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Changing the way 
we think about 

farm fuels.
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Background

• My Grandparents on 
their farm shortly after 
their marriage in 1912.

• Field activities were 
powered by horses.

• My Grandfather 
purchased his first 
tractor in 1922.
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Background

• My 52 year career at 
Caltech’s Jet Propulsion Lab:
– Responsible for assembly of 

first spacecraft to fly by 
another planet, Venus, in 
1962.

– Worked on mechanical parts 
of spacecraft that went to all 
the planets
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Background

• My father was an advocate for replacing fossil fuels with 
hydrogen.

• As a memorial to him after my retirement in 2009, I started 
working on my Solar Hydrogen System on the 320 acre 
Iowa farm where he was raised.

• I funded the work and it is now a 501 (c)(3) charity.
• We make demonstration amounts of Hydrogen, Nitrogen, 

and Ammonia and use it to fuel a tractor or fertilize corn 
cropland.



Hydrogen Energy Needed
• Each year half of the acreage is corn and half is 

soybeans.
• About 5 gallons/acre of diesel are needed 

annually to raise and harvest corn and 2/3’s that 
for beans.

• The farm operator said half was needed for 
planting and half for harvesting.

• The fuel needed for motive power is equivalent 
to the energy in 3000 lbs. of hydrogen.

7



Hydrogen Energy Needed
• The growing season is about 150 days, I 

needed to make 10 lbs. of Hydrogen a day. 
• I figured I could make the other 1500 pounds 

for planting over the next 215 days.
• 80 composite tanks were needed to store          

hydrogen and 77 Kw of solar panels needed.
• I decided to install a 10% demonstration 

system.
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Hydrogen Energy Needed
• The system was sized to make hydrogen fuel.  
• The tractor was designed to be fueled with either 

hydrogen or hydrogen/ammonia.
• Several years into the project I decided to also 

generate nitrogen and ammonia.
• The corn cropland is fertilized with ammonia 

containing about 5500 lbs. of hydrogen.
• I now have a carbon emission free fuel and fertilizer 

generation system.  
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Tractor Development Chronology
• 2009

– I could not locate a hydrogen fueled diesel tractor or find 
an affordable fuel cell to install in a tractor.

– The Iowa Hydrogen Engine Center agreed to install an 
engine in a tractor fueled by hydrogen or by 
hydrogen/ammonia (NH3).

• 2010
– Purchased tractor, fuel storage tanks, and fabricated 

tank support structure. 
– Delivered tractor for engine installation
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Tractor Development Chronology
• 2015

– Demonstrated the Hydrogen and Hydrogen/Ammonia 
fueled Tractor at Chicago Argonne Ammonia Fuel 
Conference.

• 2018
– Started work on Tractor fueling and ignition upgrades.

• 2021
– Completed upgrades and Dyno tested tractor while 

tuning to get maximum horsepower.
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Ammonia as a Fuel

• Energy content of liquid fuels:
– Diesel 130,000 Btus/gal
– Gasoline 115,000 Btus/gal
– E-85 82,000 Btus/gal
– Ammonia 46,000 Btus/gal

• The energy in a Kg of Hydrogen gas is equivalent to that in 
gallon of gasoline

– .45 gallon of gasoline contains the energy in a pound of H2.



Ammonia as a Fuel
• Our ammonia generation system is 27% 

efficient. 
– 50.5 Kwh of energy makes a gallon of ammonia 

(46,000 Btu or 13.5 Kwh.

• Energy consumed to make ammonia:
– 64% to make hydrogen.
– 23% to make nitrogen.
– 12% to make ammonia and powering the controls.
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Ammonia as a Fuel

• Safety
– Ammonia is not flammable, other fuels are.
– Ammonia is hazardous.

• As a liquid it will cause skin burns and eye damage.
• As a gas it causes lung damage

– If spilled, vapors rise like smoke.
– 5 parts/million can be smelled, 50 parts will be hazardous.

• If smelled, vacate the area until safe to return.

– Farmers are used to applying ammonia.
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Ammonia as a Fuel
• Ammonia is an excellent 

hydrogen carrier.
• The 60 gallon 200 psi liquid 

ammonia tank carries the 
energy in two of the 10 ft. 
long composite 3000 psi 
hydrogen gas tanks.

• Better engine performance 
when fueled with ammonia & 
hydrogen than with hydrogen.
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Tractor Description

• 9.4 Liter V-8 Internal 
Combustion Engine.

• 13.5:1 Compression 
ration.

• Transmission limits RPM to 
2400 max.

• Hydrogen is injected into 
each spark ignited 
cylinder.
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Tractor Description
• The tractor under 

performed so we 
modified the fueling 
and ignition 
components. 

• The two injectors in 
throttle body injects 
liquid NH3 into the 
inlet manifold.
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Tractor
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Farming in the Future

• Electricity will be generated using wind, solar, and 
hopefully nuclear power.

• Electrical energy will generate hydrogen, and I also 
believe: ammonia, from water and air for fuel and 
fertilizer.

• Local co-ops will convert energy for farming use.
• The world needs energy solutions that will be applicable 

100 and 200 years from now, not just in our lifetime.



Farming in the Future
• Long term viability of battery and fuel cell powered 

equipment is not apparent to me.
– Insufficient materials to make batteries and fuel cells for 100 

million vehicles a year in the future.
– Availability of electrical power to fuel vehicles.
– Infrastructure must be developed to provide electrical and 

hydrogen gas storage for millions of vehicles.
– Winter performance and personnel space heating is limited.
– Current fuel cell life is limited.
– Hydrogen leaks.
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Conclusion
• I planned to use hydrogen as a fuel, and found that 

ammonia combined with 10% hydrogen is a better 
tractor fuel.
• The storability, safety, and engine performance benefits out 

weigh the 50 percent increase energy needed to make 
ammonia. 

• My self contained system demonstrates that with 
today’s technology, carbon emission free fuel and 
fertilizer can be made from available raw materials 
and equipment; using air, water and renewable 
energy.
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Conclusion
• 100 years ago my grandfathers used horses to farm 

the land.
• I believe materials for batteries and fuel cells will be 

scarce in the distant future. 
• Carbon emission free hydrogen and ammonia fueled 

internal combustion engines should continue to be 
used.

• If we do not have alternate energy conversion 
capabilities, we will be back to using horses to farm. 
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Comments 

• Find more about the system at:
– www.solarhydrogensystem.com

• Appreciated GoFundMe contributions are made at:
– www.solarhydrogensystem.com/donate

• If you have comments/questions or want to visit the 
site, I can be reached at:
– jdsnrs@aol.com
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