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he use of hydrogen as energy has fascinated people 
for years. In 1839 Sir William Grove built the first 
fuel cell – just 39 years after Allessandro Volto 

invented the battery. This was also the same year that the 
photovoltaic effect was discovered; however, like fuel cells, 
automakers have only begun taking solar power seriously 
as an vehicular power source in the past five to ten years. 
Fuel cells are essentially a battery that can be refilled rather 
than recharged, and can run on fuels other than hydrogen, 
provided they contain hydrogen – this includes natural gas, 
methane, and alcohols such as ethanol. 

According to a report entitled, “State of the States: Fuel 
Cells in America 2015,” commissioned by the Department 
of Energy (DOE) and authored by the Fuel Cell & Hydrogen 
Energy Association (FCHEA), global annual fuel cell 
sales in 2014 totaled $2.2 billion. Per a fact sheet put out 
by the Environmental and Energy Study Institute (EESI), 
this is an increase from $1.3 billion in 2013, with sales 
predicted to reach $3 billion by 2020. U.S. manufacturers 
currently dominate this market, as 140 megawatt of the 
180 megawatt worth of fuel cells installed in 2014 shipped 
from American suppliers. Stationary fuel cells are a large 
driver of this growth; South Korea and the U.S. have the 
largest share of stationary fuel cell systems, while Japan 
has the most residential fuel cells installed. Growth in 
Western Europe is also pronounced, as that region strives 
to reduce its carbon emissions. 

Advantages

Using hydrogen fuel cells for power has a number of 
potential advantages. According to the DOE/FCHEA 
report, fuel cells have very low or zero emissions, are quiet 
and reliable (unlike combustion engines, fuel cells have no 
moving parts), they are efficient and flexible in where they 
can be used, and use very little water in their operation, 
among other benefits. The report goes on to laud fuel cells’ 
scalability, in that they can meet power needs ranging 
from a few watts to multi-megawatts. They can be used 
to provide primary or backup power, and are compatible 
with solar, wind, batteries and other renewable and 
conventional energy technologies. Hydrogen-powered 
cars represent one of the most often-cited applications of 
fuel cell technology, and one that excites many people. 

Fuel cells used in vehicles can be refueled in 3-5 minutes, 
which is much faster than recharging the batteries in 
EVs, which can take several hours. Batteries can only be 
recharged a limited number of times before they need to be 
completely replaced, and that count can be severely reduced 
by supercharging, which shortens charge time from several 
hours to a more manageable half hour.

Fuel cells do not emit pollution when run on pure hydrogen, 
however emissions can vary depending on how that 
hydrogen is extracted and stored. A 2005 joint study by 
General Motors Corporation, Argonne National Laboratory, 
and Air Improvement Resource, Inc. researchers estimated 
that emissions of fuel cell electric vehicles running on 
renewable hydrogen were almost 100 percent lower than 
those of conventional gasoline vehicles. That same study 
estimated that when running on hydrogen extracted 
from natural gas (the most common source) fuel cells’ 
greenhouse gas emissions are about 50 percent lower than 
that of combustion engines.

In a 2016 University of Michigan study, researchers noted 
that there are two ways of producing hydrogen energy, 
which both use electricity from the grid. One is a chemical 
process involving fossil fuels called steam reformation; 
the other uses electricity to split water into hydrogen 
and oxygen and is called electrolysis. These have varying 
environmental impacts. The study estimated the average 
greenhouse gas (GHG) emissions for electric vehicles to 
be lower than emissions from both internal combustion 
and hydrogen fuel cell vehicles. According to the study, the 
average well-to-wheels emissions for electric vehicles is 214 
g/mi, fuel cells emit 260 to 364 g/mi (depending on whether 
the fuel used is gaseous or liquid hydrogen) and internal 
combustion engines have average emissions of 356 g/mi to 
409 g/mi, depending on the type of fuel injection system 
used.

Fuel cells are more energy-efficient than combustion 
engines, have more energy density than a battery of a 
similar size. According to a fact sheet published by the 
EESI, a fuel cell-equipped electric car could generate 
enough energy to power a typical U.S. household for two 
days, something a standard battery could not do. Fuel cell 
systems are also considerably lighter than the comparable 
battery systems, even when the storage support system for 
the hydrogen is taken into account.
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Fuel cell vehicles have longer range than electric, with an 
average of 289 miles vs. 110 miles on a single charge or fill-
up. Internal combustion, however, beats both of those with 
an average of 418 miles. While average economy is better 
for electric vehicles than fuel-cell powered vehicles (105.2 
mpge vs. 58.5 mpge), both are more efficient than internal 
combustion engines, which have an average of 23.3 mpg. 

Current consumer applications of hydrogen are still fairly 
limited, but have considerable potential. According to the 
EESI, portable fuel cell systems can be used to recharge 
or directly power consumer electronics such as laptops 
or smartphones. In addition, hydrogen fuel cell-powered 
vehicles have a number of advantages over gas- or electric-
powered vehicles. 

While consumer use of hydrogen energy is not yet 
widespread, industrial and corporate use is common 
and gaining traction. According to the DOE/FCHEA 
report, Apple, Google, Coca-Cola, and other Fortune 500 
companies have adopted fuel cell technology. Walmart 
uses fuel cells to power 2,800 of the company’s forklifts at 
multiple warehouses. Stationary fuel cells generate power 
for 44 Walmart and Sam’s Club retail stores in California 
and Connecticut. 

Food service company Sysco utilizes a fleet of 800 fuel 
cell-powered forklifts at seven warehouses. AT&T uses 
stationary fuel cells to power almost two-dozen data and 
call centers, and as backup power for hundreds of cell 
phone towers.

Disavantages

So, if hydrogen fuel cells present all these amazing benefits, 
why haven’t they taken over the energy field? 

Hydrogen cars present great promise; yet, as of 2016 there 
were only two fuel-cell electric vehicles (FCEVs) available 
on the market: the Toyota Mirai and the Hyundai Tucson. 
A third, the Honda FCX Clarity, was produced starting in 
2008 but was discontinued in 2014. These vehicles are and 
were much more expensive than conventional alternatives 

– the Mirai has an MSRP of $57,500 before any government 
incentives, compared with $24,685 for a conventional-
hybrid Prius. In addition, those vehicles have only been 
offered to customers residing in certain areas of California, 
due to the lack of significant refueling infrastructure in 
much of the country.

The problem of the lack of fueling infrastructure is 
something of a “chicken-or-egg” conundrum, as without 
a large quantity of FCEVs on the road, it is not a practical 
investment to build hydrogen-fueling stations. However, 
mass adoption of FCEVs will not occur without a significant 
fueling infrastructure. Unlike with battery-powered EVs, 
consumers won’t be able to refuel FCEVs at home. An 
approach similar to what Tesla has adopted – selling EVs 
while installing Tesla-branded supercharger stations across 
the country to power those EVs – may be a way forward. 

Of course, at the advent of gasoline-powered vehicles, 
there was no national infrastructure of gas stations (or 
any interstate or other large paved road network, for that 
matter). If early proponents of gas-powered cars had 
allowed themselves to be dissuaded by those roadblocks, 
then passengers might still be riding horses and taking 
steam trains in order to get to where they need to go.
One other obstacle to mass adoption is the cost of 
production. Many fuel cells are made using platinum, 
which is expensive and rare. According to the EESI, 
however, the quantity of platinum needed has fallen 
dramatically in recent years, and ongoing research and 
development will further reduce this requirement. In 
addition, not all types of fuel cells require expensive 
catalysts such as platinum.

While hydrogen is the most abundant element in the 
universe, it does not exist in a pure state on Earth and 
must be derived from water or from hydrocarbons. This 
process is energy-intensive and sometimes done through 
the use of fossil fuels; however, its impact can be mitigated 
by the use of renewable energy sources, such as solar or 
nuclear energy, in lieu of fossil fuels. Currently, the more 
environmentally damaging method of extracting hydrogen 
from hydrocarbons such as methane (a fossil fuel) is more 
commonplace. The U.S. already produces a large quantity 
of hydrogen – 3 billion cubic feet per day, or 9 million 
metric tons a year. This is enough to power to 36-41 million 
FCEVs.

Even once the hurdle of producing hydrogen is overcome, 
it will still be difficult to store. It is the lightest element on 
the periodic table, meaning it must be heavily compressed 
in order to fit into a fuel cell or other container. Storing 
hydrogen as a gas requires high-pressure fiber-composite 
tanks; storing it as a liquid, meanwhile, means it must 
be kept incredibly cold. One potential solution is to store 
hydrogen as a component of a hydrocarbon such as alcohol, 
and release it in an FCEV with an onboard reformer. This 
emits some pollution, but substantially less than that 
of a combustion-based engine, according to a fact sheet 
produced by the Union of Concerned Scientists.
 
Conclusion

Hydrogen energy presents unique opportunities to diversify 
the energy portfolio of the United States, and some 
interesting applications for consumers, in particular the 
promise of alternative-fuel vehicles that could solve some of 
the drawbacks of electric vehicles.

Hydrogen fuel cell technology faces some concrete 
technological challenges and barriers to adoption, however, 
as has happened with a myriad of technologies ranging 
from the original gasoline-powered cars to personal 
computers, research and development and technological 
progress eventually lead to solutions to those problems. ◀


