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Estimated Average Annual Wind Speeds
Typical average wind speeds onwell exposed sites at 50 m above ground

The Center of lowa’ S Best Wind Resources
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NW lowa where Corn and Wind Resources Meet




Spirit Lake, '°Wa__ il

e e e e e L s F r
st Y -_:-l.-r'- I_-.: .I'- = R e T e e u
) o Mol L = ey o s
:' & e ¥ e =" ey el ) = R,

: I RS b T
T el e S e R E A e P e
¢ .i' Yy i - ¥ o IR | "'-:-'f' . N - 1
- s ol ! -‘.-D N W A = '
N  CAR AT : N |
e e R . St
. P RS e 8 T e e
S s
TR0

- .:!:I:I!EI ::EF!-::
o

SptakC?mumty Schoo
1992




Freedom Fertilizer

‘NW lowa Home of Energy Independence ...Today

* '+ « 2 major ammonia pipelines
7« 4 major ammonia terminals
‘i &g 9 ethanol plants combined output of
V . over 350 million gallons
" * 4 major wind farm installations with over
| 400 MW of total face plate
| » At least four times today's installed
MW'’s are being planned
A | * Home to Hydrogen Engine Center
"¥ - Home to lowa Lakes Community College
I The nations only Wind Turbine Technology
+« and Biofuels production job training
« Modern ammonia handling equipment and
a trained ammonia handling work force

lowa Energy Center.

lowa Energy Center, 2521 Bwood Drive, Sute 124, Ames, WA S0010:8262  Phone: (51672948819 \Fao: (5152949912
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Anyone connected to agriculture knows how important
fertilizer is to crop production.

It is the critical ingredient for modern production
agriculture.
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Figure 1. A typlcal response curve for nutrient application when
nutrients are limiting.

Dvminishing returns 1o Managemeant inputs

1 -
MNutrient Application

Crop Yield Response to Fertilizer
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At Freedom Fertilizer we like to refer to NH3 as the catalyst of plant
production. Nitrogen is the first step in plant growth and NH3 is the
first step in the production of all sources of nitrogen fertilizer.




With less NH3 use crop yields plummet.

Without NH3 we have no healthy plant production
No sugars and starches. No grains for livestock.

No food no fiber




With the advent of bio fuels, No NH3, no ethanol or bio diesel.
NH3 is the first step to all Ag production




Now with ammonia’s steadily increasing price it is a catalyst for
inflation.

NH3 pricing is a major determining factor in all food pricing
and food availability around the world.
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Every 3.6 seconds a person
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Sadly without Nh3 use, a catalyst for hunger.
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Producing a single ton of NH3 made from
natural gas produces 1.8 tons of CoZ2.

If we where to use coal over 3 tons Co2
would be produced along with many other
unwanted pollutants.




U.S. Corn Variable Cost of Production - 2008

Labo Interest

Repan - 1% 390 Seed
T%

C. :micals Fertilizer
‘% 39%

Source: FAPRI Freliminary Baseling, Movamber suwu.

The largest percentage of fossil fuel consumed in growing an acre
of corn is for the production of Nitrogen fertilizer. More energy is
consumed to produce the 150 pounds of nitrogen that is required to
sustain today’s yields than all other aspects of production. More
energy than tillage, planting, harvesting and delivery combined.
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Worldwide there are more tons of NH3
produced annually than any other
manmade chemical compound.

Production of NH3 consumes over 4% of
the world’'s yearly fossil fuel production

Hence a major greenhouse gas contributor.
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U.S. imported ammonia
Mil. tons

Imported ammonia
has become
iIncreasingly
iImportant to the

Rusaia & Ukraine

U.S. ammonia
| supply.

From 2000 to
2006, annual U.S.
Imports of ammonia
Increased from 3.9
to 8.4 million tons,
an increase of 115
percent,
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NH3 supplies from all sources is declining Currently the United States is

U.S. ammonia supply from all sources importing a hlgher percentage
Mil. tons of NH3 than we do fossil fuel.

o5 Onsite i{wentcm_,r

Offsite inventory
4

20 e More than 75% of the
15 ' ammonia used in this country

o IS imported.

5
) This is not only bad for our

1992 94 % el economy this puts the United
oriaerve States at risk.

Mote: Fertilizer year runs from July of the preceding year to June of the year
indicated in the chart.

Source: USDA, Economic Resaarch Service using production and onsite inventory data

from DOGC, net import data from ERS(d), and offsite inventory data from TFI (). It | S NO |Ongel’ Ju St about food
production. It is also about
food security.
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Figure 10

Regional ammonia prices paid by U.S. farmers in April
$ per ton
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Source: USDA, Economic Research Service using data from NASS.

Ammonia prices
paid by farmers
continue to climb




U.S. Fertilizer Price

This graph shows
the average U.S.
fertilizer price over
the last 25 years,
and projected the
trend out to 2040.

This graph
Indicates a rise of
almost 500% over
the period.

Very conservative
given recent trends




Worldwide Growth in Fertilizer Use

Fertilizer use has
been growing faster
in developing
countries than in the Canada G
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Sowces: Infarmational Feriiizer ingsiry Associabion;

“Eutrpphicanion and Hypowsa in Coastal Areas: A
Globial Assessment of the State of Knowledge,”
Mingly Seiman, Suzie Greenhalgh, Robern Diaz and
Zachary Sugg (World Resources instiute)

Austraia and New Zealand”
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Figure 6 The number of

Number of ammonia plants in three ranges of production capacity ammo_nia p|an’[S IS
per year declining

Number of plants

457

401 \ Ammonia plants

- Total number of plants dropped from 40 {o

300 T 25

20 T,y .

s T, Less than 500,000 tons

15 Between 500,000 and :

10- L The largest decline

5 PP I has been in small

0 | | Greater thaln 1 million tons | IantS Wlth annual
1990 1995 2000 2005 2006 p . .

Fertiizer year production capacity
Mote: Fertilizer year runs from July of the preceding year to June of the year Of IeSS than
indicated in the chart. 500 OOO tons.

Source: USDA, Economic Research Service using data from IFDC.
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Figure 7
U.S. ammonia imports, exporis, and net imporis
Mil. tons

5
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99 2001 03
Fertilizer year
Mote: Fertilizer year runs from July of the preceding year to June of the year
indicated in the chart.
Source: USDA, Economic Research Service (d).
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7 million tons NH3
imported

Just a little more NH3
than what the entire 75
million acre U.S. corn
crop requires

To produce 7 million tons
NH3 would require 84
Thousand GW

9600 - 2.5 MW Turbines
located with in 17mph
wind speed would replace
these imports
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sedom Fertilizer
Add 50 More- 250 MW Wind NH3 Plant;
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~ 200 More Wind Ammonia Plants
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Freedom Fertilizer answers the energy/production
challenge facing the U.S. Ag-economy by capturing and
converting stranded wind power into anhydrous
ammonia

NH3 Fertilizer is critical to sustain corn production and
and if produced with green methods a biofuel capable of
delivering the advantages of hydrogen based energy
using existing diesel technology




The following graphic provides an overview of the Freedom Fertilizer process:

rreedom Fertilizer
The following graphic provides an overview of the
Freedom Fertilizer process:

o , | 02, 192 tons
Water (Deionized) Electrolysis e
196 ton/day = Facility ‘ Y

36 gal/min

Waste Heat

Di_stant Adjacent Wind ~23 MBtu /hr to
\',rvl:r:gines, Farm(9 Ammonia Greenhouse(s)
Pumped Production Facility NH3, 136 tons

Hydro, Local (Haber - Bosch) / day
Deferred Substation

Hydro Excess Heat
~7 MBtu /hr to
Greenhouse(s)

Air Separation
Blant 02, 36 tons

/ day
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rreedom Fertilizer
Inputs
50 MW of electrical power on a constant feed

Outputs of the process include:

192 tons per day of Oxygen (O,) from Electrolysis

36 tons per day of Oxygen (O,) from Air Separation
136 tons per day of Ammonia (NH;) from Haber-Bosch
~23 MBtu/hr of heat from Electrolysis

~7 MBtu/hr of heat from Haber-Bosch




Norsk Hydro
Electrolyzers
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Once capital costs are retired, ammonia
production costs will be limited to labor and plant
maintenance.

A near term cost advantage of $200/ton is
achievable, with a long term differential projected
at $500/ton or more.

Price advantage and pressure on natural gas
supplies will drive customer demand.
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Customer base will be local Ag producers reducing
transportation costs.

250,000 ton/year ammonia facility can be expected
to satisfy the typical needs of 3 to 4 thousand

farmers

Resulting in a delivery radius from the plant of
roughly 60 miles

Providing fertilizer for 5000 square miles of corn.

Fluctuation in demand for ammonia fertilizer can be
offset by demand for ammonia as a fuel.
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Distribution will be through the existing robust
ammonia infrastructure currently in place.

lowa Is the natural center of the nation’s 3,100
mile ammonia distribution pipeline system and has
over eight hundred filling stations already in place.

The State of lowa would require just 4 - 250 MW
plants to supply fertilizer for its approximately 12
million acre of corn




Project funding will be developed through a mix of
government grants and venture capital investment.

Project development and construction estimate would
require 24-28 months from initial funding to first

ammonia production.

Intrinsic to Freedom Fertilizer’'s long-term profitability
will be the choice of subsidiary enterprises
iInterconnected with the ammonia generation plant.

The two primary byproducts of ammonia generation
are heat and medical grade oxygen.




A 50MW plant will provide sufficient heat to sustain
a 5+ acre greenhouse year round.

Recent technological innovations in the production
of algae based biodiesel may establish that as a
more profitable subsidiary enterprise utilizing waste
heat.

Oxygen can be used to sustain cellulosic methanol
production, which could be another co-located
iIndependent enterprise.
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Wind based ammonia generation offers immediate
guantifiable benefits to Ag producers.

An opportunity for immediate use of carbon free

hydrogen based fuel and will serve as a nexus for other
sustainable enterprises via co-location and use of
byproducts.

The need for carbon free energy and a reliable source for
ammonia will drive customer demand and profitability,
while moving our nation closer to a sustainable future.
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The Past History of Renewable Ammonia Fertilizer
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The Past History of Ammonia as Fuel

Brussels, Belgium
NH3 Powered Buses
During WWII

Gazamo NH3 Fueling System circa 1943




The Future of Renewable Ammonia

Not since the first steam powered tractor, over 100 years ago has American Agriculture been 100%
renewable and sustainable. Before for that time America’s HP (horse power) was born raised and
fed off the same land that these draft animals helped plant, cultivate, fertilize and harvest. Once
energy from outside the circle was introduced and fossil fuels became part of this picture the circle
has been broken.

Self sustenance and renewability was lost to the more efficient and labor saving internal
combustion engine tractor. What was once a circle is now a flat line. Held in place by fossil fuel
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The Future of Renewable Ammonia

Many have advocated that we try and return to this type of renewable agriculture but
how can we? As we all know.... You can never go back. The inefficiencies of horse
drawn agriculture would never allow for amount of food that needs to be produced
for a world population as large and hungry as it is today.

But we have an opportunity before us. One that will allow us to return to a 100%
renewable and sustainable agriculture. We can once again have the fertilizer to feed
the crop and fuel for the machines that is required to plant, cultivate and harvest the
crop produced renewably in the same fields as the crops themselves. Green NH3
produced from renewable wind energy to grow the crops. These same crops tended
by machines that use the same green NH3 as fuel.
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The Future of Renewable Ammonia

Renewable NH3 made from wind power would not only make Agriculture once again
sustainable but this would allow the growing crops to clean the atmosphere of the
billions of tons of excessive Co2 produced from burning fossil fuels. Farming without
fossil fuel would make production agriculture a gigantic consumer of Co2. In turn
making food production a huge negative carbon footprint. The way that nature
intended the sustainable circle to work.

Think of the amazing possibilities of green NH3 being produced around the world
from resources like wind, hydro, ocean current and solar. This opens the door to
producing NH3 in remote areas with stranded resources. Areas that may not be
connected to the grid, roads or pipeline. Areas like Central Africa and Asia where
Nitrogen fertilizers maybe hard to come by.

This could mean modern green production agriculture around the world. Feeding
hungry people and creating another source of income by harvesting these stranded
renewable resources for the creation of food and NH3 fuel.
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