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The Prize – 21st Century
(With Apologies to Daniel Yergin)

A zero carbon fuel
That can be used for transportation and power generation

That is scalable from global chemical to global energy proportions

That is an inherently clean fuel with regard to traditional pollutants and CO2

That has a century long history of large scale handling and use

That is competitive in energy pricing to current fuels

That holds promise for low or no carbon production (through CCS on 

standard technology or advanced technology for renewables or nuclear)

That appears to be within easy reach through optimization of production, 

use and safety regulations
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http://farmfutures.com/mdfm/Faress1/author/252/2014/8/WFertR081914.pdf
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• 2002 – 2010 - $200 - $350

• US Mainland about $100 higher

• 2012 – 2014 - $350 - $ 650

}

}

Price History - Ammonia Industry

http://farmfutures.com/mdfm/Faress1/author/252/2014/8/WFertR081914.pdf
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What Happens with a Growing Fuels Market?
Suppose that there is an active 
market for 300 mm tonnes of NH3 at 
$350/tonne in 10 years…

To displace:

Diesel/Fuel oil at $2.25/gal

LPG at $1.50/gal

Gasoline at $2/gal$350/tonne

• Will there be ammonia to supply such a market?



Scenario Model
• Inputs are tonnes NH3 

and unit costs of fuels.

• Outputs are parameters 

of the scenario and 

relative economics.

• Example parameters –

• # of ammonia plants 

• # of railcars and ship 

cargoes

• MWh of power

• Tonnes of oil, coal, lng

equivalent

• Tonnes of clean water 

from NH3 combustion

• Comparative costs for 

equivalent BTU’s from 

various fuels
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Global LNG

LNG Global trade 2012 was 

equivalent to 600 MM TPA Ammonia

This is equivalent to 4 X current global 

ammonia business.

This is a proxy of low cost, large scale 

natural gas available with capability 

for industrial construction around the 

world for commercial use.

LNG market does not include:

Medium sized resources (< a few 

TCF)

Difficult access to deep port (e.g., 

Alaska)

Political barriers (e.g., US shale gas)



What Happens with a Growing Fuels Market?

• There is low cost, commercializable natural gas available for low cost ammonia 
(especially considering the growing amounts of gas not available for LNG).

Current Global LNG Market
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Alaska LNG Project

Alaska has massive store of low cost gas 

from decades of gas re-injection.

There is a $60-$70 BB, 6 year project 

proposed for building a gas pipeline to 

Anchorage and LNG export to Asia.

10% of the proposed gas would feed 5-6 

North Slope ammonia plants.

This can be done in parallel with gas 

pipeline project, but is much more flexible 

and quicker payback.
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Global Nuclear

Nuclear power plants do not follow load 

(they operate full tilt 24/7).  In general, the 

power overnight is not highly valued and 

seeks big markets at low prices.

If 25% of global nuclear were to be 

converted to ammonia at 65% efficiency, 

this would be equivalent to 65 MM TPA 

ammonia (about 45% of current global 

production.)

This requires commercialization of low 

capital electrolytic production technology.

There are several additional advantages:

Production of fuel for regional grid 

stabilization (e.g., renewables)

Locally controlled DG/CHP with NH3

Arbitrage of NH3/power by the nuclear 

plant.



Overview of Sources (for future development)

• Alaska North Slope

• US Southwest/Fracking in general

• Middle East / North Africa (lowest cost ammonia currently, lots of 

headroom)

• Canada Hydroelectric (10’s of GW of low cost power on contract)

• Iceland (practically unlimited geothermal at 3.7 cents/kwh) 

• Big Wind (depends on low capex electrolysis tech, allows local 

grid stabilization)

• Off Peak Nuclear (depends on low capex electrolysis tech, allows 

local grid stabilization)
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Where Are the Markets?
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New England Gas Demand

New England and Mid Atlantic running 

short of gas and fuel oil for power and 

heating.  Polar vortex put great 

pressure on power production last 

winter.  Problem is getting worse with 

shutdown of coal plants.  

It is very difficult and expensive to 

bring more gas into the region.  10% 

of current gas to the region is 

equivalent about 12 MM TPA 

ammonia (about 14 NH3 plants).

Fuel oil prices are routinely about 

$4/gal now (about 80% more 

expensive than ammonia at 

$350/tonne).

Ammonia can be used for distributed 

generation and combined heat/power 

around the region (energy security, 

urban deployment, grid stability)
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Hawaii resid/distillate

Most of Hawaii’s electricity is generated 

from heavy hydrocarbons.  This is 

expensive (HI power more than 3X cost 

of mainland) and environmentally 

destructive, 35-40 cents/kwh). Hawaii is 

working very hard to reduce 

hydrocarbon reliance (small scale LNG, 

renewables energy efficiency).  

There is great scope for this since 

power is so expensive.  But the 

cheapest way is through ammonia.

Displacing all of HI resid, fuel oil and 

coal about equivalent to 6 MMTPA NH3 

(about 7 plants or 140 cargo ship 

deliveries.)  Ammonia at $350/tonne has 

a fuel cost of 13 cents / kwh (not 

counting credit for CHP from ammonia 

diesel gen sets).
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Hawaii Alternatives Goals

Hawaii’s goal is to have capacity for 4 

MM MWh from Solar, wind and 

efficiency by 2020.

This is equivalent to 1.6 MM TPA 

ammonia. And likely much more 

expensive.
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MidWest LPG Demand

The Midwestern states ran dangerously low of 
LPG for heat and farm use this winter with 
emergency measures required.  Even with 
growing availability of propane from shale oil 
and gas, the infrastructure for delivery and 
storage of propane was strained by high demand 
for drying extra wet crops followed by record 
cold.

Prices rose to $4-5 per gallon (normally around 
$2).  And a lot of people got really cold and mad.  

1/8 of MidWest LPG demand is 1 MM TPA NH3.  
Even at $500 per tonne, ammonia BTUs are 20% 
cheaper than $4/gal LPG.

If ammonia diesel gens were sited on farms and 
neighborhoods, they would produce well-
conditioned power for local use and utility 
offtake at 45% efficiency.  The units are also 
ideally suited for CHP (total efficiency up to 75% 
or so) which can be used for district heating and, 
very importantly, crop drying.

One other huge advantage is countercyclical 
infrastructure use.  The ammonia infrastructure 
is weighted toward winter and spring (for 
planting) and the LPG infrastructure is weighted 
toward summer and fall (for crop drying and 
winter heating).  The ammonia producers might 
be happy to have profitable smoothing of their 
storage and distribution.
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Railroad (displace diesel)

Diesel fuel is the major operating expense 

of long haul rail and is being challenged by 

increasingly stringent environmental 

regulations.

Displacing 20% via blending (or pure 

ammonia) requires about 4.5 MM TPA NH3 

and potentially saves a great deal of 

money. $500/tonne ammonia 20% cheaper 

than $4/gal diesel

This could also substantially assist on 

emissions (NOx, HC, PM). Pure ammonia 

eliminates these emissions (with, at worst, 

simple SCR). Ammonia blends dilutes 

emissions and, likely,substantially reduces 

HC/PM with optimization of engines 

(requires some research).

Much simpler to implement than LNG rail 

(distribution, handling, flexibility for 

operations/arbitrage, fuel sourcing).  For 

example, diesel/LNG blending is not 

practical.  Fuel switching on the same 

locomotive not practical.



Global Markets - Overview

• Alaska (displace diesel across the state, supply Anchorage, alternate 

export market for Alaska gas)

• Hawaii (displace diesel, resid and gasoline across the islands)

• Northeast/MidAtlantic (energy security, grid stability, displace fuel oil)

• Midwest (energy security, grid stability, displace fuel oil/LPG)

• Caribbean (displace diesel, resid and gasoline across the islands)

• Japan (alternative to expensive LNG and coal, replacing nuclear)

• Indonesia (displace diesel, resid and gasoline across the islands)

• China (clean cities, rural access, much easier than gas)

• Europe (energy security, CHP, DG, fertilizer/fuel)

• Africa, South America (ammonia diesel gen, clean cities, rural access)
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Local Energy Station Dispensing 1.75 Mm Gals Per 

Year Of Ammonia

A typical high volume gasoline station can easily 

dispense 1.5 MM gallons of multiple grades of 

gasoline/diesel in a year.  This case examines a 

‘neighborhood’ ammonia energy station of 

approximately the same scale that could provide 

power and heat to the neighborhood (or condo or 

office building) in an urban environment.  This station 

would house a diesel genset/CHP unit running on 

ammonia.  The prototype for this is the MHI MegaNinja 

gas-driven genset (delivered on 40’ trailer, 1.5 MW 

generator operating at 42.5% efficiency, designed for 

combined heat/power taking efficiency up to 75% for 

medium pressure steam/space and water heating and 

adsorptive air conditioning.)

The general complexity of these stations would be less 

than a gasoline station (single grade, dispensed 

almost entirely to the generators instead of retail 

interface with hundreds of transactions to untrained 

public per day).  But tank volume, general regulatory 

requirements and fuel delivery logistics would be 

similar.

The average weekly volume would be about 35,000 

gallons.  We can ‘design’ for 40,000 gal/week peak 

usage.  A typical tank size for ammonia distributors is 

30,000 gallons.  So, with one 30,000 gal tank (installed 

underground for safety, security and ease of 

temp/pressure maintenance), we could operate with 

three a week deliveries from 11,500 gal tank trucks 

(typical size ammonia trucks).  I’m sure the logistics 

can/will be optimized beyond that, but this will do for 

illustration.



• Very rough project costs would be about $1.2 MM for ammonia MegaNinja, $0.1 MM for underground tank, connections 

and land.  Roughly $1.5-$2 MM.

• With these delivery assumptions (1.75 MM gal ammonia/year), a 1.5 MW Meganinja can be supplied 85% of the time (.13/.15).  

The unit would be available 100% of the time (minus maintenance) and could be run at the cost of more frequent ammonia 

deliveries.  We can model this as

• A CHP unit that is integrated into the local electrical grid, sells excess power into the grid and buys power from the grid when

power is offered at below cost/value of local power and heat supply. For example, buying low cost base load power at night from 

utility based on TOD pricing and operating during the day to ease peak power demand on the utility’s peakers)

• Runs 85% of the time routinely (providing 1.5 MW for 7450 hrs for 11,200,000 kwh and 26,000 mmbtu of CHP heat (calculated as 

30% of the mmbtu’s in the 1.75 mm gal of ammonia)).  We will assume conservatively that 15,000 mmbtu of that heat would be 

effectively used or sold.

• At $300/tonne, 1.75 mm tonnes of ammonia costs $1.2 MM

• If we assume New England/Middle Atlantic urban environments, then $0.14 per kwh and $14 per MMBTU are conservative prices 

for residential customers (especially conservative in the winter).  Sales (or avoided costs of gas/power purchases) of the power

and CHP heat from 85% operation at these prices would yield $1.57 MM for power and $0.21 MM for heat for a total of $1.78 MM.

• At $300/tonne ammonia, the fuel cost for power (even rejecting all the CHP heat) is $0.107 per kwh.  So, for the additional 15% of 

the year that kwh are valued at higher than $0.11 per kwh, the generator can be operated for additional profit.  For example, in

New England/Middle Atlantic region, retail electricity prices are uniformly above $0.16 per kwh.   So, if we are running a 1500 kw 

unit for 15% of a year (1300 hrs), we are selling 2,000,000 kwh at a margin of $0.05 (bringing in $100,000 extra revenue).  

• Overview on very rough numbers running the business blind (i.e, selling at average prices, managing CHP heat and extra power 

sales loosely)

• Fuel cost at $300/tonne - $1,200,000

• Revenues from 85% base operations (contracted at conservative prices) - $1,780,000

• Opportunistic sales of power for other 15% of generating capacity – $100,000

• Operating margin of $680,000 to cover capex/opex/profit.
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• Upside potential on these revenues.

• Capacity payments from PJM RPM (market to pay for guaranteed capacity in PJM grid).  In New York, this is about $200 per MW 

(paid whether the unit is running or not).  This is $73,000 per year.

• Potential payments from reliability premiums from the grid (this power is much more reliable than grid provided power (no risk 

from gas deliverability, downed power lines, frozen equipment, price spikes from hot summer afternoons, etc).  

• Well positioned availability of reliable power can be very valuable during high stress in the grid (prices have spiked above 

$1000/MWh and $100 per mmbtu on several occasions over the last few years).  This value can be captured via market/auction 

transactions on advanced grid markets like RPM or through opportunistic transactions in real time.

• Upside revenue potential for similar projects in other regions of the world. Examples:

• Island economies that must generate their power from fuel oil (Hawaii, Caribbean, Indonesia).  Fuel oil is $30-$40 per mmbtu.  It 

is dirty and must be located away from populations (and especially resorts).  That also makes it very difficult to capture and utilize 

the 1/3 of the btu’s from CHP that clean ammonia engines can provide.  These units can provide clean power at less than half the 

cost and, on top of that, very efficient heat and air conditioning (absorptive chilling).

• Medium scale distribution/retail (frozen/refrigerated foods), light industry and agriculture utilizing refrigeration, medium pressure 

steam or drying (e.g., crops) that place high value on the associated heat)

• Regions that place high value on pure water (exhaust from ammonia MegaNinja is water and nitrogen.  Pure water can be 

captured at the cost of condensing the water.)  Combustion of 1.75 MM gallons of ammonia generates about 1.7 MM gallons of 

water.

• They will be very attractive to sites willing and able to pay large premiums for locally controlled, uninterruptible power 

(financial/business centers, server farms, hospitals. 

• military/government installations, large research facilities/research universities)

• Regions that are imposing a cost on CO2 emissions (e.g., California) can reduce or eliminate those costs.

•
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• This is potentially a very positive development for utilities, local/regional government (e.g., PJM and RPM) for: 

• Predictable standby reserve available on 5 minute call-up (with right incentives and minimally sophisticated ‘smart grid’ controls) 

(much cheaper and much more flexible than spinning reserve CCGT that is only used as gas prices are rising above $40/mmbtu)

• Distributed and potentially very substantial regional fuel reserve for mid-winter, late summer, regional security (much cheaper 

(pseudo-‘free’) than natural gas storage and much more flexible)

• This is potentially a very positive development for property managers and energy customers

• More predictable/controllable pricing through contract and/or arbitrage at regional or urban level with ammonia producers/gas

monetizers.  And significantly lower than market prices over the last five years.

• Lots of headroom for optimization for profits.  Project design for medium pressure steam, space heating, hot water heating, drying 

operations (e.g., crops), heat driven chillers (air conditioning, refrigeration for food distribution and retailing)

• This is potentially a very positive development for urban governments

• Distributed, secure energy storage for reliable power within the city

• Very clean power generation (zero carbon as well as zero traditional pollutants)

• Initial infrastructure for ammonia fuel for buses, delivery trucks, taxis, govt vehicles etc for superclean transport in cities (much 

cheaper than CNG or electric, much, much cheaper than hydrogen)
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How Does This All Get Started?

– Market demonstration at 1-10 MW scale (diesel gen, refit, new optimized, blends)

– Tech/market demo at 25-50 MW scale (repowering coal/fuel oil boilers)

– Engage ammonia producers/investors 

– New build guaranteed offtake (some fraction of production)

– Eventually, utility plants with guaranteed returns for fuel take or pay (with perhaps shared profits for joint 

sales into market after satisfaction of energy market contractual requirements)

– Market, regulatory, technology demo support from self selected producers

– Plant technology/engineering firms (KBR, Uhde, MHI, etc) that will benefit from increased building

– Low cost, high CO2 value areas for low carbon, low cost fuels

– Accelerate demo/commercialization of power to NH3 technologies

– Compile list of potentially interested investors, green funding, etc for incipient technologies for 

investments in the range of $5-$20 MM for FEED, critical demoes or initial deployment in regions for low 

cost “stranded” power (i.e., Canada, Iceland)

– Competition for proposals for ammonia from power, perhaps with funding from such entities (NH3Fual 

Association as clearinghouse??)

• Future Search with engaged stakeholders sponsored by CATF
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