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Endurance Bioenergy Reactor~
Infrastructure Analysis, Protection and Recovery

= L power outages triggered hundreds of standby power systems installed at
hospitals, commercial businesses and government buildings across the
region.”

= =, .generators would operate on their on-site diesel fuel supply, which
typically provides about 24-48 hours of running time.”

Lessons in emergency power

preparedness:
Planning in the wake of Katrina

> Whits Papor
By Robort Hamiton, Sales Dwectar, Cummins Mid South

Generation
Our anergy working for you.™ e

On August 29, 2005, Hurricane Katrina descended on
New Orleans, pummeling the city with wind, rain and

a significant storm surge. As was typical with powerful
Our energy working for you.™

storms, scattered power outages triggered hundreds of
standby power systems installed at hospitals, commercial
businesses and government buildings across the region.
Under ordinary power outage conditions, these generators
would operate on their on-site diesel fuel supply, which
typically provides about 24-48 hours of running time.

And, under normal circumstances, if they were needed

to run longer, facility managers could simply put in a call
for refueling. But Katrina was no ordinary storm, and New
Orleans was no ordinary city.

According to a recent summary by the Federal
Emergency Management Agency (FEMA), “Hurricane
Katrina was the single most catastrophic natural disaster
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in U.S. history. The storm devastated a 90,000-squaremile
area, which is roughly the size of Great Britain.

The storm also resulted in the largest displacement of
Americans in our nation’s history, forcing more than
270,000 into shelters after landfall.” Although the levees
protecting the city of New Orleans were presumably
designed to withstand a hurricane such as Katrina, they
in fact did not. Their failure and resultant flooding of 80
percent of the city to depths as much as 20 feet proved
more damaging to the city’s infrastructure than the actual
force of the storm.

-Robert Hamilton, Cummins
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Endurance Bioenergy Reactor-
Infrastructure Analysis, Protection and Recovery

= “And. under normal circumstances, if they [generators] were needed to run
longer, facility managers could simply put in a call for refueling. But
Katrina was no ordinary storm. and New Orleans was no ordinary city.”
-Robert Hamilton. Cummins
= Scientists at Argonne National Laboratory (ANL) have developed an
integrated mobile system capable of directly producing drop-in ready diesel
fuel that can power generators and equipment, N7
-
S R

Scientists at Argonne National Laboratory (ANL) have developed an organism
that is capable of directly producing a drop-in ready fuel. Endurance Bioenergy
Reactor™ is a simple-to-use system that is portable and produces fuel for
direct consumption by engines and generators without refining, eliminating
complicated logistics. This system can increase the endurance of any
operation by decreasing their reliance on supply chains.

Beyond the tactical advantages, Endurance Bioenergy Reactor™ the system
is rapidly deployable to humanitarian activities around the world, producing fuel
where and when it's needed.
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Endurance Bioenergy Reactor-
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Endurance Bioenergy Reactor-

“However, when a power system is called upon to run
for extended periods. fuel re-supply is an issue. And if
severe infrastructure damage prevents getting additional
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when the fuel runs out.™
| -Robert Hamilton, Cummins
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Endurance Bioenergy Reactor-
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“However, when a power system is called upon to run
for extended periods, fuel re-supply is an issue. And if
severe infrastructure damage prevents getting additional
fuel. then the standby power system will eventually fail

when the fuel runs out.™
-Robert Hamilton, Cummins
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Endurance Bioenergy Reactor-

= Self-contained. mobile. on-site
system that directly produces a
drop-in ready fuel.

* (Can produce 25 to 50 gal* of ’
diesel fuel per day using on-site &
resources o sustain any
operation in any location.

* [In addition to humanitarian
roles, EBR can fulfill tactical
and strategic energy needs of
the military.

* EBR changes the dynamics of energy requirements and
logistics anywhere in the world. in any type of operation.

* Estimated trom laboratory tests
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Endurance Bioenergy

Now we’ll focus on the heart of EBR, the engineered bacteria.



Endurance Bioenergy Reactor-
Development

= Conceived by Dr. Philip Laible
and an interdisciplinary team at
Argonne National Laboratory.

* Dr. Laible and Dr. Deborah
Hanson engineered a
photosynthetic organism that
directly produces a long chain
hydrocarbon molecule.

* Their goal was to produce a

molecule that needed no
refinement before use — a drop-
in ready fuel!

N

The genesis of EBR began nearly three years ago (2009) when a group of
scientist gathered to form a Fuel and Engine Energy working group. The
formation of an interdisciplinary group of Biochemists, Mechanical Engineers,
and Biophysicists came from Dr. Philip Laible’s personal desire to affect a
change in energy production and its consumption in modern energy systems.
The group’s charge was simple, look for innovative ways to produce renewable

energy that doesn’t compete with feed stocks, is energy neutral and is

compatible with existing infrastructure.
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Capitalizing on Nature’s
Photosynthetic Machinery

* Dr. Laible and team successfully engineered bacteria’s
photosynthetic complex to over produce Phytol and ejects it
into media.

= Nature’s way of storing energy in photosynthetic plants. now
possible in bacteria.

Up until this point in the developmental story, the ANL interdisciplinary team
had only identified what others had known, even the DOD. Within nature,
photosynthetic organisms and plants produce a porphyin ring and tail, and
within that structure lay a desired molecular chain that works well as a
bioenergy source. The DOD had identified these molecules with these
attributes as being a good source of renewable energy in its 2010 study,
Opportunities for DOD use of Alternative and Renewable Fuels, “The key
advantage of renewable and cellulosic fuel (over FAM biodiesel) is that these
drop in diesel fuels are chemically similar to petroleum diesel and fungible
within the current petroleum supply system.”

As many groups identified these types of fuels as being advantageous, Dr.
Laible and his team needed to obtain this molecule without the use of
traditional refining. This would be the key discriminator of their technology and
tremendous energy savings.

www.bio.anl.gov/Endurance 10



Direct Fuel Production

Grow ' Separate | Extract - Spipot

No refining required .=~

bacteriochiorophyll -~

Target: Phytol in the tail of I
Bacteriochlorophyll

The ANL team was able cleave a C20 alcohol from the bacteriochlorophyill.

Additionally, the metabolically diverse bacterium can produce the molecule
autotrophically (using sunlight and fixing CO2 from air) or heterotrophically
(using energy and carbon from sugar in feedstocks).

All of these accomplishments mean that the ANL team has produced very
versatile bacteria capable of producing a drop-in ready fuel from a number of
different energy sources and under diverse conditions. The system can use a
number of waste products like filtered grey and black water from any facility to
feed the organism in an environment that can be with or without air and/or
sunlight. All of this is possible at the rapid growth rates of bacteria with the
simplicity of the desired molecule being exerted into the growth media or
sequestered in compartments of the organism that are easily isolated.

www.bio.anl.gov/Endurance
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Process :

Endurance Bioenergy Reactor
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Endurance Bioenergy Reactor™
Separation

Superparamagnetic nano-particles
= Start with Fe nano cubes that are chemically treated to form a loop structure.
® These structures combine to form a microscopic net that has been tailored to trap
the desired molecule and are magnetic only in the presence of a magnetic field.

= This allows the fuel to be separated form the growth media with minimal energy
requirements,

A .}i

This separation method consumes very little energy and adds to the overall
efficiency of Endurance Bioenergy Reactor™.

www.bio.anl.gov/Endurance
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Endurance Bioenergy Reactor
Process
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At the current phase of development, there doesn’t seem to be any special
handling or building requirements for the system. It would be entirely up to the
user where to place the system, allowing for maximum flexibility when
integrating it within existing facilities.

Specifically, the design of EBR is comprised of a large bioreactor that will have
an intake port connected to a supply of waste energy. The exact type of waste
energy can be determined by the user, the bacteria is very versatile and feed
on a number of different sources.

Once the main tank of the reactor is full of filtered energy source, inoculation
with the engineered organism can occur. The current design calls for the
organism to be freeze-dried and shipped within the EBR hardware, making this
a simple step. Just open the package of bacteria and drop them into the main

tank.
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Endurance Bioenergy Reactor"
Advantages

* The energy and feedstock materials used don’t compete with
resources for food or farmland.

* Elimination of refinery step maximizes efficiency. minimizes the
need for land and water. and reduces the carbon footprint.

= Fuel produced is compatible with existing engines and delivery
infrastructures.

= Fuel production at the point of use reduces the need for costly
(monetary and human) logistical convoys.

* The EBR’s small scale, mobility. efficiency, and low maintenance
make it a logical choice for many situations:

— Humanitarian situations

Military FOBs

- Remote construction locations

Existing installations

www.bio.anl.gov/Endurance
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Endurance Bioenergy Reactor
Objectives

* Administrative
* Must be portable. similar in size and
shape of standard shipping containers.
= Must be able to be transported by truck,
rail, ship and air.
= Must be operated by 1 to 2 people® with
minimal education and training.
* Tactical
= Should produce 25 to 50 gal® of fuel per
day within 48 hrs of set-up.
* Provide selectable production rate for
times of low demand.

* Estimated from laboratory tests

N/
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Endurance Bioenergy Reactor
Objectives

= Survivable

= Ability to produce long chain
hydrocarbons in the temperature range
of =10 to + 40°C.*

= Simple recovery from inadvertent
contamination with on-site resources,

* Versatility of inputs allows use of local
renewable resources — energy for
organism.

* Totally self contained. from molecule
production to distribution,

* Projected range V,
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In the End...

* EBR fulfills many requirements, here is one
example:

= There are 100,000+ electrical generators
in the country. When needed. each
consumes between 40 to 90 gal of fuel
per day,

= When needed most desperately, many of
these generators are at the end of a
costly and broken logistic system.

= 50 gals a day from an EBR e¢quates to
over 60% increase in stamina for a 60
kVA Gen. A dectoe "bagun or sl npeng ar oo the lut

the da the Chanty Hosputal ICU after generatons tinfed danne H

Just think of what an independent renewable energy sou

That’s efficiency, that's security, that’s Endurance!

rce

like EBR would mean if it kept the lights on in an ICU.
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Katnina
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Contact Information

* Dr. Philip Laible
Biophysicist
Membrane Protein Engineering Group
Argonne National Laboratory
630.252.4875
laibler@anl.gov

* Major Matt “Hammer” Michaud
US Air Force Fellow
Argonne National Laboratory
630.252.7861
matthew.michaud/@us.af.mil
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Disclaimer

* Although the Endurance Bioenergy Reactor is a proven
technology, aspects of it are still in development.

* The figures herein represent best conservative estimates of
performance and desired expectations by the EBR
development team.

= As laboratory testing continues and EBR development
progresses. true performance numbers will be established.
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1. Gasoline

B. Spark ignition.

volume of aromatics.
D. Complex mixture of over 500

to 12 carbons.
E. Market: BIG

.
.y &%

Two Main Types of Transportation Fuel

A. Cars, light trucks and small engines.

Tablo of fued oils 3
Chan
L Alins Nias Type tength |
No. 1fod No. L
| _oF | distbate | No.Idieselluel Distdlate 315
Na. 2 lusd Na. 2
o digtilate | No. 2 dissed el Distdlate | 10-20
Ho. 3 fue No. 3
ol distilate | No. 3 diess! fuel Lrstdlate
No. 4 fued No. 4 No. 4 resical foel |Distilate/Resich
ol distilate ol al 1270
No. 5 tued Na. §
ab | dinitate | Heavy tuel ol Rasidusl | 12-70
No. 6 fued No. 6
at distils Heavy fuel ol Hesidusl 20-70 |
2. Diesel
A. Semis, boats and jets,
B. Compression ignited in cylinder.

C. Specific density ranges from 0.71-0.77 C. The density of petroleum diesel is
kg/l. higher densities having a greater

D.
hydrocarbons that may have between 5

. Market: BIGGER

about .85 kg/l about 18% more
than petrol (gasoline).

Diesel fuel has a much longer
carbon chain length compared to
gasoline.

e
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