A Methanol to Power Future Transportation as a Carbon Neutral

Q Energy Source
~)

FREEDOMW
MOTORS

Hydrogen as a fuel source for powerplants

There is probably no fuel that is less suitable as a fuel source for the automotive industry than hydrogen, for the
following reasons:

e Compared to batteries, the present well-to-wheel cost of hydrogen powered fuel cells can be ten times
higher.

e The cost to provide fueling capability at existing stations is estimated at one-half a trillion dollars.

J Produces 48% less power than gasoline in an enginez.

e The three storage options are cryogenic, compressed, or hydride. All are complex, costly, and inefficient
particularly when used in an automobile or in the emerging personal air vehicle (PAV) market.

J Using compressed hydrogen as an engine fuel requires a tank pressurized to 10,000 psi that is seven times
larger than for gasoline or four times larger with a fuel cell®. In liquid form the tank would be three times
larger.

¢  Quantifying the various potential accident scenarios will take time and potentially bad experiences.

o Itis contemplated that solar and wind farms could store off-peak energy production in the form of hydrogen.
However, these energy sources are generally located in remote areas to reduce land cost. Hydrogen is
difficult to transport because its low density requires it to be pressurized to very high pressure or liquefied.

Both processes are costly and complex4.

Methanol as a fuel source for powerplants
Methanol is an excellent fuel source for the transportation industry for the following reasons:

. Renewable (green) methanol can be created at the solar or wind energy site by combining hydrogen with

C02°. The CO2 could be extracted from the air or from sequestered sources. Methanol s easily trucked to

filling stations or piped to distribution centers.
o In case of an accident, it has only an 11% of the heat release rate of gasoline. EPA determined that it was

much safer than gasoline over 30 years ago6.

o Its only toxic emission is formaldehyde compared to dozens of carcinogenic components in gasoline,
including formaldehyde, and Is readily biodegradable compared to petroleum-based fuels.

o Its higher-octane rating than gasoline allows a higher compression ratio leading to higher thermal

efficiency7.
. Produces more power than gasoline when the engine is designed specifically for its use®.

e  Canoperate atafuel/air ratio much lower than stoichiometric compared to gasoline, which further reduces
toxic emissions.

. Methanol costs significantly less than gasoline on a useful energy basis, as provenin China®.
. It can be 15% more thermally efficient than gasoline in an engine due to less radiant heat loss, higher
compression ratio, and faster fuel burn.
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Providing fueling capability at existent US stations will be relatively simple by replacing the largely unused
middle octane grade.

The following figure shows that in the current use status, methanol generates less CO2 than battery electric or
hydrogen. In the green scenario, renewable methanol outperforms hydrogen and matches green battery electric.

This is due to the use of COz2 to create green methanol.

Well-to-wheel CO2 emission

from Danish Department of Energy, Alternative Drivetrains 2014
Type Current Status Green Scenario
Diesel 132g/km 100g/km
Gasoline 176g/km 123g/km
Hybrid 142g/km 80g/km
Battery electric 98g/km 2g/km
Hydrogen 178g/km 3g/km
Methanol 83g/km 2g/km

Source: JENSEN, Mads Friis

The above data indicate that renewable methanol could lead to a 98.9% reduction in CO2 emission compared
to current gasoline-based transportation.
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