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Low-emission ammonia offers food and climate solution

Stuart Licht’s team is working on new ammonia
production technology in its ‘Solar Thermal
Electrochemical Production' approach © AAAS

Chemists in the US have discovered a low cost way to make ammonia that could help feed the world’s
growing population without contributing to global warming. Stuart Licht’s team at George Washington
University in Washington, DC, has produced ammonia directly from electricity, air and steam. ‘Unlike the
conventional process, which has a massive carbon footprint, this produces ammonia for fertiliser without CO
emissions,’ says Licht.

Ammonia has transformed our world, helping grow more food, but also adding greenhouse gases.
Developed in the early 20  century and still dominant, the Haber process produces it by reacting nitrogen
– the major constituent of Earth’s air – with hydrogen using a catalyst like iron. That takes high temperatures
and pressures, using around 2% of the world’s energy. Today the hydrogen comes from reacting methane –
around 3-5% of the total consumed – with steam, which also produces vast amounts of carbon dioxide.  

In recent years Licht’s team has developed ‘Solar Thermal Electrochemical Production’ (STEP), avoiding
CO  emissions in various processes, such as cement and iron manufacturing. One part of this work has
been producing hydrogen from water by passing electrical current through molten salts like sodium
hydroxide. Licht then read about a fuel cell made by Jason Ganley at Colorado School of Mines that
generated electricity by reacting ammonia with air in molten hydroxide. The George Washington researchers
first tried simply reversing that cell, without success. ‘A key to ammonia production was the addition of nano-
iron oxide,’ Licht says.

Whereas previous attempts based on electrolysing water and air converted less than 1% of the electricity
used to ammonia, the new approach converts 35%. ‘Less than 100% efficiency is not necessarily a loss to
the process,’ Licht stresses. ‘In this case you consume current to co-generate hydrogen, which is a useful
fuel.’ However, the iron oxide catalyst clumped together after a few hours’ use, dramatically reducing the
cell’s efficiency, although Licht’s team is already preparing to publish a more stable design. 

As well as avoiding direct CO  emissions by getting hydrogen from steam not methane, energy consumption
is two-thirds that of the Haber process. Licht expects to reduce this further and has also incorporated the
approach into a system exploiting thermal energy collected from the Sun. 

Ganley, who has previously worked with Licht but not on this study, says it could have ‘far-reaching benefits’.
‘The electrolyte is very inexpensive and highly conductive, and the reactants are carbon-free,’ he explains.
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http://www.rsc.org/chemistryworld/more/?author=90
http://chemistry.columbian.gwu.edu/stuart-licht
http://www.sciencemag.org/lookup/doi/10.1126/science.1254234
http://www.rsc.org/chemistryworld/2014/07/first-world-war-chemistry-wwi?q=node/3031
http://pubs.rsc.org/en/Content/ArticleLanding/2010/CC/C0CC01594F#!divAbstract
http://chemeng.mines.edu/faculty/jganley/
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Turning Carbon Dioxide Into Bioplastics: 2 Birds With 1 Stone? 
One chemist says he can slash atmospheric carbon dioxide to 
preindustrial levels in a decade, harnessing the sun's power to 
make useful products at the same time. 
 
by Elizabeth Svoboda 
published online August 1, 2011  
 
 
Stuart Licht's STEP (Solar Thermal Electrochemical Production) 
process uses solar energy to break down atmospheric CO2 and 
other compounds into their constituent elements. These 
elements would ultimately be recombined to make plastics and 
fuel. 
At the heart of the STEP (pdf) process is an electrolysis cell, a 
device that uses electricity to break down chemical compounds. 
A prototype version of the cell, consists of two electrodes—
positively and negatively charged—submerged in a chemical 
bath containing the target compound. When electric current 
passes through the cell, positively charged ions from the 
compound are attracted to the negative coil and negatively 
charged ions are attracted to the positive coil, splitting the 
material and yielding its constituent elements along with new 
compounds. 
The hotter the contents of the cell, the less voltage required to 
initiate this reaction. Using heat from an external solar array, 
Licht, who's based at George Washington University, can raise 
the temperature so high that only a minute electrical current, 
supplied by solar photovoltaic cells, is needed to split the 
compounds. When carbon dioxide is fed into the cell, electricity 
splits it into oxygen and solid carbon or carbon monoxide gas 
that could then be used to manufacture many different products 
and fuels. 
Scientists have been watching Licht's progress closely. "It's an 
interesting approach to using the sun for manufacturing and fuel 
production," says Ellen Stechel, manager of concentrated solar 
technologies at Sandia National Laboratories. "But can it be 
cost-competitive?" Because of the cell's simplicity, Licht says, 
the answer is yes. If he could construct STEP solar arrays 
dispersed across 4 percent of the Sahara, he would be able to 
convert 92 billion tons of carbon dioxide into solid carbon each 
year. At that rate, he could eliminate one-tenth of all the carbon 
dioxide released since the Industrial Revolution in a single year. 







STEP:  
 A different solar energy conversion process 

 
Solar Thermal Electrochemical Photo 

generation of energetic molecules 
 

 



 

First was chemistry, then came writing. 
Illiterate by definition, prehistoric people 
had nevertheless been producing their 
bronze and iron tools for several 
centuries before they figured out that 
writing too was an important step forward 
for humanity. Extraction of iron was 
carried out by heating its ores 
(magnetite, Fe3O4, and hematite, Fe2O3) 
over a charcoal fire. Carbon reduces 
Fe(II) and Fe(III) by combining with 
oxygen to release CO2; this forms an 
Fe(0) rich solid. Since then, we replaced 
charcoal with carbon coke but we 
essentially produce steel and cast iron in 
the same way. 

As the metallurgic industry is one of the 
main sources of atmospheric CO2, a novel 
technological approach would be a most 
needed breakthrough. 

Research in this direction has taken Prof. 
Licht at George Washington University 
(USA) to develop a solar thermal 
electrochemical photo (STEP) process, as 
it has been called, that drives iron 
deposition at the cathode of an 
electrolytic cell in which the iron ore is 
dissolved in molten Li2CO3 (m.p. 723 °C) 
heated at 800°C. 

Visible light is used to power a 
photovoltaic cell whose circuit is closed 
by the electrolysis of the Fe ore. In a 
testing device, 800 mg of Fe were 
collected at the cathode following a 0.5-A 
6-e– electrolysis of Fe2O3 for 2 hours. 
If the scaling-up does not present major 
hurdles, STEP process, could potentially 
reinvent the way we have been producing 
iron-based tools for the last 5000 years 
or so. 

[“High Solubility Pathway for the Carbon 
Dioxide Free Production of Iron”, S. Licht, 
B. Wang, Chem. Commun. 2010, 46, 
7004.] 

Departmental page of Prof. Stuart Licht at George 
Washington University (USA) 

Papers of the same authors on related topics 
“A New Solar Carbon Capture Process: Solar 
Thermal Electrochemical Photo (STEP) Carbon 
Capture”, S. Licht, B. Wang, S. Ghosh, H. Ayub, D. 
Jiang, J. Ganley, J. Phys. Chem. Lett. 2010, 1, 
2363. 

“STEP (Solar Thermal Electrochemical Photo) 
Generation of Energetic Molecules: A Solar 
Chemical Process to End Anthropogenic Global 
Warming”, S. Licht, J. Phys. Chem. C 2009, 113, 
16283. 

Sept. 23, 2010 
http://beautifulphotochemistry.wordpress.com/2010/09/23/the-iron-age-reinvented/#more-1586
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Erasing carbon’s footprint with sunshine  
Hank Hogan, Contributing Editor, hank.hogan@photonics.com 

The key to rolling back climate change could be the sun, according to George Washington University researchers who have 
demonstrated a carbon capture process that promises to use solar power to remove carbon dioxide from the air. As a bonus, the 
technique could generate a profitable product. 

“Because the process simultaneously uses both solar thermal and solar visible, it captures and uses more solar energy than solar 
cells, and it removes and converts carbon dioxide into a useful form,” said Stuart Licht, a chemistry professor at the university’s 
Columbian College of Arts and Sciences in Ashburn, Va. 

Licht was lead author on a Journal of Physical Chemistry Letters paper published online on Aug. 18, 2009, describing the process, 
which the researchers dubbed solar thermal electrochemical photo, or STEP, carbon capture. It has a carbon dioxide capture 
efficiency of up to 50 percent; i.e., as much as half of the energy in sunlight can be used to remove CO2 from the air. 

The end product is solid carbon or carbon monoxide. The latter could be used as feedstock for synthetic jet, kerosene and diesel 
fuels as well as for plastics and medicine. The revenue derived from selling such feedstock or the solid carbon could change the 
economics of combating rising CO2 levels, making mitigation much more attractive. 

In a demonstration of the new carbon capture technique, the investigators bubbled CO2 through an electrolysis cell filled with 
molten lithium carbonate. They used concentrated solar thermal, or infrared, energy to heat the cell to a temperature above the 
723 °C melting point of the material, forcing the temperature as high as 950 °C. They used photovoltaics to convert the visible part 
of sunlight into electricity that drove the electrochemical reaction. 

 
Sunshine powers an electrolysis cell (right) that turns atmospheric CO2 into solid carbon 
(left) or carbon monoxide. Courtesy of Stuart Licht, George Washington University. 
Reprinted from the Journal of Physical Chemistry Letters. 
 
The high temperature decreased the energy required for that reaction. What’s more, the 
output of that reaction depended upon the temperature. 
 
In their demonstration, the researchers plated out solid carbon on the cathode of the 
electrolysis cell at temperatures as low as 750 °C. At higher temperatures, the amount of 
solid carbon decreased and the production of gaseous carbon monoxide increased. At 950 
°C, only the gas was produced. 
 
Because the technique is highly immune to poisoning effects, it could be used to directly 
treat the waste stream coming out of a smokestack, something that Licht noted was not 
possible with other proposed carbon capture methods. 

Calculations showed that it is feasible with STEP carbon capture to reduce CO2 in the atmosphere to preindustrial levels within 10 
years. There is enough annual lithium carbonate production to do this, although it would require a significant fraction of the world’s 
output. Roughly 700 km2 of photovoltaics would be needed. How long it would take to remove the CO2, Licht said, depends on the 
commitment to capturing carbon. 

The technique also could use potassium carbonate, of which there is a much larger potential supply than there is of lithium 
carbonate. The downside is that using potassium would require higher electrolysis potentials and would therefore be not as 
attractive as the lithium alternative. 

The STEP method also could reduce atmospheric CO2 in other ways. Licht and his team showed in a Chemical Communications paper 
published online on Aug. 23, 2010, that a variation of the STEP technique can produce pure iron from two common ores, hematite 
and magnetite, without emitting carbon dioxide. This approach could significantly reduce the estimated 6.8 trillion tons of CO2 
emitted each year by the iron industry. 

Licht said that the group welcomes commercial or governmental inquiries about the STEP technique. He added that the method can 
be used for environmentally benign generation of fuels, a process that requires teaming it up with solar-energy-produced hydrogen. 

Noting that the extraction of CO2 from the air is the culmination of efforts stretching over 20 years, he said, “Until now, it has been 
a challenge to convert the stable molecule carbon dioxide into a useful product and remove it from the atmosphere. It is exciting to 
watch carbon dioxide be bubbled into the STEP process and be easily converted into solid carbon. 



 
Using solar energy to power the 
hydrogen economy of the future 
 
June 6, 6:43 PM  Varun Saxena 
 
Hydrogen has the potential to solve the world's energy 
crisis. It is energetic and abundant, and hydrogen fuel 
does not emit Carbon Dioxide. Technical and economic 
challenges have prevented hydrogen from becoming a 
major source of the world's energy in spite of its 
promising qualities. But that could change soon. 
Chemistry Professor Stuart Licht, of George Washington 
University, and his research team are attempting to 
perfect a promising method of hydrogen energy 
production: the solar thermal electrochemical photo 
conversion of energy, or STEP process, for short. He 
presented his research at George Washington's annual 
Solar Symposium, held on April 19th, 2010.  
 
Why is hydrogen fuel the best choice for meeting 
our transportation demands? 
If produced in a sustainable manner, hydrogen fuel is 
superior to its competitors. Electric cars are constrained 
by the limitations of the battery and six percent of the 
energy that is produced is lost on the electrical power 
grid, according to Licht. Biofuels are an inefficient form of 
energy production. Their solar to fuel energy efficiencies 
are less than ten percent. Because of the limitations of 
photosynthesis, the crops contain about ten percent of 
the energy that they absorb from the sun, and even 
more energy is lost during the production of biofuels. In 
addition, growing feedstock for biofuels pits fuel 
production against food production, and results in the 
loss of wilderness.  
 
Why is the STEP process better than other methods 
of producing hydrogen fuel? 
Ninety percent of the hydrogen that is produced is 
derived from fossil fuels, which results in carbon dioxide 
emissions. Using solar power to produce hydrogen 
results in no carbon dioxide emissions. The two methods 
of producing hydrogen fuel with solar power are the solar 
thermal method and the solar photovoltaic method. The 
former method involves heating water up to very high 
temperatures until it breaks down into its component 
elements, hydrogen and oxygen. It is technically 
challenging because the elements tend to recombine 
when they are brought down to lower temperatures. 
Many reactions must be performed in order to separate 
hydrogen from oxygen so that they do not recombine. As 
a result, over 90% of the initial energy input is lost. 
Similarly, the solar photovoltaic method is only 10 to 
20% solar to hydrogen fuel efficient. It involves using a 
traditional solar photovoltaic cell to produce electricity, 
which then splits water. The STEP process can separate 
hydrogen from water at efficiencies above 30%.  

 
 
 
 
 
 
How does the STEP process work? 
Unlike the competing methods, the STEP process uses 
the entire solar spectrum. Dialetic beam splitters, 
described by Licht as “hot mirrors,” split solar energy into 
two components, the visible spectrum (employed by the 
solar photovoltaic method) and the invisible, or thermal 
spectrum (which is employed by the solar thermal 
method). The thermal energy is used to heat an 
electrolysis chamber to molten temperatures, and the 
visible portion is used to produce electricity to split the 
water. When the electrolysis chamber is heated, the 
amount of energy needed to split water falls from 1.2 to 
.7 volts. Silicon based solar concentrators can generate 
.8 volts of electricity, enough to split the water at high 
temperatures. 
 
Because it is a relatively efficient process, and requires a 
lower voltage to split hydrogen, the STEP process is 
more cost competitive than competing methods of 
hydrogen production. According to Licht, independent 
studies confirm that the STEP process can produce 
hydrogen at less than half the cost of competing water 
splitting technologies. As a result, Licht’s research team 
and partner company Lynntech have signed a contract 
to built STEP hydrogen generators for the US Air Force. 
“We can envision someday, a solar hydrogen process in 
which we might have STEP hydrogen generators 
generating hydrogen for cars,” Licht proclaimed. 
  
Can the STEP process “split” other molecules? 
Yes. The STEP process can be used to create carbon 
monoxide (CO) from carbon dioxide (C02). The energy 
needed to split carbon dioxide falls faster than that of 
water at increasing temperatures, and the result is that 
carbon monoxide can be created at efficiencies of over 
fifty percent using the STEP process. Carbon monoxide 
and hydrogen can be used to make synthetic diesel, and 
at a lower cost than conventional diesel. Currently 
synthetic diesel is produced in South Africa. But when 
coal is converted to carbon monoxide, carbon dioxide is 
a byproduct. Because the STEP process uses only solar 
energy, and pure carbon dioxide is used as the input, it 
can produce synthetic diesel without increasing green 
house gas emissions.  
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The Key to Cleaner Fuel Cells? It's in the Water  
 
FUEL-CELL-POWERED CARS and trucks promise to relegate today's  
pollution-belching engines to the scrap hep7ap. Bigger fuel cells could do  
the same for coal-fired power plants and industrial furnaces. To get the  
maximum environmental benefit, though, fuel cells should be fed hydrogen  
fuel, not gasoline, natural gas, or the other alternatives used by most  
of the fuel cells now on the market or under development. Chemically  
converting hydrogen into electricity with a fuel cell produces no  
pollution, only water. 
 
Unfortunately, there's scant infrastructure for distributing hydrogen,  
so it isn't practical for cars. But suppose the gas could be produced  
locally, on demand, from ordinary water. Splitting water molecules into  
hydrogen and oxygen has long been possible--just not economical. Now, a  
small Israeli-German-Japanese research team led by Stuart Licht, a  
professor of chemistry at the Technion-Israel-Israel Institute of  
Technology in Haifa, is closing in on what could be a commercially  
feasible way to tap water for its hydrogen--by using sunlight. 
 
Licht's team reports in the Sept. 14 issue of the Journal of Physical  
Chemistry B that it has developed a system based on a photovoltaic  
device, or solar cell, that is 18.3% efficient at splitting water  
molecules. That's a 50% improvement over the previous best--and might be  
on the threshold of being viable for the corner filling station. But if  
18.3% won't do the trick, the researchers believe further refinements  
could substantially boost the efficiency of their water-splitter,  
perhaps to as much as 31%. 
 



 



       














