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Bottom LineBottom Line
Based on the results of a highly credible
comparative quantitative risk analysis (CQRA)
and decades of widespread acceptably safe
usage of NH3, it is a fact  that NH3 would be
safer than propane and as safe as gasoline
when used as a transportation fuel.



Side Issues - MethamphetamineSide Issues - Methamphetamine

Ammonia                                          NH3

Ephedrine and Pseudoephedrine      C10H15NO

Methamphetamine                            C10H15N

There are several ways to make methamphetamine without
NH3.  There are no ways to make methamphetamine without
ephedrine or pseudoephedrine.  Regulate the cold medicine
properly and eliminate the meth. problem.



Ammonium Nitrate - Scapegoat?Ammonium Nitrate - Scapegoat?

VOC’s + NOx + O2 + Sunlight = ozone = smog+
NOx + H2O + ammonia = ammonium nitrate = smog-
If the NOx doesn’t form ammonium nitrate it goes to
ozone (worse)

Fossil fuels (the source of NOx ) plus fugitive NH3
emissions from animal feed lots are the problem, not
NH3 fuel.  NH3 is actually used to clean up NOx
emissions at coal plants



Health And SafetyHealth And Safety
 NH3 is classified by DOT as a non-flammable liquid and

an inhalation hazard (not a poison)
 Iowa Energy Center funded comparative quantitative risk

assessment (CQRA) study completed in March 2009,
Quest Consultants Inc., Norman, Oklahoma

 “Safety assessment of ammonia as a transportation
fuel”,  Nijs Jan Duijm, Frank Markert, Jette Lundtang
Paulsen, Riso National Laboratory, Denmark, February
2005

 WWI (Fritz Haber)
 Terrorists
 Ammonia plant operators
 Ammonia safety is an engineering issue.  It can be made

to be as safe as is necessary.  It is safer than propane
and as safe as gasoline when used as a transportation
fuel.

 Shelter in-place, escapability



Health And SafetyHealth And Safety

 DOE white paper
 Recent email paper
 Escapabilty



On-Board Vehicle Fuel TankOn-Board Vehicle Fuel Tank
Risks Not AnalyzedRisks Not Analyzed

Source: Quest
Consultants Inc.



Conservative (on the Safe Side)Conservative (on the Safe Side)
ApproachApproach

Source: Quest
Consultants Inc.



Three Ways to ExpireThree Ways to Expire

1. Fires – torch, flash and pool

2. Vapor cloud explosions

3. Exposure to hazardous gas



Acceptable Risk LevelsAcceptable Risk Levels

Source: Quest
Consultants Inc.



Acceptable Risk LevelsAcceptable Risk Levels

Source: Quest
Consultants Inc.



Ammonia Storage & TransportAmmonia Storage & Transport



Ammonia Storage & TransportAmmonia Storage & Transport
ModelModel

Chilled NH3:

1. bulk storage

2. truck transport and

3. refueling station storage



Fuel Station LayoutFuel Station Layout



NH3 Refueling Station



Safe NH3 Refueling StationSafe NH3 Refueling Station
StorageStorage

Source: Quest
Consultants Inc.



Other Other ““Super SafeSuper Safe”” NH3 Storage NH3 Storage
OptionsOptions



Radiant Heat HazardsRadiant Heat Hazards
(Gasoline and Propane)(Gasoline and Propane)

The choice of thermal radiation flux levels is influenced
by the duration of the fire and the potential time of
exposure to the flame by an individual.  All combinations
of incident heat flux (I) and exposure time (t) that result in
equal values of “radiant dosage” (t x I 4/3) produce equal
expected mortality rates.  An exposure time of 30
seconds was chosen for this analysis for torch fires and
pool fires.  People who are exposed to radiant hazards
are aware of the hazards and know in which direction to
move in a very short time period.



NH3 Concentration/ExposuresNH3 Concentration/Exposures

Source: Quest Consultants Inc.



Thermal RadiationThermal Radiation

Source: Quest Consultants Inc.



Thermal Radiation Thermal Radiation ProbitProbit
RelationsRelations

Source: Quest
Consultants Inc.



Very Important!Very Important!
Assumed Exposure TimeAssumed Exposure Time

The assumed minimum exposure time for thermal radiation risks
was 30 seconds.  30 seconds was chosen based on the
assumption that a normal human reaction to high intensity thermal
radiation is to quickly react and move away as quickly as possible.

The assumed minimum exposure time for NH3 inhalation was
assumed to be 5 minutes.  The assumption was that normal human
reactions would not result in recognizing and moving away from an
NH3 hazard as quickly as from a thermal radiation hazard.   The
mathematical model used also had some characteristics that made
it inaccurate at exposure times of less than 5 minutes.  Practical
experience shows that escape from NH3 vapor clouds is probably
as enthusiastic and  immediate as escape from intense thermal
radiation.  (Smelling salt.)



NH3 NH3 ProbitProbit Relations Relations

Source: Quest
Consultants Inc.



CQRA Study CQRA Study –– NH3, Propane, Gasoline NH3, Propane, Gasoline
Transport TrucksTransport Trucks

Source: Quest
Consultants Inc.



Comments on Truck TransportComments on Truck Transport

Truck transport of NH3 is very safe.



CQRA Study CQRA Study –– NH3, Propane, Gasoline NH3, Propane, Gasoline
Refueling StationRefueling Station

10-6

10-6

10-6

Source: Quest
Consultants Inc.



Refueling StationRefueling Station
NH3 is shown to be safer than propane and  very
comparable to gasoline at a properly designed
refueling station.  It must be noted that in the
Quest CQRA a 5 minute exposure time is used for
NH3 while a 30 second exposure time is used for
flame thermal radiation from gasoline and propane.
Practical experience has shown that it is normally
relatively easy to quickly identify and escape from
a NH3 release.  Note that a 10 -6 probability of a
fatality is generally accepted world wide.



NH3 Safety LiteratureNH3 Safety Literature
“Comments on Potential Roles of Ammonia in a Hydrogen Economy – A Study
of Issues Related to the Use of Ammonia for On-Board Vehicular Hydrogen
Storage,  Peter J. Feibelman1 and Roland Stumpf2, Sandia National Laboratories*

“Safety assessment of ammonia as a transport fuel”, RISO National Laboatory,
Denmark, 2005

”Comparative Quantitative Risk Analysis of Motor Gasoline, LPG, and
Anhydrous Ammonia as an Automotive Fuel” was conducted by Quest
Consultants Inc, Norman, Oklahoma.

“Effectiveness of Common Shelter-in-Place Techniques in Reducing Ammonia
Exposure Following Accidental Release”, Center for Toxicology and
Environmental Health, April 2009.

“Potential Roles of Ammonia in a Hydrogen Economy”, U.S. Department of
Energy, February, 2006.


