CONVERSION SYSTEMS FOR BIOMASS

CROSS REFERENCE TO RELATED APPLICATIONS

This application clatms priority from U.S. Provisional Patent Apphication No,

HYRI2, 738, filed on July 21, 2006, the contents of which s incorporated herein by referenee n
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TECHNICAL FIELD
The present invention relates to @ systom for producing energy {2z, sihauol,

o

drocarbons, gasoline, methane, natural gas, snd blodiesel), electrioily, nolrionts (human and
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animal}, pharmaseuticals {human and veterinary) {e.g., masdicines, and drags), furtilie
other so-products from blomass. In particular, the inventinn relates to mobiie, portable, and
moduiar facilities for producing energy {e.g, cthanol, hydrocarbous, pasoline, srthane, natural
gas, and biodiesel), electricity, nutrients (hunsan aud animal), pharmaceuticels thaman and

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

-
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wrocess from biomass {e.g., crops, agricultural waste, and munscipal solid waste),

BACKGROUND
Fhanol has 2 variety of uses, including as an indusirial chemical and solvent, foel
sdditive, and strajght lquid fuel. Bthanol is a clean burning fuel that can be wehnced from
20 rencwable sowces soch as crops {eg., comm, and sugar cang), wood waste, a&z‘maﬁmmi aste, of
ather biomass, Fthano! not only reduces air emissions, but it also unproves engine

performance. Also, as a renewable fael, ethanoel reduces the United States” depundencs on
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fieign fossil fnels. Recently, ethanod production in the Uniled States

million gallons in 1980 to 3.4 billion gallons i 2004, There are

25 production ficilities on-line in the U8, and 30 more
production of cthanol i coming years is expected to increase,

The majority of ethanol made in the 118, 15 dertved from com however, sthanst can
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down the complex sugars {e. g., amaylose, cellulose) found in these plants tuto simpler
fermentable sopars (e g, dextrose). This firat step cam be accomplished uning enzymes, avid,
water, andfor heat. Onee the simpler sugars ave obtained, veast ov other fermenting
wteroorganisms are added o covert the sugar to ethancl. The cthanol 13 then removed from the
formentation by distitlation, Water may be removed from the cthapel by delydration, and the
cthanol may be denatured to make it onfit for human consamption by adding 4 small amount of
gasoline or nther aleohol {eg, methanol).

The production of ethanol as a fuel supplement has many benefils inchuding boosting
the ceonomy, oreating jobs, benefiting agriculture, alding roral economiv development

providing energy securily and independence, reducing greenhouse gas cmissions, and reducing

2

~

emissinas of other pollutonts including carbon monoexide, particudate matier, oxides of miropen,

andd other ozane-forming pollutants.
Joseph DePardo o article entitled “Outlook for Biomass Ethanel Production and
Demand™ {www eat.dos. goviotatfanal ysispaper/biommass hitmi) has sadd that the prodaction of
ethanol from corn is a mature technology that is net likely to see significant reductions in
woduction costs, He hypothesizes that the sbility to produce ethanel from ofher low cost
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biomass will be Inypsortant 0 making sthanol competitive as a fuel addittve, Therefre, a nge

remains for improving the production of ethanol from craps as well as other bionwass meluding

“non-vivgin” blomass such as mondeipal solid waste,

SUMMARY OF THE INVENTION

h}f‘ﬁ?{)(tfi,“i}(}.ﬂ.ﬁ_\ gasoline, nateral gas, methane, b‘imiiesei, a1 hvmmgm gz«‘: ‘c-Ec{:irici_ty, plastios,
valvmers, wutrients (human and simal), proteins, biomolseules, pharmacentionls (human and
veterinaryy, forsilizer, oy other products from blomass using & mobile or portable production
factlity or senalbseale fucility, The invention stems, at fesst in part, from the recognition that
ray be more efficient, coononucal, andfor conventent {o move the production fa vy ar o
Have a smati-scale facility nearby sather than moving the biomass used ss the starting material

in the process or the prodect such as ethanol produced by the fheility, In vertain embodinents,

the inventive facilities allow the use of hoeal supplics of biomass and other materials needed 1
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facilities, the sife may include certain infrastructure (e, a foundation {e g, conarete slab}} for

53

the factlity, walls, roof, building, piping, wiring, sewer lines, gas lines, and lighting). The
mrvertive facilities also allow for the use of biomass traditionally not thought of as wselal For

prochwing energy {2z, cthanol, hydrocarbons, gasoline, natural gas, methane, bodiesel, and

hydrogen gas}, electricity, plasticy, polymors, nulrients (nyman and animal}, profeins,
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Biomolecules, pharmacenticals (human and veterinary}, fertilizer, or other products, suct
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algae, aquatic plants, sgriculiural waste, and tunnan waste. The mventive systems have
versonal, commerciad, governmental, agricultural, and military applications,
in one aspect, the Invention provides mobile production faeilities for processing

biomass o proeduce any of the desived products described hevein, The mobiie facililies ol the

fnvention we sasily transporied, or components of the facility are sasily transportabla
Transporting the production {acility or components of the facitity rather than the biomass

starting material iy puticulardy vselul and economical given that many of the wrops used 1o
nroduce energy {eg, blocthanol, gasoline, hydrogen, natural gas) or other desived products are
seasonal, Therefore, a production facility only seeds to be operational in the ares when orops
or other biomass is avallable for processing. Afler the processing i3 done, the facility or cartain
components of the facility can travel to another area with biomass avadable for conversion to &
desired product. The inventive facilitics or components thereof may be transported by water,
air, land, or any combination thersof. The inventive facilities may inchude parts of the facility
or infrastructare that is not transporfable or mobile. For example, the tnventive production
facility oy components thereof may be transportable on a hoat, barge, ship, or other nautical

vessel, Such facilities are particalarty useful for producing cthanol or sther products from

aquatic biomass such a3 algae {e.g., Sergassion) or aquatic plants. These factiitics arc also
usefil in traveling on a body of water to different areas with biomass suttable for the
wraduction of the desired product {e.g., traveling on a river or on the ocean and docking al an

aven with anitable biomass for provessing). The portable factlitios or components thereo! may

o

also be transported on Jand, For example, the facility may be transported by 4 i, a ek,
tractor tratlor, and railroad car(s). Again, the land vehicle with the portable facility can travel to
areas with blomass suitable for the production of the desired product, Finaliy, ¢

may be transported by air, The facility may be transported by plane, helivopter, and blimp. Adr

transpostation of the facility allows for the use of blomass typically ton far avway from

Lo
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production facilites o be used. The facility may be on the plane, or the faciiity or components
may be dropped from a plane or delivered by plane. The mobile facility 18 typically

o
&

conveniently sted and orgzmi;i::d to p:t‘m-\'ida for easy tramspm{;;zi‘.ifm of the facility andfor its

able to trgvel roads and highways used by cars, &z'uc-ks, and tractor trasless. In the case of sea
transpost, the facility or components are typically carriad by a boat or barge which 1s maved by

aboat. In the case of air transport, the facility or components iy sized to 8t in a plane {eg,

The inventive mebile fctlities or facilities constructed from mobiie commpononts may

o~

include any or all of the following apparatuses useful in producing the desired product {e.g.,
ethanol): pre-processing means for the blonass, mills, cookers, cooling containers, holding
containers, formenters, distiation apparatuses, columns, piping franafer containors, snd mixing
containers. I cortain embodiments, the different stages of the production facilities are Haked
together efficiently so that a user van casily transfer materials from one stage of the production

ther. The fscilities may also include any reagents needed in the production

wrocess fnolnding veast or other microorganisms {ncluding gencticstly cngingered

o eliioe
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niicroorganisms), enzymes {g.g., amylase, and cellolase), actds {e.g, sulfurie seid, hydroctdoric
acid), hases (2., sodium hydroxide), chemical reagents, water, salts, molecalar sieves, and
cohunns. I contain embodiments, when cthano! is being produced, the faciitly inclades

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

va

facilitios can include all the necessary equipment and reagents conveniently sfored in the

facitity making for sasy use of the fscility. In certain embodiments, the facility produces

2 o

enough ethanel or other energy souree to supply the energy needs of a Tactory, tows, village,

¥

and sland, In cortain embodiments, the ethano! production faeility prodaces less than S mitlion
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s othe
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wol por vear. The facility may also optionally include any sipipment mandated

o
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by internstional, federal, state, or local law including, for example, safety equipment necessary
to prevent or handle spills, fires, ov other emergencies.

As will be appreciated by one of skill in {his art, the production facility may be

sascntbiod from various transportable components. These components may molude pre-

wrocessing mearss for the biomass, mills, cookers, cooling containers, holding containers,

npen
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fermenters, distillation apparatuses, columns, piping transfer ¢ containers, and mixing conisiners.

4



in certain ewmbodiments, the component comprises g combmation of bwo or more of any of the
ahove, The facility may include non-transportable components. These components of an

sthano! production facility are designed for sasy assembly of the working factlity af the stte,

b

The components may be pre-fabricated. The components may be Interchangeable and may

provide for sealability of the factlity. In certain cases, the components system alfows the

(¥4

facility 10 be easily assembled and broken apart for case of portability. The varicus

g

components of the facility may be brought to the site using any combination of ranspost means

-

{e.g, uir, waley, and fand}). Yo cerlain embodiments, the components are brought 0 a site with
cortain infrastruchure which may include electricity, shelter, foundation, sewer, water, and
10 natoral gas nes. AD or some of the components may be later disassembled and moved 1o
now site. In cortain embodiments, particular componesnts andfor the infrastructurs may romain
at the site to be optionally used agam.
In some cases, the mobile production Tacility or components thereot ave disposabli 50
that after it has served its purpose a portion or all of the facility i abandoned fompovanty or

i other eabodiments, the facility or components thereot are meant 1o be re-used
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and are theredirs iransported from place to place with suitable biomass. The fheility my be
completely seifsufficient requiring only the addition of blomass, or the facility may require
other matertals or utilities such as walter, clectricity, natural gas, gasoling, and sewer, Far

example, the ethano! ar other energy produced by the mobile facility may be used 0 power a

-

enerator (o supply clectricity to the facility, or the ethanel or other energy source may be

[

e
L‘.‘l
bumed to provide the heat 1o break down the biomass in a cooker o to run a distilfation. The

sthano! or other encrgy may alse be used to power the vehicls used to transport the facility or

in another aspeet, the invention also provides smali-seale ethano! production faciities

25 (eg, producing less than § million gallons of ethanol). In cerfain embodiments, the inventive

5

small-scale facilities produce less than § million gallong of ethanal. These small-scale faciliies

i
may be porlabie or components of the system may be portable as deseribed above, These
Sacilitios may inchide any or all of the following apparatuses useful in producing biocthanoh
pre-provessing means for the biomass, mills, cookers, cooling contalners, holding sontainers,
30 formenters, distillation apperatuses, colnmas, piping transfir containers, and mixing containers,
In cortain enthodiments, the different stages of the production facilities are Huked together
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cificiontdy 50 that # user can easily fransfer materials from o

process 1o gnother, The facilities may algo inchde soy reagents needed in the ethanol

production provass including veast or other microorganisms {including genctivally engineered
&

sderoorganisms), cneymes (ep, amylase, and cellulase}, acids (e g, sulfuric ami(}., and

Bydrochloric acid), bases (e g, sodium hydroxide), water, saits, molecular stoves, gasoline or

other aleohols for denaturing the ethanol, and any other reagents. The mventive fhmlities can,
o.¢., include all the necessary equipment and reagents conventently stoved in the owdile facility
making for gasy use of the fac ;Eﬁ.},f. In certain embodinents, the factity produces encugh

othanol to supply the ethavo! needs of a factory, town, village, and ialand. In certain

&

srnbodimenss, the facility produces less than § million gallons of othanol per year. The faciity
may also optionally nchide any equipment mandated by international, fuderad, state, or local
faw inchuding, for oxample, safety equipment necessary to prevent or bandhe spills, fives, o

other smergencies. Other products as deseribed bereln may also be prodaced by the smali-

The present invertion also provides processes for producing a desired product using an

inventive facility, The process uses blomass from a loesl arca in mn inventive pradoction

facility t produce the desived prodact locally. The Jocally produced product {e. g, ethasol,
aasoling, natural gas, hydrogen gas, and hydrocarbons) is then preferably used Jocally to aviad
the cost of the fransporting both the blomass and the final product. Preferably, a local water
souree is used in the production process. Other reage ents needed for the process may be
provided by the {scility or provided locally, The waste or co-praducts from the production
nrocesy, e, the distilers grain, can be used locally as a highly nuwritious Yvestock feed ovasa
fertilizer. Othey waste producis or co-products from the provess such as biomolenu
carbohvdrates, protein, and polymers may also be packaged, used, and/or sold
The mobile component-based ethanol production faclities and smali-szale production

facilitics complement larger-scale ethanol prodeetion fheilities (Le., froilities that pradoce over
HO-20 miilon gallons of ethanol per year). In some cases, the inventive fcilitios may climinate
the nesd for large-svale ethanol production facilities in some arcas. The portable nature of
certain sysiems works esperially well given the eyclical natwre of crops and other bismass in
various geopraphic arcas. These inventive facilities also allow for the economical production
of cthanol from low cost biomass, which will aid making cthanol 2 competitive fuel addilive
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I certain embodimenty, the inventive system uses blomass that is not com, sugarcans, or

sugarbent, or includes a small portion of these crops.

i one aspeet, the invention features a facility for producing ethano from biomass.

Such a facility ncludes at fegst one component that 1s portable.

I some omhodiments, the compoenent performs al least one step in the process of
converting biomass o ethanol, For example, the component ean pro-processes the biomass,
ferment the blomass, or peify ethano! produced from the blonuss,

In sovee embodiments, the facility is capable of only producing less than sbout 1 million
gallons of sthune! per year, or less than about § miflion gallons of ethanal per year,

In some instances, the facility includes at least two portable components,

In another aspent, the invention features a portable ficthity for producing ethanot from
DIIRAss,

{n another aspect, the nvention features a portable facility for producing ethanol from
biomass. Such a facility inclodes a means for transporting the facility and a fermenter Ry

comverting sugars derived froam biomass nto ethanol.

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

transported by ratlread,

X

For exaraple, the facility can be transported by waler, such as by using a boat| barge or
other nautical vessel,
oy ‘\:zmpi the facility can be transported by air, such a8 by using an suplan

helicopter.

For example, more than one mede of transportation can be used. For example, any one
or more of air, land or nautical modes may be utilized. For example, train i combination with
barge or boat, or blimp in combination with traim.

For cxzmipie,, ths f’aciiity can further tnclade a means for converting complex sugass of

For ex: mpi g, the f&tiiity can also inchude a means for parifving the sthanol prodaced i
the formenter, sueh as one o more distiffation columns.

In another aspect, the invention features a portable froility for producing ethanol fom

hiconass that includes g means for transporting the faciiity, a oull for grinding the blomass, 8
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cooker for Hguefying the biomass, a fermenter for converting sugars derived from biomass inlo
gthaned and o distillation apparatus
In another aspect, the nvention {eatures 8 method of producing ethanol from Momaas
that includes providing biomass; providing & portable ethanol production facihity; and
producing sthano! from the biomass tsing the portable cthanol production facility,

L another aspect, the invention features methods of producing ethanol from biom
e.g., one or more celhulosic andfor lignocellulosic materials {e.g., switchgrass andfor papery,
that mclade producing ethano! from biomass al a first site with a reactor or a converter, &g, &
fermenter; transporiing the reactor or converter (o 2 second site; andd producing ethanol from
hiomass ab the second site with the reactor or converter,

nile, the Momass can be or can include any cellulosie or Bgnocellulosie

oy

material, such as corm, sugar cane, sugar beets, trees, shrubs, grasses, phytoplaniion,
sooplankton, algae, mucroalgae, seaweed, corn husks, bushes, lumber, wood waste, puip,
cotton, wool, Hnen, paper, newspapers, corrugated containess, mixed paper, computer prntouts,

white office paper, printing plant seraps, leaves, twigs, grass, plant ou
¥ B 4 3 g k &' B

vings, sewage, agricuftural waste, Mixiures of any of these can alsa be wtilized.
For example, transporting can be performed with a nautical vessel, e.g., a boal, a barge,
a ship, dock or a foating platform. For example, transporting can be performed with  land

rehicle, such ag a car, truck, tractor traller o train, For example, transporting can be performed

4
]
g

with an airhome vehicle, such as a plang, helicopter or blimp.

I some embediments, transporting is performed by more than & single mode, such as
by a tand vehicle and a water vehicle,

i some enthediments, the producing is performed whilke ransporting.

In some smbodiments, the system uses fixed resources, such as pping sndfor electrictly
agiven site

fn some embodiments, the reactor or converter forms part of 4 systent and the syslam
also inclades a component such as culters, shearing devices, measuring devives, flow devices,
snills, mixars, pumps, wiring, cookers, healers, coolers, aerators, containers, holding < Sontatner

cistillation columns, piping, or mixtures of these

%
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pacing bebween a first sile and a second site can
exampl

e amiall or redatively large. For
&, the sites can be physically beside one snother. Fer example, the ethanol
produced while the system i being carried by a moving train,

in other embodiments, the frst site and second site
about 238 miles

4‘. >

ave spaced apart by a distance
S OT MOTR, €

aof
, .84, about 50 miles or more, aboual 75 1

yiles or more, about 100 miley

per

or miove, aboat 130 miles or more, about 230 or more nulex, or
¥

11 B

o

even aboat 300
ome embodiments, producing ethaool from blomass at the
chudes hydrolye

¥

ing the biomass, and then fermenting the biomass
The msthods can further inclode, ¢

miles or morg

first anddor second sile

.g., transporting the system to a thisd site, and then
producing cthanol at the third site. The methods can include also g Puonth, ffth, sixth, seventh,
Produsing can occur at any number of thess sites,

o embodiments, prior to producing ethanol from b
sife with the system, the systony 13 assombled.
For example, the producing othe

: P g

X

hiomass at the §

¢ first andior

aod froem biomass can include contacting the biomass
oroorgamisms, such as 8 one or more species of yeast and/or bacteria,
disposed in the formenter. O b

ter. Combimations of different organisms may beoased, o.g,,

combinations of veast and bacteria or diffevent speciss of yeast or bacteria

15 with one o7 mors mi

For example, {he oue or more microorgamsms

sdude one or mgre
EREHISCTE

genctioatly
d bacteria.

in another aspect, the nvention features methods of prod

YOHIE Snergy
that inchude producing a Hest energy source from biomass at a

vy from biomass

]

St stbe with a reagt
tor; fransporiing the rea

Cior OF a converter o as
gy souree from biomass at the second site with the reactor or & convert,
In some embodiments, the first and second energy

fard
LN

curces are the same.
25 For example, the enorgy source van be an sleohol, such gs cthane! or s-butasol,
gasoline, hydrocarbons, hydrogen, natural gas, biodiesel, electricity or mixtures of any of these.
In speaific cmbodiments, the energy source 18 or includes an aloobel, such as ethanol,
I another aspect, the invention featwres methods of produciog products from bionass
that include producing a first product from biomass at a first site with a reacto
MY transporting the systemy toa

WOOF & corverter;
econd site; and producing a second product from biomass at the
sopond sie with the reactor or g convertes
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In some ewibedunents, product of products can be made in & mobils facility, and then
{finished in a fixed facility, ey, Hxad production faeility. Fovr example, the un-finished product
or products can be transported by a vehicle, vz, 8 train andior a shap, or another conveyaee
method, such as pipes. Combinations of these conveyance methods can be utilized,

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

In somie embodiments, the fivst or second products wnolude ethana! andfor n-butanol

For example, product can be cthanol, n-hbutanol, hydrocarbons, gasolive, nalural gas,
methany, bodiesel, hydrogen, eleciricity, polymers, nutrients, proteins, homolecules,
pharmacenticals, pharmacoutical products, fertilizer or mixtures of any of these.

I some smbodiments, the first or second products includes one or more hiomolecules.
For example, the biomolecule can be a nucleie acid, a protein, a lipid, a steroldd, a natural

nixures of any of

e

prodact, @ metabolic product, @ nuclentide, a {3, an anyino scid, g peptide ors
these,

Inn another aspect, the invention features methods of producing prodocts from biomass,

e.g., veliulosic or Hanocellufosic materials, the include prodecing a first product from blomass

at a first site with & reatior, the first site being located on a body of watery ransporting the

i

reactor o second site also on the hody of water; and producing a second product frow

%

Biomasy at the second site with the reactor. In such aspects, the biomass can obiained frann the

hody of water,

g’;‘.
i
Tx

1 annther aspect, the invention features methods of producing products from biomuass
that inchude producing a Hrst product from biomass at a first site with a reactor or comvertes
teansporting the reactor or converter by a first mode {0 a scoond site; producing a second

product from biomass at the second site with the reactor er converter; and ransporting the

resctor of converter by a second mode different than the first mode to a third site.
Definitions
“Bigethanol™ The term “bioethanol” refers to ethanol produced partially or enticely

from hiemass. In cortain embodiments, biocthanol is produced by fermentation of sugars

derived from biomass. The form blocthano! is used interchangeably hevein with the term

10
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sthanol.

“Biomass™ The term “blomasy” refers {o any meaterial or combinadion of materials that

b '

can be used in the production system to produce energy {e.g., ethanol, hydrocarbons, gasoling,

By

natural gas, methane, biodiesel, and hydrogen gas), ﬁi&;mm\* plastics, polymers, nuirients
{human and andmal}, proteins, biomolecules, pharmaceuticals {human and veteninary; e.g.,
mgs and medicines), fertilizer, or other products. In certain embodintents, sugars or other
organic compounds fromm the biomass are converted into sthanol {e g, by formentation).

Exenplary Montass includes crops {e.g., com, sugar cane, sugar beets), rees, shrubs, grasses,

vankton {e.g , phytoplankion, zeoplankton, bacterioplankton), algae, macroalgae {e.g., species

[ e Ay R

x

from the genns Surgassum}, seaweed, agricultural waste {e.g, branches, corn fusks, bushes,

angd ‘K’CﬁdS}‘\ synthetic materials, synthetic plastics, industrial waste, reoyeled waster, municipat

.
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etic waste, human waste, animal waste, commercial organios {s.g., beverage

& Pad

Th

industry waste, cheese, whey, dairy waste, food processing waste, humber and indusirial wood
waste, pulp and paper facility waste, restaurant waste, fatwics, cotlon, wool, and linen}.
construction and demolition debris, waste paper (e.g., old aswspapirs, nid corrugated
sontainers, mixed paper, pulp substitutes, computer printouts, white office paper, and printing
vlant seraps), vard waste {e.g., Ieaves, twigs, grass, plant cuttings, branches, trees, and vines)
Biomass includes both virgin blomass and non-virgin DIomass.

“Riomolecule™ The term “biomelecude” refors fo any chemical compound that can be

oroduced by a cell or organism. In certain embodiments, the cell is wild type and has met been

genctically engineered by the hand of man, I other embodinents, the cell has beon altered by
the hand of man, Hxemplary biomolecules include nuclele acids, proteins, Hipids, steroids,

nateral products, metabolic products, nucleotides, nucleosides, fats, amine acide, und peptides

“Components™ The term “component” refers (o any part of a bionass conversion

(t/.t
w.,

Y.L

5

by

facility. The component may be of any size or shape. T may inclode one or multiple preves
squipment used in the energy production or biomass conversion process. I certain
smbodiments, the component includes several ploces of squipment. [t may optionally include
piping of wiring and may optionally include hoolkups so thet it can be connected with other
components of nfastructure at the site. In cerlain embodinments, the component is
transportable by afr, water, or land. Exemplary components comprise ong of more of {he
following: pro-processing means for the blomass, mills, mixers, pumps, witing, cookers

i
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heating means, cooling means, acration means, cooling containers, hokiing contamers,
fermenters, distillation apparatuses, columns, piping, transfer conlainers, and mixing
containers. Incertain embodiments, the components are for the modular assembly of an
ethanol production fscilily.

“Dehydration™ The term “dehydration™ refers 1o removing watsr from a material. In

certain embodiments, dehydration refers to removing water from the ethanel produced by the
system. The resulting ethanol may be free of ethanol, or 1, 2, 3, 4, or % waler meay romain in

the ethanol. In cortain embodiments, the ethanol afler dehydration mcludes less than 1% water,

The sthano! may be debydrated using any means known in the art inclading distillstion,

azeotroping, or using moleeular steves,

“Dienatwred sthanol”; The term “denatured alcohol” refers to ethanol that has boen

5 4

mixed with another material to make it uafit for human consumption. Tn most jurisdictions, the

sale of vthanel, as g pure substance or in the form of aleoholic beverages, s beav 31} taxed. In
order to relieve non-beverage indusivics of this tax burden, governments spestly fonmulations
for denatured alcohol, which consists of ethano!l blonded with varions additives o render it
padit for hamens consunystion. These additives, also known as denaturants, are eithey 10X
anddor have an unpleasant taste or odor. Denatared ethanel formulations ntended fora

particular yse {e.g., use as a fuel additive) contain denaturants chosen so as not to Interiere with

that ase.

“Distifation’™ The term “distillation” refers to a process of purifying the ethanol from

the ferniented mash, The distillation process typically involves a change of stale from a lgad
to n gas and subsequent condensation as a means of porification,

“Frergy™ The termy Yenergy” includes any energy source that can be produced from

biesnass. The snergy produced from biomass is typically organic compounds, The energy cun

v

ricity or powey & vehicle for

P

be hurned to produce heat which can be used to produce elec
example. In certain embodiments, the energy s cthanol, oo other embodiments, the energy I

alcebol, Inother embodiments, the energy is hydrocarbons. In certain embodiments, the

cngrgy s fats, In cerlain embodiments, the energy is fatty acids. In other embodiments, the

eneryy I8 scetic acid. In other embodiments, the energy is gasoline. I veriain smbodinents,
the energy is 8 mixture of organic compounds, In certain embodinents, the energy IS nataral
gas. In certain embodiments, the energy is hydrogen gss. In cerlain embodiments, the energy

12
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methane gas. o cortatn ambodimonts, the encrgy is biodiesel. In certain embodimenty, the

Iy

‘Tihanol™ The term “ethanol” refors to the chemical compound, CHOHOH, Ethanol
1% slso referred 1o ag grain leohol. Ethanol iz a flammable, tasteless, coloriess, mildly togic
chenucal componnds with a distinctive odor. The torm ethanol may refer to any degree of

S

purity of ethanol. In certain embodiments, the ethanol is at least 50%, 60%;, T0%, 80%, 9084,

’-/

frovi

8%, $89%5, or B9% pore. In soms cases, the cthanot is 100% pure. In other casey, the cthano
ia denatured with 1- 1096 or 2-5% other solvenis {(e.g., methanol, sopropanel, gasoling,
heranes, pentane} to make i unfit for human consumplion. In cortain smbodiments, the
ethano! is mixed with water. In other embodiments, the ethano! s anhvdrous {e g, aftor a
dehydration stepl.

“Fermeutation™: The term “fermentation™ re o the process of converiing sugars

e

T

sthanol or auy other desired products including energy {e.g., hydrocarbons, gasaline, nataral
gas, methane, biodiesel, andd hydrogen gag), eleciricity, plastics, polymers, rutricnts (homan

and animal}, proteins, Momplecules, pharmaceuticals thuman and veterinary; e.g., drugs and

medicines), and feriilizer. In cortain embodiments, the term formentation refers fo the process
of making organic molecules useBd a8 an energy stwree from biomass. Fermentation is
typically performed by microorganisms such as bacteria or yeast. The fermentation process for

ethanol is typically perfonsed i an exygen-deficient atmosphere to provent the further
exidation of the desired ethanol to scetic acid,

As defined herein, a “fermentor, reactor or a converter™ is a devies that s capable of
holding at least about 1,000 gallons of material, such as g cethulosic anddor Hgnocelludosic
material, a microorganism and @ solvent, such as water. In some crabodiments, the fermenter,

regeior or sonverier is capable of holding greater than about 2,000 galions of material, greater

ran about 2,500 gallons, greater than about 5,000 gallons, greater than about 10,000 gallons,

b
gregter than about 25,000 gallons, greater than abowut 58,000 gallons, or even greater than abowt

,...,.
,4-.

{6,000 gallons,

Al publications, patent applications, patents, and other references mentioned heremn are
mcorporsted b} reference 1 thelr entivety for all that they contain,
{ther featares and advantages of the invention will be apparent from the following

detatled deseription, and from the claims.

b
ek



DESCRIPTION OF DRAWINGS

Fig. 1 is o block diagram thay schematically illustrates methods of producing various
products, sech as ethano! or n-butanol,

%

Hoo 2 n a cross-sectional view of a rotary kaife cut

fer

DETAILED DESCRIPTION
Dieseribed herein are mobile andfor small-scale {e.g., less than -5 miihion gallons per

1K vewr) systems for producing energy {e.g., ethanel, hydrocarbons, gasoline, nataral gas,

=N Y v

e

ww

mothane, biodiesel, and hydrogen ‘,J.S}‘ sfectriity, plastics, polvmers, nutrients (human and
animai}, prodeins, biomolecules, pharmaceutivals {human and velerinary; ez, drugs and
weedizines), fertilizer, or other prodacts including processes, facilities, and components of the
1

facility for producing the desived product, from blomass. The systems eliminate or at luast

veduce the need for transporiing the starting material biomass, which can be, e.g., ofa low bulk

rrrs
L)

density, to 3 stationary lurge-scale production facility. 1t also may reduce the newd 1o ranspornt

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

¢ . o~

distribution facility. The gystem for producing the desived product slfows for the processing o

%
il

T

{

hiomass that ordinarily would not be ceonomically suttable for conversion to energy {e.g.
2 othanel, hydrocarbons, gasoling, natural gas, methane, biodiesel, and hydropen gas}, electricity,

plastics, polymers, nutriends {lnusan and animal), proteins, biomoloules, phamea seeuticals

human and veterinary; e, drags and medicines), fertilizer, or other produsts due to

transportation, processing, or other costs. The system makes the production of energy {e.g.

sthanol, hydrocarbons, gasoline, natural gas, methane, biodiesel, and hydrogoen gas s}, electrieity,

Y

lastivs, polymers, nutrients (haman and animal), proteins, blomotecules, pharmacenticals

T
L%
o)

{human and velerinary; e, drugs and medicines), fertilizer, or other products more
sconomical by reducing the costs, particulacdy the {ransportation costs, of producing the desired
groduct,
Production facilitios that are configured in such & way that 1t or its various componsniy
30 cam be easiby transported by land, seq, afr, or a combination thereofl In certaln embodiments,
squipment need to producs desired product from homass are compactly

14

the materials
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hoat, barge, airplane, §'1<:’Eir;:c:ptez‘_, or combination thereof. In certain smbodiments, the facility
or its componenis may be limited in stz depending on how the facility or s components ave
ransported.  For example, a facility or component being transporied by tractor tratker will need
to fiton the hed of » truck or teailer for transport,

Referring to Fg. 1, methods of producing products, sech as wthansd or n-butanad, from
hiomass, o, cellulosic or Hanecelhdosie material, inelude producing @ Hrst product gt & first

site with @ systom that Inchudes a reactor or converter, e.g., a fenmenter. The syster i3
tranaported to 3 second site, and then & second produet is produced from biomass at the second
site with the system,

Any number of sites may be utilized, For example, the number of sites can be 2, 3, 4, 5,
&, or move, e.g., 10, 290, 38, 58, 100 or more, e.g., 1000,

For example, 2 site may form part of a complex or a campus, and portions of the
iplex or campus may be jolned by various manufacturing infrastructare, such as ratl,
Spaving between a first site and a second site can be refatively small or rolatively lurge.
For example, the sites can be physically beside each other, For example, the systens can be
carried by & moving train and producing othanol while moving,

T other siabodiments, the first site and second site are spaced apart by a distance of
shout 19 miles or more, e.¢., about 25 miles or more, about 35 or more, abont §3 miles or more,
about §5 miles or wove, about 100 or move, about 200 miles or move, about 300 or more, or
even gbout SHT ndes oy puwe

1 some embodiments, the formentor, reactor or converter van hold between about 1,000
patlons and abowt 100,000 gatlons of material, e.g., between about 2,500 gellons and about
160,000 gallons, o between shout 5,000 gallons and about 75,0800 gallons.

In certain embodiments, the mobile systems or sne or more of its components for
sroducing the desired product is transported by land, When the mobile facility or s
components is transported by roads, It preferably compliss with all applicable laws governing
the roads of that country, stale, province, coanty, or city, I the US,, facilies trunsported by
fand nsing highways and roads may comply with all federal, state, and local laves and

regulations. In certain embodiments, the mobile facility being tran sgﬁcﬂe{i by & tractor radder 8
no tarser than R feet § inches wide and no longer than 57 feet in length. In vertain

1

L
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embodinents, the facility is no wider than § feet 6 inches and o longer than 53 feet, In cortan
cmbodiments, the facility is no wider than 8 feet 6 inches and no longer than 48 feet. Iy cortain
embodiments, the facility 1s no wider than § feet 6 inches and no longer than 20-24 feetin
fength, The height of the vehicle may vary depending on the obstacies on the road the feility
is buing transported via, However, typically the facility is loss than 13 foetin height, In centain
smbodiments, it is lees than 14 feet in height, In certain embodiments, the facility s
iransported by a double tractor trailer in which case the total fength for the combination is no
greater than 75 feet. In certain embodiments, the total length of the double ix no greater than 63

feet. In cortain enthodiments, the gross combination weight of the vehicle with the moule
facility or one or more of s componeni(s) is no greater than 83,000 pounds. In certain
smbodiments, the Tacility or & component thereof fits into 3 standard contamer usad for
shipping by tractor tratler, As would be appreciated by one of skill in this art, the componeniy
of the facility may be transporied by more than one land vehicle oy may be transported by 2
fand vehicle and 2 combination of land, water, and air vehicles, In certmin emnbodinents,
components that are not suitable for transport by water or air are ransporied by land, In certain
crobodinents, components for which water andfor alr transportation are not economical are
transporied by land. However, it is appreciated that in certain embodiments land transporiation
of the factlity or its conponents is not feasible or is not possible {2, dus to Jack of passable
roads).

In cortain embodiments, the mobile production facibity or some of s components are

.
13

feed

small enough to be transported by a car, sport utility velicle (SUVY, or pickag txck,
certain epibadiments, the facility or its components are transported on a trader pulled by &
car, SUV, or pickap truck.

The mobile facility or its various components can also wansporiable by ratlroad.
ceriain embodiments, the facility to be transported by rail ix no wider than 14 feell In other
sbodiments, the facility Is no wider than 13 feet § inches. In still other embodiments, the

s
]

facility s no wider than 13 feet In cerlain ermnbodiments, the freility 18 oo wider than 12 i
5

r.-).-

& inches. The width cleavance of the facility including its outer container will depend on the
sailways being used to transport the facility. In certain embodiments, the minimum width of

~

12 foct 6 inches or 13 feet is used to accommodate all railways the facility could possibly

rogn

travel along. The length of the facility is no longer than 60 feet. In embodiments, the length

18
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of the facility is less than 60 feet. In cortain embodiments, the length is approximately 58

feet, In othur sanbodiments, the length is approximately 39 feet, approximately 57 fost, or

approximately 56 feet. The height of the facility is typieally loss than 23 feetl In cortain
embodiments, the height is less than 22 feel, In other embodimants, the helght s Jess than 21
feet. In cortain embodiments, the height i3 less than 20 feet. In certain embodiments, the
facility or a component thereo! fits into a standard container used for shipping by raibroad. In

3 o

vet other embodiments, the height is fess than 19 feet. The weight of the feoility typieally
does not exceed 200,000 pounds. In certain embodinents, when a larger i‘;‘}f}‘hii{t production
facility is needed, the facility is transported using more than one railroad car where each
ratlvoad car inchsdes 4 component. These components are then assembled ido ap operational

o

facility af the desived site. In veriain embodiments, the facility s assembled on 2 rail road

ot

oo

ack, set of tracks, or spur. In certain embodiments, the facility comprises 1-10 raitroad cars,

in cortain erbodiments, the Bacility comprises 1-3 ratiroad cars. In certain embodiments,

o~

gach step or a combination of

Foba
o
s
o

steps of the process of producing sthanol is performed
separate car, in certain embodiments, the equipment for performing one of more steps 18
combined into one car, Various compeonents of the fheility may alse be brought 1o the site for
assembly by other and fransportation, air transportation, or water transporiation,
Arty combination of transporting modes can be ntilized. For example, the systems ean
e transporied by land, and then by water, or by air and then by land.
For example, the products such as ethanol con be produced during transpor fation ¢

afler transporiation,

b

When the facility or #is componenis are transported by water, the Taoility is optionally
within the allowed limits of the vessel transporting the facility or soraponent{s]. These limits
tclude length, width, height, and weight limits of the vessel transporting the fuellity. As will

3

be appreciated by one of skill in this art, the size of the facility will greally de fepend on the b

&0
£

of the vessel transporting the facility or its component(s). Larger ships and barges can

framsport & swuch larger etbanol production facilities than smaller boals, When the facility or

1
~ e

its component{() ave transported by water, the facility may be assembled on a barge, dock,
whart, platfrm, \ii.I\,ix rig, sand bor, and island. In certain embodiments , the facilitv or a
component thereof fits into « standard container used for shipping by waler. In certain

cmbodiments, the facility is asserabled on a fotation device, Vavious components of the

17
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facitity may be brought fo the site for the facility by land or air g5 well as by water. Factlities
on the waler or elose {o the water facilitate the use of as;},uati»‘: bicenass such as plankton,

algae, and aguatic plants in the production of the destred product,

&

mponent{s) are

X

Similarly, when the facility is transported by air, the facility or ifs ¢o;
optionatly within the allowed Hmits of the aircrall ransporting the facility. These Uity
inchude length, width, height, and weight Hmits of the airerafl transporting the facility. fn
certatn embodiments, the sireraf! is an atrplane. The atrplavie may be 3 propelier driven
plane, a jof, a vargo plane, a military plane, and & commercial arliner. In contain

ermbodiments, the atrorall is @ helicopter. In certain embodiments, the alvoraft will transport

the Sacility or the component(s) hanging from the atreraft. In cortain embodiments, the

facility or & component thereof fils info a standard contsiner used for shupping by air. The

o~

§3£i§‘§i},~" oy conponent may land with the aireraft and be unloaded from the atrorall for use o
the facility or component may be used while on board the airerall. In certain embodiments,
ihe facility or component is dropped from the air to the site where it 1810 be wsed. In certain
smbodiments, the feility or component includes parachutes or other landing device for a sale
tanding of the facility, The facility may also inelnde a Soatation device for 2 water landing.
In certain embodiments, the facility or 2 component theree! inclndes a means for absorh iwg

.

he upact of the landing. In certain embodiments, the factlity or components j8 later move

P

o

by land, afr, or water 1o a pew site. In other ensbodiments, the facility or components are not

moved and may be abandoned temporaly or permanently. Various other components of an

facility may be transported by land or water as well as air. The components may be

assombled into an operational facility at an atrport, landing strip, drop site, or any other land
oF water st

o
H
1y

i conigin cmbodiments, the facilitics or any of its commponents are capable of

seing

transported by any combination of air, land, andfor water trapsport. In cortam embaodiments,
the faeility or its components gre transported by all three, 1n other embodiments, the factlity

or ifs components are transported by land and water. In certain embodiment, the feility or it

»’

it

[e7]

companents are transported by land and air. In other embodinents, the facdity ¢
components are ransported by air and water. In these cases, the vebicle transporting the
facility or any of its components preforably meets the requivements {e.g., fongth, width,
height, and weight) of the mode of transportation being nsed. Given thatl the ethanol,

1
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hydrocarhons, natural gas, or gasoline being produced are Hammable, any applicable safety
fws, rules, or regulations are preferably followed regarding the tra 3pﬁz'§ and production of ¢
Sanunahle Hgolds or gases. In certain embodiments, equipment fiw handling spills, fires, and
explosions is ncorporated into the facility,

I cortain embodiments, the facilities include at least one portable component used
the production of energy {e.g, cthanol, hydrocarboms, gasoline, natural gas, methane,

33
¥
H

biodiese, and hyvdrogen gas), eclectricity, plastics, polymers, nuirienis {uman and animal},

-

profeins, hiomolecules, pharmaceuticals (human and veterinary; e.g., drugs and medicines),

fertitizer, or other products from bionrass. The assembied facility as well as wy components
af the fucility are considered to be within the scope of the disclosure. A component-based
factlity allows for casy assembly of the facility, interchangeability, scalability, and pre-
shrication of the components. Breaking the faciiity into various components also ficilitates
the mability aspect of the facility. In certain embodiments, the facility is divided into two,
three, four, five, six, seven, eight, nine, ten, or more components. Each congpennts may
include one or more ploves of equipment with the necsssary wiring, piping, drains, control
sysiems, na*mu and cooling means, stands, coupling devices, and cutlety I certain
erabodiments, the component include walls, roof, Jooring, or other infrastracture for the
component Hself, uther components, or the entire facility. In certain srabodiments, the
component meludes & contained for easy transport of the coroponent. The container may be

used in the production process {e.g., as 8 mixing container or other vat), The sides, botlor,

%

or top of the container may be used as the walls, floor, or roof of the shelter housing the
facility or components thereof

{

n ceniain embodiments, gach step of the production process is performaed 1 a separste

ot

component. That &, sl the equipment for a step i the provess i fncladed in the compeonent.

e
H
kS

he vasions steps and equipment useful in the production of bioethanol from biomuss are

Jeseribed heveln. In other embodiments, a step may require equipment ITOm OB OF MOTC

P

components. In other embodiments, more than one step of the production process iy inchuded
in g womponent. One or more components of the facility ave assembled to produce an
operable facility, The corponenis are typically assembled at a site prepared for the
installation. However, in cortain embodiments, thers is no prepavation o infrastructure af the
site., Instead, the facility or components are self-supporting. In corfain embodiments, the

15
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componsnts are assembled using a erane, fork 1Y, truck, or other moving de viee, which is

S

optionally inchuded in the system. In other embodiments, the components are assembled

s

™

asing ouly human labor. Tools may be ased in the assembly of the facility. The site may
include all the necessary infrastracture to make the facility {Jpﬁmiﬁifmzﬁ . Infrastrocture may
incluade walls, roof, foundation, Hoor, electricily, wiring, piping, sewer, wales, and natuzal
gas. In certain cmbodiments, the infrastructurs is not mobils o and is stationary. When the
facility or gy of lis components are moved, the infrastructure may left behind o potentially
b used again the future. In certain embodinents, the infrastructure Is weed 1o gssemble an
oroduction facility every month, every season, every year, of any time sufficient biomass is
available at the site to supply the facilty.

Bthano! production facilities that are smaller in scale than tradittonal ethanol production

L)

facilitioe. Typicaily, ethanol production facilities produce greater than 10-20 miltion galtons

of ethanol per year with some facilities exgeeding 30 mitlion gatlons of etha

facilities producs loss than 3 million gallons of ethano! or other energy source per year, o

Lael

%

cerfain embodiments, the facility produces fess than | million gatlons of ethanol or other
cnergy souree per year, In certain embodiments, the faeility produces less than (.5 million
gallons of ethanol or other energy source per year, In certain embodiments, the facility

produces ess than 0.1 million gaflons of ethanol or other energy sowrce per year. In certain

erabodiments, the facility produces less than .01 nuillion gallons of ethanol or other energy
source per year, In certain embodingents, the facility produces less than 0.001 million galivns
of ethanot or other energy souwrce per vear, These facilities raay be mobile ov include mobile
somponents 25 desoribed herein. o cortain embodiments, the facility is stationary, The
amnount of energy produced by o facility is sufficient to mest the demands of a fiotory,
nilitary base, small fown, rural village, county, farm, and wland, The small sive ofthe
faeility allows for nomerous facifities to be placed in a geographic region, For example, &

facility may be placed i any areas where there 1s suffieiont blomass K::g orops, wasie) o

1,

supply the facility with, Smaller-scale facilities closer to the Blomass buing processed by the

system reduce tansportasion costs, and in certain cases, may allow ethanol to be produced
coononncally where it conld not be produced economisally by large-seale factlities,

The bivethano! production facilities can have all or seane of the equipment necessary for
producing the desired product from biomass. The biomass used by the systons inchude any

20
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type of blomass, In cerlain embodiments, more conventional sources of bionass such as
corn, sugar bests, grains, sugar cane, or whey is used ss the starting matertal. In other

% 3

cmbodiments, less conventional sources of biomass are used meludm

agricultural waste,

(m

algae, waste, and human waste, It certain embodiments, the systems do not use fors, sugar

hegts, of s

o

varcane. In ceriain embodiments, the systems do use comn. In other embodinonts,

,
4%

.

he svstons uses sugar beets or sugarcane. In cerfain embodiments, the system s designed v
use a vartety of different types of biomass gs starting material. In other ombuodiments, the
aystem is designed to use one type of biomass. In certain embodiments, various components
may b switvhed interchanged to allow for different types of blomass as starting raterials,
Ins certain embodiments, the systems inchudes processes and apparatusss for pre-
processing the biomass, In certain cmbodiments, the bionsass s sorted. In sther
embodiments, the biomass s cleaned. In other crabodiments, the blomass is packaged. I

sertain embodiments, the blomass is compacted or compressed. In other embodiments, the

~

>

he pre-processing

biomass s Hauefied. In other embodiments, the biomass is debydrated. 1

¥

bt

2

of the blomass may take place al the site of harvesting the biomass, before transportation of
the biomass, during the transportation, during storage of the biomass, or al the stie of the
snergy production. Any equipment and methods used to pre-process biomass for energy

production may be used. In cerfain embodiments, the pre-processing means is considered to
be part of the systeny,

The process of producing energy {e.g. ethanol, hydrocarbons, gasoline, natural gas,
methane, biodiesel, and hydrogen gas), electrcity, plastics, polymers, nutrients {human and

animal), proteins, biomolecules, pharmaceaticals (human and veterinary; e.g., drugs and

medicines), fertilizer, or other products from biomass can be broken down into several sleps
The first involves grinding the blomass into a fine powder, chopping the blomass, sheariag

the biontass, or otherwise making the complex carbohydrates or other biomolecules in the
binmass availsble for Sorther processing. In certain crobodiments, the resulting biomass s

ot
H

then mixed with water and optionally microorganisms {e.g, bacterial, aigae, enzymes, acid,
base, or chentical reagent. The mixture is then optionally heated in a cooker or other
apparatus o facilitate the break-down of compler sugars {e.g, celhidose, starchy into
formentable, simpler sugars (2.z., glucose). This step may alsy faciliiate the breakdown of

sther Momslecuies or celtular stroctures such as lipids, protein, nucleic aoids, steroids,

21
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nahwral products, cell wall, coll membrane, and intraceliular membranes. The resulling
muixtare, commonty known as the mash, is then fermented with the additton of g
croorganism such as yeast. In certain embodiments, other genetically engineered

verpnrganisms are used i the fermentation process. The microorganisms may ba

particolerly suitghle for fermenting or converting the biomass used in the process into the
desired }H{‘@JC% The fermentation/conversion process is continued wntil most of the sugws or
other starting matertals in the fermentation have been converted 1o ethanol or other desired
vroduct, 1 certain embodiments, co-products such as carbon dioxide, proteias, polymers,
auirients, fertilizers, or hiomplecules are produced during the provess. These may be

collected, purified, packaged, andfor sold. The ethanol or uther desired product ts then

optionally separated from the liquid, solid waste, and side products. This is typleally done by

-

'

distillation; however, other means of separating or purifying can also be wsed {e g colamm

~:

chromategraphy, extraction, chromatography, and crystallization}. The dis tifted ethanol or
sther Muuid energy source may still contain water so the desirad product fs optionally

¥

fn corlain embodiments, the desired product {e.g., cthanol} is delyydrated by

».4

dehydrated.

ming 1t over o substance that absorbs the rematming water such a8 moleruiar steves. Oneg

s

the desired product (e, ethanol) is purified to the desired dogree of purity and water &8

vemoved, the desired product, particularly ethanol, is optionally desatured mualding it unfit for

human consumption. The denaturation process is performed by missing the pusified ethanoed
with 1-5% of gasoline or vther organic solvent {(e.g., methanol, scetone, isopropanol, und

hexanos), Any waste van be discarded. In cerlain smbodiments, the resalting detillers gy fn
is used as Hvestock feed or as a fortilizer. Carbon dioxide also is produced as g by-product 1n

the fermentation process, The carbon dioxide may be colleoted and sold. Other products
such as polymers, protein, lipids, or other biomelecules are side products may e zoltected,
packaged, sudfor sold.

In cortain embodiments, for example, when biocthano] is belng produced from biomass,
the faclity o # component thersof includes a fermenter and distiliation apparatus. o other
embodiments, the production Sacility or component therent also inchudes a cooker. The
facility may alvo inchude a mill for grinding the blomass into smaller particles. The faciity
may also contain equipment such as columns for further purifying and dehydrating the
sthumol after distillation. In certain embodiments, the facility also includes containers and
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mixing oquipment for denafiwing the produced ethanol. In certain embodiments, the van

=

L

suttable for producing ethanol or any other desired product. In
htomass ¢ high starch or high sugar agriculitaral crops such as com, sugar cay

beets,

cquipment is inferconnected using piping to casily fransfer the product froms one step into

=4

3

u

.
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The process begins with biomass, The biomass used by the system may be any boma

i for performing the next dep. As needed, the various equipment ysed i the

bevauss they

have been pro
cellulose, hamicellulose, hgnin, protein, st

biomass include plant matter such as trees

o

eady for priy

}A

itted with heating and cooling means.

Y.

1

certain embadiments, the

3

<

can arrive or be assembled at the stle when the cropy {or olher biomass) are

cessing and then

arch, andfor sug

, shrubs, grasse

feave or be disassembled when the

agrivudtural waste, in cortain exmbodiments, the biomass includes aguatic biomass, fov

example plankton, aquatic plants, and alpas,

Bl

Aguatic biomass is particularty suilable

3

being processed by the production facilities that are transported on water. Incertain

weeds, agricultural crops, aml

8, Sugar and

erams {or other Dlomass)
wessed, In cortain embodiments, the biomuss inchides materials that contain

. Inceriain embodiments, the

i

embodiments, the blomass 13 municipal waste, waste paper, and yard waste. A production
facility meay routinely travel 1o 2 particular ares to convert 15 wasie o ethanol or another

desived product, or the facility may be assembled at @ particy

the biomass is human waste,

The factities are particnlarly useful and econonuical in converting crops (0 bioethanol

ar site. In other smbodiments,

The infiial phases of sizing, milling, chopping, cutting, shearing, washing, Hguefication,

bodiments: v other

hartfication of the biomass are performed by the fac

performed by the facility or components thereof

certain embodimenty, the

PGS

In certain embodiments, the biomass 1s me

1

ity ar components thereof in

B k2

&

embodiments, these steps or some of these steps are not

i chanically broken down. For example,

sizing, milling, chopping, cutting, shear

3

n

aring, washing, o other pre-

ssing of the hiomass for fermentation or conversion is ot performed by the facility or

components thereof, and the resulfing processed biomass (also

cility or s component thereof processes the biomass o allow

23

s known a8 the meal) isth

for mivrooganisms or

act on the carbohydrates in the blomass, This may include breaking down ¢

1al nsed by the facility or a component thereofl In cerfain embodiments, the
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membraney, breaking down cells walls, Increasing the surface sren, breaking down
macrostruciirss n the binmass.

In cortain embodiments, the biomass or cellnlose in the blomass is texturized or opened

F:
¥
&0

ap as described 1 UL, Patents 5,952,105, 53,973,035; 6,207,729; 6,238,876, 6,448,307,
7,074,918, sach of which is incorporated herein by referance; and published U8, patent

applications 0050084671 20050090377; 20050200050; each of which is incorporated

[

herein by reference. This process opens up the Gbers in the blomuass for further processing by
chemicals and microogmnisms added o the processed bionmass in subsequoent steps. The
Geoss increases the surface area where microorganisns or chimivals can work.

Reforring to Fig. 2, a rotary knife cutter 20 includes a hopper 22 that can he loaded with
a shresided {iber source 107 prepared by shredding fiber sowee 10, Shredded fiber source 1
i3 sheared bebween stationary blades 24 and rotating blades 26 w provide a first fibrous
material 12, First Gbrous material 12 passes through screen 16, and the resulting second
fibrous matenial 4 & captared in bin 30, To aid in the collection of the second fibroas
material 4, bin 30 can have a pressure below nominad atmospheric prossare, e, at least 16
percent below norpinal stmospherie pressure, €.8., al least 28 percent below noninad
atmospheric presaure, at least 50 percend below nonmttal atmospheric prossure, or at least 73

«

pervent below nominal stmospheric pressure. In some embodiments, & vasuum soare

e
Loy
2
%

wilized {0 maisiain the bin below nominagl atmospheric prossure.

In cortain ombodiments, the biomass is mixed with water and optionally enzymes,
microorgamsms {e.g., bacteria, fungl, yeast), algae, other ovganisms, chanival rosgents, or a
combination thersof, This step breaks down the cellular structures, sugars, and biomolegules
of the biomass before #Hs conversion info the desired produet. In certain embodiments, the
biomass i3 mixed with a microorganism that aids in the breakdewn of the blomass, The
nucroorganisny may be genetically engincered. In cerlain embodiments, the biomass is muixed
with an algac that alds in the breakdown of the biomass, The resuling mixture miay be

heated, cooled, snd mixed, to offect the desired changes o the bomass. Inceortain
embodiments, the biomass s substantially Hquefied resulting in & mash before & Is transferred
to the facility or 3 component thercof, o stilf niher embodiments, the conysiex sugars in the
mash are broken down into stmpler, formentable sagars, and the resuliing mash iy transferred
to the facility or a component thereof for processing.
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Once the blomass or 3 processed form of the biomass {e.2., the meal, the mash, openud

3

and fiber) enters the facility or component thersof], i is further provessed to form ethanol or

~TIQCOSSeS,

B34 &

any other dusired product. In certaim embodiments, the facility or g commponent pre-

In othey

lgueties, and converts the compilex sugars in the mash {o stmpler sagars.

crobodiments the faeility or a component thereof Higuefies and converts the comples sugars to

simpler sugars for distillation. In still other embodiments, the complex sugar in the mash are

converted 1o simpler sugars in the facility or a component thereof. This comversion process is
effected by enzymes such as antylase or celhulase, acid {e g, sulfuric acid}, microorganisms,
andfor heat. The conversion provess bregks down complex sugars sech as cellulose and

starch o stopler 5- or & carbon sugars such as glucose.

o

Onee the mash with the broken down sugars is obtained either through processin

i

inside or outside the facility, the fermentation/conversion process is begun, In cortain

'

embodiments, the mash is fermented to produce ethanel. The fermentation provess
typically begun by bringing the mash o a particalar temyprerature, for example, between 30
R IR ‘{\

. In certain embodiments, the fermontation akes place at approximately 30°C, In

wodiments, the pH of the mash is adjusted {o approximately pH 6-8, preforably

<
&
%
0
’%
£y
et
v
o

~ o~
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approximately pH 7-7.5. b certain embodiments, the fermentation is carried oul in an
oxvgen-depieted atmosphere. A formenting microorganism is then added 1o the mas G in
corfain embodiments, the fermenting microorganism is veast. [n other embodinents, the
fermenting niicroorganism is Saccharomyces cerevisiae. In certain embodiments, the
fermenting organism is Schizosaccharomyces pombe. In other embodiments, the

sferoorganism is Dymemonas mobilis. In other embodiments, the microorganism is
Sycherichin coli. I certain embodiments, the microorganism i3 a genetically eoginsoved
organism. Examples of gerzei‘icai?y engineered fermenting organiams usefiud in the production
of hioethano! are described in U8, Patents 6,699,696; 306,639, 5,162.514; 5,038,539,
5.000.000; 4,400,470 cach of which is incorporated herein by reference, In cortain

o

embodiments, the fermentation mixture is kept al a constant temperature sad pH during the
formentation process. The feomendation fypically last from 24 hours to SO0 hours. In certain
embodiments, the formentation lasts from 50-200 hours, In certain other embodiments, the

fermentation last from 100-200 hours. As would be apprectated by one of skill in this st the
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hiomass, microorganism, temporature, and other conditions used i the fermentation will
determing the length of time needed to convert the biomass 1o ethanol,

In other embodiments, the processed biomass or mash is converted into another euergy
sonrce besides othanod {e.g, gasoline, hydrocarbons, hydrogen gas, natural gas, Modiesel, and
gleciricity} or another desired prodect or co-product, This conversion is effected by
microorganisnis. {n cortain cmbodiments, the microorgamisms are genstivally engineered. In
cortain particular embodiments, the microorganisms are genctically engineerad (o produced
the desived product. For example, in certain embodiments, the microorganisms ave designed
to prodoce nateral gas or hydrogen gas from biomass. In other embodiments, the
microorganisms are designed to produce gasoline or hydrocarbons from biomass,

In other embodiments, the processed hiomass or mash {s convertes! into ather desired
products such as plastics, polymers, and notrients.. This conversion is effected by
microorganisms. In certain embodiments, the microorganisms are genetically enginoered. In

certain particular embodiments, the microorganisms are genetivally enginvered to produced

the desired polymer. In certain embodiments, the microorganisms are designed to produce
nutrients.

In ceriain cmbodiments, the desired product is removed as i 1s prodaced. In other
embodiments, the desired product is purified from the fermentation/conversion afier the

fermentationdennversion is stopped. In the production of bloethanel, after the fermentation

step is complete, the fermented mash (also known ag beer} contains anywh e from 9% 0

7

20% ofhanol, i some embodiments, the ethane! is removed as 1Uis produced. The ethanol &
purified from the water, and solids by distillation. The distillation process invalve

vaporizing the ethanot and then recondensing it into iquid form again, The purity of the

,\.
=

othans! obtained from the distillation can be increased by ropeatedly distiling the resalting

’J

cthanol untl the desived purity is achieved. The cthanol may be further purified by removing
any remaining water using a dehydration step. In certain embodiments, the ethanol 18 passed
over & material whick absorbs water such as molecular sieves. In certain embodbnents, te

ethano! is distilied or sxeotroped o remove most of the water from the sthanel, Stadlady, it

4 different desired product is produced than ethanol, it can similardy be purified from the

comverted biomass. Preferably, as much of the desired product is produced before the
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CONVETSION mocess is stopped. In cortamn embodiments, the desired product b draven off ag it
15 produced,

Analogously, the facilities may produce 100% ethanol or sthano! of any desired state of

s

purity. For sxample, the factlity with its distillation apparatus may produce less than 100%
5 pure ethanol, In certain embodiments, the ethanol is al least 80%, ab least 90%, «f legst 9599,

al least B8%, or at least 99% pure. The cthanel, if desired, can then be further purified andfor
dehydrated outside the mobile facility. T certain embodiments, the factlity produces pure
ethano! that 1 subsequently denatured. An organic sobvent such ss methanol, isopropanol,

hexanes, and gasoline, s added to the purified cthane! o produced denanwed cthanad, which

ig is unili for human consumption, Exemplary densturants inclade methane!, camphor,
aldehydes, amnyl alvohol, pasoline, isopropanel, terpinec!, benzene, vastor ail, acetene,
micoting, soidy, kerosene, and dicthyvt phthalate, In certain embodimenty, 1-10% of organic
solvent s added to the ethanol. In other embodiments, 1-53% of organie solvent is added, In
certain embodiments, 2-3% of gasoline i added to the sthano! to derture 8
i5 Ay of the knowledge in the add of prodocing of ethanol from bomass may be used
for producing cthanol. Various aspects of the process of producing sthapel from
¢ described in LLS, Patente 7,070,967 7,037,704, 7,037 378, 7,033,781
2, 7022894, 6,933,404, 6,927,048, 6,908,995, :‘,8{51,248; 6,849,434, 6,846,637,
§,753.975; 6,737,257, 8,716,631, 6,703,227; 6.699.086; 6,603,780, §,660,536;
20 {},n‘}S,B’?(x ’.55%.308‘ 6,592.921; 6,382 .%44; 6,555330; 8, 32831, 6,508, 18
6 :
25
S424,202; 5407817, 5,397,436; 5,372,939, 5,345,477, §,258293; 5 231,017, 223,567,
SUB6.722; 5,182,199, 5,135 861; 5,134,944, 5,106,634; 5,100,791 3,086,144, 5,081 285,
A0 5,071,878, 5,063,156; 5,061,497, 5,047,332; 5,028,539; 5.013,436; 5,000,000, 4,985,355,

4,957 304, 4,952,503, 4,933,198, 4.886,751; 4,883,241, 4,858,758 4,840,503, 4,840,902,
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WHAT I CLAIM IS

1 A method of using a system for converting biomass, comprising:

providing afirst system comprising a series of components at afirst site;

utilizing the first system to open up or texturize afirst cellulosic or lignocellulosic
biomass so asto make the complex carbohydrates or other biomolecules of the biomass
available for further processing, to form afirst processed biomass;

converting the first processed biomass into sugars using a microorganism and/or an
enzyme;

transporting at least one component of the first system to a second site;

providing a second biomass to a second system comprising the at least one component of
the first system at a second site;

converting the second biomass into sugars at the second site using the second system; and

producing ethanol from the sugars at the first and/or second site with the first and/or

second system, the first and/or second system comprising at least a fermenter.

2. The method of claim 1, wherein the biomass is selected from the group consisting of
cellulosic material, lignocellulosic material, corn, sugar cane, sugar beets, trees, shrubs, grasses,
phytoplankton, zooplankton, algae, macroagae, seaweed, corn husks, bushes, lumber, wood
waste, pulp, cotton, wool, linen, paper, newspapers, corrugated containers, mixed paper,
computer printouts, white office paper, printing plant scraps, leaves, twigs, grass, plant cuttings,
branches, trees, vines, sewage, agricultural waste, and mixtures thereof.

3. The method of claim 1 or 2, wherein transporting is performed with a nautical vessel.

4, The method of claim 3, wherein the nautical vessel is aboat, a barge, aship, adock, a
floating platform, a sea platform, or a searig.

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

6. The method of claim 5, wherein the land vehicle is acar, truck, tractor trailer or train.

7. The method of claim 1 or 2, wherein transporting is performed with an airborne vehicle.
8. The method of claim 7, wherein the airborne vehicle is a plane, helicopter or blimp.
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9. The method of claim 1 or 2, wherein transporting is performed by more than asingle

mode.

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

water vehicle.

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

transporting.

12.  The method of any one of the above claims, wherein the system comprises a component
selected from the group consisting of cutters, shearing devices, measuring devices, flow devices,
mills, mixers, pumps, wiring, cookers, heaters, coolers, aerators, containers, holding containers,
distillation columns, piping, electrical components, energy sources, sewage sources, water

sources, and mixtures thereof.

13.  The method any one of the above claims, wherein producing ethanol from biomass at the

first and/or second site comprises hydrolyzing the biomass, and then fermenting the biomass.

14. The method of any one of the above claims, further comprising transporting a component
of the second system to athird site, and then producing ethanol at the third site.

15.  The method of claim 14, further comprising transporting a component of the system at
the third site to afourth site, and the producing ethanol at the fourth site.

16.  The method any one of the above claims, wherein producing ethanol from biomass

comprises contacting the biomass with one or more microorganisms disposed in the fermenter.

17.  The method of claim 16, wherein the one or more microorganisms comprises one or more

genetically engineered bacteria
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