought into balance? 
3. How can sustainable development be achieved for all while addressing global climate change? 

4. How can decisionmaking be enhanced by integrating improved global foresight during unprecedented accele- arating change?  

5. How can genuine democracy emerge from authoritarian regimes?  6. How can the global convergence of information and communications technologies work for everyone?  
7. How can ethical market economies be encouraged to help reduce the gap between rich and poor?  
8. How can the threat of new and reemerging diseases and immune micro-organisms be reduced?  
9. How can education make humanity more intelligent, knowledgeable, and wise enough to address its global challenges?  
10. How can shared values and new security strategies reduce ethnic conflicts, terrorism, and the use of weapons of mass destruction?  
11. How can the changing status of women help improve the human condition?  
12. How can transnational organized crime networks be stopped from becoming more powerful and sophisticated global enterprises?  
13. How can growing energy demands be met safely and efficiently?  
14. How can scientific and technological breakthroughs be accelerated to improve the human condition?  
15. How can ethical considerations become more routinely incorporated into global decisions? 

In adition to these above, there are many issues currently threatening humanity. Here are some of the most critical issues that come to mind. Issues that humanity must figure out if it is to survive the current fight against the controlling class. Perhaps at some point we will figure it all out.

Changes never happen overnight; and, as a whole, most Americans hopefully do have a few things in common. Surely one of the solutions is to look for what we all have in common and see how we can all work together to improve things. Coming together on wider platforms is also a key to moving forward.

Misinformation, Denial and Inertia

Probably the greatest challenge of all is educating people, groups and governments to acknowledge these challenges and then energizing them to take action. 

Only then can we build the passion, dedication (and get the funding) to take the required measures to solve our problems. 
There is an abundance of misinformation circulating (global warming denial, for example), which has the effect of confusing people or giving them a false sense of security. Much of the misinformation is put out by astroturf organizations or corporations who have much to gain by keeping people from the facts.  

People cannot move forward if they don't have information they can trust. There seems to be a natural human tendency to choose comfort over truth (wishful thinking) when the truth challenges our previously-held worldviews, especially if it is one that is disturbing or alarming. Unrealistic optimism is the way many of us deal with troubling issues, so denial is widespread and extremely counterproductive. After all, it is easier and much more pleasant to live in a cocoon and believe that everything's all right. 
Conversely, inertia will also be a problem if people are completely overwhelmed with the challenges they see around them. People need to be reminded of humanity's proven ability to solve massive problems; to realize that we are not powerless and that we have the ability to work together to control the situation if we have the will and resources available to us. 
We must also acknowledge our natural tendency toward us versus them (in group-out group) thinking, which is also counterproductive. 
If we can overcome this tendency, we can imagine a global, democratic citizen's revolution, which will put pressure on our corporations and governments to aggressively address the challenges we face together.

Energy
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Dealing with the problem of peak oil and gas will be one of the biggest challenges that humans have ever faced. Lessening our dependence on fossil fuels by transi tioning into the use of clean, sustainable, renewable energy sources such as solar, wind, geothermal, wave, tide, cellulosic ethanol (from miscanthus, sugar cane, etc), hydroelectric and micro-hydro is necessary.
Massive research, development and infrastructure are required and are already well underway. Continuing to develop technologies to increase energy efficiency in our buildings and in our modes of transportation are necessary. 

The second part of this equation is energy conservation; discontinuing or minimizing inefficient practices and general energy conservation by ordinary citizens (for example turning down the thermosat to 62 F in winter, minimizing or discontinuing air conditioning use in summer, plugging appliances into surge-protecting power strips and car-pooling,). 
North Americans and Europeans will have to work harder to conserve energy, as these groups use much more energy per person than those living in developing countries. A new paradime must also emerge: the realization of the fact that materialism cannot provide human happiness. 
With this realized, energy can be diverted from materialist, nonessential consumer goods to more essential, useful items. 
This will be a gradual process, as much of our commerce is based on materialism, and there is likely to be a strong resistance to this sort of change, especially by those who profit from the staus quo.

Environment
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Combatting global warming through research and Development of low-carbon energy technologies. Concentrations of CO2 in the atmosphere are higher now than they have been in the past 650,000 years, the period for which reliable data has been extracted from icecores. Protecting  biodiversity and ending environ- mental degradation through the setting aside of protected areas, and responsible harvesting of timber, wildlife and other natural resources. 
Slowing or eliminating the current Holocene Extiction Event (the worst extinction event since the extinction of the dinosaurs 65 million years ago) by conserving and restoring habitat and mapping DNA of threatened species. enforceable regulations for polluting industries. Improved stove intervention, inspection and maintenance of diesel vehicles and improved diesel vehicle particulate control technology. 
Decreasing water pollution through agricultural runoff. Phasing out nuclear generating plants and nuclear arms. Phasing out all electrical power generating plants running on non-renewable resources.

Food and Water
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Meeting the challenges of malnutrition and hunger. Vitamin A, Zinc, iron and salt iodization micro supplements for children. Deworming in developing countries. Community based nutrition promotion. 
Increasing energy transfer efficiency by transitioning to a more vegetarian diet. Ethical issues aside, it takes fourteen to sixteen pounds of plant protein to produce one pound of animal protein. 
According to the USDA, growing the crops necessary to feed farmed animals requires nearly half of the United States' water supply and 80 percent of its agricultural land. Additionally, animals raised for food in the U.S. consume 90 percent of the soy crop, 80 percent of the corn crop, and a total of 70 percent of its grain. 
The animals eat the feed, it is converted into meat, and humans eat the meat. By directly eating the plants and grains, we could feed many, many more people. Despite the fact that 36 million people starve to death every year, 66.5% of Americans are either obese or overweight. We also need to work toward a much more humane treatment of animals.

Availability of clean drinking water: bio-sand filters for household water treatment, rural water supply, total sanitation campaign, large multipurpose dams in Africa and other locations. 
Worldwide, 70% of water usage goes toward agricultural irrigation, with almost 60% being wasted. Drip irrigation is much more efficient, and should be utilized wherever appropriate and feasible. Aquifiers are depleting, so water conservation is essential.
Poverty, Fair Trade, Reduction of Debt, Employment and Economic Disparity
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Microfinance for developing small business startups. Fair redistribution of wealth. (Currently, the richest 1% of the population controls nearly half the wealth, while the richest 10% controls 90% of the wealth.) 
Contrary to much opinion, "middle class" people are nowhere near the top 10%. The average middle class American is in the bottom 65%. In America, the bottom 65%, combined, own only 1% of the wealth of the country. 

Global minimum/living wage standards for all employees. Collective bargaining to empower workers to address grievances. Creation of a sustainable green economy which will create jobs for workers affected by globalization. 
Remove personhood as a legal right of corporations. Corporations must be used to work for man, not against him if they are to continue. Collect tax and fines from owners of illegal offshore bank accounts. Paying down of national debts.

Building Human Relationships and Communication, Decreasing Conflict
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Respect for cultures other than our own. Respect for international law. Peace-keeping in post-conflict situations. Improving diplomacy through non-violent communication. Recognition of English as a global language. Prevention of wars and terrorism. 
Drastic decrease in worldwide military spending. In 2008, the US spent over $1 Trillion on its military and the wars in Afghanistan and Iraq. To put it into context, that figure is more than twice the amount spent by all other countries on Earth combined. 
Working to create a new paradime of a global community of humans. To come to the realization that there is no "them", there is only "us". Any violence we do to "another" group is not done to them, it is done to us. We do it to ourselves. We must begin to think in terms of cooperation, not competition.

Disease and Human Suffering
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Immunization for children. Cures for Tuberculosis, Cancer and Heart Disease. Malaria prevention and treatment. AIDS and HIV prevention and treatment. Prevention of other pandemics. Tobacco tax. Nutrition, health care for all. Tort limits for malpractice suits. Improving response to natural and man-made disasters.

Education
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Lower the price of schooling. More hands-on education that will give students the life skills they need to function in society. Educational systems designed to tailor the lesson plan to the student, based on the way each student is best able to learn. Conditional cash transfers. Increase and improve schooling for girls in developing countries. 

Democracy and Human Rights
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A democracy is a political government, either carried out directly by the people (direct democracy) or by means of elected representatives of the people (Representative Democracy). Even though there is no specific, universally accepted definition of 'democracy', there are two principles that any definition of democracy includes, equality and freedom. 
These principles are reflected by all citizens being equal before the law, and having equal access to power, and freedom is secured by legitimized rights and liberties, which are generally protected by a constitution. 
Examples of rights and freedoms which have come to be commonly thought of as human rights include civil and political rights, such as the right to life and liberty, freedom of expression, and equality before the law; and economic, social and cultural laws, including the right to participate in culture, the right to be treated with respect and dignity, the right to food, the right to work, and the right to education and health care.

Population
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      Current worldwide population is abaut 7 billion.

Some problems associated with or exacerbated by human overpopulation:

1 Inadequate fresh water for drinking water use as well as sewage treatment and effluent discharge. Some countries, like Saudi Arabia, use energy-expensive desalination to solve the problem of water shortages.

2 Depletion of natural resources, especially fossil fuels.

3 Increased levels of air pollution, water pollu tion, soil contamination and noise pollution. Once a country has industrialized and become wealthy, a combination of government regulation and technological innovation causes pollution to decline substantially, even as the population continues to grow.

4 Deforestation and loss of ecosystems that sustain global atmospheric oxygen and carbon dioxide balance; about eight million hectares of forest are lost each year.

5 Changes in atmospheric composition and conse quent global warming. 

6 Irreversible loss of arable land and increases in desertification. Deforestation and desertification can be reversed by adopting property rights, and this policy is successful even while the human population continues to grow.

7 Mass species extinctions from reduced habitat in tropical forests due to slash-and-burn techniques that sometimes are practiced by shifting cultivators, especially in countries with rapidly expanding rural populations; present extinction rates may be as high as 140,000 species lost per year. As of 2008, the IUCN Red List lists a total of 717 animal species having gone extinct during recorded human history.

8 High infant and child mortality. High rates of infant mortality are caused by poverty. Rich countries with high population densities have low rates of infant mortality.

9 Intensive factory farming to support large popula tions. It results in human threats including the evolution and spread of antibiotic resistant bacteria diseases, excessive air and water pollution, and new viruses that infect humans.

10 Increased chance of the emergence of new epidemics and pandemics. For many environmental and social reasons, including overcrowded living conditions, malnutrition and inadequate, inaccessible, or non-existent health care, the poor are more likely to be exposed to infectious diseases.

11 Starvation, malnutrition or poor diet with ill health and diet-deficiency diseases (e.g. rickets). However, rich countries with high population densities do not have famine.

12 Poverty coupled with inflation in some regions and a resulting low level of capital formation. Poverty and inflation are aggravated by bad government and bad economic policies. Many countries with high population densities have eliminated absolute poverty and keep their inflation rates very low.

13 Low life expectancy in countries with fastest growing populations.

14 Unhygienic living conditions for many based upon water resource depletion, discharge of raw sewage and solid waste disposal. However, this problem can be reduced with the adoption of sewers. For example, after Karachi, Pakistan installed sewers, its infant mortality rate fell substantially.

15 Elevated crime rate due to drug cartels and increased theft by people stealing resources to survive.

16 Conflict over scarce resources and crowding, leading to increased levels of warfare.
Less Personal Freedom / More Restrictive Laws. 
Laws regulate interactions between humans. Law "serves as a primary social mediator of relations between people." The higher the population density, the more frequent such interactions become, and thus there develops a need for more laws to regulate these 
interactions.
Let’s add some issues in USA; (3)

Government secrecy
John F. Kennedy warned of the dangers of secret societies making decisions for humanity. More on this speech later. Secrecy of government could be number one on this list. 
Ultimately all of humanity’s problems stem back to government secrecy. From CIA to the Pentagon, to CFR, Bilderberg secret meetings, to the Masonic groups, secret fraternities and more, secrecy is the norm in this government and is the building block upon which all other forms of deception are built. 
This secrecy is not spoken about enough because we are all conditioned to believe that government needs to be secret. All state crimes are secret. All evidence against government is secret. All covert crimes are protected from exposure due to the nature of the beast. 
See any problems with this? There are no scenarios where humanity will be able to thrive while state crimes and illegalities are all secret. 
We will never have legitimate elections, and activist groups dedicated to truth and justice will always fight against the wall of secrecy that humanity is up against. 
Conversely, governments that operate in secret are obsessed with making your life known to all. It is a crime in every scenario for you to not divulge the truth about yourself or to not speak the truth to a police officer or a member of the courts. The individual is immediately charged with perjury. Government, however, as well as police, can lie to you, trick you, and hide the facts from you often without any consequences.
Secret private Federal Reserve operation
Amazingly, one of the mysteries of our generations dating back over one hundred years is how a private cabal of non-government business guys can actually be given a status that is clearly above the law. How can an entire generation accept slavery under the authority of men who can and should be arrested, tried and imprisoned for life? 
How can a private entity tell the government what to do, lie, cheat, steal, even create money out of thin air and then charge the government interest without real consequences. How can they pull this off even in the age of information and the Internet? 
The question is as amazing and mind-blowing a question as there is. 
I don’t know the answer to this and I don’t know anyone who does. We know all about the private illegal creation of the Federal Reserve and we know all about their illegal banking schemes whose termination could heal all of humanity with one stroke of a pen, yet no one dares act upon this. 
That is, except John F. Kennedy – and we know what happened to him. Without a doubt the Federal Reserve banking scheme and collectively the global banking scheme to include the IMF, BIS and World Bank makes my list of the top threats to humanity. 
These bankers are the ones profiting from both sides of all wars. The magnitude of this issue goes beyond the spectrum of this article but suffice to say this is one of the major issues humanity needs to confront.

Legalized propaganda – Politicians and government can lie

One of the greatest problems we face here in America and extends throughout the world because the impact it has on world news, is that propaganda is now legal in the United States. 
Without a second thought or remorse, the State Department can now carve out what it WANTS to say instead of what it HAS to say. Accountability to the American people is now completely removed. Noticing a lot of bold claims from the State Department regarding evidence and the constant deflection of original sources? 
Notice how key pieces of “evidence” get released much later from the time the specific incident occurred? Wonder what’s happening during the delay or what the U.S. military or local police call the “investigative process”?

From Hillary Clinton’s sudden unverified “accident” which conveniently got her out of having to testify in the Benghazi hearing until months later, to the U.S.’s claims of “evidence” against Russia in Ukraine, to the MH17 fake video proof confession, to the phony James Foley beheading video with no blood and edited action, people all around the world keep asking the same questions; where is the evidence?  and what in the world is going on? 
How this topic of legalized propaganda (made legal by the NDAA) is one of the core problems staring us right in the face, and we will never get over this until we criminalize propaganda once and for all. 
Propaganda after all, kills millions, justifies wars and murders and exonerates criminals. Why then are we allowing it to be legal? The “war on drugs” alone is less dangerous than legal propaganda, not to mention marijuana laws, jaywalking, even traffic laws.

Hollywood TV hypnosis

The massive effect of Hollywood on the minds of millions of Americans is now a grand experiment on humanity. More than ever, children are watching television which has been proven to be a powerful tool of mind control. No other tool is doing more to keep humanity in a state of hypnosis and complacency than TV. 
It has robbed the young generation of all forms of critical thinking, creativity, passion, focus, determination, and political awareness. 
It is almost impossible to visualize humanity overcoming our current crisis with the current level of Hollywood and TV propaganda and conditioning. The celebrity gossip and propaganda alone is enough of a threat to humanity to concern anyone paying attention. 
Lessons of fascism, tyranny, and collectivism can be taught to a person much quicker using television than almost any other medium. Furthermore, there is no easier way to destroy family values, sell adult sexual ideas to kids, lower school grades and reading skills than to expose a child to television.

Pro sports and worship of the military

Quietly, pro sports is now a force to be dealt with in terms of survival of the human race and here’s why. Pro sports is not just a collection of games and entertainment (MLB, NFL, NBA, NFL, MSL), it is a form of survival for millions of young men, it is a religion for many, it is a ritual, an obsession, an addiction that cannot and will not be broken. 
It is perceived by all of society to be harmless and fun, and it can be harmless and fun if you are already awakened. For those who are not awakened, sports is a primary brainwashing tool of the globalists. 
This is their primary military recruiting ground and millions of young men go from watching a TV commercial glorifying the military during a game to dying in globalist wars. 
We all see how the globalists used the Pat Tillman story as an advertisement to get more kids into the military. Recently, Major League Baseball has been promoting the military using the image and story of Ted Williams.

The worshiping of the military at the level of pro sports is reaching dangerous levels. MLB in particular regularly has promotional days when your favorite team may be seen actually wearing military-like uniforms for the day. 
Every week we are seeing military personnel literally worshiped by the powers that run pro sports. These ceremonies and dedications are targeting the young kids so that when they grow up they’ll want to join the military. Also, this threat to humanity works hand in hand with many of the other threats. 
Ultimately, sports is selling blind patriotism. Meaning, regardless of the mission, we are Team America (urrrahh). Values, ethics, and morality are not taken into account in the selling of the military. 
They tell you they represent honor and values and they know they don’t need to actually prove it. This selling of blind patriotism is dangerous and encourages closed-mindedness to any information that interferes with your emotional ties to your own country and military.

Government takeover of science and reason

When did science become a government thing? Quietly, over the last 5-6 decades and more, government has taken over science and ignored the prime rule of science. 
That being the Scientific Method which states that scientists must present their hypothesis then conduct open experiments to prove or disprove their hypothesis. 
These experiments must be open to public scrutiny, not open to OTHER government contractors but to the true scientific community. Too many Americans who don’t like science won’t even pay attention to this issue which is one of the major threats to humanity.

When government takes over science, that swings the door wide open for retroactive manipulation of scientific results, exaggerations of results, customizing studies to line up with predetermined results, faulty correlations, non-scientific government abstracts of studies that no one in the independent scientific community can verify and challenge, controlled opposition of scientific views, blind claims, even theories that outright defy the laws of science. 
All of this can be done without any opposition or scrutiny. Sound crazy to you? It should. Government takeover of science is without a doubt what has led to many theories which have paved the road for environment crimes against humanity (chemtrails spraying and geoengineering programs destroying the ecosystem on a daily basis), administration of deadly vaccines (which are now proven to cause autism) and even massive false flags (like the government science of the World Trade Center towers collapse that defy all forms of reason and laws of physics and thermodynamics).

The thinking seems to be that if you control the science you control reality. Thankfully, there are many of us who recognize the sabotaging of the science and hopefully humanity can pull it together to force scientific accountability. 
The 9/11 truth movement has gained ground in the demand for scientific accountability and all of us should be paying attention to this battle as well as the recent CDC whistleblower statement admitting the CDC ignored scientific evidence linking the MMR vaccine to autism. These battles over scientific claims are very important to the future survival of humanity.

Military uncontrolled spending; 

paying for wars, As of the end of fiscal year 2012 the U.S. defense budget was an astronomical $688 BILLION dollars totaling more than the defense budget of China, Russia, UK, Japan, France, Saudi Arabia, India, Germany, Italy, and Brazil. 
Tackling this one issue alone could save humanity from killing itself. Without money to buy weapons and fund wars we wouldn’t be waging them. The numbers alone are staggering enough to make anyone think and wonder what the hell are we doing? Just imagine what we could do with this money. Humanity should be preparing strategies for ending this major spending problem which really means we as a species are funding our own extinction. How does that make sense?

U.S. citizens condoning and ignoring war crimes and atrocities;

In some conservative Christian and right wing circles throughout America we are seeing a deeply rooted belief that says all Muslims are dangerous terrorists except for maybe a few here and there. This ideology of bigotry is no different than other ideologies of hate and bigotry we’ve seen throughout history. 
Some of these individuals are blindly convinced that “terrorists” are everywhere and that these “terrorists” (who have by the way never been tried or found guilty of any wrongdoing with facts and evidence) have no rights whatsoever. The terrorists, according to this mindset, deserve lifetime imprisonment without charge, they deserve to be tortured and murdered if necessary.

In the midst of this culture of hatred brewing in America, we are now seeing the rise of another wave of hate, bigotry, and what I call linear (narrow-minded) thinking. 
We’ve all seen the breathtaking images of atrocities in Gaza committed by Israel, and although Jews around the world are protesting alongside human rights groups against the action of Israel against the people of Gaza, others have chosen to stand FOR Israel despite these war crimes. This recent wave of dangerous narrow-minded thinking, which holds a flag in higher esteem than a human life, is now one of the greatest threats humanity faces. 
It is exactly this kind of narrow-minded thinking which has served as a precursor to the murder of billions of lives throughout history. We’ve been warned – those who ignore the lessons of history are bound to repeat it.

Conversely, just imagine if the people of the United States all came together to denounce aggression across the board without sympathizing for a political cause or a flag. Imagine the United States actually becoming the world leader again. All because we actually stand for human rights and freedom again. What better reason for other countries to look up to the U.S. again.

Racial division and enslavement of the masses;
Engineered race wars are now becoming the norm. Humanity is in one big competition against itself. Parents and children are being conditioned not to trust people of other races, or each other for that matter. Every single shooting death is painted as a race issue whenever possible by the media. 
We all saw what happened in Ferguson, Missouri. A typical police state murder spun into a race war by the media. Over a year ago we saw Travon Martin murdered by a Hispanic male shooter yet the media spun it into a race issue. As racial division continues, the globalists are enjoying seeing humanity unable to work together.

Mainstream media;
And the greatest problem humanity now faces is from mainstream media. In his famous speech about secret societies John F. Kennedy said this to the mainstream media:But I am asking them members of the newspaper profession and the industry in this country to reexamine their own responsibilities, to consider the degree and the nature of the present danger, and to heed the duty of self-restraint which that danger imposes upon us all

I am not asking your newspapers to support the Administration, but I am asking your help in the tremendous task of informing and alerting the American people. For I have complete confidence in the response and dedication of our citizens whenever they are fully informed. I not only could not stifle controversy among your readers — I welcome it… Without debate, without criticism no administration and no country can succeed, and no republic can survive… 
It means greater coverage and analysis of international news, for it is no longer far away and foreign but close at hand and local. It means greater attention to improved understanding of the news as well as improved transmission. And it means, finally, that government at all levels, must meet its obligation to provide you with the fullest possible information outside the narrowest limits of national security, and we intend to do it. And so it is to the printing press, to the recorder of man’s deeds, the keeper of his conscience, the courier of his news, that we look for strength and assistance, confident that with your help man will be what he was born to be: free and independent.

JFK was calling out mainstream media to be responsible because they were supposed to bear the mantle of free speech and ultimately guard our freedom and indepen dence. Looking at this speech one can appreciate how frightening it is to see mainstream media sold out to the very government that we were supposed to be free from. This speech also shows us how far we’ve come. Is it any secret why they murdered JFK?

I agree with president Kennedy and I believe mainstream media has done everything opposite of what Kennedy called on them to do. They don’t bear any responsibility for what they say, they are not guarding freedom or free speech instead they demonize it. They do not encourage criticism; instead they tag everyone as a “conspiracy theorist” without any reason or evidence. 
They don’t provide us with the fullest possible information. Mainstream media is unquestionably the greatest threat to the safety of humanity, freedom and the entire existence of a republic that protects the rights of the individual. With mainstream media now lying, deceiving, and manipulating the truth for the sake of government and political propaganda, now more than ever it is important for everyone to recognize that this is now the number one threat to humanity.

Last e few words, Sustainable World Initiative: (3)

Research, education, and policy guidance for a better global future. Sustainable development, as that term is commonly used and understood, means making continued economic and social development more resource efficient and less detrimental to the environment. But making development more sustainable, while highly desirable, is not the same thing as actually achieving sustainability. As we plan and carry out human development programs we must ensure that our aggregated demands upon the planet’s resources do not exceed the Earth’s capacity to supply them. 

The first step in achieving true sustainability is recognition of the total scale of human activity. The Global Footprint Network estimates that we are already using 150 percent of the Earth’s capacity to regenerate resources, and that does not take into account non-renewable resources, such as fossil fuels. By that measure, we are already operating unsustainably. 

The next step in achieving true sustainability is acknowledging the interconnectedness of all the various subsets of sustainability. Climate change, energy, food, water, population, and the environment are all inter-related, and efforts to address one challenge often exacerbate other global challenges. We cannot solve problems in isolation. We must be mindful of the inevitable trade-offs. 

The third and crucial step is recognizing that our failure to balance human demands with the capacity of the Earth has serious consequences for people today, not just future generations. Extreme weather patterns and soaring food prices are products of an over- heated, over-subscribed planet, and they are a sign that much worse is to come unless we reduce the total scale of human activity. We believe that the greatest challenge facing humanity today is that we are simply demanding too much from the planet. 
Humanity must collectively recognize and fully acknowledge that our species is already over-utilizing the finite resources of planet earth and reduce the total scale of the human endeavor in an urgent, orderly, and equitable manner. 

An overwhelming body of scientific evidence and repeated warnings from global studies and reports from high level commissions inform us that we have already exceeded the sustainable carrying capacity of the planet and that we are putting resource systems (and future human development) at great risk. 

We must wake up to this reality. The total quantity of natural resource goods and services that our species takes from the planet each year must be down- sized, and we must plan future withdrawals in a more responsible manner. Our future resource demands must be brought into balance with the sustainable capacity of planetary systems. 

It is time to recognize that our species has simply grown too big for one planet and that we must adopt a new political and social paradigm: one that calls for reducing and adapting ourselves to fit within the means of nature rather than pursuing our constant struggle to adapt nature and exploit resources on an ever-increasing scale. 

We’ve gone beyond the safety regime for such activity. We must shift our development focus from ‘building more for humanity’ to ‘adapting and sizing ourselves to fit the planet.’ Human development and sustainable well-being will now be better served in the context of this latter paradigm: sizing our societal and economic activities to fit within the resource limitations of each local, regional, national, and global ecosystem. 
References: 
(1)Michael Marien, editor, Future Survey
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                    CHAPTER TWO
        WHAT ARE DIFFERENT SOURCES OF    

                         ENERGY?
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There are 10 main different sources of energy that are used in the world to generate power. While there are other sources being discovered all the time, none of them has reached the stage where they can be used to provide the power to help modern life go.

All of these different sources of energy are used primarily to produce electricity. The world runs on a series of electrical reactions – whether you are talking about the car you are driving or the light you are turning on. All of these different sources of energy add to the store of electrical power that is then sent out to different locations via high powered lines.

Here is an overview of each of the different sources of energy that are in use, and what’s the potential issue for each of them.

1. Solar Energy

  [image: image17.jpg]



Solar power harvests the energy of the sun through using collector panels to create conditions that can then be turned into a kind of power. Large solar panel fields are often used in desert to gather enough power to charge small substations, and many homes use solar systems to provide for hot water, cooling and supplement their electricity. 
The issue with solar is that while there is plentiful amounts of sun available, only certain geographical ranges of the world get enough of the direct power of the sun for long enough to generate usable power from this source.

2. Wind Energy

Wind power is becoming more and more common. The new innovations that are allowing wind farms to appear are making them a more common sight. By using large turbines to take available wind as the power to turn, the turbine can then turn a generator to produce electricity. While this seemed like an ideal solution to many, the reality of the wind farms is starting to reveal an unforeseen ecological impact that may not make it an ideal choice.

3. Geothermal Energy

Geothermal energy is the energy that is produced from beneath the earth. It is clean, sustainable and environment friendly. High temperatures are produced continuously inside the earth’s crust by the slow delay of radioactive particles. Hot rocks present below the earth heats up the water that produces steam. The steam is then captured that helps to move turbines. The rotating turbines then power the generators.

Geothermal energy can be used by a residential unit or on a large scale by a industrial application. It was used during ancient times for bathing and space heating. The biggest disadvantage with geothermal energy is that it can only be produced at selected sites throughout the world. The largest group of geothermal power plants in the world is located at The Geysers, a geothermal field in California, United States.

4. Hydrogen Energy

Hydrogen is available with water( H2O) and is most common element available on earth. Water contains two-thirds of hydrogen and can be found in combination with other elements. Once it is separated, it can be used as a fuel for generating electricity. Hydrogen is a tremendous source of energy and can be used as a source of fuel to power ships, vehicles, homes, industries and rockets. It is completely renewable, can be produced on demand and does not leave any toxic emissions in the atmosphere.
5. Tidal Energy
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Tidal energy uses rise and fall of tides to convert kinetic energy of incoming and outgoing tides into electrical energy. The generation of energy through tidal power is mostly prevalent in coastal areas. 
Huge investment and limited availability of sites are few of the drawbacks of tidal energy. When there is increased height of water levels in the ocean, tides are produced which rush back and forth in the ocean. Tidal energy is one of the renewable source of energy and produce large energy even when the tides are at low speed.

6. Wave Energy

Wave energy is produced from the waves that are produced in the oceans. Wave energy is renewable, environment friendly and causes no harm to atmosphere. It can be harnessed along coastal regions of many countries and can help a country to reduce its dependance on foreign countries for fuel. 
Producing wave energy can damage marine ecosystem and can also be a source of disturbance to private and commercial vessels. It is highly dependent on wavelength and can also be a source of visual and noise pollution.

7. Hydroelectric Energy
What many people are not aware of is that most of the cities and 
towns in the world rely on hydropower, and have for the past century. Every time you see a major damn, it is providing hydropower to an electrical station somewhere. The power of the water is used to turn generators to produce the electricity that is then used. The problems faced with hydropower right now have to do with the aging of the dams. Many of them need major restoration work to remain functional and safe, and that costs enormous sums of money. The drain on the world’s drinkable water supply is also causing issues as townships may wind up needing to consume the water that provides them power too.

8. Biomass Energy
Biomass energy is produced from organic material and is commonly used throughout the world. Chlorophyll present in plants captures the sun’s energy by converting carbon dioxide from the air and water from the ground into carbohydrates through the process of photosynthesis. When the plants are burned, the water and carbon dioxide is again released back into the atmosphere. Biomass generally include crops, plants, trees, yard clippings, wood chips and animal wastes. Biomass energy is used for heating and cooking in homes and as a fuel in industrial production. This type of energy produces large amount of carbon dioxide into the atmosphere.

9. Nuclear Power
While nuclear power remains a great subject of debate as to how safe it is to use, and whether or not it is really energy efficient when you take into account the waste it produces – the fact is it remains one of the major renewable sources of energy available to the world. The energy is created through a specific nuclear reaction, which is then collected and used to power generators. While almost every country has nuclear generators, there are moratoriums on their use or construction as scientists try to resolve safety and disposal issues for waste.

10. Fossil Fuels (Coal, Oil and Natural Gas)
When most people talk about the different sources of energy they list natural gas, coal and oil as the options – these are all considered to be just one source of energy from fossil fuels. Fossil fuels provide the power for most of the world, primarily using coal and oil. Oil is converted into many products, the most used of which is gasoline. Natural gas is starting to become more common, but is used mostly for heating applications although there are more and more natural gas powered vehicles appearing on the streets. The issue with fossil fuels is twofold. To get to the fossil fuel and convert it to use there has to be a heavy destruction and pollution of the environment. The fossil fuel reserves are also limited, expecting to last only another 100 years given are basic rate of consumption.

It isn’t easy to determine which of these different sources of energy is best to use. All of them have their good and bad points. While advocates of each power type tout theirs as the best, the truth is that they are all flawed. What needs to happen is a concerted effort to change how we consume energy and to create a balance between which of these sources we draw from
                       CHAPTER THREE
        THE HIGH COST OF FOSSIL FUELS 
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Why America Can’t Afford to Depend on Dirty Energy(*)

What are fossil fuels?

Fossil fuels are rock-like, gas, or liquid resources that are burned to generate power. They include coal, natural gas, and oil, and are used as an energy source in the electricity and transportation sectors. 

They’re also a leading source of the world’s global warming pollution.

The Hidden Costs of Fossil Fuels
The costs of coal, natural gas, and other fossil fuels aren’t always obvious—but their impacts can be disastrous.
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We’ve all paid a utility bill or purchased gasoline. Those represent the direct costs of fossil fuels; money paid out of pocket for energy from coal, natural gas, and oil.

But those expenses don’t reflect the total cost of fossil fuels to each of us individually or to society as a whole. Known as externalities, the hidden costs of fossil fuels aren’t represented in their market price, despite serious impacts to our health and environment.

Externalities are sometimes easy to see, such as pollution and land degradation, and sometimes less obvious, such as the costs of asthma and cancer, or the impacts of sea level rise. Many consequences are far removed from our daily lives and may only affect a minority or marginalized subset of the population.

Costs accrue at every point of the fossil fuel supply chain. Extraction processes can generate air and water pollution, and harm local communities. 
Transporting fuels from the mine or well can cause air pollution and lead to serious accidents and spills. When the fuels are burned, they emit toxins and global warming emissions. Even the waste products are hazardous to public health and the environment.

Understanding these impacts is critical for evaluating the true cost of fossil fuels—and for informing our choices around the future of energy production.

Extracting fossil fuels
There are two main methods for removing fossil fuels from the ground: mining and drilling. Mining is used to extract solid fossil fuels, such as coal, by digging, scraping, or otherwise exposing buried resources. Drilling methods help extract liquid or gaseous fossil 
fuels that can be forced to flow to the surface, such as conventional oil and natural gas. Both processes carry serious health and environmental impacts.

Coal mining

Over the past several decades, there has been a gradual shift from underground coal mining to surface mining in the United States. Surface mining, which is only effective for shallow deposits, often employs highly invasive techniques, including area strip mining and mountain top removal.

Underground mining

The most obvious and severe cost of underground coal mining is the threat it poses to the health and safety of coal miners. Many coal miners are injured, sometimes fatally, on the job each year; according to the Mine Safety and Health Administration, fatalities at underground coal mine sites in the United States totaled 77 from 2010 to 2013, including a 2010 explosion at the Upper Big Branch coal mine in West Virginia that killed 29 miners [1, 2].

In addition to job site accidents, coal mining can lead to chronic health disorders. Black lung disease (pneumoconiosis) continues to be a common ailment among coal miners. The disease was responsible for the deaths of approximately 10,000 former miners between 1990 and 2000, and continues today [3].

Adverse impacts to the environment are another significant cost of underground coal mining. Mines can collapse or gradually subside, affecting surface and subsurface water flows. Mine fires also occur, particularly in abandoned mines. 

And acid mine drainage at underground coal mines can be a long term environmental management issue; according to the US Environmental Protection Agency (EPA), if active and abandoned coal mines are not properly managed, water can sometimes flow through the mine and become highly acidic and rich in heavy metals. The resulting drainage water is detrimental to human, plant, and animal life [4].

Surface mining

Surface mining involves removing the overlaying soil to access the coal below, devastating local environments. Mountaintop removal, a particularly destructive form of surface mining, involves stripping all trees and other vegetation from peaks and hilltops, and then blasting away hundreds of feet of the earth below with explosives.

More than 500 mountaintop removal sites exist throughout the Appalachia region, impacting nearly 1.4 million acres of land [5].The process results in both short- and long-term environmental impacts. In the short term, huge volumes of excess rock and soil are typically dumped into adjacent valleys and streams, altering their ecosystems and diverting the natural flow of streams.

In the long term, coal removal sites are left with poor soil that typically only supports exotic grasses. Buried valleys are similarly slow to rebound. The EPA reports that as of 2010, mountaintop removal coal extraction had buried nearly 2,000 miles of Appalachian headwater streams, some of the most biologically 
diverse streams in the country [6].

Surface mining can also directly impact the health and safety of surrounding communities. Mudslides, landslides, and flashfloods may become more common. And depending on the chemical makeup of the coal deposit, mines can pollute local drinking water sources with toxic chemicals like selenium, arsenic, manganese, lead, iron, and hydrogen sulfide [7].

A Harvard University study, which assessed the life cycle costs and public health effects of coal from 1997 to 2005, found a link to lung, cardiovascular, and kidney diseases—such as diabetes and hypertension—and an elevated occurrence of low birth rate and preterm births associated with surface mining practices. The total cost? An estimated $74.6 billion every year, equivalent to4.36 cents per kilowatt-hour of electricity produced—about one-third of the average electricity rate for a typical US home [8].
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Oil and gas drilling

The environmental and health costs of onshore and offshore oil and gas drilling are also significant, and often unseen. The impacts of unconventional extraction methods, such as natural gas hydraulic fracturing 
(commonly called fracking) have received much attention, but all methods of oil and gas extraction carry hidden costs.

Water impact

When oil and gas are extracted, water that had been trapped in the geologic formation is brought to the surface. This “produced water” can carry with it naturally-occurring dissolved solids, heavy metals, hydrocarbons, and radioactive materials in concentrations that make it unsuitable for human consumption and difficult to dispose of safely [9].

When hydraulic fracturing methods are used, the total amount of waste water is amplified by the large volume of water and chemicals involved in the process. Drilling and fracking shale gas formations (like the Marcellus Shale) typically requires 3 to 6 million gallons of water per well, and an additional 15,000-60,000 gallons of chemicals, many of which are undisclosed to Federal regulators [10, 11]. 

One government-sponsored report found that, from 2005 to 2009, 14 oil and gas companies used 780 million gallons of hydraulic fracturing products containing 750 chemicals and other components [12]. Another study identified 632 chemicals contained in fracking products used in shale gas extraction.

Researchers could track only 353 chemicals from that larger list and found that 25 percent of those chemicals cause cancer or other mutations, and about half could 
severely damage neurological, cardiovascular, endocrine, and immune systems [13].

Land use

A large amount of land is disturbed by the drilling wells, access roads, processing facilities, and pipelines associated with oil and gas drilling operations. In particular, noise and habitat fragmentation can harm wildlife populations. For example: one study found an 82 percent decline in the population of Powder River Basin sage grouse between 2001 and 2005, which was directly linked to the area’s coal bed methane production [14].

The advent of horizontal drilling technology, used extensively in unconventional gas production, has greatly reduced the surface footprint of drilling operations by allowing multiple wells to be drilled from a single well pad. 
However, much of the development of the US shale gas resources is occurring in locations where oil and gas production has not previously taken place (in some cases in wilderness areas), requiring extensive infrastructure development and land degradation [15].

Global warming emissions

Natural gas’s climate emissions are not only generated when it’s burned as a fuel at power plants or in our homes. The full global warming impact of natural gas also includes methane emissions from drilling wells and pipeline transportation.

Methane, the main component of natural gas, is a much more potent greenhouse gas than carbon dioxide—some 34 times more effective at trapping heat over a 100-year timescale and 86 times more effective over a 20-year timescale [16]. Preliminary studies and field measurements show that these so-called “fugitive” emissions range from 1 to 9 percent of total natural gas lifecycle emissions. Methane losses must be kept below 3.2 percent for natural gas power plants to have lower lifecycle greenhouse gas emissions than coal [17].
Oil drilling can also produce methane. Although it can be captured and used as an energy source, the gas is often either vented (released) or flared (burned). Vented methane contributes greatly to global warming, and poses a serious safety hazard. 

Flaring the gas converts it from methane to carbon dioxide, which reduces its impact but still releases additional greenhouse gases to into the atmosphere. The World Bank estimates that 5.3 trillion cubic feet of natural gas, the equivalent of 25 percent of total US consumption, is flared annually worldwide, generating some 400 million tons of unnecessary carbon dioxide emissions [18].
Offshore drilling
Offshore oil and gas drilling poses many of the same risks as onshore drilling; however, these risks are amplified due to the remote location of offshore drilling sites and the complicated engineering required. In 2010, an explosion at the Deepwater Horizon offshore oil rig in the Gulf of Mexico killed 11 workers and led to the release of approximately 4.9 million barrels of oil over 87 days [19]. The accident was unique in terms of its scale, but environmental and safety incidents are common in the offshore oil and gas industries. Between 2008 and 2012, offshore drilling rigs experienced 34 fatalities, 1,436 injuries, and 60 oils spills of more than 50 barrels each [20].

Unconventional sources
As easily-accessed sources of oil dry up, so-called “new” sources of oil are introducing new problems. For example, tar sands—an extremely viscous oil with the consistency of peanut butter—requires significantly more energy to mine and refine, emitting up to three times more greenhouse gas emissions than conventional oil in the process. These and other additional emissions mean that the dirtiest sources of oil can add as much as an extra ton of pollution per year for the average car.       
Transporting fossil fuels
Coal
In most cases, coal is transported from mines to power plants. In 2014, approximately 68 percent of the coal used for electric power in the US was transported by rail: 13 percent was transported on river barge and another 11 percent by truck [21]. Train cars, barges, and trucks all run on diesel fuel, a major source of nitrogen dioxide and soot, which carry substantial human health risks [22]. Transporting coal can also produce coal dust, which presents serious cardiovascular and respiratory risks for communities near transportation routes [23].
Natural gas
Natural gas is transported over long distances by transmission pipelines, while distribution pipelines deliver gas locally to homes and businesses. But natural gas is also highly flammable, making the process of transporting it from wellhead to homes and businesses dangerous. Between 2008 and 2015, there were 5,065 significant safety incidents related to natural gas pipeline transmission and distribution, leading to 108 fatalities and 531 injuries [24].

In addition to safety concerns, natural gas leaks from transmission and distribution pipelines are a significant source of methane emissions. A recent study, which mapped urban pipeline leaks in Boston, found 3,356 separate leaks under the city streets. 

The study noted that Boston is not unique; other cities, like New York and Washington DC, have aging natural gas distribution infrastructures, and similar methane leaks are likely widespread [25].

Large leaks from natural gas infrastructure also occur. Beginning in 2015, the Southern California Gas Company's Aliso Canyon natural gas storage facility was the site of the largest methane leak in US history, with a total of 94,500 tons of methane was released between October 23, 2015 and February 11, 2016 [26, 27].

Liquefied Natural Gas (LNG) is natural gas that has been cooled and condensed into a liquid form. As of 2016, there were 13 LNG import/export terminals in the United States [28]. The growth in LNG shipments has provoked safety concerns, particularly where LNG terminals are situated near densely settled areas. In the wake of the Sept. 11, 2001, terrorist attacks, LNG deliveries have faced tight security and stricter regulations as policy makers have debated the risks of an attack on LNG facilities or ships [29].

Oil
Oil is transported across the ocean in supertankers, and it is moved over land by pipeline, rail, and truck. In every case, the risk of oil spills poses a serious environmental threat. The infamous 1989 Exxon Valdez oil spill released 262,000 barrels of oil into the Prince Williams Sound in Alaska, but was only the 35th largest marine oil tanker spill since 1967. While major oil spills have decreased, they still occur: three large oil spills released more than 5,000 barrels of oil each in 2013 alone [30, 31].

Spills and leaks from onshore oil pipelines also continue to be a major risk. Examples of recent pipeline spills in the US include the 2010 Enbridge spill that released approximately 20,100 barrels into Michigan’s Kalamazoo River and the 2011 ExxonMobil spill that released some 1,000 barrels of oil into Montana’s Yellowstone River [32, 33].

Burning fossil fuels
Some of the most significant hidden costs of fossil fuels are from the air emissions that occur when they are burned. Unlike the extraction and transport stages, in which coal, oil, and natural gas can have very different types of impacts, all ossil fuels emit carbon dioxide and other harmful air pollutants when burned. These emissions lead to a wide variety of public health and environmental costs that are borne at the local, regional, national, and global level The use of fossil fuels in transportation contributes almost 30 percent of all US global warming emissions, rivalling—and likely to surpass—the power sector [36].
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Air pollution
Burning fossil fuels emits a number of air pollutants that are harmful to both the environment and public health.

Sulfur dioxide (SO2) emissions, primarily the result of burning coal, contribute to acid rain and the formation of harmful particulate matter. In addition, SO2 emissions can exacerbate respiratory ailments, including asthma, nasal congestion, and pulmonary inflammation [37]. In 2014, fossil fuel combustion at power plants accounted for 64 percent of US SO2 emissions [38].

Nitrogen oxides (NOx) emissions, a byproduct of all fossil fuel combustion, contribute to acid rain and ground-level ozone (smog), which can burn lung tissue and can make people more susceptible to asthma, bronchitis, and other chronic respiratory diseases. Fossil fuel-powered transportation is the primary contributor to US NOx emissions [39].

Acid rain is formed when sulfur dioxide and nitrogen oxides mix with water, oxygen, and other chemicals in the atmosphere, leading to rain and other precipitation that is mildly acidic. 

Acidic precipitation increases the acidity of lakes and streams, which can be harmful to fish and other aquatic organisms. It can also damage trees and weaken forest ecosystems [40].

Particulate matter (soot) emissions produce haze and can cause chronic bronchitis, aggravated asthma, and elevated occurrence of premature death. In 2010, it is estimated that fine particle pollution from US coal plants resulted in 13,200 deaths, 9,700 hospitalizations, and 20,000 heart attacks. The impacts are particularly severe among the young, the elderly, and those who suffer from respiratory disease. The total health cost was estimated to be more than $100 billion per year [41].

Coal-fired power plants are the largest source of mercury emissions to the air in the United States [42, 43]. As airborne mercury settles onto the ground, it washes into bodies of water where it accumulates in fish, and subsequently passes through the food chain to birds and other animals. The consumption of mercury-laden fish by pregnant women has been associated with neurological and neurobehavioral effects in infants. Young children are also at risk [44].
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A number of studies have sought to quantify the health costs associated with fossil fuel-related air pollution. The National Academy of Sciences assessed the costs of SO2, NOx, and particulate matter air pollution from coal and reported an annual cost of $62 billion for 2005 —approximately 3.2 cents per kilowatt-hour (kWh) [45]. A separate study estimated that the pollution costs from coal combustion, including the effects of volatile organic compounds (VOCs) and ozone, was approximately $187 billion annually, or 9.3 cents per kWh [46].

A 2013 study also assessed the economic impacts of fossil fuel use, including illnesses, premature mortality, workdays lost, and direct costs to the healthcare system associated with emissions of particulates, NOx, and SO2. This study found an average economic cost (or “public health added cost”) of 32 cents per kWh for coal, 13 cents per kWh for oil, and 2 cents per kWh for natural gas [47]. While cost estimates vary depending on each study’s scope and assumptions, together they demonstrate the significant and real economic costs that unpriced air emissions impose on society.

Fossil fuel transportation emissions represent the largest single source of toxic air pollution in the U.S., accounting for over a third of carbon monoxide (CO) and NOx emissions.

Water use
Across the United States, the demand for electricity is colliding with the need for healthy and abundant freshwater. Nationwide, fossil fuel and nuclear power plants have been found to withdraw as much water as all farms and more than four times as much as all residences. 

More than 80 percent of this power plant cooling water originates in lakes and rivers, directly impacting local ecosystems and often competing with other uses, such as agriculture and recreation. As of 2008, about 20 percent of U.S. watersheds were experiencing water- supply stress. Power plants substantially contributed to 
the water stress in one-fifth of these watersheds [48].

Power plants that return water to nearby rivers, lakes, or the ocean can harm wildlife through what is known as “thermal pollution.” Thermal pollution occurs due to the degradation of water quality resulting from changes in water temperature. 

Some power plants have large impacts on the temperature of nearby water sources, particularly coal plants with once-through cooling systems. For a typical 600-megawatt once-through system, 70 to 180 billion gallons of water cycle through the power plant before being released back into a nearby source. This water is much hotter (by up to 25°F) than when the water was initially withdrawn. 

Because this heated water contains lower levels of dissolved oxygen, its reintroduction to aquatic ecosystems can stress native wildlife, increasing heart rates in fish and decreasing fish fertility.

Fossil fuel waste
Although fossil fuels contain large amounts of energy, they’re rarely found in a pure, unadulterated state. Instead, they are typically refined and purified into a usable form, leaving excess waste material that requires disposal. The handling and disposal of this waste results in costly environmental and community health challenges.

Coal waste
Coal is known for being a dirty fuel, not just because of its high carbon content compared with other fossil fuels but also because it contains a large amount of toxic heavy metals and other chemicals.

If the coal contains high levels of sulfur—as does most coal from the eastern US—it must be cleaned and refined before it’s burned in a power plant. This process involves crushing and washing the coal to remove waste materials. The purified coal is then transported to its final destination, leaving behind coal slurry, a watery waste that contains arsenic, mercury, chromium, cadmium, and other heavy metals. As much as 50 percent of pre-processed coal materials can end up as highly toxic waste [49].

Others harmful materials remain as excess waste when the coal is burned. After combustion, the material left behind is known as coal ash, consisting of fly ash and bottom ash. Fly ash is the material that is captured by pollution control equipment in the coal plant’s smokestacks. 

If the plant does not have pollution control equipment, this waste is emitted directly as air pollution. Bottom ash is the substance that remains at the bottom of the furnace. Both fly ash and bottom ash contain large amounts of toxic heavy metals and require careful—and costly—disposal.

Coal slurry (pre-combustion waste) and coal ash (post-combustion waste) are stored in large reservoir impoundments. There are over a thousand coal slurry impoundments and coal ash waste sites in the US, many of which contain hundreds of millions of gallons of waste [50, 51].

If the reservoirs are unlined (as are at least 42 percent of US coal combustion waste ponds and landfills) or if lined reservoirs are not properly maintained, harmful chemicals can leach into surface and groundwater supplies. The presence of toxic heavy metals in drinking water has been found to cause cancer, birth defects, reproductive disorders, neurological damage, learning disabilities,  and kidney disease [52].
The EPA has identified 53 coal ash ponds that are classified as a “high hazard”, meaning that a failure at one of these impoundments would cause serious property damage, injuries, illness, and death [53]. Over the last several decades, there have been several dozen spills at such reservoirs in Appalachia, including the 2000 Martin County Coal Company spill, the 2008 Tennessee Valley Authority spill, and the 2014 Duke Energy Dan River Spill [54].

Oil and gas wastewater
When oil and gas are extracted, water previously trapped within geologic formations is brought to the surface. This “produced water” can carry with it dissolved solids, heavy metals, hydrocarbons, and naturally occurring radioactive materials in quantities that make it unsuitable for human consumption and difficult to dispose of safely [55]. Extraction companies often temporarily store this water in open-air pits with impermeable liners to avoid seepage, but heavy rain can cause these pits to overflow. Covered holding tanks offer a more secure temporary storage option [56].
Oil and gas wastewater can also impact aquatic wildlife. Oil and grease leaked into water systems can adhere to fish and waterfowl and destroy algae and plankton, disrupting the primary food sources of fragile aquatic ecosystems. And heavy metals in the wastewater can be toxic to fish, even in low concentrations, and may be passed through the food chain, adversely affecting 
humans and larger animals [57].

America is at an energy crossroad. As a nation, we are dependent on fossil fuels at a time of growing demand and dwindling supply. Meanwhile, fos- sil fuel use continues to impose massive environmental and economic costs. Now our country must choose between paying to continue the status quo and investing in a new energy future. The costs of continuing on our current energy path are steep. 
American consumers and businesses already spend roughly $700 billion to $1 trillion each year on coal, oil and natural gas, and suffer the incalculable costs of pollution from fossil fuels through damage to our health and environment. If America continues along a business-as- usual energy path, U.S. fossil fuel spending is likely to grow, totaling an estimated $23 trillion between 2010 and 2030. 

Policymakers in Washington, D.C., and many states have recently taken the rst small steps toward a clean energy future, adopting policies to encourage energy ef- ciency, ramp up the use of solar and wind power, and curb global warming pollution. Now, with even bolder steps—such as a national cap on global warming pollution and more ambitious targets for renewable 

As a Summary; 
*Energy and energy efficiency—on the public agenda, powerful interests with a stake in preserving the status quo have criticized strong clean energy policies as being too expensive for the American public In fact, the reverse is true. The United States cannot afford to wait to break our dependence on fossil fuels. The cost of fossil fuels to our economy and our environment will continue to mount in the years to come unless the nation takes bold steps now to embrace the benefits of a clean energy future. 

America is overly reliant on fossil fuels such as coal, natural gas and oil. This dependence is costly to every- day citizens, and sends valuable dol- lars overseas and out of the domestic economy. 
The United States depends on fossil fuels for 85 percent of our energy supply. In 2006, American consumers and businesses spent $921 billion—or close to 7 percent of America’s gross domestic product—on fossil fuels, more than the nation spends on education or the military. In 2008, national expenditures on fossil fuels likely topped $1 trillion for the rst time ever. Each year, more than 70 percent of this money is spent on oil. 

America spent more than $360 billion importing fossil fuels, with the vast majority of that money spent on crude oil. That money is a direct transfer of wealth from Ameri- can consumers to oil companies and foreign governments. 

For every dollar that an American household spends each year, about 10 cents are likely to go toward the purchase of energy, with most of that money spent on fossil fuels. 

Fossil fuel production and use dam- age our environment and our health inflicting even greater damage on the American economy and our quality of life. 
Fossil fuel combustion is the leading contributor to global warming, which, in addition to being a looming environmental and human catastrophe, could inflict massive economic dam- age as well: 

Sea level rise and an increase in the severity of storms could put key cities such as New York, Miami and New Orleans at greater risk of costly storm damage. A 2008 Natural Resources Defense Council study estimated that high-intensity hurricanes could cause as much as $422 billion in damages in Atlantic and Gulf Coast states between 2025 and 2100. 

A 2007 study by researchers at the Lawrence Livermore National Laboratory and the Carnegie Institution at Stanford University found that global production of three of the six largest global crops experienced significant losses due to global warming between 1981 and 2002. The study concluded that global wheat growers, for example, lost $2.6 billion and global corn growers lost $1.2 billion in 2002. 

Global warming is forecast to inflict a variety of other costs, including declining rainfalls and rising tem- peratures that will combine to cause large and extended drought conditions in regions like the Southwest, and impacts on public health due to heat-related illnesses, greater formation of ozone smog, and increases in vector-borne disease. 

An assessment by former World Bank Chief Economist Sir Nicholas Stern indicates that global warming has the potential to reduce global per-capita consumption by as much as 20 percent.  Fossil fuel production and use also imposes other environmental and social costs beside those related to global warming. 

Fossil fuels are a leading source of air and water pollution. The economic cost of air pollution in sectors regulated under the Clean Air Act has been estimated at $9 trillion between 1970 and 2000, with costs resulting from pollution-induced early mortality, illness, health care costs and lost productivity
The production and transport of fossil fuels results in routine pollution of the environment and occasional catastrophic accidents. The December 2008 collapse of a coal ash pond outside a Tennessee Valley Authority power plant covered 300 acres in sludge and will cost an estimated $825 million to clean up. Between 1990 and 2006, 51 large oil spills in the United States resulted in the expenditure of between $860 million and $1.1 billion in removal costs and compensation for damages. 

The economic and environmental burden of fossil fuel dependence will only worsen in the years to come.
 The United States will spend an estimated $23 trillion on fossil fuels between 2010 and 2030 should energy consumption and fossil fuel prices follow U.S. government projections— an amount equivalent to nearly three years’ worth of income for the entire American workforce at current earning rates. Fossil fuel expenditures will decline in the next several years due to the lingering effects of the economic recession, but annual expenditures of more than $1 trillion per year—which proved devastating to the economy during early 2008—will become the “new normal” by the middle of the next decade. 

By 2030, the United States can expect to spend approximately $360 billion more per year on fossil fuels than we did in 2006. If fossil fuel prices are driven higher, faster, the United States could expect to spend more than $30 trillion on fossil fuels between 2010 and 2030. Fossil fuel expenditures would again surpass $1 trillion in 2011 and by 2030 we will be spending $750 billion more per year on fossil fuels than the nation did in 2006.

Oil prices are a main driver of higher expenditures. If oil prices reach $200 per barrel by 2030—an event more likely to happen as world oil supplies become increasingly strained—the United States will be spending $1.3 trillion out of $1.6 trillion total fossil fuel costs on oil alone. 

Figure, Projected U.S. Expenditures on Fossil Fuels (2007 dollars), Reference Case 
 Dark Blue to Light: Natural Gas, Coal, Oil
Rising fossil fuel expenditures will affect all 50 states, but states with a greater reliance on fossil fuels, particularly oil, will experience greater increases. 
Investing in clean energy that never runs out can reap economic savings. The United States has the ability today to produce this energy, and to help Americans use energy more ef - ciently in their homes, businesses and vehicles. 
A analysis by McKinsey & Company estimated that the United States could reduce its emissions of global warming pollution by approximately 1.2 billion metric tons of carbon dioxide per year (equal to about 20 percent of today’s fossil fuel emissions) with net dollars savings. 
In other words, these investments are economic winners on their own terms—even excluding benefits for the environment, public health and America’s security. 

A recent Energy Information Administration analysis of the American Recovery and Reinvestment Act (ARRA) found that the Act’s provisions for residential and commercial energy efficiency improvements will yield significant savings. The EIA projects that the law will reduce residential and commercial energy bills by $13 billion in 2020 and $21 billion in 2030. 

The recent move by President Obama to increase federal vehicle fuel economy standards to 35 miles per gallon by 2016 will deliver $20 billion in net savings to consumers in 2020 at gasoline prices of $2.25 per gallon. If gasoline prices hit $4 per gallon, the net benefits would balloon to $70 billion. 
According to the Union of Concerned Scientists, transitioning to a clean energy economy could cut global warming emissions while saving consumers and businesses $465 billion each year by 2030, with $1.7 trillion in net cumulative savings between 2010 and 2030. 

The federal government, along with states, should take actions to reduce our dependence on fossil fuels. They should Reduce the nation’s emissions of global warming pollutants deeply enough to prevent dangerous impacts from global warming, guided by the latest scientic understanding. 

The United States should adopt an emissions cap and other policies that will reduce global warming pollution by 35 percent below 2005 levels by 2020 and by 80 percent below 2005 levels by 2050, and implement strict rules for carbon “offsets” to ensure that efforts to reduce emissions are successful. 

Ensure that a cap-and-trade pro- gram used to achieve those tar- gets directs the revenues gained through the sale of allowances for public purposes One hundred percent of emission allowances should be auctioned, with the revenues used for investments in clean energy and to benefit for consumers. 

Ensure that America generates at least 25 percent of its electricity from renewable sources of energy such as wind and solar power by 2025. 
Strengthen energy ef ciency standards and codes for appliances and buildings, with the goal of reducing energy consumption in new buildings by 50 percent by 2020 and ensuring that all new buildings use zero net energy by 2030. 
Promote the development and implementation of clean transportation infrastructure, including improving the fuel economy of light- and heavy-duty vehicles, reducing the carbon intensity of transportation fuels, and promoting plug-in vehicles, public transportation and high-speed intercity rail. 

Ramp up investment in solar power through tax credits, specific targets in state renewable electricity standards, requirements for “solar ready homes,” rebate programs, and other measures. End subsidies to fossil fuel industries. 
The High Cost of Fossil Fuels 

The average American in the years after World War II, the idea that fossil fuels would come to be an economic albatross would have been absurd. Abundant supplies of fossil fuels, after all, were considered one of the nation’s great strengths. America’s wealth of coal and oil had propelled the nation’s industrial development and helped make the United States an industrial superpower. 

In 1949, the United States still produced more than 90 percent of the oil we consumed.1 The nation was still a net exporter of fossil fuels to the rest of the world.2 Natural gas was still extremely inexpensive and worth so little that oil producers who encountered gas frequently burned it off right at the rig.3 And if concerns about dependence on imported energy and rising fossil fuel costs were far away, concerns about the impact of fossil fuel consumption on the environment and public health were even more remote. 

It would be another few years before Dr. Arie Haagen-Smit would discover the link between exhaust from fossil fuel combustion and the creation of ozone smog in Los Angeles.4 

It wasn’t until 1956 that the consumption of mercury tainted was linked to developmental problems in children and many more years before rising mercury levels in U.S. waters would be linked to emissions from coal-red power plants. “Global warming” would not enter the public’s consciousness until the late 1980s. 

Today, however, we know that fossil fuel supplies are inherently limited. America’s production of oil peaked in 1970 and nothing—not technological advances nor the opening of the Alaska oil pipeline—has been suficient to reverse the decline.5 
The nation has been able to keep up production of natural gas, but we have had to work harder for it and have been getting less gas per well with each passing year.6 Even coal, while still abundant, will one day follow the path of other fossil fuels toward decline. 

Sustaining our dependence on fossil fuels for another 60 years will require the United States to go to ever more exotic and costly lengths to obtain our supplies of energy—whether through the leveling of more mountaintops in Appalachia, the production of high-polluting liquid fuels from coal, the importation of liquefied natural gas from other nations, or the extraction of oil and gas from harder-to-reach sources deeper underground, farther offshore, or in lower-quality forms. 

At the same time, we are now aware of the heavy burden that our consumption of fossil fuels has on our health and the planet. For four decades, America has tried laudably to contain the environmental damage exacted by fossil fuels. 

We’ve put catalytic converters on cars, scrubbers on smokestacks, and double hulls on oil tankers. We’ve “reclaimed” coal mines as golf courses and offshore oil platforms as artificial reefs. Yet the environmental toll of fossil fuel consumption continues to mount—now in the form of global warming, which threatens catastrophe for the environment and people alike. 

The costs of our dependence on fossil fuels—both for the environment and our economy—and the increasing obstacles to continuing along our current path, now re- quire us to make a change, and to embrace a new energy future. America now has the technology, the know-how, and the motivation to liberate ourselves from dependence on fossil fuels by becoming smarter about how we use energy and getting more of our energy from clean, renewable sources such as the wind and the sun. 

We suggest, there is little time to lose. Every year we continue to put off action is another year we consign ourselves to spending on fossil fuels that drains our economy and harms our world. 

The challenge of achieving a clean energy future will be great, and it will take a major investment of resources to get there. But the costs of inaction are far greater. 

Americans use fossil fuels in almost every part of our lives. Gasoline powers our vehicles, coal and natural gas produce most of our electricity, and business and industry use a variety of fossil fuels to power machinery, to heat and cool buildings, and as ingredients in products. 

Most Americans don’t need to be reminded of the financial costs of our dependence on fossil fuels. The gasoline price spikes of 2004 to 2008 strained family budgets, while rising costs for natural gas and heating oil in recent years led to skyrocketing winter heating bills for Americans in colder parts of the country.

Instability in natural gas and coal prices have caused spikes in electric rates and hit fossil fuel-dependent segments of industry particularly hard. To add insult to injury, much of the money we spend on fossil fuels—particularly oil—is sent overseas, enriching foreign governments and businesses at the expense of our domestic economy. But for every cost of fossil fuel consumption that appears on a family’s credit card bill, a business’ books or a government agency’s budget, there is a corresponding hidden cost. 

Fossil fuel production and use threaten the environment and our health in myriad ways—from the destruction of shing grounds by oil spills to higher health care costs due to air pollution to the massive costs that will be imposed on current and future generations by global warming. These costs are not re ected in the price we pay for fossil fuels, but they are very real. 

Critics of a cleaner energy path for the United States often warn of the costs of transforming America’s energy 
infra-structure to one that uses energy more efficiently and relies on renewable sources such as wind and solar power for more of the energy we use. Indeed, achieving a new energy future for America will require significant investment. 

But there are two sides to every story. Continuing America’s current energy path threatens to impose its own massive costs on our economy—both directly in terms of the amount of money we pay to heat our homes and power our cars and factories, and indirectly in terms of the large environmental and public health impacts of fossil fuel consumption. 

Continuing America’s current energy path threatens to impose its own massive costs on our economy—both directly in terms of the amount of money we pay to heat our homes and power our cars and factories, and indirectly in terms of the large environmental and public health impacts of fossil fuel consumption.” 

Fossil Fuels Are Costly to Consumers and the Economy 
Americans depend on fossil fuels to meet our energy needs. This year, for example, 85 percent of all energy consumed in America was derived from coal, natural gas or petroleum.7 Of total fossil fuel use, petroleum constituted 48 percent, while coal and natural gas each comprised 26 percent.8 
American dependence on fossil fuels is expensive. In the United States spent nearly 7 percent of its gross domestic product, or $921.2 billion, on fossil fuels for home, business and transportation use. This amounted to $3,083 per U.S. resident.1Oil accounted for the vast majority of this spending, accounting for 72 percent of total U.S. fossil fuel expenditures.12 
For most U.S. families, fossil fuels are a big item in the household budget. The average American household spent $1,934 on natural gas, electricity and fuel oil for home use, along with $2,384 for gasoline and motor oil in vehicles, for a total of $4,318 of annual spending on energy. That represents about 9 percent of total household expenditures.1Moreover, as a household’s income declines, the percentage of household expenditures devoted to energy increases.
For households in the middle 20 percent of the national income distribution, energy purchases accounted for 10 percent of total expenses; for those in the lowest 20 percent, they accounted for 11 percent of purchases.
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In other words, for every dollar that an American household spends each year, about 10 cents are likely to go toward the purchase of energy, with  most  of that money spent on fossil fuels. For the average middle-income family, that is about seven times more than they spend annually on federal personal income taxes.15 Moreover, much of that money  goes overseas. 
This year, America spent more than that $360 billion importing fossil fuels, with the vast majority of money spent on crude oil.16  This spending is a direct transfer of wealth from American consumers to oil companies and foreign governments.
Americans Will Suffer Increasing Economic Burdens from Fossil Fuel Dependence in the Years to Come Future Energy Cost Forecasts: No Crystal Ball 
As any American who has tried to balance a household budget in recent years knows, predicting the future price of fossil fuels is never easy. The U.S. Department of Energy’s Energy Information Administration (EIA) produces periodic projections of energy consumption and price trends. 
The EIA’s reference case represents the conventional wisdom about the future of energy supplies—a world in which global oil supplies remain relatively plentiful, oil prices remain below the peak prices, new fossil fuel resources (such as natural gas from shale formations, coal-to-liquids fuels, and oil from deep offshore waters and oil shale) will come to substitute for sources that are on the decline, and domestic coal remains plentiful and affordable. In short, while not a “best-case scenario” the EIA’s reference case represents an optimistic view of the availability of fossil fuels in the future. For a variety of reasons, however, that optimism is open to question. There are several factors that could prevent the fossil fuel resources in EIA’s analysis from actually coming to market: 
Problems with accessing expected new sources of natural gas and oil 
The EIA’s reference case scenario assumes that a natural gas pipeline will be built to carry gas from Alaska to the lower 48 states by 2020 and that offshore oil and gas drilling resumes in the outer continental shelf of the United States. The projection also assumes a dramatic rise in the amount of liquid fuels produced by coal-to-liquids technology and a vast increase in the amount of natural gas produced from shale formations. Should political, technological or economic challenges delay the availability of these resources or prevent them from coming to market entirely, prices for these fuels would likely be higher than projected. 

Environmental concerns are also a major issue with several of these fuels—coal-to-liquids technology, for example, produces large amounts of carbon dioxide, while the hydraulic fracturing technology used to produce natural gas from deep underground shale deposits has been linked with methane contamination of ground water supplies.18 
Technological issues with oil shale production. 

Oil shale is a form of rock found in parts of the western United States that can, with processing, yield a form of liquid fossil fuel. While the amount of energy locked in
America’s oil shale deposits is large, oil shale production poses a number of technological challenges and envi- ronmental problems. 

Oil shale can be mined from the ground and then processed into oil or oil may be produced at the site of the deposit (in situ) by essentially cooking the shale while still underground. Oil shale production has potentially large environmental impacts, including air pollution, poisonous runoff to rivers and streams, groundwater contamination, and the production of large amounts of global warming pollutants.19 

Moreover, as the EIA notes, “because no commercial in situ oil shale project has ever been built and operated, the cost of producing oil and natural gas with the technique is highly uncertain.”20 The EIA’s reference case scenario assumes that oil shale will begin to make a contribution to the nation’s energy supply after 2020, becoming a significant source of oil by 2030. 

• Resource production peaks 
 In recent years, a growing number of oil industry analysyst have raised concerns that the world will soon experience a peak in global oil production—triggering substantially higher prices and reduced availability of oil. 
The EIA’s reference case scenario assumes greater domestic oil production than most other analyses, including from unconventional resources, and assumes lower global prices for oil than the International Energy Agency (the energy analysis arm of the world’s industrialized countries), reacting the IEA’s more pessimistic view of global oil supplies.21 

Indeed, the IEA’s 2008 World Energy Outlook finds that conventional oil production outside of OPEC has already peaked, and that the world will need to install an amount of production capacity equal to six times Saudi Arabia’s current capacity just to offset declines in existing fields and meet increased demand.22 

“Peak oil” may be the most immediate and dramatic concern, but the prospects of resource production peaks for other fossil fuels loom as well. A few analysts have even warned that the United States faces the prospect of “peak coal.”23 Indeed, in terms of energy value, America produced less coal in 2007 than it did in 1998.24 Further, America now imports more coal than ever before, and while the United States is still a net exporter, the difference between imports and exports has narrowed over time.
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The point of this discussion is not to suggest that the EIA’s reference case forecast of America’s energy future is wrong—only time will tell. However, there are many foreseeable ways in which the optimistic vision of future fossil fuel supplies could go awry. And as Americans have learned, disruptions in the global energy economy can have huge impacts on consumers. 

To account for uncertainty in future energy supplies and prices, the EIA also publishes a “high price” scenario, which partially accounts for the potential for higher fossil fuel prices in the years to come. According to the EIA’s Annual Energy Outlook, the high-price case “assumes not only that there will be a rebound in oil prices with the return of world economic growth but also that they will continue escalating rapidly as a result of long-term restrictions on conventional liquids production. The restrictions could arise from political decisions as well as resource limitations.”26 
America’s Fossil Fuel Bill:
At Least $23 Trillion Between 2010 and 2030
According to the EIA’s reference case projections, American households, businesses and utilities can expect to spend at least $23 trillion on fossil fuel purchases (in inflation-adjusted 2007 dollars) between 2010 and 2030. For the sake of comparison, the United States’ gross domestic product in 2007 was just below $14 trillion.2Or, put another way, it would take the entire American workforce almost three years of 2007 income to pay a $23 trillion bill.28America’s expenditures for fossil fuels spiked dramatically in 2007 and 2008, due largely to the run-up in world oil prices. 

Trillions of dollars 
Nationally, fossil fuel expenditures spiked above $1 trillion for the first time in 2008. (See Figures 2 and 3.) To put this figure in perspective, the United States spends more on fossil fuels than we do for education, the military, or household food expenditures, and nearly as much as we do on household expenditures for shelter. (See Figure 2.) Since the middle of 2008, however, both fossil fuel prices and demand have declined, due in large part to the global economic recession. (Although oil prices again began to rise in mid-2009.) The lingering effects of the recession will result in lower fossil fuel expenditures in 2009 and 2010, before energy prices and expenditures begin to creep up again toward the middle of the coming decade. (See Figure 3.) 

Even more sobering, as described above, the EIA’s reference case scenario assumes that a variety of new or unconventional sources of fossil fuels will come on-line in the next 20 years and that global oil production will be sufficient to keep oil prices below the peak prices of last year’s oil price spike. What would happen if, as many analysts predict, global oil production is not sufficient to keep up with demand, or projected new sources of fossil fuel supplies do not materialize? 

The EIA’s “high price” scenario provides a clue. Under that scenario, America’s post-recession reprieve from higher energy expenditures will end much more quickly than under the reference case. Moreover, energy expenditures would continue to increase dramatically over the course of the next decade. By 2020, American households, businesses, power plants and industry would be spending more than $1.5 trillion per year on fossil fuels. And by 2030, the United States would be spending nearly $1.7 trillion annually—an 80 per- cent increase over the amount of money the nation spent on fossil fuels in 2006.
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Under the high price case, the United States could be expected to spend more than $30 trillion on fossil fuels between 2010 and 2030. The additional $750 billion per year (compared to 2006 levels) that Americans would spend on fossil fuels in 2030 under the high-price case is money that would be diverted from other investments the nation might wish to make—in infrastructure, in health care, in education, or simply in increased consumer spending on goods and services. Moreover, much of that money—like much of the money we spend on fossil fuels today—would be sent overseas to pay for imported oil. 

[image: image27.jpg]Figure 4. Projected U.S. Expenditures on Fossil Fuels, High Price Case (2007 dollars)
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The Burden of Fossil Fuel Expenditures Varies by State 
The burden of fossil fuel costs is not evenly distributed across the United States. Some states are far more reliant on fossil fuels than others, suggesting that they may face greater risks from future fossil fuel cost increases. 

There are several factors that determine a state’s exposure to fossil fuel costs: 

.Energy-intensive industries – The two states with the highest fossil fuel expenditures per person—Wyoming and Louisiana—are sparsely populated states that rely heavily on resource extraction and energy-intensive industries. Some energy-producing states might experience economic benefits from higher fossil fuel prices. But those industries that are large consumers of fossil fuels—whether they are steel mills or chemical plants—are likely to be hard hit by rising fuel bills. 

-Climate – Fossil fuel expenditures are likely to be higher (all other things being equal) in parts of the country with high winter heating demand or extremely hot summer temperatures. Areas with a temperate year-round climate—such as much of California—experience smaller residential fossil fuel demand. 

-Transportation – Oil prices have been a big driver of higher fossil fuel bills in recent years. States where residents tend to drive less will tend to have lower overall expenditures for fossil fuels. The two places with the lowest expenditures for fossil fuels per person—the District of Columbia and New York—have a large proportion of residents living in dense urban areas with strong public transportation systems, and so need to purchase less gasoline. 

• Electric power mix – States that receive more of their power from renewable energy sources and nuclear power are less reliant on coal, natural gas and oil for electricity, reducing their fossil fuel expenditures. In addition, states that have invested heavily in energy efficiency improvements —such as California—may also have lower expenditures for fossil fuels. Finally, fluctuations in the cost of various fossil fuels may affect states differently. Fossil fuel expenditures will tend to be greater for states that are heavily reliant on natural gas, for example, when natural gas prices are high. 

In the states with the largest fossil fuel expenditures per capita were Wyoming and Louisiana. In Wyoming, roughly $9,000 was spent on fossil fuel purchases for every man, woman and child in the state. By contrast, the District of Columbia experienced the lowest per capita expenditures, followed by New York, Maryland and North Carolina.31 
Unsurprisingly, future trends in fossil fuel prices and consumption will have different impacts in different states. Under the EIA’s reference case, fossil fuel expenditures per capita could be expected to increase by approximately $2,000 by 2030 in North Dakota, and by more than $1,000 in five states (Wyoming, Mississippi, Hawaii, South Dakota and Kansas). 

These large increases are mainly due to a combination of heavy dependence on fossil resources, increasing prices, and high per capita energy demand, although the reasons for the increases also vary by state. Hawaii, for example, is 90 percent dependent on oil for its energy production.32 Kansas, Mississippi and Wyoming consume among the highest amounts of energy per person in the nation.33 
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America Pays a Heavy Price in Environmental and Public Health Damage from Fossil Fuels 

Beyond the high prices that Americans pay at the gas pump or in home energy bills, the fossil fuels that we use generate a large number of additional costs to society. These are costs that are not currently borne by consumers of fossil fuels, but are rather a hidden tax that is imposed on the rest of society—and even on future generations—to subsidize fossil fuel consumption. 

In recent years, economists and others have come to realize the scale and scope of these hidden costs of fossil fuel consumption—the severe impact that air pollution has on public health, the massive economic costs that loom from global warming, and the myriad of other costs, large and small, that make America’s dependence on fossil fuels increasingly intolerable. 

Global Warming 
Fossil fuel consumption is the leading contributor to global warming. Global warming has the potential to impose vast and unpredictable impacts on our environment and our lives. A warmer planet means changing weather, melting ice and shifting ocean currents. These changes go on to cause tertiary impacts, such as altered water resources, agricultural production and fish stocks. For the human economy, the impacts of global warming carry significant costs, including, in some cases, the cost of human life. According to a 
British government review of the economics of global warming led by former World Bank Chief Economist Sir Nicholas Stern, a global temperature increase of 5 to 6 degrees Celsius—which, the review finds, is a “real possibility” within the next 100 years— could result in the permanent loss of 5 to 11 percent of global GDP, and possibly up 35 to 7 to 14 percent of GDP. If losses of 14 percent had occurred in 2007, for example, they would amount to a worldwide economic cost of more than $7 trillion.3These costs arise from several impacts of global warming. 

Rising Sea Level and Coastal Storms 
A report by the Natural Resources Defense Council (NRDC) projects that, if the world’s nations do not take action to reduce global warming pollution, sea level will have risen nearly two feet (23 inches) by 2050 and by close to four feet (45 inches) by 2100. Under that scenario, a combination of flooding and increased storm damage will cost the United States $360 billion per year by 2100.37 
A 1991 assessment by the U.S. Environmental Protection Agency also placed the total, multi-year cost of one meter of sea-level rise at $270 to $475 billion, though the analysis did not consider the cost of sea level rise to future development, and assumed that the sea would rise much more slowly than it actually has during the intervening years.In addition to the costs of flood damage, the cost of adapting to sea level rise will also be significant. The NRDC report esti- mated that homeowners and municipalities can expect to spend thousands of dollars on expenses to adapt their properties to a new, warmer world. The cost of elevating a 1,000 square-foot home two feet above its concrete slab, for example, would cost approximately $58,000. Building new seawalls and retrofitting old ones to hold back rising seas could cost $2 million to $20 million per mile of wall.39 
Rising sea levels will also impact other kinds of buildings and public infrastructure in difficult-to-quantify ways. In vulnerable low-elevation areas of Florida, for example, a sea level rise of two feet would put thousands of homes, businesses, schools, hospitals, power plants, airports, prisons, and historic landmarks at risk.
Warmer temperatures also alter weather patterns, causing an increase in the severity of rain storms. The United States has already seen a 24 percent increase in the intensity of storms with extreme levels of rain or snow between 1948 and 2017.4Intense precipitation can trigger flooding and erosion, resulting in expensive damage to property, crops and water quality. 

The weather-related impacts of global warming extend well beyond extreme precipitation, however, and include, among others, stronger hurricanes and droughts. For example, global warming is likely to increase the intensity of hurricanes, and, according to the Stern Review, even a small increase in the intensity of hurricanes could double damage costs in the United States.4The report by the Natural Resources Defense Council further found that under business-as-usual conditions, high-intensity hurricanes fueled by a warming planet could cause as much as $422 billion in damage to Atlantic and Gulf Coast states between 2025 and 2100.44 
In addition to costly storms, flooding and droughts, the changing climate will impact many elements of life that Americans hold dear. Warmer winters and thinner snow and ice packs could shorten skiing, ice fishing and snowmobiling seasons. 
Birders are likely to notice changes in the patterns of migratory birds; fishers and anglers could see a shift in the types of species and the health of the fish they catch. 
Warming may affect the timing and quality of fall foliage seasons, and native trees may no longer be able to survive in the same soil. Not only is global warming likely to threaten our health and endanger our property, but it also has the potential to radically change America’s landscapes and the ways we enjoy them. 

Food Production 
The U.S. Climate Change Science Program conducted a study to examine the 30-year impacts of an expected 60 parts-per-million rise in the concentration of carbon dioxide in the atmosphere and 1.2 degrees Celsius temperature increase. 
The study found that, under those conditions, corn production in the Midwest will decline 3 percent, and could decline in the South by as much or more.4Today, a 3 percent loss in Midwest and Southern corn production would cost the 10 most vulnerable states in those regions an average of $116 million each year.47 
However, grain crops are just a few among the many types of agricultural products that could suffer lower yields as our climate changes. Hotter temperatures and more variable precipitation also impact the productivity of plants and livestock.48 Dairy cows subject to temperatures higher than 77 degrees Fahrenheit, for example, need to use energy to cool themselves, and their milk production declines up to 20 to 30 percent at temperatures of 90 degrees Fahrenheit and above.49
Heat stress is already a significant issue for livestock farmers across the country; one study estimated the impact of heat stress to the U.S. livestock industry at $2.4 billion in losses each year.50 Warmer temperatures can also lead to growing insect populations: the U.S. Climate Change Science Program study explains that farms in warmer climates (like Florida) already must spend more money on applying more pesticides to their crops than similar farms in cooler regions (like Maryland or New York).51 
Another study conducted by researchers at Ithaca College and the University of Illinois – Urbana observed that early-season soybean crops grown under highly elevated carbon di- oxide conditions can have over 50 percent more insect damage than a control group, a finding that hints that carbon dioxide pollution could lead to increased crop damage from pests.52Further, as more of our precipitation comes in heavy bursts, farmers may also have to confront the double challenge of more flooding and more drought.53 
Public Health 
The altered ecosystems and weather patterns of a warmer planet will have profound impacts on human health. In the United States, heat waves will cause increasing numbers of heat-related deaths and illnesses. In 1995, for example, heat waves from St. Louis to Chicago and Milwaukee caused more than 550 deaths.54 
Weather events such as hurricanes, floods and droughts could injure or kill growing numbers of people as their severity increases.55 Hurricane Katrina, for instance, which struck the Gulf Coast in 2005 as a category 3 storm, killed 1,464 people in Louisiana and a total of 346 people in other states. 

The proliferation of certain vector- borne diseases is also likely to grow. As warmer year-round temperatures help spawn a larger population of the mosquitoes, which spread the disease, the virus could further expand its range. 

Warmer temperatures would also exacerbate smog, which already reduces lung function, aggravates asthma, causes lung damage in thousands of Americans, and contributes to early death. 

A 2004 study by the Yale School of Forestry and Envi- ronmental Studies found that increasing the presence of smog-forming ozone by 10 parts per billion would lead to 319 deaths annually in New York City, and 3,767 deaths in other urban areas around the country.58 
These combined threats are significant, and are severe enough to have prompted the U.S. Environmental Protection Agency to take initial steps to label global warming pollution a threat to public health and regulate global warming pollution under the Clean Air Act.59 
Flooding and Drought 
The more intense rainstorms that will result from global warming mean more flooding, which can inflict massive dam- age on the economy. From April through October 1993, for example, widespread flooding along the Mississippi and Mis- souri rivers and their tributaries caused as much as $15 billion in damage across the Midwest.60In January 1997, a series of major storms dropped up to 30 inches of rain on California, on top of one of the wettest Decembers on record. More than 23,000 structures were damaged by the flooding, which covered 300 square miles, causing more than $2 billion in damage 

Though precipitation will be more intense, scientists also. predict that these storms will be interspersed with periods of dryness, elevating the risk of drought. 
Overall, the science indicates that the number of dry days across the United States and most of the world will increase because of global warming, such that the percent of land enduring severe drought globally could rise to 30 percent by the end of the century compared with 1 percent today. Areas projected to receive less total precipitation, such as the southwestern United States, will be particularly vulnerable. 

The effect is also likely to be more pronounced in the summers, which likely will become drier in temperate regions of North America as a result of global warming.61 Farms producing agricultural crops and livestock will be vulnerable to reduced productivity. In certain areas of the country, such as the Southwest and interior West, declining rainfalls and rising temperatures will combine to cause severe and extended drought conditions.63 
Air Pollution 
Fossil fuels cause much of the United States’ air pollution. Emissions from vehicles, coal power plants, and burning natural gas, for example, contribute to global warming, pollute the air with soot, create smog, reduce visibility, and cause acid rain. 

Air pollution is so pervasive and so damaging to health, property and the environment that it imposes large costs on our economy. A 2008 government assessment found that clean air regulations by the Environmental Protection Agency produced air quality benefits worth between $79 and $570 million (in 2001 dollars) between 1997 and 2007.65In studies, much of the regulated air pollution is attributable to fossil fuel use. 

Oil Spills and Other
Fossil Fuel-Related Disasters 
The production and transportation of fossil fuels poses severe hazards to the environment, wildlife and human health. Accidents can be extremely damaging, and leave scars on the environment and communities that last for generations. 

A 2007 Government Accountability Office report found that 51 large oil spills in the United States between 1990 and 2006 incurred between $860 million and $1.1 billion in removal costs and compensation for damages. This figure does not include damages from hundreds of smaller spills over that same period of time.66 It also does not include damages from the 1989 Exxon Valdez oil spill in Prince William Sound, which cost Exxon at least $1 billion in damages. More than $2 billion has additionally been spent in cleanup and recovery on that accident alone.67 In addition, many communities along the Sound lost much of their livelihood when oil-contaminated waters harmed local fishing stocks. 

Oil isn’t the only fossil fuel with the potential for major accidents. Many coal-fired power plants, for example, store captured fly ash—which contains toxic substances such as arsenic and heavy metals—in water- filled ponds near rivers or lakes. These ponds can leach contaminated water into groundwater supplies on a routine basis, but they are also vulnerable to catastrophic collapse. In December 2008, a coal ash storage pond at a Tennessee Valley Authority power plant broke, flooding 300 acres with sludge. Cleanup of the spill was expected to cost as much as $825 million, and that does not even begin to count the costs to local residents and the local environment.68 
Major disasters may draw headlines, but fossil fuel production also creates many “routine” impacts on the environment. Coal, for example, leaves a mark on the landscape wherever it is mined. Mountaintop coal mining in places like 

West Virginia denudes forests, flattens mountain peaks, and sometimes dumps the toxic remainder into nearby valleys, contaminating streams.6Acidic drainage from abandoned underground coal mine shafts threatens groundwater quality in many states, including parts of Kentucky, Maryland, Ohio, Pennsylvania, Virginia and West Virginia.70 
Gasoline and other petroleum-based products also threaten the environment, not only where oil is drilled, but also where it is stored. Leakage of the gasoline additive methyl tert-butyl ether (MBTE) from underground storage tanks into groundwater supplies created massive public outcry in the late 1990s, and continues to contaminate water across the country. 

Recent attempts to extract other kinds of fossil fuels are putting health and safety at risk as well. In states like Colorado and Pennsylvania, natural gas companies are blasting a mix of water, sand and chemicals deep into underground shale deposits in order to break up the shale and draw out natural gas. But the process is dangerous: at least one home in Pennsylvania exploded when gases released by the blasting accumulated in its basement, and the blasting chemical, benzene, which has been linked to anemia and leukemia, has contaminated streams and wells through surface spills and underground use.71 
The side-effects of coal, gasoline and natural gas, in other words, affect Americans almost daily. Not only does the production and use of fossil fuels alter the landscapes of local communities, but once created, the problems are expensive to correct. 

America’s dependence on fossil fuels, particularly oil, also threatens our national security. For decades, many of the
United States’ strategic decisions have been motivated, at least in part, by the need to protect access to energy for ourselves and our allies. A May 2009 report by the Center for Naval Analyses, co-authored by 12 retired generals and admirals of the U.S. military, finds that our dependence on fossil fuels undermines U.S. foreign policy, involves us with volatile and unfriendly powers, endangers troops in combat, undercuts our economic stability, and drives climate changes which threaten to destabilize countries and add to an already heavy American military burden.72 
Further, of all the oil consumed in the world, the United States uses 25 percent, and produces just 3 percent.7The oil that we buy abroad funnels billions of dollars a year out of our domestic economy, and large portions of that money are paid to state-run oil companies in places like Venezuela and Saudi Arabia, whose values and interests do not always align with those of the United States.
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What is Hydrogen Energy?
Of all elements present in the universe, hydrogen is the most abundant. Hydrogen gas has remarkable characteristics including colorless, tasteless and invisible that make it hotly pursued. It can also be transformed into a renewable, nonpolluting and zero emission energy resource. It’s considered the cornerstone of the new energy economy. The pursuit of hydrogen energy began way back in 1776 by the British scientist Henry Cavendish.
He first identified it as a distinct element after he developed hydrogen gas by subjecting zinc metal to hydrochloric acid. Henry Cavendish made another remarkable discovery during a demonstration to the Royal Society of London when he introduced a spark to hydrogen gas, producing water in the process. This historic development led to his conclusion that water (H2O) is composed of hydrogen and oxygen. Since then, hydrogen technology has grown in leaps and bounds, and today, it is used as an energy source to power cars, electric systems, and production of pure water.
Hydrogen is the simplest and most abundant element in the universe. It does not occur naturally. While it exists pretty much everywhere- in the air, in space, in the ground- it is rarely alone. It’s obtainable in combination with other elements such as water. Water is made up of hydrogen and oxygen. 
This means that it is usually combined with another element, making it necessary to extract and convert it to make it a usable energy source. Hydrogen also occurs in numerous organic compounds, for example, hydrocarbons that result in fuels like natural gas, gasoline, propane, and methanol. The biggest challenge to harnessing hydrogen is harvesting it in its purest form.

Hydrogen’s chemistry is very simple- a single atom is made up of only a proton and an electron. In a gaseous form, it can be burned as a fuel. It can be stored in power cells that generate explosive energy and propel rockets and spaceships. It is volatile and combustible, and very, very powerful.

Hydrogen can be stored cryogenically (frozen) or in compressed air containers as a gas. It takes a lot of storage space to house significant amounts of hydrogen. This is because the molecules are far apart, and the gas is lightweight, making it very spread out. To contain the same amount of hydrogen in a cylinder as gasoline, for example, creates a much heavier container.

Hydrogen Benefits 
To better understand hydrogen’s benefits, we can first review some of the present concerns with the structure of the existing energy economy. Four realities suggest that the current energy economy is not sustainable:
	1. The demand for energy is growing and the raw materials for the fossil fuel economy are diminishing. Oil, coal, and natural gas supplies are not replenished as it is consumed, so an alternative must be found.

2. Most of the people who consume fossil fuels don't live where fuels are extracted. This situation creates enormous economic motivation for the consuming nations to try to exert control over the regions that supply the fuels. For many people and governments in the world, the resulting conflicts are unacceptable. 
3. Emissions from fossil fuel usage significantly degrade air quality all over the world, especially in Northeastern United States. The resulting carbon byproducts are substantially changing the world's climate. For many people and governments in the world the resulting health and climate impacts are unacceptable. 
4. Third world economies are especially susceptible when developing energy systems needed to improve their economies. The fossil fuel economy puts people and nations under the undue influence of energy suppliers. This lack of economic independence is unacceptable to many businesses and governments. 
Hydrogen has three basic benefits that address these concerns. 
1. The use of hydrogen greatly  reduces pollution: When hydrogen is combined with oxygen in a fuel cell, energy in the form of electricity is produced. This electricity can be used to power vehicles, as a heat source and for many other uses. The advantage of using hydrogen as an energy carrier is that when it combines with oxygen the only byproducts are water and heat. No greenhouse gasses or other particulates are produced by the use of hydrogen fuel cells. 
2. Hydrogen can be produced locally from numerous sources: Hydrogen can be produced either centrally, and then distributed, or onsite where it will be used. Hydrogen gas can be produced from methane, gasoline, biomass, coal or water. Each of these sources brings with it different amounts of pollution, technical challenges, and energy requirements. 
3. If hydrogen is produced from water we have a sustainable production system: Electrolysis is the method of separating water into hydrogen and oxygen. Renewable energy can be used to power electrolyzers to produce the hydrogen from water. Using renewable energy provides a sustainable system that is independent of petroleum products and is nonpolluting. Some of the renewable sources used to power electrolyzers are wind, hydro, solar and tidal energy. After the hydrogen is produced in an electrolyzer it can be used in a fuel cell to produce electricity. The by products of the fuel cell process are water and heat. If fuel cells operate at high temperatures the system can be set up as a co-generator, with the waste energy used for heating. 
The Hydrogen Energy Center is building on the benefits of hydrogen to realize a sustainable energy economy. When considering the production process, the cost of electricity required for the electrolysis process is one of the barriers to sustainable energy. Presently Hydrogen Energy Center is researching wind, solar, tidal and hydro as renewable energy sources. 

Wind generators have been significantly improved in recent years and can produce electricity for $.04 per kWh which is competitivewith conventional means of generating electricity. If the site has adequate wind then there is substantial potential for a hydrogen production facility. 

Small scale hydro holds promise for sites where local production and use are determining factors. Tidal power is gathering momentum and demonstration projects have been successful. 
Hydrogen Energy Center is working with inventors to develop plans for a long term tidal electrical generation demonstration project in New England. Improvements with solar arrays of photovoltaic cells continue to lower the cost of producing electricity. Given the right climate and set of circumstances solar is a viable solution. 
Besides electrolysis the production of hydrogen has been accomplished by a catalytic reaction of waste aluminum. The end products are hydrogen, and alumina which can be reused to make aluminum. Hydrogen Energy Center is in dialogue with the Canadian company that holds the patent. 
Aside from the production of hydrogen, the everyday use and acceptance of hydrogen must be careful introduced. Hydrogen today is being used to power commercial buses both by internal combustion engines burning a combination of hydrogen and other fuels and solely by hydrogen used in fuel cells. Hydrogen is used in many commercial applications from welding metal to dying fabrics to making electronics, plastics and fertilizers. 

When a renewable economically viable production process of hydrogen can be achieved the advantages will be spread out to many industries. Some of the proving grounds for various production methods can be locally developed to provide hydrogen for these industries. 
Renewable energy sources are often limited for commercial use due to their intermittent availability. Sometimes the wind doesn’t blow or the sun doesn’t shine, so hydrogen can be the critical link used as a storage medium to supply power during these periods. Hydrogen can be used as a mobile source of power for transportation by being compressed and stored in small tanks for applications similar to gasoline or propane. 
With increasing use of hydrogen and technical advances, the costs of production, distribution and product manufacturing will becoming increasing affordable. By continuing to build partnerships between business, government, universities and non-profit organizations hydrogen will be the foundation of a sustainable energy economy.
Hydrogen gas is an expensive and complex fuel to make because it has to be separated from whatever element it is joined to. It often takes a lot of energy to make hydrogen gas, making it a costly power source. There are a number of ways to separate hydrogen from its companion elements.

Before we look at how hydrogen is converted into electricity, it would be beneficial to know how hydrogen is produced. Hydrogen is produced using two main methods; steam reforming and electrolysis (commonly referred to as water splitting).
Steam reforming: This method produces hydrogen from hydrocarbon fuels such as methane, oil, renewable liquid fuels, gasified biomass, gasified coal and natural gas. A processing device called a reformer is used in this hydrogen production process. The reformer react steam with the hydrocarbon fuels at extremely high temperatures to generate hydrogen. Today, over 90% of hydrogen gas is produced using the steam reforming technique
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inthe Great Sandy in Western Australia - would produce enough energy for 1 billion people with
an average consumption of 5kW per person.






Electrolysis: Electrolysis is a method that utilizes direct current (DC) to instigate a chemical reaction. In the production of hydrogen, electrolysis decomposes water and splits it into its main elements, which are hydrogen and oxygen by use of an electric current. The electricity used in the electrolysis process can be derived from fossil fuels such as oil, natural gas, and coal or hydrocarbons.

Conversion of hydrogen into electricity: The most effective way to convert hydrogen into oxygen is using a fuel cell. A fuel cell converts chemical energy into electrical energy. A fuel cell enables hydrogen and oxygen to blend in an electrochemical reaction. The result is production of electricity, water, and heat. Fuel cells mimic batteries since they both convert the energy generated by the electrochemical reaction into useful electric power. Nonetheless, the fuel cell will generate electric power as long as fuel, mainly hydrogen, is available.

Fuel cells represent a potential technology for use a source of electricity and heat for buildings. It’s also a promising source of power for electric and hybrid vehicles. Fuel cells function best on pure hydrogen. However, other fuels such as gasoline, methanol, or natural gas can be reformed to generate the needed hydrogen for fuel cells.

With technology moving fast, hydrogen could come on par with electricity as a vital energy carrier. An energy carrier transmits energy to the customer in a ready to use form. Some renewable energy sources such as wind and sun may not be able to generate energy around the clock, but are able to produce hydrogen and electric power and stored for later use.

Pros of Hydrogen Energy
Eco-friendly: It’s hard to come across a fuel source that befits the title non-toxic. Hydrogen is a nontoxic form of fuel since it doesn’t release harmful gasses into the environment. Some fuel sources like gasoline, coal, oil and nuclear energy are toxic and occur in areas with hazardous environment. In fact, when hydrogen is combusted, the only by-product is water vapor, which is not toxic. Since hydrogen is friendly to Mother Nature, it can be utilized in places where other forms of fuel cannot work.
It’s a renewable energy source: Hydrogen is abundant virtually everywhere, and this means it’s a never-ending source of energy. Other sources of fuel such as oil, natural gas, and coal are considered nonrenewable, meaning they will get exhausted at some point. Hydrogen is one source of energy that can be generated on demand.
It’s powerful and efficient: The methods used to produce hydrogen yield a powerful and efficient energy source. Hydrogen’s power and efficiency are the reasons it’s used in rockets and space ships. It’s also preferred in space ships because it doesn’t produce greenhouse gasses. According to statistics, hydrogen is 3 times more potent than gasoline and other fossil based fuel sources, meaning it has the ability to accomplish more with less.
Has a vital application in the oil and gas industry: Hydrogen is deployed to process crude oil into refined fuels like diesel and gasoline. Hydrogen is also used to get rid of contaminants such as sulfur from these fuels. Other industries also leverage hydrogen fuel, for example, chemical production, food processing, metal refining, and electronics manufacturing.

Cons of Hydrogen Energy

It’s daunting to store: Hydrogen energy has not been fully explored, so storage and support infrastructure have not been hugely developed. Hydrogen molecules are minute, which renders hydrogen more susceptible to leakage. This means that it must be stored at high pressure to give it sufficient energy density. In its natural form, hydrogen is volatile and highly flammable, which makes transporting it a lot harder.
It’s relatively expensive: Despite the fact that hydrogen is readily available, the process of extraction such as electrolysis is extremely expensive. The main reason for this is that it’s daunting to separate its basic elements like hydrogen and oxygen. Even though hydrogen fuel cells are increasingly being used in hybrid cars, it’s not quite affordable for everyone. Scientists are working to discover technologies that could make harnessing of hydrogen a lot easier, but until then, the price will continue to remain high.
Still relies on fossils fuels: It’s a fact that hydrogen is a renewable resource and has no impact on the environment. However, the separation of hydrogen components during production process still relies on fossil fuels such as oil, coal and natural gas. Fossil fuels contribute mightily to emission of greenhouse gasses.
It volatile and highly flammable: Hydrogen’s volatility and highly flammable attribute make it challenging to transport to the final consumer. The unique characteristic that makes it hard to store also make its daunting to transport. Hydrogen is majorly transported to the market through pipelines or in tankers. Tanker trucks deliver hydrogen to the marketplace in a liquefied or compressed state. This process leads to hydrogen leaks.

Although hydrogen is not widely used because of its hefty price tag and lack of practicality in terms of lack of infrastructure to support it, researchers project that it will catch up with electricity as an

energy carrier. This is because it is derived from renewable energy sources and is almost non-polluting. Its zero-emission property makes it ideal for aircraft fuel, heating homes, and source of fuel for zero emission vehicles.

Hydrogen Production

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 photo electrochemical and photo biological processes.This DOE Hydrogen and Fuel Cells Program activity is focused on advancing cost-effective, efficient production of hydrogen from renewable, fossil and nuclear energy resources.

Hydrogen from Natural Gas; The Offices of Energy Efficiency and Renewable Energy (EERE) and Fossil Energy (FE) are working to reduce the cost of producing hydrogen via steam methane reforming. EERE is focused on distributed hydrogen production from natural gas and bio-derived liquid feedstocks and FE is focused on sub-centralized and centralized hydrogen production. Although hydrogen from natural gas is certainly a viable near-term option, it is not viewed by DOE as a long-term solution because it does not help solve the green house gas (GHG) or energy security issues.
Hydrogen from Coal; Research sponsored by the Office of Fossil Energy is focused on advancing the technologies needed to produce hydrogen from coal-derived synthesis gas and to build and operate a zero emissions, high-efficiency co-production power plant that will produce hydrogen from coal along with electricity. FE is also investigating carbon sequestration technologies, in associated programs, as an option for managing and stabilizing greenhouse gas emissions from coal-fired plants.

Hydrogen from Nuclear Power; Research sponsored by the Office of Nuclear Energy (NE) is focused on developing the commercial-scale production of hydrogen using heat from a nuclear energy system. Key research areas include high-temperature thermochemical cycles, high-temperature electrolysis, and reactor/process.
            [image: image31.jpg]



Hydrogen from Renewable Resources; Research sponsored by EERE is focused on developing advanced technologies for producing hydrogen from domestic renewable energy resources that minimize environmental impacts. Key research areas include electrolysis, thermochemical conversion of biomass, photolytic and fermentative micro-organism systems, photoe lectrochemical systems, and high-temperature chemical cycle water splitting
Basic Research; In Office of Science's basic research program, a major emphasis will be placed on fundamental understanding of photoinduced water splitting that uses the energy of sunlight to separate water into hydrogen and oxygen by semiconductors or photocatalytic assemblies. To enable more efficient, lower-cost fossil-based hydrogen production, fundamental research in catalysis, membranes, and gas separation will be emphasized.
Hydrogen Storage; Hydrogen storage is a key enabling technology for the advancement of hydrogen and fuel cell power technologies in transportation, stationary, and portable applications. DOE's efforts focus primarily on the R&D of on-board vehicular hydrogen storage systems that will allow for a driving range of greater than 300 miles while meeting packaging, cost, safety, and performance requirements to be competitive with current vehicles. 
While automakers have recently demonstrated progress with some prototype vehicles traveling more than 300 miles on a single fill, this driving range must be achievable across different vehicle models and without compromising space, performance or cost.
In addition, hydrogen storage systems for off-board applications, such as the hydrogen delivery and refueling infrastructure and Power Parks, are also being investigated, which is coordinated with the hydrogen delivery program.

This DOE Hydrogen and Fuel Cells Program activity is focused on advanced storage of hydrogen (or its precursors) on vehicles or within the distribution system.

High-Pressure and Cryogenic Tanks

The Office of Energy Efficiency and Renewable Energy is developing and evaluating advanced concepts to store hydrogen at high pressures and cryogenic temperatures that improve volumetric capacity, conformability, and cost of storage.
Advanced Solid State and Liquid Materials; The Offices of Energy Efficiency and Renewable Energy and Fossil Energy are working to develop innovative materials for reversible hydrogen storage including high surface area adsorbents, metal organic frameworks, and metal hydrides, as well as approaches that are regenerable off-board such as chemical hydrides and liquid carriers.

Basic Research; In the Office of Science's basic research program, the main focus will be on basic research needs in developing novel storage materials and methods. The broad class of storage materials to be studied includes various forms of complex hydrides and nano
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What is Hydrogen fuel;; Hydrogen does not occur free in nature in useful quantities, but it is manufactured in a number of ways. It can be made from natural gas or it can be made by passing electric current through water. 
Hydrogen is an energy carrier that can transform our fossil-fuel dependent economy into a hydrogen economy, which can provide an emissions-free transportation fuel. Literature reviews and independent research were the main methods of research. 
Hydrogen storage and transport are issues of intense research due to hydrogen’s characteristic low density. Is hydrogen a justifiable means to the attainment of an environmentally beneficial transportation fuel when methods of production are not utilizing clean, renewable energy sources? What exactly are the completely emissions-free methods of producing and utilizing hydrogen in transportation? Can hydrogen be the fuel of the future? 

Hydrogen is the fuel of the future. As an avid researcher of alternative fuels and an ambitious chemistry student, this researcher understands the importance of a shift to a hydrogen economy. Hydrogen is an energy carrier that can be used in internal combustion engines or fuel cells producing virtually no greenhouse gas emissions when combusted with oxygen. The only significant emission is water vapor. 
Hydrogen production and storage is currently undergoing extensive research. A solar-hydrogen system can provide the means of a totally emissions-free method of producing hydrogen. Although steam reformation of methane is currently the major route to hydrogen production, the emissions involved can also be controlled much more efficiently than our current system of transportation fuel. 

Climate change is a serious issue becoming increasingly evident to much of the population. Rising CO2 levels have directly contributed to the global warming phenomenon. As shown in Figures 1 and 2, the CO2 levels have rising dramatically in the past 200 years, along with the global average temperature. 
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Source: Compiled by Earth Policy Institute, with long term historical data from Worldwatch Institute, Signposts 2001, CD-Rom (Washington, DC: 2001); 1960 to 2007 from NOAA/ESRL, "Atmospheric Carbon Dioxide - Mauna Loa," at: www.esrl.noaa.gov/gmd/ccgg/trends/co2_data_mlo 

While I will examine numerous aspects involved in the hydrogen economy, I will not compare hydrogen to other alternative fuels. Government policy will be briefly referenced, but not detailed. The core of the research concerns the advantages of hydrogen and the current progress related to the disadvantages of hydrogen as a transportation fuel. Much work is in progress to initiate a shift from a fossil-fuel economy to a hydrogen economy.

What are the advantages and disadvantages of this hydrogen economy? Who is funding this research and what are their true intentions? Is there a possibility that hydrogen will be the fuel of the future and also accomplish the goal of being emissions-free? 

Materials and Methods 

This research is based on independent research and literature reviews. The various sources of research include recent journal articles from opposing sides of the hydrogen economy. The United States Department of Energy website was referenced for current statistics relating to the transportation sector and the various alternative energy sources being researched. 
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Results 

Hydrogen is an energy carrier that can be produced and converted into energy through a variety of ways. Table 1 provides a brief explanation of the advantages and drawbacks of hydrogen as a transportation fuel. Electrolysis of water is deemed to be the cleanest route to the production of hydrogen. However, the advantages of this proposed hydrogen economy is dependent on the use of clean, renewable resources as the source of electricity. Today burning coal and nuclear fission generates 68% of the US electricity. For instance, the major routes to employable hydrogen gas involve the use of electricity. Until a dramatic shift is made toward renewable energy sources, the production of hydrogen cannot be emissions free. 
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Hydrogen can be produced from several different methods, with only a couple being environmentally beneficial. Electrolysis of water requires electricity, which can be provided by clean and renewable energy sources. Tables 2a and 2b provide a summary of the various ways to produce hydrogen. 
Hydrogen storage and transport is a critical issue involving intense research. The problem is the low density of hydrogen gas. Three possible solutions have been proposed. These potential hydrogen delivery systems include compressed tube trailers, liquid storage tank trucks, and compressed gas pipelines. One major disadvantage of each system is the high capital costs. 
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The use of metal hydrides is the most promising storage material currently. The advantages are high volume efficiencies, easy recovery, and advanced safety. The most common metal hydrides in current research are listed in Table 4.
Hydrogen can be used as the primary fuel in an internal combustion engine or in a fuel cell. A hydrogen internal combustion engine is similar to that of a gasoline engine, where hydrogen combusts with oxygen in the air and produces expanding hot gases that directly move the physical parts of an engine. The only emissions are water vapor and insignificant amounts of nitrous oxides. The efficiency is small, around 20%. A polymer electrolyte membrane (PEM) fuel cell produces an electrical current from hydrogen fuel and oxygen in the air. Hydrogen is split into hydrogen ions and electrons by a platinum catalyst at the anode. The PEM allows only the hydrogen ions to pass through to the cathode where these ions react with oxygen to produce water. The electrons travel down a circuit creating an electrical current. The fuel cells are arranged in stacks in order to provide enough electricity to power a vehicle. The use of a fuel cell eliminates the nitrous oxide emissions. Furthermore, the fuel cell is 45-60% efficient. 
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Source: Kraus T; “Hydrogen Fuel – An Economically Viable Future for the Transportation Industry?” Duke J., Economics Spring 2007; XIX. 
An alternative fuel must be technically feasible, economically viable, easily convert to another energy form when combusted, be safe to use, and be potentially harmless to the environment. Hydrogen is the most abundant element on earth. Although hydrogen does not exist freely in nature, it can be produced from a variety of sources such as steam reformation of natural gas, gasification of coal, and electrolysis of water. 
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Hydrogen gas can used in traditional gasoline-powered internal combustion engines (ICE) with minimal conversions. However, vehicles with polymer electrolyte membrane (PEM) fuel cells provide a greater efficiency. Hydrogen gas combusts with oxygen to produce water vapor. Even the production of hydrogen gas can be emissions-free with the use of renewable energy sources. 
The current price of hydrogen is about $4 per kg, which is about the equivalent of a gallon of gasoline. However, in fuel cell vehicles, such as the 2009 Honda FCX Clarity, 1 kg provides about 68 miles of travel [3]. Of course the price range is currently very high. Ongoing research and implementation toward a hydrogen economy is required to make this fuel economically feasible. 

The current focus is directed toward hydrogen being a clean alternative fuel that produces insignificant greenhouse gas emissions. If hydrogen is the next transportation fuel, the primary energy source used to produce the vast amounts of hydrogen will not necessarily be a renewable, clean source. Carbon sequestration is referenced frequently as a means to eliminate CO2 emissions from the burning of coal, where the gases are captured and sequestered in gas wells or depleted oil wells. However, the availability of these sites is not widespread and the presence of CO2 may acidify groundwater. 

Storage and transport is a major issue due to hydrogen’s low density. Is the investment in new infrastructure too costly? Can our old infrastructure currently used for natural gas transport be retrofitted for hydrogen? 

The burning of coal and nuclear fission are the main energy sources that will be used to provide an abundant supply of hydrogen fuel. How does this process help our current global warming predicament? 
The U.S. Department of Energy has recently funded a research project to produce hydrogen from coal at large-scale facilities, with carbon sequestration in mind. Is this the wrong approach? Should there be more focus on other forms of energy that produce no greenhouse gas emissions? If the damage to the environment is interpreted into a monetary cost, the promotion of energy sources such as wind and solar may prove to be a more economicalapproach. 

The possibility of a hydrogen economy that incorporates the use of hydrogen into every aspect of transportation requires much further research and development. The most economical and major source of hydrogen in the US is steam reformation of natural gas, a nonrenewable resource and a producer of greenhouse gases. The electrolysis of water is a potentially sustainable method of producing hydrogen, but only if renewable energy sources are used for the electricity. 
Today, less than 5% of our electricity comes from renewable sources such as solar, wind, and hydro. Nuclear power may be considered as a renewable resource to some, but the waste generated by this energy source becomes a major problem. A rapid shift toward renewable energy sources is required before this proposed hydrogen economy can prove itself. 
Furthermore, the infrastructure for a hydrogen economy will come with high capital costs. The transport of hydrogen through underground pipes seems to be the most economical when demand grows enough to require a large centralized facility. However, in places of low population density, this method may not be economically feasible. 
The project mentioned earlier may become an option for individuals to produce their own hydrogen gas at home, with solar panels lining their roof. A drastic change is needed to slow down the effects of our fossil- fuel dependent society. 
Conservation can indeed help, but the lifestyles we are accustomed to require certain energy demands. Transportation is a necessary part of our current world and the switch to a hydrogen economy can provide a sustainable solution. Is hydrogen the fuel of the future? The research presented here encourages one to answer yes. 
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                      CHAPTER FIVE
 BIG ADVANTAGES AND DISADVANTAGES OF 
                HYDROGEN FUEL CELLS
Hydrogen is an environmentally friendly alternative to fossil fuels, and they can be used to power just about any machine needing energy. The fuel cell, which is the energy conversion device that can capture and use the power of hydrogen effectively is the key to making this happen.

LIST OF ADVANTAGES OF HYDROGEN FUEL CELLS
1.It is readily available: 

As mentioned earlier, hydrogen is a basic earth element and it’s very abundant. However, it takes a whole lot of time to separate hydrogen gas from its companion substances. While that may be the case, the results produce a powerful clean energy source. 
2. It doesn’t produce harmful emissions: 

When hydrogen is burned, it doesn’t emit harmful substances. Basically, it reacts to oxygen without burning and the energy it releases can be used to generate electricity used to drive an electric motor. Also, it doesn’t generate carbon dioxide when burnt, not unlike other power sources. 
3. It is environmentally friendly: Hydrogen is a non-toxic substance which is rare for a fuel source. Others such as nuclear energy, coal and gasoline are either toxic or found in places that have hazardous environments. Because hydrogen is friendly towards the environment, it can be used in ways that other fuels can’t even 
possibly match. 
4. It can be used as fuel in rockets: Hydrogen is both powerful and efficient. It is enough to provide power for powerful machines such as spaceships. Also, given that it is environmentally friendly, it is a much safer choice compared to other fuel sources. A fun fact: hydrogen is three times as powerful as gasoline and other fossil fuels. This means that it can accomplish more with less.

5. It is fuel efficient: Compared to diesel or gas, hydrogen is much more fuel efficient as it can produce more energy per pound of fuel. This means that if a car is fueled by hydrogen, it can go farther than a vehicle loaded with the same amount of fuel but using a more traditional source of energy. 
Hydrogen-powered fuel cells have two or three times the efficiency of traditional combustion technologies. For example, a conventional combustion-based power plant usually generates electricity between 33 to 35 percent efficiency. Hydrogen fuel cells are capable of generating electricity of up to 65 percent efficiency. 

Also, a gasoline-powered engine in a conventional car is 
not as efficient as converting chemical energy into gasoline into power that moves vehicles under normal driving conditions. With vehicles that use hydrogen fuel cells, and also use electric motors, are more efficient as they can use 40 to 60 percent of the fuel’s energy. As a result, there is more than 50% reduction in fuel consumption. Plus, fuel cells operate quietly, have fewer moving parts and are well-suited for various kinds of applications. 

6. It is renewable: Hydrogen can be produced again and again, unlike other non-renewable sources of energy. This means that with hydrogen, you get a fuel source that is limited. Basically, hydrogen energy can be produced on demand. Also, it is widely available – all that is needed is to break the water molecules so it gets separated from oxygen. It’s without question a time consuming process but the outcome is great.

LIST OF DISADVANTAGES OF HYDROGEN FUEL CELLS
1-It is expensive: While widely available, hydrogen is expensive. A good reason for this is that it takes a lot of time to separate the element from others. If the process were really simple, then a lot would have been doing it with relative ease, but it’s not. 
Although, hydrogen cells are now being used to power hybrid cars, it’s still not a feasible source of fuel for everyone. Until technology is developed that can make the whole process a lot more simpler, then hydrogen energy will continue to be an expensive option.

2.It is difficult to store: Hydrogen is very hard to move around. When speaking about oil, that element can be sent though pipelines. When discussing coal, that can be easily carried off on the back of trucks. When talking about hydrogen, just moving even small amounts is a very expensive matter. For that reason alone, the transport and storage of such a substance is deemed impractical.

3. It is not easy to replace exiting infrastructure: Gasoline is still being widely used to this day. And as of the moment, there just isn’t any infrastructure that can support hydrogen as fuel. This is why it becomes highly expensive to just think about replacing gasoline. Also, cars need to be refitted in order to accommodate hydrogen as fuel. 
4. It is highly flammable: Since it is a very powerful source of fuel, hydrogen can be very flammable. In fact, it is on the news frequently for its many number of risks. Hydrogen gas burns in air at very wide concentrations – between 4 and 75 percent. 
5. It is dependent on fossil fuels: Although hydrogen energy is renewable and has minimal environmental impact, other non-renewable sources such as coal, oil and natural gas are needed to separate it from oxygen. While the point of switching to hydrogen is to get rid of using fossil fuels, they are still needed to produce hydrogen fuel.

CAPABILITIES OF HYDROGEN FUEL CELLS
*Stationary fuel cells can be utilized as a backup source of power, power for remote locations, distributed power generation and co-generation.

*Fuel cells have the capacity to power any portable application that uses batteries – from hand-held devices to portable generators.

*Fuel cells power transportation such as personal vehicles, trucks, buses and marine vessels; it can also provide auxiliary power to traditional transportation technologies. 
As such, hydrogen has an important role in the future as a replacement for imported petroleum used currently in cars and trucks. In fact, several car manufacturers have designed vehicles that run on hydrogen fuel rather than petrol or diesel. 
*Hydrogen is a basic earth element. The atom is made up of a single proton and single electron. It’s also very abundant but it can’t exist as a separate form of matter. Rather, it’s combined with other elements. 
Burning coal, oil, and natural gas has serious and long-standing negative impacts on public health, local communities and ecosystems, and the global climate. Yet the majority of fossil fuel impacts are far removed from the fuels and electricity we purchase, hidden within public and private health expenditures, military budgets, emergency relief funds, and the degradation of sensitive ecosystems. We don’t pay for the cost of cancer, or the loss of fragile wetlands, when we pay our electricity bill—but the costs are real.

Renewable energy—such as wind and solar power—carries far fewer negative impacts at increasingly competitive prices. The Union of Concerned Scientists has worked for decades on transforming the electricity and transportation sectors, and is committed to policies and practices that encourage clean energy.
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America’s dependence on fossil fuels is costly. But what about the alternative? Wouldn’t a transition to a clean energy future also be expensive? 

Make no mistake, America must make large investments in energy efficiency, renewable energy, clean transportation technology and other clean energy strategies if we are going to wean ourselves off of fossil fuels and do our share to curtail global warming. But there is a key difference between spending on clean energy and spending on fossil fuels. 

When we adopt clean energy technologies—wind turbines, solar panels, energy efficient buildings and the like—we are making investments. Those investments pay themselves off over time in the form of lower expenditures for fossil fuels and smaller impacts on the environment and public health. By contrast, the money we spend on fossil fuels contributes to the depletion of a precious and resource and often makes its way out of the American economy. 

Many clean energy investments make sense in strictly economic terms. And many others make good sense when the environment and public health are brought into the picture. 

CLEAN ENERGY INVESTMENTS CAN SAVE MONEY 
A variety of economic analyses have shown that many clean energy strategies are economic winners on their own terms—even excluding the benefits for the environment, public health, and America’s security. 

• A 2007 analysis by McKinsey & Company estimated that the United States could generate approximately 1.2 billion metric tons of carbon dioxide emission reductions per year (equal to about 20 percent of today’s emissions) at negative marginal cost. In other words, these are investments that will yield a positive return in strictly economic terms over the lifetime of the investment. Energy efficiency improvements to homes, businesses, appliances, factories and cars are among the steps that can generate positive returns on investment.77 
• A recent Energy Information Administration (EIA) analysis of the American Recovery and Reinvestment Act (ARRA) found that the act’s provisions for residential and commercial energy efficiency improvements will yield significant savings. The EIA projects that the law will reduce residential and commercial energy bills by $13 billion in 2020 and $21 billion in 2030.78 
*An analysis by the Union of Concerned Scientists estimated that the recent move by President Obama to increase federal vehicle fuel economy standards to 35 miles per gallon by 2016 will deliver $20 billion in net savings to consumers in 2020 at gasoline prices of $2.25 per gallon. If gasoline prices hit $4 per gallon, the net benefits would balloon to $70 billion.79 
*Further analysis by the Union of Concerned Scientists (UCS) shows that transitioning to a clean energy economy could cut global warming emissions while saving consumers and businesses $465 billion each year by 2030, with $1.7 trillion in net cumulative savings between 2010 and 2030.80 The UCS “blueprint” for a clean energy economy includes an economy- wide global warming cap-and-trade program, investments and advances in energy efficiency for buildings across the country, increased use of renewable electricity sources such as wind and solar, and transportation policies to shift away from fossil fuels with smart growth and modern public transportation. 

*The Energy Information Administration estimated in 2009 that a proposed federal law that would require 21 percent of the nation’s electricity to come from renewable energy sources such as solar and wind power would have virtually no impact on average electricity prices, while cutting global warming pollution from power plants by up to 12 percent below projected levels by 2030. The maximum im- pact on national average electricity prices is 3 percent in the mid-2020s, an increase of three-tenths of a penny per kilowatt-hour—a very small price to pay for a policy that would reduce dependence on fossil fuels and dra- matically curb pollution.81 
*Many forms of renewable energy are affordable today and others will be- come affordable soon with anticipated technological advances and higher- volume production. For example, some analysts predict that the cost of solar photovoltaic systems is poised for a rapid decline, thanks in large part to the success of government incentive programs in Europe and parts of the United States in spurring the construction of new production capacity. Solar market experts at the Prometheus Institute project that the cost of solar panels will be cut in half between now and 2015 and that solar power will become cheaper than power from the electric grid in some areas.82 Similarly, recent work by Synapse Energy Economics has documented that utility energy efficiency programs that deliver more energy efficiency do so at a lower cost—con- founding the traditional thinking hat energy efficiency becomes more expensive as the “low-hanging fruit” is picked.83 
*In addition to providing a direct return on investment, clean energy investments create jobs here in the United States. Clean energy projects tend to be labor intensive— by one count wind energy produces three times as many jobs as coal.84 In addition, many clean energy jobs—from the installation of energy efficient features in homes to the construction of wind turbines—are local and can never be outsourced. 

CLEAN ENERGY BENEFITS 
America has access to a broad and deep resource of clean energy improvements that deliver real economic savings to consumers. But, as noted above, the dollars- and-cents cost of fossil fuels to consumers is only one measure of their cost to society as a whole. Health threatening pollution, destruction of ecosystems, and global warming are among the other impacts of fossil fuel consumption—impacts with major economic costs. 

Whatever the cost of addressing global warming, the cost of inaction is likely to be far greater. The British government’s 2006 Stern Review of the economics of climate change found that the economic impacts of global warming far outweighed the cost of reducing emissions of global warming pollutants.85 The study found that stabilizing the levels of carbon in our atmosphere at 550 parts per million will cost 1 percent of global GDP by 2050, while inaction could cause global per-person consumption to drop by as much as 20 percent.86 
Shifting away from fossil fuels and toward cleaner sources of energy will relieve America’s economy from many other economic burdens, including: 

• Reduced expenditures on health care and reductions in early mortality, absenteeism and lost productivity caused by air pollution. A 2001 study by Resources for the Future estimated that a tax of $25 per ton on carbon dioxide emissions would yield $12-14 per ton worth of benefits in avoided health impacts and avoided need for investment in air pollution controls— without even beginning to tally the benefits in avoided impacts of global warming.87 
• Improved water quality resulting from reduced risk of runoff from coal mines, methane contamination of groundwater due to natural gas hydraulic fracturing operations, and leakage from coal ash storage ponds into groundwater supplies and water- ways. 

• Reduced pressure on water supplies— particularly if steam generators, which consume vast quantities of water, are replaced by renewable energy sources that use little or no water, such as wind power and solar photovoltaics. 

• Reduced risk of catastrophic spills and accidents, including oil spills and the failure of coal ash storage ponds. 

The exact value of these benefits of clean energy investments is difficult to quantify. 

But it is clear that investments in clean energy that do not provide a return on investment to individual consumers often provide a return on investment to society when environmental, public health and other co-benefits are included. 

                          CHEPTER SIX

           POLICY RECOMMENDATIONS 
America has a golden opportunity to break our dependence on fossil fuels and chart a new path toward a clean energy future. The Obama administration has gotten off to a fast start in its opening months. 
The American Recovery and Reinvestment Act—also known as the economic recovery bill—included advances on a variety of fronts, including increased funding for clean energy research and development, a large investment in weatherization assistance for low-income homeowners, energy efficiency assistance for state and local governments, and investments in clean transportation infrastructure, including high-speed rail. 
More recently, the administration announced its intention to increase fuel economy standards for vehicles to 35.5 miles per gallon by 2016—a move that will save almost as much oil as we currently import from Saudi Arabia.88 
There is still much more that needs to be done, however. The federal government, along with the states, should take actions that would: 

Reduce the nation’s emissions of global warming pollutants deeply enough to prevent dangerous impacts from global warming, guided by the latest scientific understanding. The United States should adopt an emissions cap and other policies that will reduce global warming pollution by35 percent below 2005 levels by 2020 and by 80 percent below 2005 levels by 2050, and implement strict rules for carbon “offsets” to ensure that efforts to reduce emissions are successful. 

Ensure that a cap-and-trade program used to achieve those targets directs the revenues gained through the sale of allowances for public purposes. One hundred percent of emission allowances should be auctioned, with the revenues used for investments in clean energy and to benefit consumers. 

Ensure that America generates at least 25 percent of its electricity from renewable sources of energy such as wind and solar power by 2025. 

Strengthen energy efficiency standards and codes for appliances and buildings, with the goal of reducing energy consumption in new buildings by 50 percent by 2020 and ensuring that all new buildings use zero net energy by 2030. 

Promote the development and implementation of clean transportation infrastructure, including improving the fuel economy of light- and heavy-duty vehicles, reducing the carbon intensity of transportation fuels, and promoting plug-in vehicles, public transportation and high-speed intercity rail. 

Ramp up investment in solar power through tax credits, specific targets in state renewable electricity standards, requirements for “solar ready homes,” rebate programs, and other measures. 

End subsidies to fossil fuel industries. 
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