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Conversion of Cellulose/Hemicellulose to Mixed Sugars
Using Arkenol's Concentrated Acid Hydrolysis
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Arkenol....12 years from “idea” to “deployment”!
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Arkenol Process Pilot Facility

......

o — Continuous operation for 5 years!
zumi Biorefinery
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lzumi is a small industrial town of 50,000 with an agricultural component, on the southern tip of

Japan, several hours travel SW of Tokyo where warm, hard-working people are found. The NN\
facility is sited next to a 35-year old NEDO ethanol purification facility. Having started up in W/\/\/\/

September 2002, the facility is under contract to NEDO through 2007 to produce sugar for
ethanol production. JGC will use this plant as the platform from which to scale the technology to
varlous capacmes marketlng to its client compames in Japan and SE AS|a | :
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The facility is housed in a three-story shell, with a footprint of
approximately 30’ x 72’. The first floor houses a wet chemistry bay
where hydrolysis at bench-scale may be studied. The second floor
houses the analytical laboratory. The third floor provides office space)
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Location of CCA Removal Device,
Larox Gypsum Filter, and various
hydrolysis reactors.
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Feedstock Management 2002

Chips arrive in sacks
just as they are
produced and are
sized on-site to a
nomimal 10 mm, with
high fines fraction.

Waste wood chips, comprised of a mix of cedar, pine, and
hemlock, are supplied by the local furniture and paper
industry, and are used as target feedstock.
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Post-sorted MSW as a feedstock :
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By weight...post-sorted
MSW is more than 70%
cellulose!

Typical
Components:

® Paper

* Plastic

e Glass

e Ferrous

e Non-ferrous

From Holland...
to Minneapolis....

lzumi Biorefinery to Los Angeles! 12
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The second floor analytical laboratory is well-stocked with two (2)
Shimadzu HPLC columns, IR Spectrograph, ovens, hoods, an
autoclave unit, and storage for glassware and reagents.
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The HPLC provides timely feedback as to
the completion of the hydrolysis run

Izumi Biorefinery 16
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The third floor office serves as a work area for
engineers, scientists, and a secretary. Each
morning, a staff meeting is held to reviews plans
for the day’s activities and prior day’s results.

L

Third Floor - Office

A computer network enables fast exchange of
data, email, and print jobs for color printers.

Izumi Biorefinery



A full charge for the feed vessel
is 260 kg. Itis very convenient
to fill the vessel with pre-
weighed 10 kg. bags of feed to
the desired level for a given run.

Third Floor — Equipment Bay

The third floor of the equipment
bay is where feedstock is loaded
in the feed vessel. Storage
tanks, chillers and a gypsum
filter press may be found on this
floor.

Through the doorway (at right) is
the engineering office and its
meeting room.

Izumi Biorefinery 18



The second floor of the equipment bay provides access to the
hydrolysis reactor, a 600 liter (working volume) conical reactor with
swept wall auger and central thermoprobe. The stainless steel
reactor is jacketed for use with steam and internally coated with
Teflon. Vacuum cooling is available to speed the cooling of the

A touchscreen panel
controls and monitors
the reactor, while
trending data .

Feedstock is metered from the vessel
on the third floor where it is mixed with
acid at temperatures from 35-65°C.

Second Floor — Equipment Bay N _— During hydrolysis, the structure of the
feed breaks down into a slurry.

Izumi Biorefinery 19



The third floor houses the drain and pump for the main reactor
vessel, the filter press, steam boiler, plant air, water treatment, liquid
storage tanks, and the acid reconcentration system.

The acid reconcentrator
receives the acid stream at
about 18% sulfuric acid and
il efficiently removes enough

‘ water to reach 75% working
strength.

The filter press is used to separate inert
solids in the hydrolyzate slurry from the
liquid that contains the soluble sugars.

First Floor — Equipment Bay

Izumi Biorefinery



Update: Supplied by
Mitsubishi, pressure filter is
installed and operating since
June 2004. Unit shown is as
delivered and is identical to
type specified for scale-up.

Izumi Biorefinery
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Update: A 4x expansion of the SMB was accomplished in
February 2004, to allow for processing of all hydrolyzate.
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Start-up performance MATCHED that of the original!
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Izumi Biorefinery

__ recycle acid at high efficiency and with
= |ow energy expenditure.

Original Columns |

xpansion Columns

The simulated moving bed (or “SMB”) =*
chromatographic separations unit is thegX
key to separating the acid fraction of
the hydrolyzate from the sugar stream.
Using small plastic beads made of
either a cation or anionic resin, the
SMB makes it possible to recover and

SMB’s may be found within the sugar
industry and are used for glucose-
fructose separation and for separating
sugar from molasses.

For maximum efficiency, the unit is
housed in a climate controlled
“greenhouse” that maintains

temperature at about 28°C. 22




Izumi Biorefinery

Goals for Ethanol production: (1)

produce ethanol for Japan’s fuel blend
driveability program, and (2) introduce
new technologies to reduce energy
required for production.

Ethanol fermentation takes place in a fluidized
reactor with immobilized media. Use of the
immobilized media in this configuration greatly
reduces the amount of cell biomass debris
typically produced during fermentation, thus
greatly reducing the BOD loading of effluent from
any plant using this technology

During the operating life of the facility, six
Japanese universities will use the facility as an
operating platform to test new recombinant
microbes for the production of ethanol. Included
in this mix will be a variant of rec. Zymomonas
mobilis supplied by the U.S. National Renewable
Energy Laboratory in Golden, Colorado.

 Model of “bubbling bed, fixed
media, flash fermenter”

« Ethanol concentration < 4%(vol) to
maintain optimal metabolic rates.

23



Izumi Biorefinery

Ethanol Fermentatlonf
md Flash Dlstlllatlom -

Installed and Operating g
August 2003
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At Vendor - Prior to Shlpplng

To lzumi
Second Floor View
= e 2 Fermentation Trains
ommon . .
distillation and 1 X gggltl_ers

beer well . ' X Iters. .
* Distillation Capacity 100 liters/day
of 95.5% ethanol product

First Floor View 24




Izumi Biorefinery

Continuous
Hydrolysis
Unit
- Ist Generation -

Installed and Operating
May 2003




1| - 2nd Generation-

Capacity: 40kg/hr wood chips

Unit is a evaluation unit used by
vendor to design purpose-built unit
ready for installation in May 2004.

Izumi Biorefinery

Continuous
Hydrolysis
Unit

August 2003







lzumi Highlights

Arkenol/JGC/NEDO
2004

* Fully integrated, Arkenol concentrated acid-hydrolysis system using waste wood
chips as feedstock, operational since 2002.

e Cellulose conversion efficiencies stable at 70%, with optimization to 80%.

« Sulfuric acid recovery at over 97% with reconcentration to 75% in continual use
since 2002.

* Lignin combustion test (requiring 4 tons fuel lignin) completed successfully.
 JGC-developed flash fermentation offers significant operating cost savings.

 Uses NREL developed rec. Z. mobilis (under license) in fixed bed and S.
cereviscae to produce ethanol at 95% and above for over one year.

» Capacity of continuous ethanol production raised from 100 liters/day to a total of
300 liters/day in March 2004.

» Uses first commercial membrane distillation and purification system supplied by
Mitsui with significant operating cost savings over conventional (molecular sieve)
technology.

« Ethanol used by Japanese Government program for engine driveability tests and
materials coupon tests.

« JGC commits to providing Design Specification Package for U.S. and will
consider equity participation in a California project.

Izumi Biorefinery
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Our trained and helpful staff of professionals....
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