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CONVERSION SYSTEMS FOR BIOMASS

CROSS REFERENCE TO RELATED APPLICATIONS
This apgii::a{im claims priovity from ULS. Provisional Patenst Application Wo,
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o on July 21, 2006, the contents of which is incorporated herein by referpnce m
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TECHNICAL FIELD
The prosent invention relates fo a system for producing energy {2, cthauol,

et csmerd fere . RE - et loniiar wrrfreoyis § e
hydrocarbons, gascline, methane, natural gas, and blodiesel), clectrioty, nutrients nnpan and
animal}, pharmaceutivals (human and veterinary) (e.g., medicines, and drags), furlilia, of
other so-products from blomass. In particular, the tnvention relates to mobile, portable, and
modular facilities or producing energy {e.g, cthanol, hydrocarbons, gasoling, nwthane, natoral
gas, and biodiesel}, electricity, nutrients (human and ammat}, phammcem sis thaman and

vaterinary) {e.g., medicines, drags), fortilizer, or other co-products, by fermentation or piker

process from bionass {e.g., crops, agriculiural waste, and nuadeipat solid waste}

BACKGROUND

Ethano! bas a varicty of uses, including as ap industrial chemical and sofvent, foed

additive, and straight Hquid fuel. Bthanol is a clean burning fuel that can be praduced from
renewsble sources such as crops {e.g., com, and sugar cane), wood waste, agricnitural waste, or

gther iomass. Ethano! not only reduces air emissions, but 1 also impm\f'ss engine

o

2

Yerfirmance. Also, as a renewable fuel, ethanol reduces the United States” dependenco on
E ¥ 2>

foreign fosail fuels. Receontly, ethanod production in the Untled States has grow from 175

e’

MY
H

puiifion gallons in 1980 o 3.4 billion gallons in 2004, There are currently 101 ethanol

ey ¢

production freilites on-Hne in the US,, and 30 more ave under construction. Therofore, the

YEATS 18 m‘.pazted 10 Inorease,

-

production of cthanol in coming
The majority of ethanol made in the U8, s derived from cong however, sthanol can
also be produced from other crops high in starches and sugars, sach ag grain sorgham, whest,

beg

barley, putatoss, sugar cane, or sugar beets. The production of ethanol starts with broaking
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down the complex sugars {e.g., smylose, ceflulose) found in these plasts fnto sipler

fermentable segars {e.g., dextrose}. This fivsl step can be accomplished uslng enzymes, avid,
water, and/or heat. Onee the simpler sugars are obtainad, yeast or other fermenting
waigroorganisms are added o covert the sugar to ethancl. The cthanol i3 then removed from the
formentation by distifalion, Water may be removed from the ethanel by debyydration, and the
ethanol may be denatured to make ¥ enfit for human consomption by adding 4 small amount of

gasoline or other aloohaod {e.g., methanol).

s s

The production of ethanol as a fucl supplement has many benefits including boosting
the ceonony, oreating jobs, benefiting agricultare, aiding raral economiv development,
providing energy securily and independence, reducing greenbouse gas emissions, and reducing
emissions of other potiutants weluding carbon monoxide, particudate matier, oxides of mirogen,
and other pzene-forming pollutants,
nseph DePardo 1o an article entitled “Outlook for Biomass Ethanol Production and
Demand”™ {www.cal. dos. govioiatanalysispaper/bionmass himi) has suid thet the prodaction of

ethanel from corn is a mature technology that is not Tikely to see significant reductions in
wroduction costs. He hypothesizes that the ability to produce cthanel from other low cost
biomass will be Important t making cthanol competitive as a fuel additive. Therefore, a nee
remains for improving the production of ethano! frome crops as well as other blomass inchuding

“non-vivginT biomass such as municipal solid waste

SUMMARY OF THE INVENTION

The present invention provides for the production of eaergy {eg., ethanol,

N

d hydrogen gas), clectricity, plastios,

o

hydrocarbons, gasoline, nataral gas, methane, biodiesel, and

solymers, munionts (human and snimal), proteins, biomolecules, pharmaceuticals (human snd

Yoy

veterinary), fortilizer, or other products from biomass using a mobile or portable production
facility or soatl-seale fucility, The invention sterns, at feast in part, from the recognition that #
may be more efficient, econonvcal, andfor conventent fo move the production feility or

have a smatb-soale facility nearby rather than moving the biomass used as the starting materia

the provess such a8 water, electricity, natural gas, gasoline, and sewer. In the case of mobiie

]
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factlities, the sife may include certain infrastructure {e.g, a foundation {e.g., convrete

the factlity, walls, rooll building, piping, wiring, sewer lines, gas Hoes, and lighting). The

f
fovertive facilitios alsn allow for the use of biomass traditionally not thought of as aselud for
produsing energy {2.g., ethanol, hydrocarbons, pasoline, nuatural gas, methane, biodiese], aad
hydrogen gay), electricity, pia.sth,s polymers, nuirients (human and animal}, profeins,

FECTRt \i 1} 5 § \ T f Fvir et . -ir Y ¥ v e wba owneh ag
biomolecules, pharmacenticals (human and veteripary), fertilizer, or other produocts, sech ag

~y
N
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algae, aquatic plants, agricullural waste, and human waste, The mventive systems have
persoual, commerciad, govornmental, agricultural, and military applications.

In one aspect, the invention provides mobile production feilities for provessing

biomass o woduce any of the desired products described hevein, The me

invention are casily transporied, or components of the facility are casily fransportal

b

Transporiing the produciion {acility or components of the {acility rather than the Momass

stavting material s particularly vselnl and economical given that many of the crops used o
produce enorgy {e.g., biocthanol, gasoline, hydrogen, natural gas) or other desived prodacts are
seasonal, Thersfore, a production facility only needs to be operational in the aves when crops
or other bionues 1s avallable for processing. Afler the processing is done, the fanility or cortain
components of the facility can travel to another ares with biomass avalable for conversion to a

&

desired product. The mventive facilitics or components thersot may be franspovted by water,

«

alr, land, or any combination thersof. The Inventive facilities may inchude parts of the facility
or infrasirpctare that is not transportable or mobile, For example, the tuventive production
facility or compoments thereof may be transportable on a hoat, barge, ship, or other nautical
vessel. Such facilities are particalarty useful for producing cthanol or other products fom
acquatic bomass such a3 algae {eg., Sorgassien) or aquatic plants. These faciiities are alss

3

asefnl in t‘rw&iiﬁg on a body of water 1o different areas with hiomass sudtable for the

po

vraduction of the desired product {e.g., traveling on a river or on the ovean and docking af an
aren with suitable biomass for processing), The portable factlifics or components thereo! may

also be transported on land, For example, the facility may be transportes by a car, a truck,

&

‘i

feactor fratler, and ratiroad carfs). Again, the Jand veldcly with the portable facility ean travel to
areas with bionass suitable for the production of the desired product. Fina
may be wansported by air, The facility may be transported by plane, helivomer, and blimp, Air

travespostation of the factiity allows for the use of blomass typically ton far away from

7
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production facilities to be used. The facility may be on the plang, or the fecility or components
may be dropped from a plane or delivered by plane. The mebtle facility s typisally
conventenily sbed and organized to provide for casy transporiation of the facility andior its
fndrerdond componerds. In the case of land transport, the transportation vehicles are typically
able to travel roads and highways ased by cars, trucks, and tractor trailess. In the case of sea
transpoat, the faciitty or components are typically carmiad by a boat or barge which is moved by
aboat, In the ease of wir transport, the factlity or components is stzed to §it in a plane {ex.,
cargo plane) or helicoptur.

The fnvenive mebile facilities or facilities constructed from muobile compononts may

£

nelude any or alf of the following apparatuses useful in producing the desired product {e.g.,
e-f.hamﬁ}: pre-processing means for the blomass, mills, cookers, cooling containers, holding
coptainers, fermenters, distiation apparatuses, columns, piping transfer containers, snd nux
comtatners. In cortain embodiments, the different stages of the production freilitivs are laked
togethier efficiently so that a user can casily transfir matenials from one stags of the production
process {o another. The fscilities may also include any reagents needex
process including veast or other microorganisms (ncluding genetically engineered
nueroorganisis), enzymes {e.g., amylase, and cellulase), acids {e.g . sulfurie scid, hydrochlorie

ackd), bases {e g, sodium hydroxade), chemical reagents, water, salts, molecular sieves, and

cohunns. i contain embodiments, when sthanol is being produced, the facility inclades

denaturants such as gasoline or other aleohols for denaturing the ethanol. The wventive

fueilities cun include all the necessary eguipment and reagenis conventently sfored in the

P
H

facility making for easy use of the facility. o certain embodiments, the facility produces

2 o

guough ethanol or other energy source to supply the energy needs of a factory, town, village,
and island, In contain emboditents, the cthano! production facility produces less than 5 million
gatlong of cthanol por year. The facility may also optionadly melude any cipnpment mandated
by intemationsl, federal, state, or local law including, for example, saiety equipment necessary
e prevent or handle spills, fires, or other emergencies.

Az will be appreciated by one of skill in this art, the production ficility may be
aasened from various transportable components. These components may molude pre-
processing means for the biomass, mills, cookers, cooling containers, holding containers,
fermenters, distillation apparatuses, columns, piping transfer containers, and miixing contaners.

4
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In certatn eobodiments, the component comprises g caambination of two or more of any of the
shove., The facility may inclede non-transportable components. These components of an
ethanol production feility are designed for easy assembly of the working facility at the site.

X

The components may be pre-fabricated. The components may be interchangeable and may
wrovide for sealability of the facility, In cortain cases, the components systom allows the
Factiity 10 be casily assembled and broken apart for case of portubility. The various

components of the facility may be brought (o the site asing any combination of transport means
{e.g, air, waley, and fand}. In corlain embodiments, the components are brought 0 a site with
certam frastructurs which may wolude electricity, shelter, foundation, sewer, watgr, and
natural gas linegs. AR or some of the components may be later disassembled and moved 10 g

now sile. Iy cortain embodiments, particular components andfor the infrastructurs may remain

at the site o be optionally used again.

In some vases, the moebile production fretlity or components thereot ave disposable so
that after it hag served its purpose a portion or all of the facity i abandoned temporantdy or
permanently, in other embodinents, the facility or components thereof are meant o be re-used
and are therefive transported from place to place with suitable blomass. The faeility may be
completely selftsufficient reguiring only the addition of blomrass, or the Tacility may require
other materials or utilities such as waler, eloctricity, natural gas, gasoline, and sewer, Fow
example, the ethanol or other energy produced by the melule Baeility may be used 1o power a

senerator o supply dlectricity o the facility, or the ethanel or other energy source may be

({"

burned 1o provide the heat o break down the biomass in a cooker or o run a distitfation. The

("

cthano! or other encrgy may also be used to power the vehicle used o transport the fality or

In another aspect, the invention also provides small-seale ethanol prodaction facilittes
{e.g, producing less than § million gallons of ethanol), In corfain enubodiments, the nventive

smatl-seate facilitics produce less than 1 million gallons of ethanol. These smalb-scale faedities

may be porigble or components of the system may be porfable as desenbed above. These
facilities may include auy or all of the following apparatuses usefdd in producing biosthanoh:

pro-provessing means for the biomass, mills, cookers, cooling containers, holding containers,

~

fermenters, distillation apparatuses, colimns, piping transter containers, and mixing conlainers,

%

In sertan embodiments, the different stages of the produciion facilities are Hnked togother
K Ry A
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eificiontly 20 that 3 user can easily transfer materials from one stage of the ethano! production

procass 1o snother. The fcilities may also include any reagents needed in the ethanod

production process including yeast or other microorganisns {including genetivally enginesred

SHCTOOTRANISIG), SREVIRG { .2, apyylase, and cellulase}, acids (e g, sulfirie acid, and

O

1o

hydrochlonie acid), bases {e.g., sodium hydroxide), water, saits, moleeular steves,

-

other alcoliols for denaturing the ethanol, and any other reagents, The mventive facilitics can,

e

¢.g., inchude il the necessary eguipment and reagents conventently stoved in the mobile fasility
making for easy use of the facility, In certain embodiments, the facili

othanol (o supply the ethave! needs of a factory, town, village, and ialan
smbodiments, the feility produces less than § million gallons of ethanol per venr, The facility

v

suay also optionally mehade any equipment mandated by international, federad, state, or focal

faw inclading, for example, safety squipment necessary to provent or handle spills, fires, o

otler »t\:ugugw Other products as described herein may also be produced by the smali-

The present invention also provides provesses for producing a desired product using an
mventive facility, The process uses blomass froan a loeal arce i a inventive production

factlity t» produce the desived product locally, The locally produced product {2 g, othanol,

gasoling, natural gas, h}f‘dmgm gas, and hydrocarbong) is then profierably used Jocally to avead
the cost of the transporting both the blomass and the final product. Preferably, a local water

souree 1s wsed n the production process, ﬂthwx cagents needed for the process may be

i

provided by the fhetlity or provided locally. The waste or eo-praducts fropt the production
process, 2., the distillers grain, can be used locally as a highly nutritious Uvestock feed ovasa
fertilizer. Other waste products or co-products from the process such as biomelecules
carbobydrates, protein, and polyimers may also be packaged, used, andfor sold.
The mobile component-based ethanol production facilities and small-sale production

acilities complement larger-seale ethanol production facilities (Le, facilities that prxduce aver
H-Z0 oudilon gallons of ethanol per year), In some cases, the inventive facilitios may eliminate
the need for largo-scale ethanol production facilities in some arcas. The portable nature of
certain sysiems works especially well given the eyclical nabwre of crops and other biomass in
various geographic arcas. These inventive facilities also allow for the economical production
of cthanol from fow cost biomass, which will aid making ethanol a competifive fuel additiv

f
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I certain embodiments, the inventive system uses biomass that i not com, segarcane, or

sugarbeet, or includes a small portion of these crops.

LR
Reg

bt one aspert, the invention features a facility for producing eihano! from biomass.

o :

Such a {acility includes at legst one component that is portable.

&

It some embodiments, the compenent performs al least one step in the process of
converting biomass o ethanol, For example, the component can pre-processes the blomass,
ferment the blomass, or purify ethanol produced from the blomass.

In some embodiments, the facility is capable of only producing less than abouot T million

galtons of sthano! per vear, or less than about 5 mithion gallons of ethanal por year,
In seme instances, the facility includes at least two portable components,

In another aspect, the invention features a portable factlity for producing sthanol from
DRIRAsS.

{n another aypect, the invention features a portable facility for producing ethanol from

o

bicenass. Such @ facily inclodes a means for fransporting the facility and a formenter for

converting sugars devived froam biomass into ethanol.

O

For example, the facitity can be transported by land, For exampile, the factlity can be

&

transported by ratiroad,

»

For @x;_utnpis:, the facility can be ransported by water, such as by using @ boal, barge or
other nautical vessel.
Fore :zm;*i the facility can be transported by air, such a8 by using an airplane or

helicopter,

For example, more than ene mode of transportation can be used, Fov example, any one
or more of air, land or nautival modes may be utilized. For example, train in combination with
barge or boat, or blimp in combination with train.

For sxample, the facility can further inclade a means for converting complex sugass of
bromass inte simpler, more formentable sugas,

For example, the fetlity can alse inchude a means fov purifying the ethanod prodeced in
the fermenter, such a8 one of more disiiliation cohunas.

In another aspect, the invention featares a portable facility for producing ethanol from

hionass that inchudes a means for transporting the facility, a mull for grinding the bionmass, »

3
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couker for lguefying the biomass, g fermenter for converting sugars derived from biomass into
sthanod and  distiation a ppara‘ius
In another aspect, the invention features a method of producing ethanol from Momass
that inclodes providing biomass; providing & portable ethano! production facility; and
producing othano! from the bicioass using the portable cthanol production facility,
I another aspect, the invention features racthods of producing ethano! from biomass,
, one o more cethuosic andfor lignocellulosic materials {o.g., switchgrass andfor paper),

39

..,3

that inclade prodecing ethanol fFom biomass at a first site with a veactor ov a convertes, o.g., &

5'0.

fermenter; framsporting the reactor or converler to 2 second site; and producing cthano! from
biomass al the serond site with the reactor or converter,
For example, the hiomass can be or can include any cellnlosic or Hgnocellulosic

material, such as coem, sugar cane, sugar boets, troes, shrubs, grasses, phyioplanikion,

woopiankton, algac, mucroalgae, seawead, corn husks, bushes, umber, wood waste, pulp,

cotton, wool, Hnen, paper, newspapers, corragated containers, mixed puper, computer printouts,

white office paper, printing plant scraps, leaves, twigs, grass, plant o
vines, sewage, agricutturad waste, Mixtures of any of these can also be utilized
For example, transporting can be performed with a nautical vessel, e.g., # boal, a barge,

¢ can be porformed with a land

&

a ship, dock or a Hoating platform. For exsmple, transporting

rehicle, such ag g ear, treck, tractor trailer or train, For example, transporting can be performed

P
£
g

with an afrbome velicle, such as a plang, helicopter or blimp.
some embodiments, transporting i3 performed by more than ¢ single mode, such ag
by a land vebicle and a water vehicle.
i some embodiments, the producing i3 performed whale transporiing.
In some smbodiments, the system uses fixed resources, sach as piping andfor eleclricity
a given site,
In some embodiments, the reactor or converter forms part of @ systent and the sysiem

also inclndes o component such as cutters, sheaving devices, measuring devives, fow devicss,

mills, mixees, purmps, wiring, cookers, heaters, coolers, acrators, containers, holding Container

fel

~

chstilation columms, piping, or mixtures of these

%
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Spacing behween a first sie and a second sife can be small or relatively iargc. For
example, the ses can be physically beside ong another. For exampie, the cthanol ¢
produced while the system is being carried by a moving train,
in other embodiments, the fr
3 about 25 miles

site and second st
$ O MOTE, ©.g., at

ey

Y& Rpact ed
e, gbout 50 miles or more, abou

apart by a distance
ar move, aboat 130 miles or more, about 250 or more
¥

& of
5 mzies or myore, about 1080 miley
mites, or &

in some embodiments, producing ethabol from bromass at the
mehudes hydrob

o

vent about 300 miles or more,
Y

;«a

ing the biomass, and then fermenting the biomass
The mothods ¢

first andfor second site
can further include, ©

\.1 B

transporting the sysfem to a third site
producing cthanol at the third site. The methods can include
tfi“ 5 eve v

O

o site, and then
- also g fourth, ifth, sixih, seventh,
3, Produging can occur at any number of these sites
In some embodiments, prior to producing ethano! from biomass al the st andior
second site with the systam, the system 13 assembled.
For example, the producing ethanod from biomass
PS with ome or more mil

S cat
Wrganisms, such

wchude sondacting the biomass
a one oy more species of yeast and/or bacteria

ter. Combinations of different organisms may bowse
combinations of yeast and bacteria or different species of yeastor b
For sy

Ant

amysle, the

X

ORI OF MOTe
&Ji‘i’}f} SreG

acteria,
TICIOOr ZATSIS scdude one or more genelically
d bacteria
20 in another aspect, the nvention features methods of producing o
that inchude producing a frst energy source from hiomass at a st site with a reactor ¢r a
converter; ransporting the reactor or a converter to a second site; and producing a second
energy source from biomass at the sccond site with the reactor or 2 converter,
I some embodiments, the first and second energy
25 Por sxamiple,

curces are the same.
v source van be an alcohol, such as cthanol or n-butanol,

gasoline, hvdrocarbons, hydrogen, natural gas, Modiesel, elecivicity or mixtures of any of these.
In speeific cmbodiments, the energy source 1s or includes an aloobol, such as ethanol.
I ar , the

, such as ethanol
wilier aspect, the invention features methods of prodeciag products from biomass
that include producing a first product from biomass at a first site with a reactor or ¢
transporting the system fo a second site; and producing a

seeond sie with the reactor or a converter

3 & corverter;

nd product from biomass at il

Ly
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o

In some embodiments, product of products can be made in 2 mobile faeility, and then
finished in a fixed facility, e.g, fxed production factiity. For oxample, the un-finished product
or products can be transported by a vehicle, e.g., a train andéor a ship, or another conveyance
method, such as pipes. Combinations of these conveyance methods can be utilized,

In some embodiments, the first and second products are the same.

oot

1 some embodimnents, the fivet or second products inchude ethana! avdfor n-butanol,
For example, preduct can be ethanol, n-butanol, bydrocarbons, gasoling, natural gas,
mthany, biodiesel, hydrogen, eleciricity, polymers, mutvients, proteins, biomolecules,
pharmaceuticals, pharmaceutical products, fertilizer or mixtures of any of these.
In some embodiments, the first or second products include one or more hiomolecudes,

For example, the hiomolecule can be a nucleie acid, a protem, a Hpid, a sleroid, g natural

prodoct, a metabolic product, a nueleotide, & fat, an anino goid, ¢ peptide or mixtures of any of
these.
In another aspect, the invention features methods of producing produects from biomass,

., vellutosic or Hgnocellnfosic materials, the inclade producing a first product from biomass

o
Nty ba)

3t g first site with a reacior, the first site being located on a body of water; frapsporiing the

i~

cactor i a second site also on the body of water; and producing a second product from

%

Blomass at the second site with the reactor. In such aspects, the blomass can obiained o the

hody of water,

$m austher aspect, the invention features methods of producing products from biomass
that nchade producing a Hest product from biomass at a fivst site with a regctor or cavverter;
transporting the reactor or converter by & first mode {0 a scoond site; producing a second

product from bomass at the second site with the reactor or converter; and travsporiing the

0
reactr or copverter by a second mode different than the first mode to a third site.
Pefinitions

“Bioethanol™ The term “bivethanol” refors to ethanol produced partiaily or enfirely
from biomase. In cortain embodiments, octhanol is produced by formentation of sugars

N

derived from biomass. The torm biecthanod 1s used interchangeably herein with the term

16
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athanol.

o

‘Biomass™ The term “biomass”™ refors o any meaterial or combingtion of materials that

can be used i the preduction system to produce energy {e.g., ethanol, hydrocarbons, gasoline,

natvral gas, methane, biodiesel, and hydrogen gas), electricity, plastics, polymers, nutrients

o

human and animal}, proteins, bomelecules, pharmaceuticals (human and veterinary; 2.8,
drugs and medicines), fertilizer, or other products. o certain embodinents, sugass or other
organic componnds from the biomass are converted into ethanol {eg, by formendafion).

Exemplary Momass moludes crops {e.g., com, sugar cane, sugar beets), troes, shrubs, grasses,

plankion {e.g, phytoplankion, zooplankton, bactertoplankion), algae, macrpalgae {e.g., species

b N

[

Ay

o

rom the gonus Sargassem), seaweed, agricaltural waste (e g, branches, cormn tusks, bushes,
and weeds), syathetic materials, synthetic plastics, industrial waste, recycled waster, muonicipat
solisd waste, synthetic waste, human waste, antmal waste, commercial organios {g.g., beverge

industry waste, cheese, whey, dairy waste, food processing waste, himber and indusirial wood

&

o

waste, pulp and paper facibity waste, rostavwant waste, fabrics, cotton, weol, andd linen),
construction and demolition debris, waste paper (e.g., old aowspapors, old corrugated
containers, mixed paper, pulp substitutes, computer privtouts, white office paper, and printing
olant seraps), vand waste {eg., leaves, twigs, grass, plant culiings, branches, trees, and vines}
Biomass ncludes both virgin biomass and non-virgin biomass.

“Biomoleoule™ The term “biomoelecule” refers to anyv chemical compound that can be

¥
3
EN

oroduced by a cell or organism. In conlain embodiments, the cell ts wild fype and has not been

geneticelly enginecred by the hand of man, It other embodiments, the cell bas beun altered by

the hand of men. Exemplary biomolecules include nucleie acids, proteins, lipids, steroids,
natural products, metabolic products, nucleotides, nucleosides, fuls, amine acids, and peptides.

“Components™ The term “component’ refers {0 any part of a biomass conversiom
S - .

o

w.
y,»-,

Y.L

{acility. The component may be of any size or shape. I may include one or multiple proces o
cyuipment used in the energy production or biomass conversion provess. In coriain
gmbodiments, the component includes several picces of squipment. It may optionally include
piping or wiring and may optionally include hooloups so that it can be connected with other

components of nfmstructare af the site. In cerlain embodiments, the component is

transportable by aly, water, or land. Bxemplary components conywise ong of more of the

following: pre-processing means for the biomass, mills, mixers, pumps, witlng, cookers,

i
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heating means, cooling ncany, acration means, cooling containers, holding containers,
fermentery, distifiation apparatuses, columns, piping, transfer containers, and mixing
containers. In certain embodiments, the components are for the modular assembly of an
eftano production fscilily.

“Drehydratton™ The term “dehydration” refers to removing watsr from a material, In
certamn embeodiments, dehydration refors to removing water from the ethanol produced by the
system. The resulting ethanol may be free of ethanol, or 1, 2, 3, 4, or 5% water may romain in
the ethanol. In ceriain embodiments, the ethanol after dehydvation includes less than 1% water,
The sthanod may be debydrated using any means known it the art imchuding distillgtion,
azeolroping, or using molecular steves.

“Denatwred ethanol”, The term “denatured alcohol” refers o ethanol that hus been
mixed with apother material fo make it uafit for homan consumption. Tn most jurisdictions, the
sale of ethanod, av g pure substance or in the form of alcoholic beverages, s heavily taxed. In
order {0 relfove non-boverage indusivics of this tax burden, governments specitly formulations
for denatured alcohol, which consists of ethanol blended with various additives to render it
undit for human consemplion. These additives, also known as denaturants, are cither toxis

and/or have an onpleasant taste or odor. Denatured ethanel formulations jutended fora

,m

pavticudar yse {e.g., use as a fuel additive) contain denaturants chosen so as not fo iderfore with
that use,

“Distilla » The term “distillation” refers to a process of purtfying the ethanol from
the fermented mash., The distillstion process typically nvolves a change of state from a Hgud
o a gas and subsequent condensation as a means of purification,

“Erergy™ The termy “energy” includes any energy source that can be produced from
bicsnass, The snergy produced from biomass is typically organte compowuds, The energy can

v

be burned 1o produce heat which can be used to produce slectricity or power a vehicle for
example, In certain embodinwents, the energy is cthanol. In other eovbodimants, the energy I8
alvehol, I other ewmbodiments, the energy is hydrocarbons. In corlain embodiments, the
ongrgy is fats. I cerlain embodiments, the energy is fatty acids. In other embodiments, the
eneryy I8 scetic acid. In other embodiments, the energy 8 gasoline, I vertmn embodinents,
the onergy v 3 mixhere of organe compowrds, In certain embodiments, the energy is natural
rergy is hydrogen gas. o certain emboediments, the energy

12

gas. In certain smbodiments, the er
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methane gas. In certatn ambodimonts, the enorgy is biodiesel. In certain embodimenty, the

Tihanot™ Theterm “ethanol” refers to the chenueat compounnd, CHUHOH. Ethanol

18 also referred to as grain alechol. Ethanol is a Hammabie, tastelsss, coloriess, suldly toxie
chewucal compounds with a distinctive odor. The torm ethanol may refer 1o any degree of

Sy

purity of ethanol. In certain embodiments, the cthano! is at least 50%, 0%, TU%, 80%, BU%,

’-/

prern

989%, 989, or ¥9% pore. In soms cases, the cthanol is 100% pure. In otiier casey, the cthano
1y denatured with I-10% or 2-53% other solvents (e g, methanol, sopropancl, gasoline,

hexanes, pentane} to make it onfit for human consumplion. In corlain smbodiments, the

ethano! s mivad with water. By other embodiments, the ethano! 13 anhvdrous (e g, altor

“Fermentation™ The term “formoentation” re ¢ the process of converting sugars ©

[y

T

cthanol or any other desired products Including energy {e g, hydrocarbons, gasoline, nataral
gas, mothane, biodiesel, and hydrogen gas), eleciricity, plastics, polymers, wmitzients (homan

and animal}, proteins, Momplecules, pharmaceuticals (human and veterinary 2., drugs and

.

medicines), and ferlilizer. In cortain cmbodiments, the term fermentation refers to {he process
of making organie molecudes usefid as an energy sowres from biomass. Fermentation is
typicatly performed by microorganisms such as bacteria or veast. The fermentation process for

ethanol is typically perforraed i an oxvgen-deficient atmosphere o prevent the fusther
axidation of the desired ethanol to scatic acd,
As defined herein, a “fermentor, reactor or a converter™ is & devies that is capable of

holding at least about 1,000 gallons of material, such as a cellulosic and/

material, a misroorganism and @ solvent, such as water. In some embodiments, the fermenter,

reacior or converier is capable of holding greater than about 2,000 palions of material, greater

ran about 2,300 gallons, greater than about 5,000 gallons, grester than about 10,008 galions,

3 R
grester than about 235,000 gallons, greater than about 50,000 gallons, or even greater than abowt

,...,.
,4-.

{63,000 gallons,

Al publications, patent applications, patents, and other references mentioned herein are
incorporsted by reference n thetr entirety for all that they contain.
Other featares and advantages of the invention will be apparent from the following

detaled deseription, and from the clams.

b
b
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DESCRIPTION OF DRAWINGS

Fig. I s g block dingram thay schematically iHustrates methods of producing various

DETAILED DESCRIPTION

k3 by

Degeribed heretn are mobile and/or small-scale (e.g., less than 123 million gallous per

vear} systens Yor producing energy {e g, ethanol, hydrocarbons, gasoline, natoral pag,

- v

-

el

methane, biodiesel, and hydrogen gas), oleciricity, plastics, polymers, nutrients (homan and

animal}, prodeins, biomolecules, pharmaceuticals (human and velerinary; o.g., drugs and

Sy el

madivines), fortitizer, or other products including processes, facilities, and components of the
factlity for producing the desived product, from biomass. The systems climinate or at luast
veduce the need for transporting the starting material biomass, which canvbe, g, of a low bulk
density, to a stationary large-scale production facility, 1t siso may reduce the need to transpor

¥
H

the desired product produced by the mobile facility a long distance to s end user ov a

distribution faciliny. The system for producing the desired product sifows for the processing of
hiomass that ordinartty would not be ceonomically suttable for conversion o energy {e.z,

cthanol, hydrocarbons, gasuling, natorsl gas, methane, blodiesel, and hydrogen gas}, electneity,
plastios, polymers, nulrients (numan and animaly, proteins, biomolecules, pharmaceuticals
{human and velerinary; e.g., drugs and medicines), fertilizer, or other products due to
transportation, processing, or other costs. The system maker the production of energy {e.g.,

sthanol, hydrocarbons, gasoline, natoral gas, methane, biodiesel, and hydrogen gag), of cmci&y,

slastivs, polymers, notrients (huonan and animal), profeins, bonwlecules, pharmscenticals

s

{hurnan and velerinary; e.g, drugs and medicines), fertilizer, or other products more
ceonomical by reducing the costs, particulady the transportation costs, of producing the desired

oroduct

Production facilitios that are confizured in such a way that i or 18 varnious conyenenis

can be casily transported by land, sea, adr, or a combination thereol. In cortain enthodiments,
the materials and equipment need to producs desired product from biomass are compactly

14
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organized so that 3 or iis components can be transported by a car, truck, tractor trailer, railroad,

-

boat, barge, atrplane, helicopter, or combination thereof. In cerfain embodiments, the facility

A

oF 18 components may be limited in size depending on how the facility or Hs components are

fransported. For example, a facility or component being transporied by tractor traifer wil] nesc

to fif on the bed of » track or traifer for transport,

Referning o Fg, |, methods of producing products, sech as sthano! or n-butanod, from

biomass, 2., eolalosic or Hgnecetiulosic material, inchude producing ¢ fivst product st a Sest
site with @ systom that inchudes a reactor or converter, e.g., a formenter. 7

ravaported 1o & second site, and then a second produet is produced from biomass at the second

g
=

site with the system,
Amy number of sies may be utilized, For example, the number of sitescan be 2, 3, 4, §,
§, or miove, e, 16, 20, 38, 50, 100 or morg, o.g., 1006,

For example, a8 site may form part of a complex or a camnpus, and portions of the

*

3

complex orogmpus may be juined by various manufacturing infrastructure, such as rail,

Spaving between a first stte and a second site can be refatively small or relatively hurge.
For example, the sites can be physically beside each other, For examiple, the systom can be
carried by & moving train and producing ethanol widle moving.

In other embodiments, the s stte and second site are spaced apart by a didtance of
about 10 miles or more, e.g., about 23 miles or more, about 35 or morg, abont §3 miles or more,
abott 5 miles or more, about 100 or more, about 200 miles or more, about 300 o nwoes, or
even sbout SHE ades or muwe

3

n some embodiments, the fermaentor, reactor or converier can fwld between about 1,084
gatlons and about 100,000 gailons of matenial, e.g., between about 2,500 gallons and abow
100,000 gallons, or between about 5,000 gallons and about 75,000 gallons.

In certain embodiments, the mobile systems or one or more of its components for
wroducing the desired product is transported by land. When the mohule faoility or is
components is fransporied by roads, It preferably complivs with all applicable laws governing
the roads of that country, state, provinee, coanty; or oity, Inthe U.S., fseihities transported by
ighways and roads may comply with all federal, staty, and focal laves and

1 certain embodiments, the mobile factlity being transported by g tractor tratler ix

8 foet & inches wide and no longer thao 57 feet n length. o cortam

1

(41



L%

i

el
(¥

b
<

30

WO 2008/011598 PCT/US2007/074028

o~

embodiments, the fanlity is no wider than ¥ feet 6 fnches and no longer than 53 feet. In cortain

o

cmbodimenss, the ficility 1 no wider than 8 feet 6 inches and no longer than 48 feet, In cortain

embodiments, the fanlity 15 no wider than 8 feet 6 inches and no longer thay 20-24 fect in

o

fength, The height of the vehicle may vary depending on the obstacies on the road the faeility

\

is being rawsported via. However, typically the facility is loss thap 13 foet in height. o certain

embodiments, it is lees than 14 feet in height. In certain cmbodiments, the facility s
iransported by a double tractor trailer in which case the total length for the contbination is ne

greater than 75 feel. In cerfain embodiments, the total length of the double v no greater than 63

feet. In coviain embodiments, the gross combination weight of the vehicks with the mobike
facility or one or more of s componeni(s) s no greater than 83,000 pounds. In certain
embodiments, the facility or & component thereof fits into o standard contamer used for
shipping by tractor ratier, As would be appreciated by one of skifl in tus art, the componenis
of the facility may be transporicd by more than one land vehicle or may be transported by a
land vehicle and a combination of land, water, and air vehicles, In certain ombodimonis,
components that are not suitable for transport by water or air are fransported by land, In certain
cmbodiments, components for which water andfor alr transportation are not economical are
iransponied by land. However, it is appreciated that in cortain embodiments land transporiation
of the facility or s conponents 18 not feastble or is not possidle {e.g, dus o lack of passabls
reads).

In cortain entbodiments, the mobile produciion facility or some of its ciamponents are
small gnough to be transported by a car, sport wtility velicle (SUV), or pickup tnek. In
certain embodiments, the Tacility or its components are fransported on a batder pulled by a
ca, SUV, or pickup truck,

The mobile facility or it various components can also ransportable by raibroad,
certain embodiments, the facility to be transported by rail is no wider than 14 feet. 1o other
smbodiments, the factlity s no wider than 13 feet 6 inches. In still other embodiments, the

R
8

Facility is no wider than 13 fect. In corlain embodirpents, the Tacility 15 o wider than 12 fe

r.-).-

& inches. The width closrance of the Facility including its cuter container will depend on the
railways being used 1o transport the facility, In certain pimbodiments, the mimmum width of

12 feet 6 nohes or 13 feet is used to accommodate all raitways the faciitly could possibly

jassy

travel slong. The length of the facility i3 no longer than 60 fect. In embodiments, the length

18
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of the facility is less than 60 feet. In cortain embodiments, the length Is approxinately 38
feet. In othur emboduments, the length is approximately 39 feet, approximately 87 feet, or
approximately 56 feet. The height of the facility is typically foss than 23 feel. In cortain
cmbodiments, the height s logs than 22 feet. In other embodiments, the height i less than 21

-

) feel. In cortain ombodinents, the height 18 less than 20 fect. In certain embodimenty, the

e

faciiity or g component thereo! fits Into a standard container used for shipping by raifroad. In
yet other embodiments, the height is less than 19 feet, The weight of the facility typically
does not exceed 280,000 pounds. In certain embodiments, when a larger mohile production
facility is needed, the facility is transported using more than one ratlroad car where cach

10 railvoad car includes a component. These components are then assembled o an operational

facility at the desired site. In ceriain embodiments, the facility is assembled on 2 madl road

track, set of fracks, or spur. In cerfain embodiments, the facility comprises 110 ratlroad cars.

in cortain embodiments, the acility comprises 1-3 ratlroad cars, o certuin embodiments,

o~

ach step or a combination of steps of the provess of producing ethanol i porformead in ¢

s
i

separate var, o cortain embodiments, the equipment for porforming one of more sieps is
combined fnto one car, Vartous components of the facility may alse be brought to the siie for
assembly by other land fransportation, atr transportation, or water transpostation.
Asy combination of transporting modes can be vtilized. For example, the systems can
se transporied by land, and then by water, or by air and then by land.
28 For exanple, the products such as sthanol can be prodoced during transportation o
afier fransportation,

When the facility or s components are transported by water, the facility iy optionaily
within ihe altowed Hmits of the vessel transporting the faeility or soraponent{s). These Hmits
inclade length, width, height, and weight limits of the vessel transporting the feility, Aswill

25 be apprecisted by one of skill in this ard, the size of the facility will greatly depund on the su
of the vessel transporting the facility or its component{s}. Larger ships and barges can
fransport @ much larger ethanol production facilities than smaller boals, When the facility or

its component{s) are transported by water, the facility may be assembled on a barge, dock,
R, ;

whart, platfinm, derek, rig. sand bar, and island. In certain embodiments, the facility or a
30 component thereof fits into o standard container used for stupping by water. In certain
embodiments, the facility is asserabled on a fotation device. Various components of the

17
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facility may be brought fo the site for the facility by land or air g8 well as by water, Facilities
on the waler or close o the water facilitate the use of aquatic bicenass such ax plankton,
algac, and aquatic plants in the production of the destred product,

&

Silarly, when the facility ts transported by air, the facility or its component{s) are

13

1

optionally within the allowed limits of the airerall ransporting the facility. These lmity

.

wichede length, width, height, and weight Hmits of the alreraft ravsporting the ficility. @
cerlain embodiments, the siveraft is an atrplane. The atrplane may b a propelier deiven
plane, ajef, a vargo plane, a military plae, and a commeercial airliner. In cortain

ermbodiments, the awrcraft 18 8 helicopter. In cortain embodiments, the alveraft vall transpord

16 the tacility or the component(s) banging from the afrerafl. In certain embodiments, the
facility or a vomponent thereof fits into a standard contsiner used for shupping by ar. The

~

faeiiity or component may land with the airerafl and be unleaded from the atroraft for pse oy
the facility or component may be used while on beard the aireralt. In cerimn gmbodiments,

ihe facility or component is dropped from the air to the site where it i {o be wsed. In certain

i5 embodiments, the fctlity or component includes parachutes or other landing device for a safe
fanding of the famlity, The facility may alse inelude a foatation device S 2 water fanding.
In certain ombodiments, the facility or a component thereef includes a means for absorh i"lg
the Impact of the landing. In certain embodiments, the facility or components 18 fnter move
by land, afr, or water 1o a new sife. In other embodiments, the facility or components ave not

24 moved and may be abandoned temporartly or permanently, Various other components of an
facility may be transported by land or water as well as air. The components may be
assembled io an operational facility at an atrport, lending sirip, drop site, or any other land
or water site,

I certain embodiments, the facilitics or any of s components are capabie of being
235 ransported by any combination of wir, laad, andfor water trapsport. In certai enbadiments,

the freility or {8 components wre transported by all three. o other embodinents, the fctlity

o 1 components arg transported by land and water, In certain embodiment, the fcility or ite

o .
oy
7]

compenents are transported by fand and air. In other embodiments, the fanlity or |

X
¥

componecats are {rangported by air and water. In these cases, the vebicle wansporting the

IR
etk
Sommn

facility oy any of s compounents preferably meets the requivements {e.g., longth, widih,
Betght, and welght) of the mode of transportation being usedd. Given that the ethanol

1

e
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hydrecarbons, natural gas, or gasoling bang produced are Hammable, any applicable safety
Lews, rules, or regulations are preferably followed regarding the fransport and production of g
Hanunable Hguids or gases. In certain embodiments, equipment i handling spills, fires, and
explosions is ncorporated into the facility.

In contain embodiments, the frcilities inclode at least oue portable component used
the production of energy (e g, cthanol, hydrecarbons, gasoline, natural gas, methane,
biodiesel, and hydrogen gas), clectricity, plastics, polymers, suirienis {fnenan and animal},
proteins, biomolecules, p}mmmwuﬁ cals {(human and veterinary; ez, drugs and medicines),

fertitizer, or other products from biomass. The assenbied fac iity as well as any components
of the factiity are considered to be within the scepe of the disclosure. A componeut-based
factlity allows for casy assembly of the facility, Interchangeability, scalability, and pre-
shrication of the components. Breaking the facility into various components also fictlitates
the mobility sspect of the facility. In certain embodiments, the favility is divided o twa,
three, S, five, aix, soven, cight, nine, ten, or more components.  Bach components may
inclade one or more picces of cquipment with the necessary wiring, piping, drains, control
sysiems, boating and cooling means, stands, coupling devices, and outlets In cortain
ernbodiments, the component include walls, roof, fooning, or other infrastracture for the
component Hself sther components, or the entive facility. In certan smbodimentsy, the
componend nclodes 8 contained for casy transport of the component. The container may be
used i the production process {e.g,, as a mixing container or other vat), The sides, botlom,
or top of the container may be used as the walls, Hoor, or ool of the shelter housing the
factiity or components thereot.

{

# serjain embodiments, gach step of the production provess 1s performued iy a separate

o,

component. That i, all the equipment for a step in the provess ¢ fnchuded in the component.

™
3

e varkous steps and equipment useful in the production of bioethano! from blomass are

deseribed heveln. In other embodiments, a step may require equipment from une or more

P

components. In other eonbodiments, more than one step of the production process 18 ichded
i a vomponent. One or more components of the facility are assembled to produce an
operable fretlity, The components are typically assembled at a site prepared for the
ingtallation, However, in cortain embodiments, there s no preparation or hifvastructure ot the
st Instead, the facility or components are seif-supporting. In certain smbodiments, the

15
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componsnts are assembled using a crane, fork Y, track, or other moving device, which is
optionally included i the system. In other embodiments, the components are asserbled

33

ssing only human kabor. Tools may be ased in the assembly of the facility. The site may
mmehude all the necessary infrastructure {o make the facility Gpﬁra{?i{ma?, Infrastructure may
mclade walls, roof, foundation, floor, electricily, wiving, piping, sower, water, and natural
gas. In certain embodiments, the infrastructurs 1s not mobile and is stationary. When e
facibity or gny of s components are moved, the infrastrocture may left behind to potentially

iy

be used sgain the future, In certain embodiments, the infrastructure 8 used 10 asserable an
production faeility every month, every season, every year, oF any tinmg sufficiont binmass s
availabde at the site 1o supply the facility.

Ethanof production facilities that are smaller i acale than traditional ethanol production
facilitize, Typically, ethano! production facilities produce greater than 10-20 milfion gallons
of ethano] per year with some fagilities expecdin g 30 million gallons of ethanol per year, The
facilities prodoce foss than 3 million gallons of ethanel or other energy sourcs per year, In
certain ewbodiments, the facibity produces fess than 1 million gallons of ethanol o other
erergy soures per year, In certain embodiments, the facility produces leas than {15 million
galions of cthanol or other energy source per year, In cerlain embodiments, the facility
produces less than 0.1 miflion gaflons of ethano or vther energy sowree per vear. In certain
erbodimes, the theility produces less than 0.01 million gallons of ethanol or other energy
souree per year, In certain embodinents, the {acility produces less than 8,001 million gallons
of cthane! o other cuergy sourte per vear, These facilities roay be mobile or include mobile
rompones 88 described herein, In cerlain embodiments, the facility is stationary, The
wnount of cnirgy produced by a facility is sudticient to meet the demands of a factory,
military hase, small fown, rural village, county, farmy, and island, The small sive of the
faeility allows for numerous facilities 1o be placed in a geographic region, For example, &
facility may be placed in any areas wherp there 1s sufficient biomass {e.g., crops, wasie) {o
supply the facility with, Smaller-scale facilities closer to the bomass boing processed by the
system reduce transportation costs, and in certain cases, may allow ethanol t be produced
economically where i could not be produced economivally by large-scale facilities.

The bicethanol production facilitics can have all or seane of the equipment necessary for
producing the desired product from biomass. The bicmass used by the systorms inchude any

20
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type of biomass, In certain embodiments, more conventional sources of bionass such &g

corn, sugar beals, grains, sugay cane, or whey is used gs the starting waterial. In other

cmbodiments, fess conventional sources of biomass are vsed meluding agricultural waste,

algae, waste, and human waste, In certain embodinents, the systems do not use corn, sugay
3 hevts, or sugarcans. In cortain embodiments, the systems do use corn In other embodinaents,
the systom uses sugar beets or sugarcane. In certain embodiments, the system is designed to

use a variely of ditforent types of biomass as starting material. In other embodiments, the

system ts dengned to use one type of biomass. In certain embodiments, various componeonts

may be switched interchanged to allow for different types of biomass as starting materials,
i I cortain embodiments, the systems inchudes processes and apparstuses for pre-

the bromass, In certain e:“iﬂmﬁ:ﬁmem& the bionsass s sorted. In oiher

crbodiments, the blomass 18 cleaned, In other embodiments, the blomass is packaged. In

sertain embdiments, the blomass is compacted or c@mpress&:ﬁ. Int other eotbodunents, the
biomass ¥ Hquefied, In other embodiments, the bioinass is debydrated. The pre-processing

2

of the biomass may take place af the site of harvesting the biomass, before transporiation of

L#y

the biomass, during the transportation, during storage of the biomass, ov at the stte of the

soergy production. Any equipment and methods used to pre-process blomass for energy

Lo

N

production may be used. In cerfain embodiments, the pre-processing means is considared to

o

be part of the systeny,

24 The process of producing energy {e.g., ethancd, hydrocarbons, gasoline, natural gas,

S
methane, hisdiesel, and hydrogen gas), electricity, plastics, polymers, nutnients {fumman aond
animal), proteing, biomolecules, pharmaceoticals (human and veterinary; e g0, drugs and

medicines), fertilizer, or othey products from biomass can be broken dewn mnto several

o

The first involves grinding the biomass into a fine powder, chopping the biomass, sheanng

25 the biomass, or otherwise making the complex carbohydrates or other biomolecules in the

binmass available for forther processing. In certain embodiments, the resulting biomass is

ot
H

then mixed wih water and optionally microorganisms {.g., bactenial, algae, enzymies, acid,

3

base, or chenviea] roagent. The wixture 18 then optionally heated m a cooker or other

“

apparatus {o facilitate the break-down of complex sugars {e.g, cedhulos, starchy into

a3
sty
Nmmrt

formentuble, simpler sugars {p.g., glucose). This step may alsy facilitate the breakdown of
sther Momstocnies or cellular stroctures such as lipids, protein, nucleic seids, steroids,

21
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natural producty, cell wall, coll membrane, and intraceliular membranes. The resulting
muxtare, commonly kaown as the mash, is then formented with the addition of a
microorganism such as yeast. In certain embodiments, other genetically engineered
mucrnorganisms are used in the fermentation process, The microorganisms may be
panticnlarly suitable for formenting or converting the biomass used in the process into the
desived product. The fermentation/conversion process is continued until most of the sugars or
other starting materials in the formentation have been converted 1o ethanol or other dustred
prodhuct. I cerlain embodiments, co-products sach as carbon dioxide, proteins, polvmers,
notrients, fertilizers, or biomolecules are produced during the process. These may be
collected, purified, packaged, andfor sold. The ethanol or sther desired product is then

3

optionally separated from the hquid, solid waste, and side products. This i

s

typically done by

distiliation; however, other means of separating or purifying can alse be psed (e g colamm

z "-'

chromatography, exiraction, chromatography, and crystallization). The distilied ethanol or

other lguid energy source may still contain water so the desired product is optionally

dehydrated. In corlain embodiments, the desired product {e.g., othanol} is delyydrated by

running i over g substance that absorbs the remaining water such as wolerular sieves, Onee

the desired produst {e g, cthanol} is purified © the desired dogree of purity and water &8

removed, the desired product, particulaely sthanol, is optionally denatured malang #undit for

homan consuraption. The denaturation process is performed by missing the porified ethanel

&

with 1-3% of gasoline or uther organic solvent {e.g., methanol, seetone, isopropanol, and

¥

hexanes). Any waste can be discarded, In cerlain cmbodiments, the resulting distillers gram

*‘j")

is used as livestock feed or as a fertiliwer, Carbon dioxide also is produced as a hy-product in
the fermentation process. The carbon dioxide may be collected and sold. Other products
sach as polymers, protein, lipids, or other biomelecules are side products miay be collected,
packaged, sndfor sold.

In certain embodiments, for example, when bioethano! i being produced from biomass,
the facility or g component thersof inclodes a fermenter and distitlation apparatus. In other
smbodiments, the production facility or component thereof also inchudes a cooker. The
facility may also include a mill for grinding the bomass into smaller purticies. The faciiity
may alse contain equipment such as cohunng for further purifying snd dehydrating the

othano] after distilation. In cerfam smbodiments, the facility also mchudes containers and
22
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muxing equipment for denafwing the produced ethanol. In cortain embodiments, the various

cquipment is inferconnected using piping to easily iransfer the product from one step into

2.

sguipment for porforming the next step. As needed, the various cquipment used iy the

rocess s fited with heating and cooling means.

ey

5 The process begins with biomass. The biomass used by the systern nway be any biomass

Y.

suttable for producing ethanol or any other desired product. In eertain embodiments, the
hromass ¢ high starch or high sugar agricultural crops such as com, yagar can, sugar and
beets, The facilities are particnlarly useful and economical in converting crops {0 bicethanol

because they can armive or be assembled al the site when the crops {or other biomass) are

v

[u—
T
g

eady for provessing and then leave or be disassembled when the crops {ov other biomass)

have been precessed, I cartadn embodiments, the Momass includes matlerials that contain

$

cellulose, homiceliulose, Hignin, protein, starch, and/or sugar. In coriain embodiments, the
biomass include plant matter such as trees, shrubs, grasses, weeds, agricultural crops, anid
agrivudtural waste, in certain exmbodiments, the biomass includes aguatic biomass, fw

¥

example plankton, aquatic plants, and algae. Aguatic biomass is particularly suilable

&

Sorer
(1

being processed by the production facilities that are transported on water, In cerfaim
embodiments, the blomass 18 municipal waste, waste paper, and yard waste. A production
facility meay routinely travel 1o a particular ares to canvirt #s wasie fo ethanol or apother
desived product, or the facility may be assembled at a particubar site. In other embodiments,
20 the biomass is human waste,

The initial phases of sizing, milling, chopping, cutting, shearing, washing, hquelication,
andfor saccharification of the blomass are performed by the facility or components thereof in
some pmbodiments, o other embodiments, these steps or some of these steps are not
performed by the facility or components thereofl

1

In cortain emnbodiments, the biomass s mochanically broken dowin. For example, in

foa
i

certain embodiments, the sizing, mitlag, chopping, culting, shearing, washing, or other pre-
pracessing of the hiomass for fermentation or conversion is not performed by the facility ar
componenis thereof, and the resulting processed bimmass (also known as the meal} is the

st&rhh material used by the facility or a component thereof. In cerdain embodiments, the
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chemical 1o act on the carbolivdrates in the biomass, This may include hr;r::ak‘iﬂg down gadl
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membranesy, hreaking down eells walls, Increasing the surface sven, breaking down
macrostructures in the biomass.
In cortain emtbodiments, the biomass or cellulose in the biomass is texturized or opened
ap as described in UN. Patents 5,952,108, 3,973,035; 6,207,729; 6,258,876, 6,448 307,
5 7,074 918 sach of which i3 ncorporated herein by reference; and published ULS. patent
applications ZN050084G71; 20050090377; 20050200030; eacly of which is incorporated

%

neredn by reference. This process opens up the Obers in the blomass for further processing by

)

chemicals and microgmisms added fo the processed biomass in subsequoent steps. The

pracess inpreases the surfice area where microorganisms or chemicaly can work.

fu—"
o
Lt

Reforring to Fig. 2, a votary knife oufter 20 inclodes a hopper 22 that can be loaded with
a shredided {iber source 107 prepared by shredding fiber sowrce 10 Shrodded Gber source 1§
i3 sheared betwoen stationary blades 24 and rotating blades 26 w provide a first fibrous
material 12, First {brows material 12 passes through screen 16, and the resulting second
fibrous material 4 i captured in bin 30, To aid in the eollection of the second fibroas
15 material 4, bin 30 can have a pressure below nominal atmospheric pressure, e.g., af keast 16

percent below noaninal stmospheric pressure, €.z, al least 28 percent below nonmnal

()

atmospheric presaure, at least 50 percent below nominal atmospheric prossure, or at least 73
perent below aominal stnospheric pressure. In some embodiments, 4 vamepn source 3 g
utiiimﬁ to mabntain the bin below nominal atmospheric pressuge.

20 In cortain ombodiments, the biomass 13 mixed with water and optionally enzymes,
microorgmmsms {e.g., bacteria, fungl, yeast), algae, other orgarisms, chamical reagents, or a
combination thereof, This step breaks down the cellular structures, sugars, aud biomolecules
of the biomass befure Hs conversion into the desired product, In certain embodiments, the
biomass is mixed with a microorganism that aids in the breakdown of the biomass. The

25 nucroorganism may be genetically engineered. In corlain embodiments, the biomass is mixed
with an algae that aids i the breakdown of the biomass. The resalting mixivre may be
heated, cooled, snd mixed. 1o effect the desired chanpes to the blomass. In certain
embodinents, the biomass s substantially Hquefied resulting in & mash before it Is ransferred
to the facility or a component thercof. In stilf pther embodiments, the conysles sugars m the

mash are broken down inte simpler, formentable sugars, and the resuliing mash is transferre

Lgs
o

to the facility or a component thereol for processing.

s
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Once the biomass or a provessed form of the bicinass {2.2., the meal; the mash, opensd
and [fiber) enters the fscility or component thersof, # is further provessed to form ethano! or
any other desired product. In certain embodiments, the facilily or 8 vomponent pre-processes,
liquefics, and converts the conplex sugars in the mash to simpler sagars. In other
embodiments the facility or 2 component thereof liguefies and converts the complex sugars o
simpler sugars Yor distitlation. In still other embodiments, the cornplex sugar in the mash are
converied to sinpler sugars in the facility or a component thereof. This Conversion process is

¥

effected by enwymes sach as anyylase or celhadase, acid (¢

N

. sulfuric acid}, microorganisms,

andfor heat. The conversion process brogks down complex sugars such ag sellulose and

starch to simpler 3~ or 6~ carbon sugars such as gluacose,

Onee the mash with the broken down sugars is obtaimed either through processing
side or cutside the facility, the fermeniation/conversion process is begun, In cortain
srmbodiments, the mash i fermented to produce ethanol. The fermentation provess is

typically begun by brnging the mash {o a particular teraperature, for example, between 3¢
and 43 °C. In certain embodinents, the formentation takes place at appmmnmtdv 3¢ In
certain cnvbediments, the pH of the mash is adjusted {0 approximately pl 6-8, preferably
approximately pH 7-7.5. In certain embodiments, the fermentation 18 carvied out in an
oxvgen-deploted stmosphere. A formenting microorgamsm is then added o the wash. In
cestain embodiments, the fermenting ;ma.mnm:mzw s yeust. In other embodiments, the
fermenting nueroorganism is Seccharamycey corevisiae. In certain ambodiments, the
fermenting organism 18 Sehizosaccharomyces pombe. In other embodiments, the
miereorganism is Symemonas mobiliy. In other embodiments, the microorganism is
Excheriol coli. In certain embodiments, the nucreorganism 18 8 genetically engineered
orgarism, Examples of genctically engineered fermenting organisms uselid in the production
of bicethano! are described i UK, Patents £,.609,695; 6§ 306,638 5,162,518; 5,438,534
3,000,000, 4,400,470 each of which is incorporaled herein by reference, In certain
embodiments, the formentation mixture is kept al a constant temperaturs snd pH during the
fermemtation process. The fermentation fypically fast frons 24 hours to 300 howrs. In certain
cmbodinents, the formentation lasts from 50-200 hours, In certain other embodiments, the

fermentation last from 100-200 hours. As would be appreciated by one of skill in this art, the
P

P
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hiomass, microorganism, temperature, and other conditions used iy the fermentation will
determing the length of time needed to convert the bivmass o ethanol,

In other entbodiments, the processed bomass or mash is converted into another euergy

Ry

source besides ethanol (e, gasoline, hydrocarbons, hydrogen gas, natural gas, bodiese], and

Des

Ny
¥

e

sleciricity) or another desired prodact or co-product, This conversion is offected
aeroorganisms. i cortain embodiments, the nucroorganisms are genctically engineered. In
ty engingered to produced

cerlain partioular embodiments, the microorganisms are genetical
the desired product. For example, in certain embodiments, the microorganisms ave designed
10 provivce natural gas or hydrogen gas from biomass. In other embodiments, the
microorganisms are designed o produce gasoline or hydrocarbons from bivanass,

In other embediments, the processed Momass or mash is convertes into ather desived
products such ss plastics, polymers, and nutrients.. This conversion is effected by
micreorgasisms. 1o certain embodiments, the microorganisms are genctically enginegred. In
certain particular embodimnents, the microorganisms are genctically engineered o produced
the desired polymer. In cerfain embodiments, the microorgaisms are designed to produce
nutrients,

In cerfain embodiments, the desired product is removed as i s prodeced. In othe
emsbodiments, the desired product is parified from the fermentation/conversion afier the
fermentationvennversion is stopped. In the production of biocthanol, after the fermentation
step {s complote, the formented mash {also known as beer) contains anywhese from 3% to
20% ethanel, o some embodiments, the ethane! s removed as 11 {s produced. The ethanol is
purified from the water, and solids by distilation. The distiliation process tnvalves

vaporizing the cthanol and then recondensing 1t into Hquid form again, The purity of the

sthanol obtained from the distillation can be increased by ropeatedly distilling the resolting
ethanol unti! the desired purity is achieved. The ethanol may be furthe ;:ﬁmiw by removing
any remaining water using a dehydration step. In cerfain embodimenty, the ethanol is passed
over a material which absorbs water such as molecular sieves, In cerfan embodimenty, the
gthanol is distilled or axeotroped o remove most of the water from the sthanel. Staslary, i
a different desired product is produced than ethanol, # can similardy be purified from the

converted biomass. Preferably, as much of the desired product is produced befors the

26
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.

CONVETSION ocess is stopped. In cortain vmbodiments, the desired product bs drawn off ag it
1s produced.
Analogeusly, the facilities may produce 100% ethanol or sthano! of any desired state of

X
Pl

writy, Forexample, the facility with its distillation apparatus may produce less than 100%

topey

Fat

yare cthaool, In certein embodiments, the ethanol is al least 30%4, ab least 90%, st legst 959,

L
”'.:ﬁ

al least D%, or at least 99% pure. The ethanal, if desired, can then be further purified andfor
dehydrated outside the mobile facility. In cerfain embodiments, the factlity produces pure
ethano! that s subsequently denatured. An organic solvent such gs mothanol, isopropancl,

hexanes, and gasoline, s added to the purified cthane! to produced desanwed othanod, which

L for hurman consumption,  Exemplary densturants inclade methanol, eamphor,

»-
oy
K
.
[
o
(4
oo
e,
e
o
et
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dehydes, amyl alcohol, pasoling, isopropanol, terpinec, benzene, castor cal, acetone,
nicotine, acids, kerosene, and dicthyl phihalate, In certain embodiments, 1-10% of organic
sofvent ¥s added to the ethanol. In other embodiments, 1-5% of orgamie solvent is addud, In

certain embodiments, 2-3% of gasoline s added to the sthanc! to denture 1

i5 Any of the knowledge in the art of producing of ethanol from blomass may be used in

the systom for producing cthanol. Various aspects of the process of producing sthasel from
homass are described in ULS, Fatents 7,070,867, 7,037,704, 7,007 37%; 7033781,

5,152, 7,022 894 6,933, 404; 6,027 048, 6,908 995, 6,861 248, 6 849 434; 6,840,657,

6,803,218, 8,755,975, 6,737,257, §,716,631; 6,703,227, 6,699.690; £,603,780; §,060,5(6;
20 0,048,934 Ri’xfi“»fi,ﬁ’?é;‘”.5596,308; 6,592,921; 6,582,844, 6,555.350; 6,328,311, 6,209, 18(

2 s
25 3869301 TROZIG, 5,779,164, 5,756, 862; 5,735 916 5,705,369,
S.677, 154, 378,472, 5.571,703; 5,550,031; 5,554,530; 5,345.34%;

5,504,255, 5,487 .989; 5.482,840; 5,474,924; 5,470,433, 3,424,417,
5,424,202, 72,939, 5,345,477, 5258293, S 231,017, 5,223,567,

_ 135,861 5,134,944, 5,106,634 5,100,791 5,086,144, 3,081
O7L,67S; §,063,156; 5,061,497, 5,047,332; 5,028,539; 5,013,436; 5,000,000, 4,9%5355;

i .A-)
<
‘*\

4,851,304, 4
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4,833,964 4,816,407, 4,816.3 812,410, 4,808,527, 4,808,526, 4,790 238, 4,778,688,
4,769,324, 4,746,615, 4,746,610 4,731,320; 4,661,643 4,650,689, 4,647,534, 4,628,031,
4.012,286; 4,604,352, 4,567,145; 4,560,058; 4,556,744, 4,531 897, 4523928, 4,,52‘2,92{3;
4,517 208, 4,510.242; 4,507,505, 4,490,409; 4,450 468, 4 480,090 4

3 4,447,534 4,443,637 4,443,544, 54%1343&£4423§Qp£42L)39;%4 13,088; 4,400 405,
4,405,815, 4,403,034; 4,400,551, 4,400,470; 4,400,469, 4,395 488;

33 4.358,536; 4,357 480, 4,356,267, 4,355,192, 4355 108; 4,346,113 4

4,333,852, 4328375, 4,326,036; 4,321, 141; 4,317,884; 4,302,357, 4,301,312, 4301 253,

4, 273,621; 4,262,154; 4,255,300, 4,253 987, 4233406, 4,220,803, 4,188,354

4,164,445, 4,138,509: 4,134,926, 4,094,742; cach of which s incorporated herein by

4454358, 4 451,307
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L3RG (68,

. patent applications, 20060134844, 200601 34353,

20060154342, 20060143728 20060141594, 20060141384, 20060134747, 20060121589
20060121581 20080115779, 200601 10812; 200601 10810; 20060105443, 20000105442,
0GOS0, 20060101540, 200600094080; 20060088922 20060054156, 2006073228,

i5 200600647 84; 20060057602, 20060057601 ; 20060051847, 20060043020, 20060035353,

k4

reference; and published ULS

20060035346; 200600267 15; 2006001 9400; 20060019360; 200600 14841, 20060014260,
20060013765, 20060009537, 20060003408; 20050289670, 200502721 34; 20050266543,

20050266548, 20030266105, 20050266100, 20050260554, JUBI201H2; 2050244834,
JNOS0244878; 20050233031 ; 20050226950; 20050214915, 200502 1491 3; 2005021491 1
{ 200502 14408; 20050198704, 20050181492, 20050176974, 20050 170453, 2005015883,
ZOOS0142250; 20050136525, 20050136520; 20050124010, 200501 15904, 200501 15897,
200501 12739; 20030109697, 20050107482, 20050106657, 2003510086, 20USTA86),
ZHOSG06D998; 200500069598, 20050065446, 20050064052, 20050061313, 20030056600,
20050055874; 20050033043; 20050031719; 20050026201 ; 200500199832; 20050013801

5 SOGAG0O3023; 20040262161, 20040261145; 20040253713, 20040231661 2
20040225 164; 20040204503; 2004019789¢0; 20040104161, 20040181375,
20030183542, 200401 52159; 200401 21436; 200401 16757, 2004010808
0040094 144 E{}E.?fi{}f}ﬁ}iﬂ}&‘); 20040087308, 20040082044 2004008 1648, 20040081647,
20040077004; 200400673 50; 20040060868, 20040060673, 20040058032, 20040355041,
4 ;?;()0»’%8{}4??99; 20040044087, 20040029238 2004001 1258; 20040000521, 2003023631,

L2

20030233881, 20030222021; 20030219512; 2003021 1385, 20030204098, 2003190072,
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0030195045, Z0030104788; 20030186402, 20030180000, 200301 TI003; 20030170861,
20030170330; 20030166174, 20030162851 20030162271, 20030157675; 200301530589,
ZHO3014830%; 20030143704 200301 19000; 20030115742, 20030114338 20030113735,
20030113734, 20030113732, 20030100807, 200300844 16; 20030087381, 20030077771,
JOOIONTIRIL; 20030063415, 20030034335, 20030054508, 2{}93@(}4‘:}86?; 20030046724,
20030044499, 20030044405, 2003004 1982, 20030019736; 200300 18063, 20030008343,
ZOORNNROR36Z; 20030006191, 20021097686; 20020197688, 20020193617, 20020192774
200201 880635; 20020188459; 2002016473 1; 20020164730, 200201604069 "{}5}2{},3599‘2%};
0201585883, 20020153317, 200201424 10; 20020132350 20020104518, 20020094575;
200200011635; 20020081677, 20020069987, 20020062594; 20020061561, 20020055135,
020042111 20020037564, 20020034815, 20020026744, 20020023278, 20020015871
20010024796; 2001 0023034; 20010006795, each of which is incorporated hevein by
reference,

OTHER EMBODIMENTS

A rumber of embodiments of the Invention have been desertbed. Mevertheless, it will be

understood that variows modifications may be made without departing from the spirit and
scope of the mvention.  Accordingly, other embodiments are within the scope of the

\)hi?\‘:i 4] (\.§ J‘}%
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WHATICLAIMIR:

t. A method of producing ethaned from biomass, comprising:

prodacing cthanol from biomass at a first site with 3 fermenter;

mmspeﬁing the fermenter 10 g second stig; and

%

producing cthano! from biomass at the seeond site with the fermenter.

2. The method of claim 1, whorein the blomass is selected from the group consisting of
celinlosic material, Hpnocethdosic material, corn, sugar cane, sugar beely, {recs, shrobs, grasse

phytoplankton, 2ooplankton, algas, macroalgae, scawsed, corn hosks, bushey, Innber, wood

waste, poip, votton, wool, nen, paper, newspapers, corragated containery, mined paper,

computer printows, white offive paper, printing plant seraps, Ieaves, twigs, grass, plant outlings,

branches, troes, vines, sewage, agricultural waste, snd mixtures thereok

3. The methoed of claim 1 or 2, wherein transporting is performed with a nautical vessel
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erein the nautical vessel is a boal, 2 barge, a ship, 8 dock, a floating

platform, a sea phatform, or g sea g,

¥

. The method of claim 1 or 2, wherein transporting is pevformed with a land vehicle.

6. The method of claim 3, wherein the Jand veliucle is a car, truck, tractor railer or train,
7. The method of claim 1 or 2, wherein {rapsporting is performed with an airbome vehdcle,

&

The method of clain 7, wherein the airborne vehicle is a plane, helicopter or blimp.

Q. The method of claim 1 or 2, wherein {ransporting is porformed by more than a single mode,

10, The method of claim 9, wherein the transporting is performed by a land vehicle aud a water

vehicle,
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11, The method of any one of the above claims, wherein producing is performed while

travsporhing.

i2. The method of any one of the above claims, wherein the formenter forns part of 2 systeny,
the system comprising a component sclected from the group consisting of cutters, shearing

;)

devices, measuring devices, flow devices, mills, mixers, pumps, wiring, cookers, heajers,

coolers, aerators, containers, holding containers, distillation culumns, piping, clestrieal

COMPODNEME, Cnurgy SONrCes, sewage sources, water sources, and mixtures thervofl

13, The method of any one of the gbove claims, wherein the first site and second site are spaged
1

apart by a distance of about 23 miles or more.

14, The method of any one of the above claims, wherein the first site and sccond sie are spaces

¥

e

apant by g distance of abowt 100 nules or more,

15, The method any ane of the sbove clanns, wherein producing cthano!l from blomass at the

3

first and/or second site comprises hydrolyeing the biomass, and then formenting the biomass.

The method of any one of the above claims, further comprising travsporting the sysiem o 8

third site, and then prodacing ethanod at the third site.

{7, The method of clatm 16, farther comprising tramsporting the fermenter to & foarth site, and

then produciny sthanol at the fourth site,

I8, The method of gny one of claims 115, wherein prior to provchieng ethenol fom biomass at

the first andfor scoond site with the fermenter, the fonmenter is assembled as part of & systom.

19, The method any one of the above claims, whersin producing ethanol from biomass
comprises Contacting the hiontass with one or more microorganisms disposed in the fermenter,
000

bt

1§

method of claim 19, whersin the one or MOre MUECOOTZAINNS COMPRISTS DR OF IS
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genetically enginsered bacteria,

21 Amsethod of producing energy from biomass, comprsing

producing & frst energy source from biomass at a first site with a fermenter, reactor or a
converiern

rangporting the fermenter, reactor or a converter to a second site; and

producing a second energy source from biomass at the second site with the fermenter,

FORCHR OF 3 sonverier.

--

Y Souroes are the samse,

e

22 The method of claim 21, wheretn the first and second enc

et

23. The method of claim 21 or 22, wherein the energy sowrce is selocted from the group

consisting of alechols, ethancl, n-butanol, gasoline, hydrocarbons, hvdrogen, natural gas,

hindiese], slecinioity, and mixtures thereof

24, The method of claim 21, wherem the encrgy source conprises ethanol.

230 A nmethod of produciag a product from biomass, comprising:
producing a frst product from biomass af a first site with a reactor or & converter
fransporting the reactor or a converter to a seoond site; and
producing a sccond product from biomass at the scconsd site with the reactor or a

converier,
26, The method of olaim 25, wherein the first and second products are the same.

27, The method of claim 25, wherein the first or second products comprise ethant

2R, The method of claim 25, wherein the first or second products are selected from the group

o e ‘\ov o COT o - . P IR N I T end cene 1-)?-}‘@
consisting of energy, sthansl, n-butanol, alcobols, hydrocarbows, gasoline, natural gas, methane,
biodiesel, hydrogen, eleciricity, polvimers, nutrients, proteins, biomolecnles, pharmaceaticals,

pharmaceutical products, fertitizer, medial products, chemical products, mnd mixtures thereof,
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29, The method of wlaim 23, whersin the first or second products comprise one or more
hiomolecules selected from the group consisting of nocleic acids, profeing, lipids, steroids,
wdural products, metabolic products, nuclootides, nucleosides, fats, amino acids, peptides, and

mixtures thereot,

38, A methed of producing & product froms biomass, comprising:

producing a first product from biomass at a first site with a reator, the
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incated on a body of water;
fransporting the reactor to a second sile also on the body of water; and
producing a second produoct from biomass at the second site with the reactor,
whereln the blomass is obtained from the body of water.

-~

31, The method of claim 30, wherein the biomass is selected from the group consisting of

g

plankion, aquatic plants, algae, seaweed, and mixtares theveofl

32, A method of prodocing @ produet from biomass, comprisiag:
producing a first product from bidmass al » first site with a reactor or converter;
wransporiing the reactor or converter by a first mode o a second site;

producing & secoud product from blomass at the second site with the reaclor or converter;



