Hydrogen's Second Coming

At Milepost 1 on the Hydrogen Highway 
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ANY discussion of a future generation of hydrogen cars inevitably leads to the same question: Where will I fill the tank?
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PUMPING HYDROGEN Gov. Arnold Schwarzenegger fills up. More Photos » 
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While automakers have demonstrated that they can build vehicles that produce no tailpipe pollutants, the commercial availability of hydrogen to power them remains a showstopper. There are other issues, of course — the cost of fuel cells and the methods of storing hydrogen among them — but matters like driveability and safety are no longer impediments to retail introduction. 

Still, hydrogen proponents promise a future of placid (and carbon-free) travel punctuated by occasional stops to replenish our tanks as conveniently as we fill them today. They champion an America laced by a hydrogen highway, dotted with service stations that offer safe, affordable refueling. Perhaps clean restrooms will be part of that future, too.

Their vision is more than an idealistic pipe dream. President Bush has been talking up hydrogen for four years; the Energy Department has set a goal for hydrogen to provide 10 percent of the nation’s energy needs by 2030; and Samuel W. Bodman, the secretary of energy, recently doled out research grants worth $8.2 million aimed at expanding hydrogen storage capacity.

The hydrogen movement actually began long before the recent spurt of activity. General Motors started experiments with hydrogen fuel in the 1960s, followed by BMW in the 1970s. Six years ago, Honda built a solar-powered hydrogen production facility at its Torrance, Calif., research center. Today, every major vehicle maker is studying alternatives to gasoline with the goal of supplanting hydrocarbons with hydrogen. 

So far, the only hydrogen fueling stations in service are prototypes like Honda’s, built to foster research. Hydrogen tankers are not an everyday sight on American highways, and the hydrogen production plants needed to slake America’s thirst for portable energy have not been built. The hydrogen highway is not yet a county byway, let alone an Interstate.

But it is more than a dirt path through the woods.

Hydrogen is at least a global commodity: 50 million tons of this industrial gas are produced every year around the world. More than half of that is used to make ammonia, a component of fertilizer, cleaning products and medicines. It is also a constituent of methanol, an important ingredient in paint, antifreeze and formaldehyde. 

The surprising slice of the global hydrogen pie is the 14 million tons — more than 25 percent of annual production — consumed by oil companies. Hydrogen is a cozy bedfellow with petroleum, both an ingredient in the refining processes used to upgrade the quality of crude oil and a byproduct of the catalytic refining process. It is collected for on-site use, but that source is not enough to meet the needs of refiners. 

The rising demand for gasoline is pressuring refiners to use lower quality crude oil, which requires more hydrogen. In addition, recent mandates to reduce the sulfur levels of diesel fuel have also increased demand for hydrogen. 

Hydrogen can be transported from centralized plants by pipeline or tank truck, but a more practical option is manufacturing it on-site by a process known as steam reforming, which separates the hydrogen from natural gas. 

Steam reforming is a cost-effective means of sustaining the oil business, but not a viable way to energize a hydrogen economy. The available supply of natural gas simply is not adequate to support our growing needs to use it for generating electricity, heating our homes and meeting the hydrogen demands of industry. 

One downside to steam reforming is the amount of carbon dioxide — the main greenhouse gas — generated when hydrogen is extracted from natural gas this way. Steam reforming, used to produce 95 percent of the hydrogen supply for the United States, according to the Energy Department, releases 350 million tons of carbon dioxide a year. 

One possible way to offset that undesirable addition to the atmosphere is sequestration, collecting the carbon dioxide and storing it in the ocean or the ground. This plan shows some promise, but not on the scale required to support a hydrogen-powered future.

Because hydrogen is by nature hard to handle — its small molecule is able to leak out of the tiniest fissure — it does not travel or store well, which makes distribution an issue. Hydrogen pipelines already exist in California, Texas and Europe — but they total fewer than 1,000 miles, just enough to connect a few hydrogen producers to oil-refining and ammonia-making customers. While it is possible to deliver hydrogen in pipes used for natural gas, a well-known risk is hydrogen embrittlement — the tendency of hydrogen atoms to infiltrate the surface of welded or heat-treated steel, which can result in cracks and leaks.
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Hydrogen proponents offer near- and long-term solutions to these concerns. Researchers at G.M. propose building pilot hydrogen-making facilities that follow the lead of electric power plants now in use, using local resources: Larry Burns, G.M.’s vice president for research and development, proposes what he calls hydrogen pathways keyed to existing natural resource locations. He envisions hydrogen produced from natural gas in Rhode Island and California, coal in West Virginia, petroleum in Hawaii and hydroelectric power in Idaho. That makes sense because hydrogen is an energy carrier, like electricity, not a fuel, like petroleum, that can be pumped out of the ground, refined and distributed for local consumption.

“The refueling points necessary to support the first million hydrogen fuel-cell vehicles could be built for $10 billion to $15 billion, which is half the cost of the Alaska pipeline,” Mr. Burns said. “That sum would establish a network of 11,700 stations in the nation’s top 100 urban areas.”

Responding to the chicken-egg relationship between hydrogen infrastructure and fuel-cell cars that depend on hydrogen, G.M. has altered its aspirations — from building and selling the first million fuel-cell vehicles by 2010 to merely having the technology ready at a reasonable price by then.

Meeting the Bush administration’s goal of replacing fossil fuels with hydrogen will require nearly 90 million tons of the gas a year, according to the Energy Department. Coal and natural gas are possible sources only if they can be exploited with modern energy-conversion processes that do not spew greenhouse gases. Biomass — agricultural crops processed with steam reforming — also has potential if the carbon dioxide byproducts can be contained. Electricity from solar cells and wind turbines can also be used to electrolyze water to hydrogen and oxygen without undesirable byproducts, though it would be a considerable undertaking. The Energy Department estimates that meeting the country’s needs would require more than 160,000 two-megawatt wind turbines. Advanced nuclear energy may be a more attractive option. In the short term, electricity from the 103 nuclear power plants now in operation can be used for electrolysis. The Energy Department is promoting a Nuclear Hydrogen Initiative aimed at demonstrating the commercial feasibility of new nuclear plants that produce hydrogen using high-temperature-electrolysis processes. Such methods are under study in national laboratories. The Energy Department expects that the most promising approaches will be ready for commercial-scale demonstrations by 2020.

One proposal for vehicles — reforming gasoline or methanol on board, rather than waiting for a hydrogen supply network to be built — has been considered by DaimlerChrysler and G.M. The cost and complexity of such mobile chemical plants has, for now at least, sent them back to the research labs. 

Clearly, the hydrogen highway will be a toll road, not a low-cost, happy-go-lucky thoroughfare. All of these technologies, and probably others yet to be discovered, will be required to energize a hydrogen future. But Americans can take solace in this: The journey to a clean, secure and possibly more efficient future has begun.
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