WD 2011/ 116252PCT/ US2011/ 028911 METHOD AND SYSTEM FOR PROCESSI NG OF AQUATI C
SPECI ES CROSS REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s application

cl ai rs prworntiyiieasder 35 U. S.C. 119(e) to U. S. Provi si oralr/vspgliogsatii on No.
61/ 314,736, filed on March 17, 2010, which is hereby incorporated by
reference inits entirety. BACKGROUND [ 0002] Mari ne protein sources are
often utilized in feeds because they are an excellent source of essential
am no acids, fatty acids, vitam ns and mnerals, and because they generally
enhance palatability. Alternative ingredients can be used in the feed
industry i n MEIeORf ANDSSYSEEM FER PROGESSINRD OF AQVAFICSPETIRZVEe been
conducted on the replacenent of expensive marine proteins with | ower cost

i ngredi ents. Considerable attention has been devoted to the replacenent of
fish meal with plant protein; |lemae, as a natural protein source, has a
better array of essential am no acids than nost other vegetable proteins
and resspd wy harvested | etmae contain
up to 43@6protm K§$C%p$5§gp q?ﬁgﬁgbgg%A %Nﬂged wi t hout further processing
as a conplete feed for fish. Conpared with nost other plants, |emae |eaves
contaid000ﬂtle fVﬂé$amﬂk&ﬁmldhynmaﬁméwlﬂdﬁréﬁﬂiS&aﬁéd9@DaanS3%ndmbmakle to

cont r ackeptaih R AR RS b ey ool ST Barersfy BRARRred 8 °and

naize,Iaﬁaﬁ@gmﬂﬁg@hya§o@bof whose bi omass conprises residues high in fiber
and lowin digestibility. [0003]Lemma is a genus of free-floating aquatic
pl ant fromthe duckweed famly, also known as Lemmaceae famly. These
rapidly growi ng plants have found uses as a nodel systemfor studies in
basi ¢ plant biology, in eco-toxicology, in production of

bi ophargpe Igg?Ng, and as a source of animal feeds for agriculture and
aquaculture 11/ 116252PCT/ US2011/ 028911 [ 0004] Lemma speci es grow as
sinple free-floating thalli on or just beneath the water surface. Mst are
smal |, [A602]exceedVimgnespratain spuremgtdoftaxgdiped refends hachsseltbey ahias exé¢edlent
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duckweeds finds application in biore iation of polluted
place of fish meal. For this reason, many studies have been conducted on the replacement of
expensive marine proteins with lower cost ingredients. Considerable attention has been
devoted to the replacement of fish meal with plant protein; lemnae, as a natural protein
source, has a better array of essential amino acids than most other vegetable proteins and
resembles animal protein more closely. Newly harvested lemnae contain up to 43% protein
by dry weight and can be used without further processing as a complete feed for fish.
Compared with most other plants, lemnae leaves contain little fiber (5% in dry matter for
cultivated plants) and little to essentially no indigestible material even for monogastric
animals. This contrasts with the compositions of many crops such as soy beans, rice, and

maize, approximately 50% of whose biomass comprises residues high in fiber and low in

digestibility.

[0003] Lemna is a genus of free-floating aquatic plant from the duckweed family,
also known as Lemnaceae family. These rapidly growing plants have found uses as a model
system for studies in basic plant biology, in eco-toxicology, in production of

biopharmaceuticals, and as a source of animal feeds for agriculture and aquaculture.



waters and as test organisns for environnental studies. It is also being
used as an expression system for econom cal production of conplex

bi ophar neweupiciabzs2 [ 0006] Dri ed duckweed can be a good eaTfuseoifi®esdil it can
contain 25-45% protein (depending on the gromh conditions), 4.4%fat, and

8-10% f j , nmeasured by .dry wei ght. 007] Duck d can be farnmed
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matter in slurry form MVARY [ 0008] Enbodi ments of the present invention
provi declengpiedmd shasfa hreaahed simgfurayl Lépha thatlo st & singlgniot- okhe planfs gew

aquatic_s ies. The process can .include: providi t he bi. s, l.ysing the
bi o 1B g sl v RS EER R o b Bt o BE P U 1S P D B Rkl e
gener atiewawhtgi.ce and a first solid phase; formng a wet protein concentrate
using the juice; drying the wet protein concentrate to generate a dry
protein concentrate; producing a wet biocrude using the first solid phase;
dryi ng [PA®Iwet biEleéﬁmé@rwhgvgﬁiéﬁlawdatﬁn%whcefmél Hrremediadpnet RJuGdhom a
dry b ' %ﬁ%{g%ﬁd ﬁ@%s@o&gﬁipgp%}r ‘ﬁ%ﬁ’éﬁﬂl al ies. V}’P{%Vaﬂo%eﬁ St bp lefp pLpduct s
can include products®se ected fromthe ry protein concentrate, er

bi 0- cr wietemande@apmiday prodihietion aftompédx, bieptchrmheudcais.at | east 50% of t he
protein in the multiple products is in the dry protein concentration. In

sone e iments,_th rovi di ng step can include: produci.ng,t bi omass of
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some enbestngRBlon, thé Q@w&ﬁ@@rﬁcﬁﬁéﬂ%ﬁ/ﬁi%@a@% 810 UERr PheSEIA By welehed

bi omass. Li kew se, I'n sonme enbodi nents, the process can include filtering

the juice to generate a filtered juice and a second solid phase; clarifying
the fillP8QWd | ui deuckyegdsan decfaemed arganicaldy.j witle @utiegtsabaing seppdistliferrpHase;

coagul af_|. I rified. jui t. ner r ot

2011/ 11608980 1o BIUBAE FhBldilnen i WG 00 R M obfeb oushe
separ atmatgr tih€um@tfopr. ot ei n concentrate fromthe broth. [0009]In sone

enbodi nents, at |east one of: the first solid phase, the second solid
phase, the third solid phase, and the broth, can be used to recover the

bi o-crude and/or the carbohydrate-rich nmeal. The aquatic species can

i nclude, for exanple, a species of Lemma. The lysing can include using at

| east onevieiArs ball mll, a colloid mll, a knife mll, a hanmer mll, a
grinding mll, a puree machine, and a filter press. The pressing can
include using at |east one of a belt press, a fan press, a rotary press, a
screw PO a filimeodiperissof alrd prosaits penper gyovitthea jipesss cefnracAEdringe
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tank Sub?(?mass. In some embodiments, the separating step can include pressing the lysed biomass.
Likewise, in some embodiments, the process can include filtering the juice to generate a
filtered juice and a second solid phase; clarifying the filtered juice to generate a clarified juice

and a third solid phase; coagulating protein from the clarified juice to generate a broth



as, for exanple, a chilled storage tank. The coagul ati ng can incl ude

| owering the pH of the clarified juice, for exanple to bel ow about 6, or to
bel ow abowiO 2B11/1062520 about 4.5, or |ess. Lowering the pHCTAS201n®R8sde usi ng
at | east one aci d selected fromhydrochloric acid, nitric acid, sulfuric

aci d, ang éﬂ{q i ke, The coag ul ati ng,can be cg}grr ed out usi ng .a r%recr itator
i ncl udi! g1tRa et BFPéelHeCzQP IR AGL SePA g Be W Rrolimrpicentr e toga e one
pl at e, Rbtht ube, or steaminjection heat exchanger, or the like. The

coagul ating can include heating the clarified juice to a first tenperature
to generate a broth; and cooling the broth to a second tenperature. In sone
embodi A0, t he Iniseme anehpdémenteiras leaéhomaOf rtbenfiat satid sboer heatseend 1GBIC,
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in a storage tank, such as, for ex a_chill
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The drying carried out uslng, xanpl e, ‘a sp ryer rum
dryer, laasspnenofhhelhpnkrs;gearfan@résls,aa;fbtmymess asdrbwrlﬂedseﬂﬁdierylmess andléiuisher dr um
dryer, a rotary dr d the like. I,ln sonme enbadinents, .the ocess
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consi sthogr@kolid f)’l{%sé hhed sl édjld}:ﬂ'h%&:e o@ﬂfé thi€@ s cpﬁﬂafsé dgdana@eea sdtbhdjidde | east

one of, for exanple, an al cohol, a solvent, water, the lIi ke, and

furt herandmblaetrudfg hheornetembp@llmema theasecand gill@'at:zm lpfstzombmed ovith tenjitictur e,
separat t he mxtu i,hto a d and.a sol
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disc stack centrifuge, mcrofiltration, ultra-filtration, and the like. In
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for exanple, a high speed nulti-disk stack centrrfuge a settling tank, a
clarifier, a decanter centrifuge, and the like. The protein drying unit can
i ncl ude at | east one apparatus sel ect from for exanple, a spray dryer,
doubl e drum dryer, flash dryer, and the |ike. The unit for drying the

bi o-crude can include at |east one apparatus selected from for exanple, a
fluid bed dryer, a spin flash dryer, a flash dryer, a drumdryer, a rotary
dryer and the Irke L| kevvr se, in sonme enbodi nents, the system can further
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[00014]Figure 2 is a flow diagramillustrating an exenplary process of

I solating protein fromfresh I emma. [00015]Figure 3 is a bar graph show ng
t he rel atwoeoyygbzs2of dried protein (dry protein concenPCatlspolaneshe
relative yield of bio-crude froma screw press. [00016]Figure 4 is a bar
graph showi n ﬁxarrp e .of noi stu e cont e t wet. protein concentrate

of
gener at &Hag‘*n aka ¢ ROsesy durthes gAn P’ﬁ Yee SEYIBE e WY RILPFOgERLrals ILCECRGA gr aph
show ngypradieintoRtdditave. PYhd Otyieasr &t &fribd oﬁth@snxg qsleé;ga@i@vmspr@ hiyeHre 2.

[ 00018] Figure 6 is a bar graph show ng noi sture content of wet "bi 0-crude
gener atdsdmidyyerha spindlek drshowlashrdrigerg afluidbed dyon 9 dblugl@rdéum drgeraa petarygr aph

Sho 1 SETRGR LSS, L, Zhph el 18 SR ET Skl S5
per f or magneBalakledteRi ftdth theapoup\U@hsitalgl Ot SheeirdO@EE -phase and the clarlfled juice,
with at least one of, for example, an alcohol, a solvent, water, and the like, and further
contacting the material with an acid catalyst, to form a mixture, separating the mixture into a
liquid and a solid, whereby lipids and ash-forming components, and the like, in the material
are segregated into the liquid. The process further can include either before or directly after

the lysing, washing the biomass using an aqueous solvent or the like.

[00011] Embodiments of the invention also provide systems of recovering multiple
products from biomass of an aquatic species; such systems can include, for example: a lysing
unit for lysing the biomass to generate a lysed biomass; a separating unit for separating the
lysed biomass to generate a juice and a solid phase; a unit for forming a wet protein
concentrate using the juice; a protein drying unit for drying the wet protein concentrate to
generate a dry protein concentrate; and a unit for drying a wet bio-crude to generate at least
one product selected from a dry bio-crude and carbohydrate-rich meal, wherein the wet bio-
crude can include the solid phase; and wherein the multiple products can include products
selected from, for example, the dry protein concentrate, dry bio-crude, carbohydrate-rich
meal, and the like, and wherein at least about 50% of the protein in the multiple products is in
the dry protein concentration. The lysing unit can include at least one apparatus selected
from a colloid mill, knife mill, ball mill, hammer mill, grinding mill, puree machine, and
filter press. The separating unit can include at least one apparatus selected from a belt press,
decanter centrifuge, fan press, rotary press, screw press, filter press, and finisher press. The
unit for forming the wet protein concentrate using the juice can include at least one unit
selected from, for example, a filtering unit, a clarifying unit, a protein coagulation unit, and a
protein collection unit. In some embodiments, the filtering unit can include at least one
apparatus selected from, for example, a vibratory separator, a vibrating screen filter, a
circular vibratory separator, a linear/inclined motion shaker, a decanter centrifuge, a filter
press, and the like. The clarifying unit can include at least one apparatus or process selected
from, for example, a high-speed disc stack centrifuge, microfiltration, ultra-filtration, and the
like. In some embodiments, the protein coagulation unit can include at least one apparatus

selected from, for example, a heat precipitator, an acid precipitation apparatus, and the like.



WO 2011/ 116252PCT/ US2011/ 028911 [00021] Figure 9 is a bar graph show ng an
exanple of the solid split after fresh lemma was | ysed and pressed as
descri bedwpreoHigoase 2. [ 00022] Figure 10 is a bar graph ®horisegiagsdekanpl e
of the solid split after conbined raM/juice was passed through a vibratory
separ at.qQr sho i.n Figure 00 ure 11 s oms

cal cul d?{o‘teﬂ‘éc HPR 4P SR |“%C] i e‘is QH RPAHYA F%eq:?r@m gorgg‘agﬁ)&ﬂ Migure

11. [0Q9§4];;Féeg qﬁlﬁuJeﬂsw Stack &%Enfgg@rhhse&hﬁgwm an1RHRAP GechRet caftritde, sl 1 d
split after filtered juice went through clarification by centrifuge as

shown ithe Hikgur €h prcpt@moQISr}ngl guit ean 3n¢lyde abdeasgoapppiraws rgleatedstioml dort est
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[ 00027] Figure 15 is a bar graph show ng an exarrple of the solid split after
each urfpin flash dryer, a flash dryer, a drum dryer, a rotary dryer, and the like. Likewise, in some

embodiments, the system can further include a sanitizing unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[00012] Figure 1A is a flow diagram illustrating an exemplary lemnaceae production

for biofuels feedstock and protein concentrate.

[00013] Figure 1B is a block diagram illustrating an exemplary process of growing,

harvesting and processing micro-crops.

[00014] Figure 2 is a flow diagram illustrating an exemplary process of isolating

protein from fresh lemna.

[00015] Figure 3 is a bar graph showing the relative yield of dried protein (dry protein

concentrate) and the relative yield of bio-crude from a screw press.

[00016] Figure 4 is a bar graph showing an example of moisture content of wet protein

concentrate generated in a process as shown in Figure 2.

[00017] Figure 5 is a bar graph showing protein purity by lot generated in the process

shown in Figure 2.

[00018] Figure 6 is a bar graph showing moisture content of wet bio-crude generated

in the process shown in Figure 2.

[00019] Figure 7 is a bar graph showing compositions by lot of the dry bio-crude

generated in the process shown in Figure 2.

[00020] Figure 8 is a bar graph showing the relative performance of a pilot farm over

various episodes.



operation. [00028]Figure 16 illustrates howto calculate protein yield (dry
protein concentrate) based on the nass flow of solids through the unit

oper ati o0 2pOAOEBPFi gure 17 is a flow diagramill ustraPChgisani1esmpl ary
process of isolating protein froml ema. [00030]Figure 18 is a nore

det ai | w di rmnof hat shown in Fi re 17 enpl ar
o baes gttt RSO bR B ﬁ%wl‘faﬁén'e%@%ﬂf% 5B e R R AT

show ngvésh§seﬁealllat})kéé§‘e(§ég|degl;rﬁ-jghllﬂ ERyrdmi t operation in the process shown in
Figure 17 and Figure 18. [00032] Figure 20 shows an exanple of how to

calculate the material split follow ng Extraction Dewater #1 and Extraction

Dewat er[096223 hown ngmurmlguﬁ a bapgraphehasingiagprampte qf|the salidatpdis afier w@pangsde of
how to a' ﬁﬁ%é %ssgéh Iﬂgé Wa %I%Eoer'grs‘epca?a%%ts'h%‘wﬁ)m baggd, on the mass flow of

solids ough
[00023] Figure 11 shows an example calculation the material split using results shown

in Figure 10 and Figure 11.

[00024] Figure 12 is a bar graph showing an example test of the solid split after filtered

juice went through clarification by centrifuge as shown in Figure 2.

[00025] Figure 13 is a bar graph showing an sample test of the solid split after spun

filtered juice was precipitated for protein coagulation.

[00026] Figure 14 is a bar graph showing an example of the product capture efficiency

of a spray dryer as shown in Figure 2.

[00027] Figure 15 is a bar graph showing an example of the solid split after each unit
operation.
[00028] Figure 16 illustrates how to calculate protein yield (dry protein concentrate)

based on the mass flow of solids through the unit operations.

[00029] Figure 17 is a flow diagram illustrating an exemplary process of isolating

protein from lemna.

[00030] Figure 18 is a more detailed flow diagram of that shown in Figure 17

illustrating an exemplary process of isolating protein from lemna.

[00031] Figure 19 is a bar graph showing the relative solid split by unit operation in

the process shown in Figure 17 and Figure 18.

[00032] Figure 20 shows an example of how to calculate the material split following

Extraction Dewater #1 and Extraction Dewater #2 shown in Figure 19.

[00033] Figure 21 illustrates an example of how to calculate yield (dry protein

concentrate) based on the mass flow of solids through the unit operations.



WO 2011/ 116252PCT/ US2011/ 028911 [00034] Figure 22 is a bar graph show ng the
rel ative protein recovery by unit operation in the process shown in Figure
17 and Fiwore1118625p00035] Fi gure 23 il lustrates provi desPam/usSz@npbsd1of how
to calculate protein yield based on the mass fl ow of protein through the

unit o Lons. [.00036] Figure 24 is a har graph .show ng the soljd split
arter RO Cor EHFor it o b E1enk” BBMABAT o PUYG PRI RY FHoEEs: Bh WY
cent ri fap@euioh YO ThbdeQiiiR widn IFSgide PREn@FRARR: B10Wi ng the solid split after
clarified juice was pasteuri zedg for protein coagul ation. [00038] Figure 26

s a bar graph showng the relative solid split after broth generated
duri ng [POGINMi n cddguradd Blusiaiss peeyided anhexaule af bewt o ¢alepdate grotginoyigldn
separ ati I gur, . .8 a r howi ng the relative solid
split aqa?ée&rorg/\teg %gar%%)ﬁ é%lr#)f?(r)(ﬁglgr%ﬁrroggtgalrvf\:/algmgfplgrea Ogsy spray dryi ng.

[ 00040] Fi gure 28 shows a test protocol scenario with exanples of the nass
f 1 ow of[00036] Figure 24 is a bar graph showing the solid split after raw juice/treated juice

(E1 & E2) went through clarification by centrifuge.

[00037] Figure 25 is a bar graph showing the solid split after clarified juice was

pasteurized for protein coagulation.

[00038] Figure 26 is a bar graph showing the relative solid split after broth generated

during protein coagulation was passed through a centrifuge for protein separation.

[00039] Figure 27 is a bar graph showing the relative solid split after wet protein

concentrate was dried by spray drying.

[00040] Figure 28 shows a test protocol scenario with examples of the mass flow of the

solids shown in Figure 24-Figure 27.

[00041] Figure 29 is a flow diagram illustrating an exemplary process of isolating

protein and other products from fresh lemna.

[00042] Figure 30 is a flow diagram illustrating an exemplary process of isolating

protein from fresh lemna.

[00043] Figure 31 is a flow diagram illustrating an exemplary process of isolating

protein from fresh lemna.

[00044] Figure 32 is a flow diagram illustrating an exemplary process of isolating

protein from fresh lemna with optional pH adjustment and wet protein wash.

[00045] Figure 33 is a flow diagram illustrating an exemplary process of isolating
protein from fresh lemna with backmixing and optional protein wash as well as producing

other products (e.g., bio-crude).

[00046] Figure 34 is a flow diagram illustrating an exemplary process of isolating

protein from fresh lemna with backmixing and water addition to mixing tanks.
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solids shown in Figure 24-Figure 27. [00041]Figure 29 is a flow di agram
Illustrating an exenplary process of isolating protein and ot her products
from freswolzemias25p00042] Figure 30 is a flow di agram i | lPagtusaeii1/egsan
exenpl ary process of isolating protein fromfresh | emma. [00043] Fi gure 31

is a fl jagram.i| | rati n exenpl ary. process of isol ati rotein
from 1 (B0 e Pigsos et dlide S8E11E Hodraf dRageaiiny et et fy e
exenpl §fyteRf M BerProdu Rl Bdrh RGsPleaingi Wit b fif SR &M@ with optional pH
adj ust mrent and wet protein wash. [00045]Figure 33 is a flow di agram

illustrating an exenplary process of isolating protein fromfresh | erma
wi th bd8Rd8li ng drigure PtiipadlovhaiogminthillygHingsangiempyy presgsicdingowittgegnd
producﬁél&gﬁ .ﬁeﬁhg&ﬁgude). [ 00046] Figure 34 is a flow diagramillustrating
an exenpfary rocess of isolating protein fromfresh | emma w th backm xi ng
and water addition to m xing tanks.

[00049] Figure 37 is a flow diagram illustrating an exemplary process of isolating

protein and other products from fresh lemna.

[00050] Figure 38 is a flow diagram illustrating an exemplary process of isolating

protein and other products from fresh lemna.

DETAILED DESCRIPTION

[00051] In some embodiments, the numbers expressing quantities of ingredients,
properties such as molecular weight, reaction conditions, and so forth, used to describe and
claim certain embodiments of the application are to be understood as being modified in some
instances by the term “about.” Accordingly, in some embodiments, the numerical parameters
set forth in the written description and attached claims are approximations that can vary
depending upon the desired properties sought to be obtained by a particular embodiment. In
some embodiments, the numerical parameters should be construed in light of the number of
reported significant digits and by applying ordinary rounding techniques. Notwithstanding
that the numerical ranges and parameters setting forth the broad scope of some embodiments
of the application are approximations, the numerical values set forth in the specific examples

are reported as precisely as practicable.

[00052] Any discussion of the prior art throughout the specification should in no way
be considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field.

[00053] Unless explicitly stated otherwise, throughout the description and the claims,

2% <¢ AN Y A 15

the words “comprise(s),” “comprising,” “include(s),” “including,” and the like, are to be
construed in an inclusive sense as opposed to an exclusive or exhaustive sense; that is to say,

in the sense of “including, but not limited to.”



WO 2011/ 116252PCT/ US2011/ 028911 [00047]Figure 35 is a flow diagram

illustrating an exenplary process of isolating protein and other products
from freswolzemmiae2s2t h ball mll and decanter. [00048] Fi garas2@1iogsoal f | ow
diagramillustrating an exenplary process of growi ng and harvesting fresh
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of 5ot DO br ot e EbE LGPEaUCe SarH Y o CREE RS TOBOES E ROl o 33
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and ot her "products fromfresh | emma. DETAI LED DESCRI PTI [ 00051] I n sone

enbodi et sincludiag nigad @pliakipne s Sipagies) ua s tfamgly ofonkaig rhégli davels, ofppusyteint i es
such as_nol ecul ar i , feacti condpti.ons, and so fort used t.o
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appl yi 160@5i nar yI'reogndaentg eh ecinment escotiphsasighstianadi rijadgeatnd hestairabtel cal
ranges and paraneters setting forth the broad.sc pe f some enbodi nents of
t he appFiWAts shdayige Qﬁﬁﬁ%&l‘??gtt‘? EP8MeY 1Zﬁﬂiﬁlf’é‘?r?a§%1ﬁ O’al?%@c%tasfao 95 t he
speci fifG, excapBLRK RAUBstFERY pRAiATREGELRE! MighR PAARLWSALHSY JifPRRZrARY

di scussion of the prior art throughout the Specification should in no way

be congixdepkdy afnamceatn mofegtionhdor shiokuehy i tredsiptk | sndai pekein k povaenwatef or s
part OfCa%géﬂ;%Patg il b lseplépa?gg Frg%ethie Igu%srt]r%tef ringtlegal for biofuels applications whereas
the protein fraction (which also contains appreciable amounts of fat) can be utilized for feed
applications. Notably, given the scale of the biofuels industry, commercialization of these
processes can result in large scale availability of this sustainable protein source. Further, a
protein concentrate containing up to 65%-70% protein (dry weight basis), or higher, can be
obtained. Table 1 shows typical compositional, essential amino acid, and preliminary

digestibility data of lemna which can illustrate the potential efficacy of this protein source for

aquaculture feed applications.

Table 1 — Essential Amino Acid Profile of Lemna Protein Concentration

Essential Amino Acid Protein (g/100g)
Lysine 5.9
Leucine 9.7
Isoleucine 5.1
Methionine 2.4
Phenylalanine 6.3
Threonine 4.4
Tryptophan 2.0
Valine 6.3
Histidine 2.7
Arginine 6.8
[00056] As illustrated in Figure 1A, an aquatic species, €.g. a micro-crop species such

as lemnae, can be grown in a growth system. The growth system can comprise one or more
bioreactors. The bioreactor(s) can be large-scale, medium-scale, or small-scale, or a

combination thereof. The scale of the bioreactor(s) can be chosen based on the
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In some embodiments, the biomass slurry including the harvested aquatic species with a large
portion of water or any other growth medium can be conveyed to an inclined vibrating screen
where the biomass comprising the aquatic species can be separated from the water or the
growth medium by letting the water or the growth medium flow through the screen. At least
40%, or at least 50%, or at least 60%, or at least 70%, or at least 80%, or at least 90%, or at
least 95% of the water or the growth medium collected by the vacuum can be recycled for
future use. Merely by way of example, the recycled water or growth medium can be

delivered back to the bioreactor and reused.

[00058] The harvested biomass comprising the aquatic species can be processed into
two components: a carbohydrate-rich solid phase and a protein-rich liquid phase, also
referred to as a juice. The procedure can be achieved using a screw press, a belt press, a knife
mill, a ball mill, and the like, or a combination thereof. Merely by way of example, the
harvested biomass can be lysed in a knife mill. As used herein, “lysing” biomass
encompasses mechanical or chemical procedures that disturb the organization of the
organism on the level of individual cells or multicellular structures, so as to render the
carbohydrates, proteins, and micronutrients present in the biomass organisms more available

for downstream processing to purified protein, carbohydrate-containing materials, or
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micronutrient-containing fluids. Lysing can include, for example, chopping, shredding,
smashing, pressing, tearing, lysis by osmotic pressure, or chemical treatments that degrade
biological structures. The lysed biomass can be pressed in a belt press to generate a juice and
a first solid phase; and the first solid phase can be pressed in a screw press to generate more
juice and a wet material, referred to as wet “bio-crude.” The wet bio-crude can include the
carbohydrate-rich solid phase, and can be processed further. The juice generated in different

pressing procedures can be combined for further processing.

[00059] “Bio-crude” and “biocrude” are used interchangeably. The wet bio-crude can
be processed based on considerations, such as, for example, suitability for further
applications. Merely by way of example, the bio-crude can be dried to be used as a power
plant feedstock. In other embodiments, the bio-crude can be optimized via pelletization or
the like for co-combustion with other hydrocarbon-based fuels, such as coal. In other
embodiments, the bio-crude is used as a feedstock for biofuel conversion. In other
embodiments, the bio-crude is further processed using physical or chemical methods to
further extract protein content. In further embodiments, the bio-crude can be processed via,

for example, pelletization, to user specification.

[00060] As illustrated in Figure 1A, in some embodiments, the juice comprising the
protein-rich liquid phase is processed to coagulate and/or precipitate protein to generate high
protein solids, which in some embodiments are further processed to generate protein of

higher purity. The high protein solids are suitable for animal feed.

[00061] Figure 1B shows a block diagram of an exemplary process of growing,
harvesting and processing micro-crops. This exemplary process is designed to take as input
large volumes of “micro-crops”, e.g., lemna, and output several products including a protein
concentrate, a fuel feedstock (referred to as “bio-crude”), and a carbohydrate-rich animal feed
(referred to as “lemna meal”). The amounts, yields, and distribution of product-outputs can
be varied and designated by implementing specific protocols. Figure 1B illustrates this in a
basic block diagram. Other factors that can be optimized include identifying and utilizing as
part of the process, unit operations that are scalable based on the intended outcome. This
analysis includes whether the process is run in batch or continuous mode and can have an

effect on the end-product and/or yields produced.
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based on the end product. In some instances further processing can be applied to reduce ash

content. The procedure for ash removal (if utilized) is further described elsewhere in the

application.

[00063] In some embodiments, in the selection of a surface micro-crop, a dominant
local species with selected compositional and growth characteristics that have historically
developed within the local environmental conditions is chosen. Dominant local species can
out-compete other species in open ponds or bioreactors (and sometimes even in closed
environments or bioreactors). The selection procedure starts with choosing several species

from local ponds and lakes, and investigating their growth and product potentials (i.e.,

12



WO 2011/ 116252PCT/ US2011/ 028911 mi cronutrient-containing fluids. Lysing can
i nclude, for exanple, chopping, shredding, smashing, pressing, tearing,

| ysi s by wenotiiaéeessure, or chemical treatnents that @®€grsderiopsdiogi cal
structures. The |ysed bionass can be pressed in a belt press to generate a
juice and a first_soli.d phase; and the first solid phase .can. be pressed in
h screwopRaskioph gBnariid Ranka GPRHSEA Wi Teatet i AN AL sihahs wet
" bi o- crifffo-crophevMEt aRi BoGhuedieRint REdsHEE afd1elimaleb Oy dEwt Bedl s?)ecigp bd
phase, and can be processed further. The juice generated in different

pr essi rigleptedcedibe dssitrdncddenievptsi peterdted ffam tthe selpetne stoi mge in larger-scale
[00059]"§§o-cngpeﬂ and "bi ocrude" are used interchangeably. The wet

bi 0- cr tde"CaR" gdﬁybcessed based on consi derations, such as, for exanple,
suitability for further applications. Merely by way of exanple, the

bi o- cr ydeoen be Idrsbed entbodEndits dhabioteaP@nes. g.p ki@npontlp 806t @ethen basi® Wiy
enbodi nents, the bio-crude can be optim zed via pelletization or the like
for co-thopmbaknsntsimede fravawastgd dist Eryad Haawie fnferier bosiganotihe bigsgactorn

ot her i j ! : i

conver o B BOAEok" et Sha 8k a0 S BphRRL BRI Tor BN g1 ng
physi cdlinchrdigghentritahal medikbdgy.t watttuahieyr, eext rEetbipreadtet msclimeesidns dhosdnur t her
enbodi nents, .the hio-crude can be roqessed via, for exanpl.e,

pel | et i Mz £EPITL GRPEEL ARY CREFUANA[ODORGT A8 AIPHIsS  ParLEnesh VEEE & 1A
in somenQERAGtRRMS  THN@rthtl £8a GUBIhS) RhctHEMRHAE &) fcd] k&hralli fakh ShRlFRse is
processed to coagul ate and/or precipitate protein to generate high protein
sol i ds,argthi Bteessrvaomie desipaadi tremt ditap stof mwatarstqagresiteetri(o ggestoratveater ot ei n
of higher purity. The high protein solids are suitable for aninmal feed.

[ 00061] 1§£%Q99ﬁ£ shows a bl ock di agram of an exenpl ary process of grow ng,
harvesting and processing mcro-crops. This exenplary process is designed
to takqoegss|nput Thaoge eudbiisitDh midlocdrop growasrapid: 4hd, folBd@ Aoataipdn@udrput
several products including a protein concentrate, a fuel feedstock .

(1 ef er rtBel Wagergarfags ot theyierepcton kg -a theap By dp prderrtp dRaigk i ENiferar uiriess er r ed
to as 1&&'@“&&%@'@3@&@& GRS gglloﬁi! t‘ﬂ@ bio?%hQE(g‘! %‘r{olup 'Ijédil%ﬂlaﬂgn technigues
product-out puts can be Varied and esl gnate y 1 npl ementing specitic

pr ot ocapbspukicqgusydtehB, iphddls twhatlesert-hiase utiligdbasi @nhbtiek tac@gteam infpirberd
factors that can. be optim zed include jdentifying.and utilizing as part of
the prceYEE ‘iﬂ‘i‘fq’cm&b PR RIPHtPe REHIEBEECHE b Wi AR rdece

out COMByofiftr&d ARA! Y HeddedNG MBS NRRELRE wHibe 1RI10%L S SbdlshcEd ’brbﬁbrﬁ@ﬂ o 9r

conti nuous node and can have an effect on the end-product "and/ or yields

pr oduc edacri\CuROictd-182BRPOTY! B2 01idrd 3289 e df 000 82deThie lexp mpirdion itlos ests
includﬁsfﬁn outdoors part and an indoors part. The exenplary process starts
wi th t &% oreactors which are production ponds designed to provide optinmum
grow h conditions for the production of surface mcro-crops. An autonated
syst em[poogd]or s tiA8omEehib8atmdneY BleScrawth @edibmahsludesspael. fTIRAvitecCinpladef
nutrients in the ponds. During harvest, an automated ski mmer system

wi t hdr dadansesbeytrifias foinbhe mrisrogfrop hén Aiher embedipreniso i mgifatEHeRp &s then t he

ponds ] ' [ [ i pelj
D br at 1 Ay AB B Sack a PR, AT WIREY B WAV o e R BRSO,
t han 9%fedifimtihdudatvedll water ey bhesbcbptalle iwvita quaityporddien/ihe propeetationnnahi f ol d
to provide uni formm xi ng throughout the pond. The wet biomass is collected
and corR*EyeRf Byt Processing center (an indoor processing facility). Once
entering the processing facility, the wet biomass is lysed (by a ball mll,
hamer [gpdd7] OF AhREMme ThiBoliffhen®, sihN&: Ei@x‘é'&é’t@fs?{gk.?ﬁ%n&s?aﬂe‘%ie@i%ﬁ@d Lhesisat er nal
water. The juice streamthat results is protein-rich and undergoes further

pr ocesdbnrdeduately fraveext flaastei’ opiorshctorsab ai largeebiataactog The smplteytbeirpactemernt r at e

i tabl i di ent  f i mal f d potential.ly h food, Th
ol bl dar Bea e AE RiSH e Beh SRR ey Pacs b S haRimiPLerR YadBRe act o
preci pidiakh@8r i@l Hadfel Bt §oppertdh nlee hipel @@w«h. The protein precipitate is

t hen separated using a high speed nulti-disk stack centrifuge. The
supernatant liquid is recycled back to the ponds while the wet protein

concent[P8REB]i s drinegmgmbgdEneiytsy drereWBsBediBReEis i wHEDyS pdsded dp i HIEAGeF t he
end pr ct, (el ydi : y..d - drum ot dri duct
ot hent pack o, H8 BomBnSRaYac Kol SlEbHL KR T obumdl frille i REC)
carbohydrate-rich slurry. This slurry,is further processed to result in any
one of the follow ng bio-crude used f&? conbustion, bio-crude used as a
coker feedstock (for a refinery) or | emma neal used as an animal neal. Each
application has specified (and different) end-product characteristics that
determ ne the acceptable quality. These include particle size, noisture

o o S v



WO 2011/ 116252PCT/ US2011/ 028911 conposition). The m x of dom nant species
can vary by season. This identifies potential mcro-crops which are grown
in differwonosedszsas and climates. A few | ocal species &Ca/Usediaoesddl The
desired col onies are generated fromthe selections for use in |arger-scale

out door rOdUCtI(ﬁlé 086% n sone enb(gd i ments, the bi.or eacgjl e..ﬁ., t he
pond) i BOERSLAFIHEHVIBALR AT IS RN Fk Frairtaingthy dhugents, Apd compogions
r ermved)vﬁ}’ﬁf? Rah88d 1V | RhshQhtOmBfied RehPHBEEREE Brmodttrtah@tRoRi Bk eaIOr S
are lined and designed to provide optimal conditions for |ema growh

(i ncl udifribe mltrlpnttsiaodnabmavatublssbmcliutiylg, ﬁvateéamalqaamtnpmaepﬂ pxidTten tsidoeterct or

has di nensi.o ose m ze ga es an i onal Lxpenses
1o’ pr oditat ehEokPErEd, OpPRhEof fRE S orrt P ORe heB RS bR e B o
desi gnedniop iageamigeaiback }tpt&ﬁﬂol el Bab bf ﬁi@ﬂ’og@n speeitibreadbedia thXa@siSntNaL €T

i s desi gned to run into a storm water storage cont ai ner (e g. a storm

wat er S8 HiRstigpadytem] obdigsid kvelgrmsittssds Hekled im the kipagtpblp avewsthatapi di y

and fort{q%wgte; egg{&&gn Hq)@low%va@gueerd%wface of the bioreactor (e.g., the

pond) order to marntain uniformn Irent levels and the desired
tenperature throughout the bioreactor, various recirculation techniques
(propul[80@69] sy st dmspmp addlodindree Ith, bieteactpr & ejuitipet iwithdorgend moretsemdolreth t 0

create an .jnproved growing conditions for the mat. popul ation. Durin
reci r cuNAifosnang rgan té('flrl‘g{?afl?%tscgﬁﬁ‘éié“grrmt‘? Hﬁﬂltgn&“Yanﬁeee&‘@HO‘é‘é‘éfgﬁ]ti al

nut ri enboadicdhd, Gld iiRcliider @ cBAbRRAGEE HREQPOMhE QP Rim@kls ABEE@-méi®red and
mcro-nutrition that the mcro-crop needs, are added to keep nutrition

wi t hi n oostrolleshah dedifgedesitionh ssseares @il Es andrdatgmenademendsystenisncl udes
wat er. The water incl udes bal anced nutrition for the mcro- crop I n ot her

enbodi one nutrl ent at _t Cro-crop eds e added to
the gr mﬁp@m unﬁ% r I\%)r1 n%cro Cr?,p bé?(%?vsﬁr%m@flﬁwu 0 tHICEne& umﬂllen Udes

wel | watres nidpas nhlﬁﬁitof:&icﬁmt afairﬁamat ef aqiesirdd yhidi@sd. h@ﬁr\tebﬁnngélp@dkeafﬂmmt of
bal anced nutrition. [00067]1n sonme enbodi nents, smaller bioreactors (i.

ponds) thm@g@ééwgﬁeﬂwawal geskanitngs agfb guHying %@Ps/éhra@gh%élzfey@ar Bbdsed 0t oré
to a '% nﬂérgﬁl%ﬁaﬁons %ﬁm@%@ﬁé@{m&% ﬁ%&h%?ﬁleaaﬁ)gmf yﬁ idshocul ated and

gr own to ensity at ch pornt t y can opt Seed t he | ar ger
bi oreactor in a manner that supports a nore rapid growth. [00068]1n sone
enbodi fBAE,] a ngnvﬂotnenadbcudiméms,gwhewvaheedesiﬂed Iadvzbeﬁlng oomditlixi)rmrm‘aanmr tee. g. ,
a pond) and is nai.ntai ned cgt a certain set-point |evel. For ep HH

g¢ n where the

mi cr o- CPEE-EEP Mahes SrPPHa62%S ﬁ@rﬁ%ﬁ@‘iﬁ? prd to a vibrating scre

micro-crop is separated and collected in a hopper for further processing. The water runoff is

collected and recycled back into the pond.

[00072] The harvest procedure is controlled via a programmable logic controller (PLC)

and human/machine interface (HMI).

[00073] Additional discussion regarding choosing a micro-crop species, and growing
and harvesting it can be found at, for example, U.S. Patent Application Publication Nos.
20080096267, filed March 15, 2007, and PCT Application Publication No. WO 2007109066,
filed March 15, 2007, all entitled “SYSTEMS AND METHODS FOR LARGE-SCALE
PRODUCTION AND HARVESTING OF OIL-RICH ALGAE;” U.S. Patent Application
Publication No 20100151558, filed March 12, 2009, and PCT Application Publication No.
WO 2008033573, filed September 13, 2007, both entitled “TUBULAR MICROBIAL
GROWTH SYSTEM;” U.S. Provisional Application No. 61/171,036, filed April 20, 2009,
and PCT Application Publication No. WO 2010123943, filed April 20, 2010, both entitled
“CULTIVATION, HARVESTING AND PROCESSING OF FLOATING AQUATIC
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bi omass) productivity, the water is nonitored to maintain the nutrients and
conpositions within standard | evels. Sensors are installed in the bio
sensor towgapittas2sand record the | evels of the nutrient #CaNS2¢0/0R8931 t i ons
including, for exanple, ammonia, pH oxidation reduction potential (ORP),

and te | i na ereof . The .ammoni g sensor
"0 6 AL SRl LR i SN EEEPL G O PRl (R e B et nr v
t he nutgyegst340amied NingCLi, %o@yls@?rnppﬁchﬂl&ypﬁlbﬂcﬁwﬂ Noravv®radm¢ﬂ487s ifinst al | ed
in the bioreactor to assure that the water |evel does not fall below the

desi r edudept. h’-O1Pdmbgmtutbd§WE%$HDNéND§CESW@&W@%@RBﬂGlMUMszﬁﬁEB with

one or nt 1, ri Qus asp di ng wat er
qual 1y IRROF RE DNy TN Gr@VaEha: o e RiRe e T <bBfiea®h

conmbi naetddy ihdtep&afed bireprenpar anet ers are both nonitored and controlled via
dedi cated control systenms conprising PLCs and data nmenagenent systems.
[00070] For_optimel mcro-crop (or biomass) productivity, the thickness of
the ni dP8074dr op nihe ethad And syssem ok decrusiteamubipleproguets diome mdppiriaksrals

Har VeSthrQ&lc%@H of 8o RhAGRHNA RIS Y PbAluRB SO 3 FRARAMCSIR AN dr i
varying tines throug out the year (based on envi rofnental condrtfons and

t he corspedfionwnpngvigh awifgecidic $feeiespede frhix spHaderesdrop [@&DZi]shpplyorrEor the

enbodi nent s, n the esi r d harvestl nditions a t he. m cro-crop
mat i s RHRHTE ﬁ%hﬁ‘égéfaﬁ% CW% agieRfsdo &ﬂgr %Hﬁ)&ecfer%c%i {Wlﬁngltslﬂ%ms%?"é"éﬂ wher e
the m qﬁ%o@ﬁ@ﬁoﬂt%ns@ﬂ)ﬁfe% fidicansh, 9ehh£Gs @dhol Rf@rdAORPEY Hfe@nal UThO S roducts

processi ng e water runoff is collected and recycled back into the pond.
[ 00072]di$vasded bglost mi@c@d&m@m sonsontrato|($uatdblei far, dopexsgrmembha fb@bmﬂd a

control | nd hu |ne|nt r.f ac - 00 Addi ti on
i scusPai Y UpEhatn g b BB FRTBe eckletinh ittt (laPG b b Cxae
har vestﬂlagfeédst&ﬁm oP&n ﬁmﬁﬁdfe@a suﬁplém@maml i€ refbhré toPat edthnARMBAL"T athisO for

Publ i cati on Nos. 20080096267, filed March 15, 2007, and PCT Application
Publ i catligrating puumse@onr}rmgéessnotﬂmeé@ﬁdv@rlmt 115, scopoJt tha|appligstiph| AdPerSYSTENS

GNg Ngléﬁegr?(?m%ﬁkl ca on Pu |§%£@1 %Wgég&/gf gép R)g ﬁh%éle%w

and PCIaré\pmltabcteaiforoproE&sblhg chahetrqchcho‘ﬁ@om@&Q&SR&relp|Hyeda3$@mteamfﬁpre i1,
2007, both entitled "TUBULAR M CROBI AL GROMH SYSTEM " U. S. Provi si onal
Appl i cdBstBed Ref/oBaystem obppcessingeadie Apitahle dpproseygie Bgns Peakwes! Masimenth
PubI iC 0 i t

0T VRO RPN R Biser SN o et st & gy er
2011/ 1 k6@ ¥RGE/ ithB20I-l/s048 Skbdl stOEEQI ipE WMk dad ililla@id1aBROWN H RATES and U. S
Provi si onal Application No 61/ 186, 349, fi | ed June 11, 2009, PCT

Appl i caty Publ icat i o 010144 filed June 11, 2 , both
onti 1 QN0 GET AT FRBNEESS P BRI ATERERT PREREETY AND
GROWIH. fro ik dufrial-B@ild po88&iondbREatieMhssRRE ket HeRRS iftlRichR @RYthe fSIywiag at ed

by reference.
The method and system can effectively recover commercially valuable products (e.g., dry

protein concentrate, dry bio-crude suitable for fuel feedstock, animal meal or fish meal, etc.)
from cheap raw feedstock. The method and system can be eco-friendly. The raw feedstock
can include a specie or specie mix that can be indigenous and/or fast-growing. In addition, a
lot of the residues of the process (e.g., water, liquor generated in the process, and the like) can
be recycled with or without treatment. Merely by way of example, when a biomass including
an aquatic species is harvested for processing, a significant amount of water (or any other
growth medium) can be removed from the biomass and can be reused as, for example, growth
medium, with or without treatment. The method and system are suitable for industrial-scale

operation.
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[ 00074] The net hod and system of recovering nultiple products from

i ndustrial -scal e production of a biomass descri bed herein can be custom zed
t o producwotha/dexskr ed product specifications with a sp@cCirfuseoigfesdiie/ speci e
m x of mcro-crop used as supply. For the purpose of illustration, |ema

(indig to Florida) ,is.referenced fromthi oint forward. In saone
bor t1 o0 lhe. oSt e iHsffin | o aflEo e nbiyDenl walse. Palmis o e
productgedb$ ahtp @%ﬂ:nbsﬂe@urﬂrﬁ&biuﬂg féhsPBIOSLViRbIE FHCHBLEIhE a(18:8k taaRlugt §Ofw for
exanpl e, aninmal feed) and a carbohydrate-rich streamthat can be processed

i nt o " deasistackdeMeredu by atdyeof examflarthe yagthdd and gedterh elgsisibed Kieraam have & mal

feed suppl ement that i.s red "l.emma al naani s i s faor

st b B argsaeen 5] SOk ol RadSonEonudBRl 1090 Sy iElebfdseo e ¢ he
appl i cajri@meast2eris dr af le@stdisnarnyg, sKat leadt B0OM &g i tmokd E ehv RedAEBEIRAGAY hat

t he met hod and/ or system described herein are suitable for processing other
M cr o- ANE§an B Ypredriguonpnadgonybajghmgde.exanpl e, the net hod and/ or system
of processing are suitable to processing al gae, duckweed, waterneal,

msqui t[@Oé'ﬁlr]n’ .sa]iﬁ{?ﬁiﬁent\é\’a&@rthé %&és‘éﬁtezin Elti&b_epr{){fiﬁg’ ? gfr?@eﬁ P§C h{g‘ogerin .
speci e/'speciie mi x of mcro-crop whose industri-al-sca eedstock supply is
readi | ymalviglel prbdiets fr&QGh£se wé amaypant apgesesofThe lpeoaeed dandndndk: pystiding die

recover,i.ng nul ti pl rooducts from i ndustri.al-scale prodyction of a bi omass
descri BT A el RieiBAs 11 EEtate AdYRE! oMy SCRREIRClR dicrbioEyst m can
effecti géﬁér)iter £ GAVE hind QIR &Jli@! ﬂh)ésé’, %Hﬁi‘ﬁk & QEP?M%& c6§ceﬂtrate9l[s)hgpﬂ’h@ tj@i!c@;

e

concentrate, dry bio-crude suitable for fuel edst ock, animal” neal or fish
meal , elrgin the weh pheapconagntfaethsgenciate Ty pretelogdnagrdrasy praducgre et bio-

eco-friendly. The raw feedstock can. include a specie or ecie mx that can
e 1 naigaitotiina e Rt sl e G o Nl B RS S Bertlr Tt P bl

t he pragrsed(fof a, diai®kiudel MHA cHBARIHRdtE€dich ndafew Rremass mafifle tpheddckke)
can be recycled with or without treatnent. Merely by way of exanple, when a
bi omassanneclidie nprogductagerdedted dpaei ds fyy wa@tmstc@epentfatepr%e@@i%g&, aand
signifi u R r 0 - ' - I ed
fromt hcglﬁ%ith%%%%sﬂéahn'glg%l\g%&ﬁ%hérgﬁlsag agé’?d}?g rf %x%% F@qéga“wltﬁﬁ%@g"%& ﬁftn%q;v)\,}\{jt h or
W t houtthé d8airorii contheratehhod and system are suitable for industrial-scale
operation. WD 2011/116252PCT/ US2011/ 028911 [ 00076] As used herein,

"industrjal-scale"” or "industrial scale" indicates that the nethod and
syst R e opdbioRE BN Be JANGHAR I Brerp B e %SF%‘?egieaoL&ﬁﬁum of
raw f eeflat, QG ee VIR ¥n BYmPBY @E bRRRPLAT white o LRAMNK IR ISH HoeMHdes&kinbed

herei n have the capacity to process at |east 100 kg, or at |east 500 kg, or
at | eastyste¢@)hediomass gtn inghsle al BO6 dog,of dre fatlowaggiroRO0G: kayf giowieg, chemst

2500 kg, or. at | east 3Q00 kg or.nore of raw feedstock day, and can.run on
= cont 1Bl o S BIpRCET IR T BE ERBaUrAT & P (G prgsgran

I nvent i @iboRiAMitd 8h@ bR ES Mllude IOMBAd, AthalLddckRe&d, Py AcuEhS ndsqakdif@nrss of
an aquatic species. The process can include: providing the biomass; |ysing

t he bi oelsyatwatgeladpcst andathe ikedrisi coppsmntios divsieadt i ng t he | ysed biomass to
generate a juice and a first solid phase; form ng a wet protein concentrate
using t jgHi Ce; Vi ' trat - ; r

pr ot ei r{hg%-}r?ient r aﬁ%;lja%%gé ugolc\r%gctdré%\%\g{aﬁ | gg?&%g@ugsg h§“§ gg‘fgclpr%rsbfattgrglasf%e%’hase;
dryi ng fidie aWidreduit@- o rauddeyvateding 8ngibatl dhadewa@sing stagopeadheciocsed eiglie thsideom a
dry bio-crude and a carbohydrate-rich neal; wherein the nultiple products
can ind G rESHRS WEdwer et f4ilin ©F encar he bigreadior: gl rﬁe&)ﬁlﬁfg{lg oty the

bi o-cr Ltqgt’onﬁﬂgiteﬁﬁfelaﬁﬁygéeﬁg &1 the NiZTe& theaﬁgﬂi\(t]gﬂerﬂienw%r |c§1"f‘%w591%b9%h tife
protein in the l'tiple products I1s in the dry protein concentratTon.

[ 0007 8]séreenwwhide tet wetkbicamsshen haropestyed domantha sgreemt Besaraticenefasatdefom bed

above. The raw feedstock can, conprise the bi omass and water or a graowh
modi um(PF S5 DRESTARCR COYTRERPYTHE CEIeRIada PR e Hrialioh ek ore Bt he
f ol | owi faghpel oek tih@Sihe f BisStea@lbPW MiongiE AR (SR @bl HEECs }Blﬁﬁn%e%isbac%nfﬁtd)'ﬂ&ces&
high in protein, eco-friendly, or the like. In certain enbodi nents, the

bi omas digaartpindlis udéridngrieael, ora¢qerositipns leae &d, megawred naal/or modigad tiodésaned,

sal vi ni e g’(‘:’?te%rcalne et 8§ the NS tiQeaslsi iir(l{ad a %Bll&ti%rqrgbistgr%t | Ber}et heer ep{)"on{agsoggg] The
raw f eedst'ock can 18 %ran§ﬁoﬂf€3 Usi g “@ g M an> Tl e v?ﬁra&ory screen,
froma bioreactor to a dewatering station. The dewatering station can be

| ocated either inside a main processing building or facility, or near the
bi oreactor itself, depending on the cwitoner/site-specific needs or the
size of the facility. The water can flow through the screen, while the wet
bi omass can be conveyed down the screen. Separation of water fromthe wet
bi omass can be enhanced by, for exanple, |ow anplitude vibration. The water
can be punped back into the bioreactor. Optionally, before the water is

b o . - L 1



WO 2011/ 116252PCT/ US2011/ 028911 then conveyed and fed into the mlling unit
operation. The dewatering phase can include nultiple passes and/or types of
dewat er i nyorzetihiaaxs2ot her t han the inclined vibratory scPegns2010028d] | n sone
enbodi nents, "dewater" can refer to the procedure of renoving mater from

t he raM/feedsto i one enbqodi nents, "dewater” can r ef

br oceddrEt B Ssbarhar b o GG TN PrsFGDE: i L eI G Al g
phase. HOAERBHakdRs aRuBr BROSl déeme%mgtrﬁ@hédgsatm theh tAE 'IHcﬁH&ijbfht&}y Eehani cal
way (also referred to as mlling), for exanple, by mlling, grinding, or
shreddlng the biomass to generate a |ysed biomass. That is, the mlling can
essent (800801t ear dn sginF wadodimentss idegratert lfan isiferaghe pregedyr oS BON ingriven o

lyse t r}?ong%ilé rgva lfleésds o%kl agﬁbx\@i%ne ts é)wzﬁ a%ngfe?ttgetﬁle p?w Qqnenis to

be expose and™ here ore aval erc angeab e unit operations include

a bal | raibling@ghiceidg.m bloteiltichgquiod) fromhash@phasel |, grinding mill, puree
machine, filter press, and the like, or a conbination thereof. [00082] A

bal | n function by havin ri.zontal or vertical cyljnder spinning
on its [Qhﬁ'%ﬁlw t h 1gr 1o ﬁ@bﬂ@mea%p i85 gﬁlna\/ésr aFyeYRf Way BEchar &ﬁL (ahe

rotatiqpfesRged is nﬁlhh%), 59 didmpRr llﬁfonﬁﬁn ,Ogrng&lng'z or gﬁreé@inyzthe OJlOIﬁgssHﬁ) Or
60 Hz, or 70 Hz, or 80 Hz, or 80 , or % hi gher "t han

from 1 gdperbt® aL(DysHi bicgmask.r Arhaf G, iz tm)lliBQ chiz ess{antlﬂbotm@o gHirdg, (an5(ah¢dzs tluar f rom
50 Hz to 70 Hz

ool o SO Fobfufo e el HETh Tt S otets iroflB ey "' "

gl ass, o%ﬁff)oh@[ﬁs td KexpokePariOfbeftat 'a%lla'bi&erIﬁf&chaIﬁ@deMﬁ%ﬁatﬁﬁgﬁr@hﬁﬁrh be
rot at ed by the circular notion of the ball As the grinding nedia is

lifted ballongl edlboid mﬂé,rlﬁnﬂe ol hammhénmécgrmdmmﬂh@nreﬁeﬂnachblacﬁlt@ms &dashi ng
t he quﬂah%%he cons Hongg N of the balls noving agai nst each other can

al so provi OéaﬁPphla ©Ct which helps mlIl the | emma. [00083] A colloid

mll can function by |ntrodu0|ng | emTma into a spinning series of grooves

t hat pr{000823 a hiAbaldrlbin fiincfisn by honngatloshmed] or Vhoiss dytindespamgtdren act
to shear the |ema_ apart, [00084]A knife m |l can use a_ horizontal rotating
shaft dit axki wih srindig medis iptidet Merelr Ak Wayob examapie yhe spateratreed ghl Hpeldd

whil e mpf fidlid, $ f3931d2é8? %&%B?f}ﬁegr BORREL: PYIHL of £ BN t@x'hée()’lk—)lo-r&elo

mat eri al ‘can be’ s l'ed through a screen at ttomof the
m . T, orbightr an 168 $Endi &byl Bhead O theot ﬁnmalOmetrd%O Ho, exfrasd0tHeto

i nternal, gel | strugfyre, ablpwing opre vabgh, and pogtgl n, 49 e, rRued. WO
grinding media can include balls that are comprised of ceramic, stainless steel, glass, and the
like, or a combination thereof. The grinding media can be rotated by the circular motion of
the ball mill. As the grinding media is lifted along the internal wall, the media can then fall
back down, smashing the lemna. The constant motion of the balls moving against each other

can also provide a grinding effect which helps mill the lemna.

[00083] A colloid mill can function by introducing lemna into a spinning series of
grooves that provide a high amount of friction and shear. Those forces can then act to shear

the lemna apart.

[00084] A knife mill can use a horizontal rotating shaft on which blades are mounted.
The rotor can be spun at high speed while material is fed via a small feed hopper built
internally. The material can be shredded and expelled through a screen at the bottom of the
mill. This unit can essentially shear the lemna fronds to expose the internal cell structure,

allowing more water and protein to be removed.
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[ 00085] A hanmer m |l can operate simlarly to a knife mll, but instead of
bl ades, | arge blunt paddles can be used. The paddl es can press the | emna
agai nst aweesriatiezf2screen, creating high stress and she&CTiusat11m2891t hen act
to break the plant structure apart. Once the structure is sufficiently

destroy one o5 .essenti al | ntern onents.can be av bI e for
Oy ol BBoss 0o 0ok e mil iy Seerare BURY 10 SRHE oG R grsteag B s
bi omas gare8-Hunt ﬂa@@m@earﬂs@u%s cme%qdfegeaﬁ He‘ésSEHe%ﬂnﬁﬁ' aPHAEROSRSraRAl sxsreeand are

not |ntended tolimt the scope of the apg i cation. A person of ordinary
ski || ioneating hagh straseand shear hlat des ¢hranpack ém bropl whedplandgrustuan dpat.hénce the

apparatuses can b performt he 1,01 ysin nctl

(0008 71T HETF oy AT s P o maar L e gl E ™ e

m | i ngapide radekeadiona constant rate, while in other enbodinents it is fed
at a variable rate. In sone enbodi ments, the biomass is fed to the lysing
(or mllin procedure continuously, V\/m l e in other enbodi rrents it is fed

i nt er mPPQFR| v TReTPEuYicRBARINESS R dibing ms dwinghe et hitBITH hed 9sagedteon t he
consi dey, S t..Ar e

enpl oye gé‘%r%b%tﬂ fgkgglé%%glgg utr‘%@s et %Elggfanta h%gf eedlsit%gggé? %BP ﬁ%éfslb@e §90rthea
conbi natpphbentioherfe pérson nf emmmrgrsrhldidnrtbmaﬁ rehdhiag ftieedk stuigpticat, evoudd atdekeast 10
kg/ hour, or at | east % m%/ hog or. at | east 108@[(/ our, or at |east 200
kg/ hourdtheaPRrajugesean e &t perrmythe pullme A IAGHAT or at | east 500
kg/ hour, or at |east 600 kg/ hour, or at |east 700 kg/hour, or at |east 800
kg/ h01”[00(‘787] at | qa%ért@lﬁgnibgﬁﬁ%ﬁ'fs {1 biGthadsa @ &dd t@aQQ@lyKﬁég*@@lUﬁulhﬁ% frb&hagre t han
1000 kg/ hour. In some embodinents, the feeding ratée is from kg/ hour to
200 kg/aﬁoauconscb@ntflratﬁm\m& klg/orﬁlmnrem@damentkglﬁ Heued aérafwamblaa@tq(gllhoi@meto 600
kg/ hour 0 /hou 30 / hour from 800 kqg/ hqur 1000
o/ nourmGrmirpe Pt Bulaid R bbb el b RS R iReE T b BN ca
et hodsotdrenssaiuedittiofddyiserinhenupt The ormiss: ratmarﬁwrtmsdﬁ @in ndeednigdd S,

the lysing is performed by changing the pH value of the wet bionass. The pH
vaI ue arethen i cugidegtipngineludgnga thertagget produrigerate, RARAUS(eshempIP¥Isei t han

han 1070 P re> pEFRR S 0P [RAHIT, B1aRe 0, of b IRl S dnton 007"

7.5, orenitfodimeht§ the fBeding @atefm aml8asd 10ok@hdyr, or at nen 80 Skg/loud, O; apieabtr om
9.0 to 9. or from9.5 .0. The e of the wet o] s can be
mai nt ai WQg‘gﬂ}%lﬁqef 3 least %ﬁg dre/hgpr. 19 gt ! Sb\g&iﬁ&@ow %At £528 fnfkf lgéa}ﬁwragr & or
from 7.10:¢ 90d & )Qoulo%r fatr]QQgt%OQ k?ﬁloillp OQ’at ﬁrastf7(f®rﬁg7}10Q1rt& ajt(i)eagtv (Y kd/hAUR (?1‘ 0to
10. 0, or from% . 5, om 7.0 9.0, 6r from7.0 to 8.5, or from
7.0 to a8.legst A00f kgfh@lﬂ @)rtab léaﬁ 100Eiétgﬁ16|uma¢mb1gbam thee lQﬁA)ekg/diOtuo Hel some7. 0,

or bel ow.,6.5, eIo or beI or w. 4.5 WO
D011/ 1 RSBt LBt IR basie P m TS, Lo OtbkeBtaos oy 2RLRENS . "The
pH val ugoade/Houe, (Weﬁroﬂ@ &no Q?@Oﬂ%’/ﬁﬂu@' Moﬁlr@@ lgg/ﬂoero?t%O@ kgoukr &M 3. 5
to 4.0, orfrom40to4 or from4.5to 5.0, or from5.0 t .5, or from
5.5 t o fern 80okehewintod 000 ke/hgus or bigher than 60(5) kgthourg, The pH vaI ue of the wet
bi omass can be maintained from3.0 to 7.0, or from3.5to 7.0, or from4.0

to 7.0, rom 7 0 0.t from
6.0 to [9%8,8f]or f f%n?‘%"?% ep%b 9%@% n‘“rﬂggir1 éi lﬁeténgog E{p%petg htz) 8d%1tg o¢ J

conpr i siicigadshén pysiedlabenbadimenandtht Mesingais @erformddigy graaping theegl waluafof eie t he
lysing procedure is fed directly to the next procedure for isqlatin

pr ot ei nVetiHogesier Thenbfd ks s, betlﬁ@e@ éedighsic hapd et igher 28 her o Bigherd t o
the nexp,Pg e ﬁer tﬁgn s%oblah oG tlﬂﬁﬂ’b%' Br ﬁ%ﬂép{haﬁb%%rﬂ E&uglhﬁqp 0, [BRO89] I n

ot her enbodi nent he I'ySing-is achieved Using a comb a i on of nmechani cal
and chagitl galbe wﬁﬂ’mowst bipDOSGAhIbe monairedbodn ehtes?.5t tiefrbmsi.higo BY, pefrbor ned

roo rature spheri | ther enbodi nents, the

| ySI ngrg (i %Sf?{rflﬁ%{}ga{toeﬂa{i\})ﬁ&r@ &B to 9% Bl ffom Y 510 10.0) ]ilﬁe pﬁ value of the wet
biomass can be maintained from 7.0 to 14.0, or from 7.0 to 13.0, or from 7.0 to 12.0, or from
7.0to 11.0, or from 7.0 to 10.0, or from 7.0 to 10.5, or from 7.0 to 10.0, or from 7.0 to 9.5, or
from 7.0 to 9.0, or from 7.0 to 8.5, or from 7.0 to 8.0, or from 7.0 to 7.5. The pH value can

be lowered to below 7.0, or below 6.5, or below 6.0, or below 5.5, or below 5.0, or below 4.5,
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tenperatures or pressures. [00091] I n sone enbodi nents, the | emtma bi omass
goes through a sanitization procedure (e.g., washing) either before or
after thewvbysinigeyseocedure in order to renove toxins ei Ph@Usagh®esomy to the
surface of or incorporated into the lema during the growth of the

or anis ) Thi cco Ii ed._b ri.ngi the [ emma bionmass i.nto
cont ActOMIELIY 40591 EHIR6A Tob GOV St T RHR&H VB g QG BIReAa, SpPagR RS
ot her rfFérﬂgd)StokﬂpWE‘ filobh 3.8€0 arot or {TO@ 4@ 5 Qh fﬂrmaol Y81, of BBNPE0 &5 3deOUS

solution or solvent. The solufion or solvent can be at an el evated
t enper dtame.> PHe0.sulftam 61 ord- Sairvieam 6dar He $he alledlutofthglvepbieswayean I n an

Cteps ara bRl R R R Er Bl Teat 210 ok e B ST &N B S g

into cardracy.0 Wh t40,20rSRbkit §.9Mt007.05 6F ¥Rt 6ADR 3i0)ioRHreNES. Blto MD.E TnN@i@m ent s

comonl y used for t he washi ng of crops, such as fatt¥ acids, al cohols, or

chl or i rfEnboAfrents. ethp oSerséokocarpprising et Ixsed driomasisvanit thet watehios e Lrpwth hen

washed Q0gh A el bhe "i?&ﬁgg e SOk 4 diPéépg? rt? TR VeSP b BBy ﬁ&aﬁﬁfgﬁo'téiﬂ;e“ ant

and can significant duce the anoun m Cr o-organi sns suc S

bact eriia,othérr uﬁb@dlmamo el fkedstibek lisenaltratived edfocd ifah tofthesSueht plocedmOf@gani snms

is dependent on the factors |nclud|ng for exanple, the concentration of

oxi di zi PRSP FGHRTLURE PR (Bind the |i ke, or a combination thereof. WO

2011/ 116252PCT/ US2011/ 028911 [00092]N@re|y by way of exanple, after

dewat erfppgg9|t he Wat ofpkeP MBS difGH Y AR 1) 8P as GRGRVENT QUGN SaBhbiaabh oss A

sanitizing unit separates out nacroscopi ¢ debris and | arger environmental

or gani gnechguichl 2ad ch¢mwnkbmathddani mal s (i f applicable or desirable). The

|l erma is then rinsed with mater dosed with an oxidizing sol ution or

sol vent s solution or.solvent .can act. (as infectant and can

s on 1R Fo it SRR, R eRe. s afrnd Ll e e

Vi r usesatmaspthef®| presstiie | @iy ebthef d’nﬂfbdﬁhd:rﬁil @ﬁe Siigiie Nis C p@-f@in@dnias Nelevased

dependent on the factors including, for exanple, the concentration of

oxi di zi'APPHAYEKTSOL PESHHIERt time with the |emma, and the like, or a

conbi nation thereof. [00093]1n sone enbodi nents, the mlled or |ysed | emma

are SegﬁP@ﬁd ' “tIH @orfn & '&hb érﬂs pgi?é‘?erﬁﬁlﬂ Bithn&S: ob&s %1%@ i‘i—‘@%‘éhl F

unl yse ema (e. ema obt ai ned from dewaterifig with o the mlling or

|l ysi ng momdanh{re@) \WShmglf oittes defbrd or &f&palmllyang peacbdunstm saler tb rpmme ik

juice. | enbodj nent_s m xture of d.or sed Ienna nl ysed

e dDeniUEEsEds the SudrSh & bherroret T s S gt auth oh e

pur poseyrbhids. PTAK @ BNa&bhiptiksat b%ﬁn%’ﬂhg hﬁm@mﬂagblloaragselﬂtorwhtaaanﬁﬁIat I es

whil e perform ng the separation, where maxi mum anount of sol ub

pr ot ei WOMNn@onpivnnreemhetrrbytmémle@m spuayiee. @wt@atmnetlhnd%kmnge@ablaet uTihet

operatio inc canter cent res tary

reso. SUFeh R En PR Ehal o on o RpL BACERiTE RIGET caf B

conbi naarnl &8yt rte fe@@erat(@00PKY Ao 1gesAbE e5lveRNdani feUgRa fedNat ALK iy, rmraﬂ ng

the m xture including the solids and juice into a spinning cylinder. As the

centri fqa@mdlrﬂ@rtc@atswrpé@pl@w@ Folhe gelutigahselveMe Ssueial Wil stepsadre ipassablpal

r Ot ati N4 s?ﬁ{ef%#lb& e Qﬁmﬁ%&ﬂ% aig% Brohgﬁt xg@d l:oﬁtg ﬁil? t ":Futfo' S 1har ge
one en arge end can ave~a di mni shing fadi Us a ong

vm th t helvear @ntaihiag rasaé oh rﬂoh@11@tdﬂ1m§&rjnmgoﬁliymed As thh@adohgd oScropy 8udtpad he

ranp created by the dimnishing radius, the solids can be repoved fromthe

pond déptth arl%.aé@hpire%sb\iprm%i (G GEPISHFe QoS Sobtian Yendtear ithg biomss 1s

dewat er ﬁgl %v%ﬂegs g/titﬂe\gatple %i%céo%ﬂlo‘ﬁ%t SN %laﬁ( actT Ehealdlrgu?f@ctﬁﬁtnar{?iecé?lus hed

towards the othe the decanter through centrifugal force, and during

its tr avglficantly hi@iuob okeer arsowhe of oBgroazEisw sudb as baoved V\muacscerrd miofd.ig'ﬂie

force. 0 bel t res can use nechani cal ressi.on a ing nilled
or |y dh¥a R SHHiab ADCBE BEE MLt DB CALRETBRIEE T ChF Sipdr A B R

openi Ngsamplee tﬂéeé&néerﬁ?a'ﬁoh ReRxRESRe hidmRUIBn@cSEhE,Smdahe NiRk | &rascérﬂlﬁhat%ﬂileeze
the juice out through the openings in the belt. The caked solids can then
be ej ech&rdofwhere the two belts separate at the end of the unit operation.
The juice can drip into pans at the bottom of the unit where using

gravitational force it can be ejected through a comobn opening and sent
downstream for further processing. WD 2011/116252PCT/US2011/ 028911
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[ 00096] The screw press can use nechani cal conpression to squeeze out the
internal juice fromthe |ysed biomass fronds. A screw press can operate by
i nt roduciwg 20|tE@sisal into a device that resenbl es a scr @WTABQEN/0280me
rotating shaft on the screw press can convey the material into the

equi p ere ematelal resses, .th f| tin ance

et woer009e2lt b catterehr S HaY Sb¢ BTy e SRt pane. o1 A SHEpigatod TR der
As the dieghiiolgh deaiLAREAS Ansa@litﬁzﬁr?gnﬁﬁlt sEﬁﬁat‘éQto@{ mﬁe}d{w@pw Rebgd WeENarbhe

t hreads decreaSes, creating a conpression effect. |'erma can be

conpr esusHolBeMelerrzuHEne S iagplantapetl puiimeds (@faarppbeaté& peﬂfi:se@ble)rhé“m dtrentéi ng

The et BB ivaae erikeRelt B0 BEDSEM G R uhEeRs T iR s ey

of the daly la@teasCzaﬂhsﬁ%E:Eaﬁlaﬁﬂd thesigviaealtly emhctHE ene@ﬁttcﬁnhlcﬂf oligfisetsuch as
bi o-crude. [00097]A filter Er ess can operate by using a positive
di spl ad@fEHE. PR aRd mnldm il Ag lavakofveflycsign@f spehsaérro-opgaisnt is dgpedidented of

filter tﬁ@%@cﬁ% §nc1JJ1§%ff8¥ fe?{rré;rﬁ@aﬁﬁ?%ﬁce%% ¥f o§ﬁ?ﬂlﬁge£'%§n'is° Rofita&Si P SHN IS

t hat can pus uice ‘out usin e pressur
pOSItIMﬁedmﬁpla&Bﬁethpmmﬁmnﬁmmﬁoﬁﬂ&mgﬁ sol i ds have accunulated i nside the
filter and juice cannot be extracted further, "squeeze" can be introduced

r or air into bl add en the fil

E?/e;? JI ﬁéb(y(}gl ti orlAISOPF E80AH NS fh?énﬁ@%?yseﬁ@ema&ee fe}Péralefdta‘g{tPe?C o rs

out war qﬁlaseae_gﬁ' ticON@l shESTBEBmMERR, Qﬁys‘é&%ﬁ&ad(e% 1ER8a bbtalnBd ﬁ%ﬁ?‘c‘i@%@d’t&l@s the
wal | s push i nvvards Additional liquid (e.g., juice) can be |iberated.” Once

t he j uiveithaus theuffiliiog entlysyng prosvdue) thepr@qelsseértorﬁﬁ%gtedhalﬁbmsghda?ﬂiaft@ea@pened
and a solid filter c can beeetﬁ Wn&rethg sol ids Fﬁig downstream
for furtfigr Briodlsgy %Pemsné BB P Ju BT oL bk r%&mﬁ?ﬁ&}lgr CHERC

Pr 0CeS $irb@ssddA8ABdrhref the s RO 1P HRS® HATuRPETREHuHJLL lidfo pOvidR@NSTTiEMh{PT €SS,
but instead of a screwwith threads, there is a rotating shaft w th paddl es

that carypeisindhies Hageinpal cappeies while perderming the sTasatiemaihernthesmiNimuphase
of t he #gl[ | ?lsol(ﬁ?l@ I;I‘?%ﬂl Qa% gén‘?cflhg %181u{he Ian&ll?‘i‘ulﬁé gfrée{m IH%?C%?ngde[a ﬁﬂ}?] In

certain e Separ a procedure’i’s ant
rate, apesdtioas inatudall c&cﬁr&é@en&'&f&g@ eamlpaetss Ngn Press, &dtzh[‘}eplfeSs peehvosraBdfilter
continuously, or intermittently. [0001Q0]In certain enbodi nents, the

separ athrey: Prishes gigse qngt]i?f'elrﬂffoPFréélmﬁPmﬁBWhP@ﬁf)erature or at atnospheric
pressure. In other enbodinents, the separati ng procedure is perforned at

el evat q@oggper at MpES QY- &t F@%@Qgﬁ 'o?ierﬁfe M)lexture including the solids
2011/ 116252 CT/ US2011/ 028911 [000101]In sorre e od| ments, the separating

pr ocedumd jeionté 8 eginome cytiadpe. Seby eﬁtrltm@galafnttetmdlamehe tilids ogains thnadterdes

the first, sol.id ase. In her enbodi separ ati rocedur e

Compr i o2 A ErBL R G inglafudlt (TR SR Fgninh s SEAEER B InP HRFREES ,

whi ch tdig dnldr StheSQJHd@ d@d&ﬁ%ele‘ﬁdfddﬁtﬁaeé aRI1ﬁﬁrﬁ§lﬁ§Q ratcﬁuse%lbﬁgl%tH%EEscfdﬂ ge from
it, and the solid phase generated in one stage can be fed to the next

separ atmhafgh sheadieninivhing pitee g‘tﬂat@e@bds geparat thagawarcrepsed by fthe dEdinishingg t he
S SRS LRTFRRAA S 1o L LRSI A° pSAAIRLGET,BR BRI CRLTE oG0P

differen s’epar I'ng appara Sstage or s

r enov al adaftiohliedejwkakedrgf rmlmdebvetefddr lids edn teP Baéﬁcﬂéd\ésmﬁft@uﬂ& Mhe gmbeemlf its
i ncl udi ng, decreased overall noisture content of the wet bio-crude, a | ower

oper at i bsnatish ek pords tl&netheeﬁlildc af thexdreantes thirgpeh pentpfugak faiere aafyBiing its
| ncr eased. fhIihEb@PCHIR ak RERW %hhg‘lf%nio%&@laf ANk ?f&wﬁass i mproved

efficiency of recovering protein fromt he I OIel and the like.
[ 000102] Merely by way of exanple, the biomass is pressed in a belt press to
gener at[@0@)5] A belt press can use mechanical compression by having milled or lysed lemna

introduced between two taut belts with small micron size openings. The belts can then pass
through a series of rollers that squeeze the juice out through the openings in the belt. The
caked solids can then be ejected where the two belts separate at the end of the unit operation.
The juice can drip into pans at the bottom of the unit where using gravitational force it can be

ejected through a common opening and sent downstream for further processing.
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juice and a first solid phase; and the first solid phase is pressed in a
screw press to generate nore juice and a wet bio-crude. In sone

enbodi merwe,20tihigeisel t press is the prinmary pressing stageT(useoip/opsvary j ui ce
separation stage) for the biomass. The biomass, |lysed (or mlled), or

unl yse a conhi nation thereof, unped from a hopper between t
oo T or dpafasd, ¢ OT el B’ Bras et R methaBiaD Forbienbin ) SREL Mitrbe fRe AL, o
passed jhidE qahR 1§é%:ﬁ'lﬁ§m9§s fFSdb MSscrd phdd§ chebpEatR @y SntrddRUGhmbBRaliRlJ ers,

|nternal juice is expelled fromthe bi omass to generate a juice and a flrst
sol i d phéayece thratereeeuﬁéw e@t:rj:\waeeercoﬂwrp@eleg\ﬂmfepnel@ seedw pmes vait eanvepthebl e
corrpoundsté %7 S rotelnt nd nl rals. 5 ﬂ? h tq§1$ress
the first-s E‘hag%mwyﬂe POVEa 2 #8 d |Pé°gr8§ﬁe% SpiAg- P A
embodi MRAV&n thBehikbhdsSér Helst@w fga@esmaslef ofl thoilaftapcs@EPOREREY AV @8 S1ipEit age.
In certain enbodi nents, a Screw Ss 1 s used at the secondary pressing
stage. drR@assr Bydistanss, dirpliesyls Vpﬁl@m hegivesn theoikyeadss deedes.acisatizgy a o

Squeez%oﬂﬁessﬁﬁaéf@ NI A, %:aﬂ Bl €6m E‘Lgmﬁt&?w‘%é &E%esﬁig'h% HegG tQnagner at e

a juice and a wet Bi 0- cru n sone i men ulr ce genera her e
I s comxpeltbdwi The Itoltmlngmhete cgle bekeatsed bn atrh@hm'creearoy sm’aHSﬁlcftgl sizeadat aand/ or
in any other pressing stage(s) for further processing. After passing

t hr ougHholdh the st hjp-pruds dn thepssrayy bulsallewsibeiigise tq beexpellede Rgmovaliqi the ke, ar e

col | eth%HdeérQése%@&%‘raﬁl hl'als'uﬁé%nt%mf'ﬂ?e VORREX ﬁldef or further processing by,
for exanple, drying. 0103] As anot her exanpl e, the biomass, |ysed (or

mlled), or unlysed, or a conbi nation thereof, is fed to a decanter
centri f[O@%ﬂﬂor t he fifger pmssycas;e]@aram byunsinga @bslaifmdlapljacﬁm@t anapand iprgpingol i d

D ottr 11Bo S 1o TeBHE § stodessd Qi et o el B Ay S B PG, o

the fi rficrsiodibd ophiass. thIth@anl pisaguRbtaal Neded s@nsidpethe patdsifelsrerhandsitivem t he
one or nore nechanical pressing stages is conbined for further processing.

| f one ditpdisamicaaPuIph-e S8Fhgnarh gelidshavgmsceyadated Hesidgethe dilisr and, iidca enpdt ai ned
fromt pre » I S

ol oy, FRRGEE il 28608, i pIRE LA CIHRE AR I8 D BAIRLET ) ¢ e
next priesstanghs lﬁikgﬁcha&hﬂﬂ:rsi, hﬁeav&/eg abdiciofdl qxﬂ@sme dmbtlhalfﬂlted czikreo MA$ e Blaklers
pressing stage. The one or nobre mechani cal pressing stages can be per for nmed
usi ng Push Q¥EYHEs. a?ésléhoa%wwsm ¢ Prgexestegean; the feg Chambea,ap theswally pygher
press, he [ 0
N R R S R
| etma, lenmvd®$mwﬁhﬂdmﬁmmhmhbmstmabeomﬂmdmpmseeh@ﬁhygmkadmabeematdmﬂtﬂﬂded

to lim t he application perso rdlnar Skl in the
art, %%l?‘ﬂ S&)ﬁ%cpa%g%‘i"?%‘ieﬁ%fgr bch{alj’FHPIi?ﬁ%GéP’ét afid &?fé iSRG Mg pod sor Eppaye
enployegaﬂgngegﬁ nlthe function. [000105] In sone enbodi nents, the juice
generated by the separating procedure is filtered to generate a filtered
juice and a second solid phase. Several different interchangeable unit

oper at i[80@8an beh disésder press qaneaperate sisular é%t1§6pie@sp1@§ﬁ> bt instged pfip serewThese
unit op I | AN rat or,
Mnear NHEMRRS B 1A ool iner Qi R, G Bof bt Wil el SERA' 7.
li ke, afizea Eﬁﬁ&hﬁhﬁiﬂg@@hﬂ ﬁoﬁasea)ffthe[Iﬁﬁx@ﬂ;&&]aﬁtlednrbewjaﬁed/mbat}erfynﬁleppfeeg.or can
operate and renove excess solids by introducing the liquid stream (e.g.

the j ui 3 gnto a vibrating circul ar bed. The bed can cgontain a filter mesh
wher e tl @ 9 qui d lesrtpiRsembadinenp BAdeRMingopiogedics i pesfAImed 3 219985188 een.

The ci rgyl af. oG 9£ha%ie trE't% vifheatd %tfﬁg“ Rk Fior éri%‘?m%&"éo%nﬁ&sﬁﬁ fushed
towards the outer wall of the circular % V|brat?ng and dewat ering
cont i nuoteshitentThe sollds can then be ejected t hrough a side-port where they

can be recycled or processed with the wet bio crude The fluid that passes
throug |rst screen can undergo a seco hi r.d) ree with a

it | 0PN o C dan R FRRAHRR, SPr o ERGTR RN Brli it wegr R et FroPhby eq

j ui ce) tbmp&atur&dred ainosph&@! pidsi@SSRI ofbr EMBodifh® mhefse%zt}emgﬁpﬁoc@dwe is

expell ed where it can be punped further downstream for further processing.
performed at elevated temperatures or atmospheric pressures.
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[ 000107] A linear (or inclined) notion shaker can operate very simlar to
the circular vibratory separators, but instead of the material being pushed
t owar ds twe 20uts2sdal | of the circle, the solids can comCiraseuslogsi br at e
along the path of the linear shaker until being WO

2011/ 1?{(36@'3]@P§THU 2011/ 028911 .di scharged at the other end. Liquid can pass

t hr oug P S¥PeeROORENSs WF t FPPRFEING| PEASTFET® v FHPREST y ©8% ptlP&st or s
to fornegarhiidd @h&dnd Wef Bio- @ﬁaie hﬁhﬁemedfqumwmef 0 ofter EhBbdRicasessd Ng.

[ 000108] A decanter centri fuge can be used. The liquid with solids can be

i nt r odueparating Droae@yt |6ﬁmlpr1@ealtwmtaget waaran@g rQ)‘tthIeﬁﬂgr H;@F@@F@.gfr ARpaLsEImE lnf ugal

force. a e dto the Wnere rot |ng
sorori Lo SRR sSRDp RS B edaa 0P 1o e inRECr T Bl b i 2
at the mhhepeRidediente tsfh@e Genthei felgal thé GEgescp@RtihHURSe! qwaemr gestdsme
solids fromthe liquid to forma filtered juice. [O00I09]A filter press,
descri FepRratingegieheePqriprimgd using|the samosePaaiing aAppBatys ¥ defist ong Eags/eant e

sol i ds u f r C

0001 1GNPt Gl b bt Separhlie kbRl i Mfer LabELP Rl Cturner
filter.rembvs@fehecjrediame teirsisolidphaseciava®he br kiohy Binefig iscudiag, decldagyd i s

used. Afilter with a nesh size other than 106 mcrometers, or filters of
ot her tH&fameIHratSoREnt Phehe atrtatiesrusk. dslower Sprrbane Groersesipdscapgpl t he
11 terigeREORRAHE Bio AEILIR P TRk £kd LA k0 1L REARPIAES frof 1ns BARL than
800 m croneters, or snalle han 600 m cronet ers, mal ['er than 500

cr ormn@rcgfed@fﬁcsmbfloé rrecIonamgzl{ﬁl@tem tomrtht blosqassg rané ﬁaal liker t han 300
croneters, srral |l er than 200 m croneters, smal | er than 180

o . B LA S50 B BT B 0o

cr onghiRE Snd @rfuwlh%ai& ald 3@ MISEEAMBHIRKS is HessSaBd heerebvh@essm generate

croneters, or smaller than 60 mcroneters, or smaller than 50
cr omeneieguice pndspraet Bio-ridn Imcsomecqr@wém@@s the balipepels thhRHMAy pressing

CT OIS & %Or {]mEISP]Hcg rseé}ﬂgurbnz €59 tﬂg%gc{rﬁass [ %? Hojnlulsg ?erdt (%% lﬂﬁ%ﬁd)’ or

enbodi mer eril IS p ornme erat
unlysed, or a combination thereof, is pumped from a hopper between two perforated belt

33333333

filters. These belts carrying the biomass in between are passed through a series of rollers. As
the belts pass through the rollers, internal juice is expelled from the biomass to generate a
juice and a first solid phase. The expelled juice comprises water as well as water-soluble
compounds, such as soluble protein and minerals. Once through the press, the first solid
phase is removed, for example, by scraping. In certain embodiments, the first solid phase is
fed into a secondary pressing stage. In certain embodiments, a screw press is used at the
secondary pressing stage. The screw press employs the mechanical compression of a screw
to squeeze out remaining internal juice from the first solid phase to generate a juice and a wet
bio-crude. In some embodiments, the juice generated here is combined with the juice
generated in the primary pressing stage and/or in any other pressing stage(s) for further
processing. After passing through the screw press, the pressed solids, i.e., the wet bio-crude,
are collected, for example in large mobile hoppers, for further processing by, for example,

drying.

[000103] As another example, the biomass, lysed (or milled), or unlysed, or a
combination thereof, is fed to a decanter centrifuge for the primary separation to obtain a

juice and a first solid phase. The first solid phase is fed to one or more mechanical pressing
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at nospheric pressure. In other enbodinents, the filtering is perforned at

el evated or | owered tenperatures or pressures or vacuum [000112]In certain
enbodi mrerwe,20tthigezsecond solid phase is fed to the separ &Cirag2@noesddure. | n
ot her enbodi nents, the second solid phase is conbined with the wet

bi o- crude nerated by the separatin rocedyre for_furthe rqcessing. In
e t§ cuifdie? ErauaNoRbdat o e are fobie B G PRkt ise EPilied S 4¥e. ¢ han
90% orceh@Fsed RN i88VahcObnd 85 SndrBafech@MealOredsaeS sthhaNis RAMbIAd tRSHrthan

50% or |less than 40% by wei ght. [000113]In sorme enbodi nents, the filtered

j ui ce ipogssing.f [fexie epchemes] prassiag slage i draployad, the wetdiacrude idoanedifrphase.

This clarifyin rocedure can be a final .separation of sma|ler ..

2011/ 1180 aRb S 8 T8 gl e b Ry SRR Pk 2, S BT o sed Pl o

r enovedehératedn bhé pREIING stapOELIBY Rd B tHeMekOpriessM Litiead bifid fheGalt ib@crudBiss
procedure can also be referred to as polishing. This ﬁrocedure can be

opt i onabtaiprsoBaE; they lash Prassing seages i henasdy Beret mechspisgLpieseie plagesr@dtbe These

o o1 arifioRfed Sing 8B finy ShparATB e |dh L ATk DU Iy pARE ik bRLE Gad e can
m cr of illker ait 4 evmbindtionahdéebf rati on, and the li ke, or a conbination thereof.

When a centrifuge is used to clarify the filtered juice, the clarified
to as a

juice ed the clarifyin rocedure can al so be refefred.

punct POEIRY ] emiTasse o laheepanne it ce ad RoREHiErT PLUE DI e
used. The fdnldaehRdddeHb& FRNIRGrRBARREpIRE SnfyhanE aRE hof HE&AWNES SinliP éhe
centrifugal force can push the filtered juicé outwards along a path of

sl ant edcdpselsthe Tpicstdn.déd peasenisd opdisimedkdhintthe adownatiag thesdespapten, teelddi scs
and the juice.i ushed upwards al pn he dis 0 the outlet. Solids can
o ai o cHiPsEa TR B RSk AL B PP BP It BB g b ne i Scharged ol | ds
formthe third solid phase, and the discharged juice forns the clarified

j ui ce. [DOP@ELS] A 11 @hef embbdihicars, and jllte @khdrated iyt fat icpara€iap pis€edardd @y ous

menbrane to separate out the unwanted particles based on particle size. The
si ze arfdtar§fhdoorenarateer hefed #uee Hwdvar seant osalil qdeidvel pesephrditiereput
differ qﬂgerc(flgﬂéégﬂﬁ%ﬁ SgePMoh€ad bd hRlGT fitlt'éf ﬁl%-cohgg%&%]ﬁ%f ﬁlegiﬁlcfey'ﬂgse :
procedure can capture a large portion of the carbohydrates as well "as fiber
i n the unliti okra@ins dinplnds esingn feoaengriodicirenlas vitirhery kepathtsol lidapinaBieed s f ed
to a se arating apparatus, for exang%e, decanter, a belt press, a screw
r ess, AP AT EEaNEb R iR T1<sBEB AR dinof hERRENEHRT G881 d phase,
thereby reducing protein |osses. In other enbodiments, the third solid
phase q@potuR) COMbA NEuW t bty WRlpalt®- EdnUdperhRr afd!Eh6le RXQSESRIAY by

introducing the liquid stream (e.g., the juice) onto a vibrating circular bed. The bed can

contain a filter mesh where the liquid can pass through and the solids can remain on the

screen. The circular motion of the vibration can allow for the solids to be pushed towards the

outer wall of the circular bed, vibrating and dewatering continuously. The solids can then be

ejected through a side-port where they can be recycled or processed with the wet bio-crude.

The fluid that passes through the first screen can undergo a second (or third) screening with a

smaller mesh screen underneath. At the end the liquid (e.g., the filtered juice) is collected in

a solid vessel at the bottom of the unit and expelled where it can be pumped further

downstream for further processing.

[000107] A linear (or inclined) motion shaker can operate very similar to the circular
vibratory separators, but instead of the material being pushed towards the outer wall of the

circle, the solids can continuously vibrate along the path of the linear shaker until being
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[ 000117] I n sone enbodi nents, the clarified juice is punped into a storage
tank, for exanple, a chilled storage tank, until further processing. The
chill ed sworagei1tzmak i s mai ntai ned at a tenperature bel @aTASRMNL0ESYPEr at ur e.
In particular enbodi ments, the chilled storage tank is maintained at a

tenperat.ure bel ow 50C, or bel ow 40C, or bel ow. 30C, or bel ow.25C or bel ow
200, orltsgig 268 SR Bl ot Jr BB S 1T SHEFBURDES YOPAGE YR t ne
clarifigglaiod) 6afthiord té RN LARESER el Bhd 1s putpbd @b wRHARR IS NEh&ARoEREHE e
proteolytic activity, and therefore, can inprove the protein recovery

efficienCéthrough t he further processing described bel ow The juice forned
in the [B0&K08] yi nA peeraedfeatridege ¢ra beepsedr eldhet lisjuid Waghj olidel cgnu b étrogced

b1, 1 189sbiufiesot G5 Fund, Brodk g oI sl e Missanits yghes
" pol i shedh¢ vuGRle Wwaf afid whtreent@btng kgollconage thavKidseo@ardstthe optldtC ETHeANK) |

and referred to as "clarified juice" after it exits the storage tank (e.g.,
t he j uijise camRy disdruged Yrthe RBrHeRd Whetg thecepprifugnl fofqsesonEpdssdp Aerfrale thene
plarifgggdgﬂggﬁhiﬁmﬁgg)ghgﬁgﬁﬁ&e&gn&yrther_processing wi t hout being stored
in a storage tank. 0118] A protein-containing liquid can be processed to
coagul ate protein fromit to generate a broth conprising a wet protein
concent[088)9] Thi sA gilc quiesse demnibed sbelybereeihethe egpticatms, paoabionbe used to

precipitation. Protein precipitatjon .can he acc l.i.shed usi ng heat

P oat mirovali goife Bl [l (e 1B de B drmTa ARERL IS%Fe pr of 9i n. cont ai ni ng
liquid can include the clarified (or polished) juice, the filtered juice

(i f no [obew1iof yi NnQVIpeBCBEWS dfSexp@ple) tieed)erinehnt Repdridéted WRingOTEIL@OT i On Of
the application, the protein-containing liquid refers to the clarified

j ui ce. sPosCMTdimerpre | Mrderomeier ibratire prreanetilieriin usee & Blerf Vel o mede i s

cong o 060Gy L8 S e SRS
bel ow Bukablermesl sives6fod,thofiltbeh®prdeurecinclndd omvaberStha®rl 00 Indivromeders,06r bel ow

4.5. The | owered BH of the clarified juice can cause certain proteins to
coagul alighdhyy 869 pnicspraetsisy Wt spaler dha iG00emigrameers rgenaticat @38 Wlot h

conpri shidgh et ,tOIPérH&lFe' th 400 d&h er[QP 204 Thé, Bbd aficih %te?é,%&is g j uice
ki g

can be [owered using, tfor exanple, hydrochloric acid, sulfuric acid, or the
i ke, aham2@ominromticon ot haaléofthanTHY) aciranetars, besmaltbe thannl SOhmicfangteisnomhi ch
it is used in thﬁVBrocedure. Al ter tiﬁsly (%he.acid can be q@ne at in
situ. IYPRe Py eMSSAMAEFY <t AN c Hafy MG dRicETEerscioy sellgsdian (e aci d

can be Ripyhd&d, drintdier fhah BD AlicRnYAE, Qi Smaker tg&m @hiiGoReiets, oPEmER? tRE

generated in situ by adding both sulfuric acid and sodiumchloride to the

cl ari f iGdmjogroeters] 009n ey Then Iermpepricigrse oofmpkey thamd() fiigrdmietsirg @rwinaHer

| ower e an be maint ai ned .at Jy.0omtenperature, or bel ow room
tenpergP%f%?mﬁg?%¥§nb9rﬂﬁ@ﬁ6ﬂw' QﬁBFg¥nqﬁﬁ'tenperature can be maint ai ned

bel ow 30C, or bel ow 25C, or bel ow 20C, or bel ow 15C, or bel ow 10C, or bel ow
5C, or [bediaw] 0C. 1hQeA1iAZnbvdahdies, therfiteiing bt Serformed pr edoeh Femperithe, of ari fi ed
j uice can be coaqgul ated by tenperature mani pulation. In this specification,
t he prc¢@ATAIETIQRTESSHS r dR edthegembodigepsathee fgiinats Priarmeteat elevated or

preCipﬁBg&%Q@nncﬁmﬂﬁ%kﬁgﬂ%ﬁﬁeﬁéﬁﬂﬁﬁﬁﬁy enbodi nents, the clarified juice can
egul a o

be punped at a te wrate 1nto a heat precipitator (simlar to a
heat exchanger) that contains a series of heat exchangers. The heat
exchand@06112an bdnpéeatagn embbdineenis-thellsecond solid phase is fed to the separating

procedure. In other embodiments, the second solid phase is combined with the wet bio-crude
generated by the separating procedure for further processing. In particular embodiments, the
water content of the wet bio-crude is less than 90%, or less than 80%, or less than 70%, or

less than 60%, or less than 50%, or less than 40% by weight.

[000113] In some embodiments, the filtered juice is clarified to generate a clarified juice

and a third solid phase. This clarifying procedure can be a final separation of smaller
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WO 2011/ 116252PCT/ US2011/ 028911 heat exchangers. Heat can be introduced by
a heating nediumincluding, for exanple, heating oil, water, steam and the
i ke, or woconiimzei on t hereof. The heating nedi um and Phe/usk@niossed j ui ce
can interact in either co-current or counter-current manner. As used

her ei n, gﬁ ent. .manner i ndi cat es éhat Hﬁe tegper ure(gradient of
the fl Q" estlﬁet ‘ﬁ tF’ieHd“}‘chﬁ?adrﬁ“? goieaoned 4 the ffPringPrACH B GPHUL I RSNCHs t hat

of the fu@a@in. t MRisChBEddutebad HisS %ellefetnlea BeRt pdHsBiak Pi TRt Qroceand daflive
counter-current matter indicates that the tenperature gradient of the flow

of the crpelanaln@eme@lmg mnu tbe epesein mlds pf th¢ Rrhéucmpiﬁ@ﬁemet dTheeerqrmmme sphdst  of

t he fIOM/Qj t he cl é ui ce hn Qhe heat ? gp t.or ? t he h?

pr eci plctag Y jge Iuélpfuf Ce SIf‘ﬁi g é ﬁrege]u]r‘?ga 8t il efill?‘sglg %rr'r‘f)’%1 Ur'e from
40C t o Hi@Cpee@r dist OBEI0Cecn@if8RS, nférofilt@iMioR0 ulir® i GonOrarnkdr @R 706, ter W0C, or
from80C to 85C. In the heat precipitator, the clarified j uice can be

heat ed Q& baatiop shereqfmy¥hait 4 peatifug érusesh shclaoty, the filtaregiwice tthaplagticd juie

hi gh_er gtegagteg% thé)Ela{lﬁgl%e I‘OE&R]?C gz%célsoolg 12 d&{éﬂ&o Sggg% &tergg' 1(93eat ed

clarifi jurce can qui c coo0 ature bel ow
100C, or bel ow 90C, or below 80C, or below 70C, or bel ow 60C or bel ow 50C
or bel dﬁﬂ@lﬂ@] or Adighws 0. disthgadoodrtrifige aranldie aeedonPhd sitecdi jniche&s tehan 60

m nut es, l.ess. t han . m nut es, ess.t han 40 . less than 30
m nut esP“HEPFd igogthe ﬁ%\lﬁﬂg@em’%‘f él? Ceélfﬂﬂué%lsfofc}’?a“ﬁnjlﬁlsmt %E"sred HHCE QUWAPHn 10

m nut esalm%" a pARSDf tsﬁﬂﬂ:d&hi@anth%%oh@é' czinel%S dshed on (i Al Reard Qlopk &FShd HREy 2
m nut es, ess than 1 mnute. This %lng and cooling can force the

pr ot ei rantiehfcma@uls atshed ngwprds il qigt the élsosuto the ovties. Nodids €dnglet Jisdhorzel@ithemer at e

brot h i pcl d th in. t. is,..under d th th
heat | ng HHEHRDC ol g CankP et FolsaPRER Hitiomptt St G BPRFranl et
descrlbﬁﬁm@@@&gnu{@@anﬁkﬁﬁﬁuggdwbere|n "broth" refers to the m xture

including a wet protein concentrate that is generated by the protein
coagulatlon by, e.g. acid treatnment, or heat coagul ation (or heat
preci pil089%ISh) , o Migrefijtragien agd ap UKBNHIIFEOT 6H R ErRBPUS (PEDbrapa oryseaigkot ei n

in the ghgfd ﬁ%&ﬁté&’bzﬁﬁcﬁ?@a@ﬁ (191 a;fa?Hélé‘tsf’zlg b Oﬁfﬁf E'o?'i‘ﬂtﬁif nRifiaCOange and

t enperature change n particu exenplary e e protein in the
cl ari f ivaded w stectiaclyBepaaagut ditfectnbyorhgmeersdian eherfdtergaujutel on to generate a
broth conprising the wet protein concentrate. The broth, before or after

parti al the.wet protein concentr can th go

CeconadPTIBY: ei nltecgiib e BRCHEFGRBRG cchb s oot f6 bGP RGeS &

preci piyat & Aber 1@@%tth§r@r§8h@i)h$slae IHrsQﬁlQ'eHlb()gﬁﬁ?énw RS third tsPRd Brakhs tddd@8Q125] I'n
some enbodi ments, the broth inciuding the wet protein concéentrate can be

furt hersepar@m gerhratas, dof Exaeple. ydecantant eibalt querse atserpe preFhanddheiliient

l'i qui s referred S "Il uor." Thi.s can .be achi eyved by for
oyt SRRk BrSELCG 18 i solid PR, Sy FeiRf GEHIRRL > Sk
2011/ 1162dR6dt4SR0 1hir@28Hd phasrbimat i @mtikar fah. thibre! viokyudvasorofurtganpl e,
the wet protein concentrate is collected fromthe broth by filtering using

a menbriAp€ssipgt er. [ 000126] 1 n ot her exenpl ary enbodi nents, a high speed
mul ti-di sk stack centrifuge is

[000117] In some embodiments, the clarified juice is pumped into a storage tank, for
example, a chilled storage tank, until further processing. The chilled storage tank is
maintained at a temperature below room temperature. In particular embodiments, the chilled
storage tank is maintained at a temperature below 50°C, or below 40°C, or below 30°C, or
below 25°C, or below 20°C, or below 15°C, or below 10°C, or below 5°C, or below 2°C.
Storage of the clarified juice at a low temperate until further processing can reduce
proteolytic activity, and therefore, can improve the protein recovery efficiency through the
further processing described below. The juice formed in the clarifying procedure can be

referred to “clarified juice” or “polished juice.” For example, the juice formed in the
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used. The protein wet concentrate can be separated fromthe supernatant
liquid (referred to as "liquor") by centrifuging. Inside the centrifuge,
the |iquowoizgitfaszsed to the top of the centrifuge by cemCriyseeialo2§dor ce and
can be punped out, while the denser wet protein concentrate can be

col | ect t the bottom and can he riodi gal l.Ly aor contjnuously cted
Fpom ¢ iR e pgare SHERTTaaoRs cRnRG R st Ao Rrotas HORs HTat b
pr ocedyh® jianRdher), &mr@redng aPFOGEGLY J%ldée%ﬁéﬂ 1b@ﬁtsatl39¥t%rzfgﬁrtarﬁ( @ecandjdidare to
further recover the protein content.” After undergoing ese rocedures t he

| i quor teekn. ISeedios exareld, Bigureely clnedtheremindingemmthe sl}efledmm?eo@(f@cw]rﬂmbf wet
prot ei centrate s ed f the br ot an be washed using, for
exanplq ?WQT%PKKF§HFEW§ mﬁ%ﬁﬁﬁﬁﬁ?? ed'? *%agegﬂghing procedure is optional

Merely by way of exanple, water is added to the wet protein concentrate and
m xed f[000EI8Ter t aA proexiddatdiniiR liguid ¢ani BNprocessad b evguthes praéinroth igto The
anount and/or condition (e.g., tenperature, pH, active cleaning agent, or
the |i KENEI3le RDIOHIAAMREISINGR Wﬁferrre@rl) cQFicentFpe. mﬁkﬂé PrcsAUB &2k RS 8 r%ferr%fbtor nze

Lhe OPELaLu@h oI HRhCTPrGRM bRt G A Be ABedHiSIIHE BLFARLRreBORAL, ool
desrreg{%(ﬁ ﬁ%(ﬁgﬁﬁﬁ t 6rotéﬁ %ﬁcentrafe car be c&%ﬁ%cte%f rom’t he

m xt ur eraafméeonetriops other mettaxnis e fthe girotoin-amchiniag higngl cuat iecludis thegslarfford
exanpl e, a hi speed di.sc-stack centrifuge, settli.ng tank or c ar fier),
decant dP* B%]rlﬁhgﬁi ql? fﬂfﬁﬁ Jyiggeit ge © “éY)‘ﬁ%lpﬁ%ﬂefi‘brﬁ 1 Elif‘efé?ed 186012 8K he

m xt ur qnQhmb Iﬂ@rti’éﬁtof @lﬁé)éﬁ'h@atﬁﬁn%q}rét@ﬁlecoﬁpﬂmh ﬁqﬁ‘ﬁ%@fef@ovﬁﬁé Shri@Njuttrder go
anot her centrifuge using, for exanple, a high-speed disc-stack centrlfuge
where the wash |iquor (or supernatant) is renoved and the washed wet

pr ot ei 108QHOENt r elneorns; eeqltecirre@lts [tb®01RE An slest ¢lprifigy 1uarr¢k1s spagylated by eeidcan
oper at i ntroduci he m X e et rotern en t he
naeh ngral (P SN i SRl MeRe R R s of B REGT o e B
Heavi erjujear tThel 1% c@@rbeabmﬂag tproelcey M.0ale bsrpas 3t ed bf:le/mB bher vas® 3.5q60r by
gravity sedinentation., The settlrng tank or _clarifier can include a series

of pl atbsiovands or belpwykS.ddse deveated Herithn clarifind iWeheanataush certpiie PYRARIRS 19 quor

is dis t ha p. zed

pr ot ei ﬁéarg%lg%\g/ea‘r%i 1%1]381 ta)[(éac;dft B{Jfrrtrﬂ? ﬁtéi}ﬁlegff& 5%8)‘% %d%g%%@]a@]heﬂ \%\gléﬁre%[‘]%\gt ‘tv%trnot ein
concentprafeth @averitiaen be dried using a protein dryer.

2011/ 116252PCT/ US2011/ 028911 [000131]The wet protein concentrate separ at ed

fromt otein concentrati.on if the

or ocedU PRSI ar gl Ot Bt Riedof BF TSt urd gunPor AR GRgr At Ion and
mai nt ai Rid)k@RurRuRld, by teniiel of yéérﬂﬁhatﬁ&%&%@f Mphel 6 &6 RBAdE@In t%%IPA B
evaporation, drying, and the like, or a conbination thereof. Merely by way
of exaryhieh it h‘euwét inpthet prpeedeion c éiterzatwelyo thavasid ectnwlest gmemteqi nn ctncelt rat e
is stored | st or,age t nk until. furt pro |IIed
st or age e RRr LB EIsh AR ni O b i Y B Tl abas if e

parti cybah o€ ARdrs®BMHydrochldeicGbid, beearskogagmtddinkith Dy rﬁaum &ioﬂﬁﬁllﬁlfrlcaimd

t enper at ure bel ow 50 or bel ow 40C, or bel ow 30C, or below 25C, or bel ow
20C, orangepdiwmasridsrto e JayitiwiGuicr bel ow 5C, or bel ow 0C, or bel ow -5C, or
bel ow - 10C. [000132] The wet protein concentration (or washed wet protein
concenty jcan ' j - t c :
depend|286§% therggg%&hg?Pgﬁgg pé%@?%h %%??Lé%g§g¥?%ﬁEMlﬁfgﬁﬂﬁ%Pg%ﬁ%e
cont entroémrtemwpemmr@mntbelm) repan tethipeettdey Nerphcly tvhe of apirhae, thx penghriturees and

operatron expendi es. 0 including, for , the

or ot oi 11305 THITEBEY HEPB0 61 FTEHBhES horkbUPS Lo SHELY b Cadl BrO¥dent 5)

can al s wfhesic, bhseabyres, of protein dryers that are surtable Optionally,
an evaporating procedure can be included to | ower the moisture content (or
water content) of the wet protein concentration é;r washed wet protein

concent[ﬂﬁ@lé’)z] bef dnevthqrendqosirm@twbcemle in fheaglomiaed micecean hﬁecq@eulﬁmdded by,
for ex%g}é era ure maChallqat %gr eﬁ ypeﬁﬁlcaggn gleva c%lciartel v\éﬁ]be re?i@rréd? .a %atl I ke,

or a Cco |on er eo y Way "o Xanpl e € evapora |on ar e

per for rﬁbdgulﬁthcﬂgor Bealt lpkédilﬁtaprbﬂs 9n pARicRla RAEAPRFy eﬁhbo&hh%n{si ke, clafifi@l juice
conbi nation thereof. [000133] An evaporator can renpve noisture and/ or
vol ati 188 beympsd r@ﬁ@é@glﬁ;}te@ tlpowgigfe into a heat precipitator (similar to a heat exchanger)

that contains a series of heat exchangers. The heat exchangers can be plate or tube-in-tube
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(e.g., the wet protein concentrate, or washed wet protein concentrate). The
evaporat or can be chosen based on the physical and norphol ogi cal properties
of the wavopnot@siaszconcentrate (or washed wet protein cO®OTASRIIANRYI11

Exenpl ary styles or types of evaporators include a rising film evaporator,
falling filmevaporator, natural circulatjon evaparator (vertical or

hor | 2oMER FROrABFa: A (90 5, SPSFLLh P (DR BE EnGh BceltiBor'at SR ¢ he
like. HRatinLain RierS WeRhi 81 tHé RS Y coMbfhatibe (RYRIFOTAE BEatin@mddiehh 86 they
through a heat jacket. The heat can either come froma raw source (e.g.,
conmbustdladiedfjuisacyr mitergeidn eiphassarrarreat @ counter-sureentinfanoen a\sowed deteingthef r om a

or ot o o2oeEh RS TP ntREE ot SR BB R TS o R i ut B
cont entis (e9denidllElin CNtLHE Hire@bnbgs deerogasedlovw BUShd eruiicd Juichn aye mahd

anount of water that needs to be renoved at the protein drying o%erati on.
WO 201 Irecipitsopard thszountenogon nfagieomdicpien thas e tempedivie atagient plethgdlow

pr ot ei n..C . i i . a i
Byt ng o eaRa e Bty B bR DR Bl iy JBRANGE 1 ROPEEIAS HRF of BB
concentdlatfeed(joicewiastihe thewe prepipithr.n Iaahe ¢vitr pleeipititdot, thorclasifiedguicetdaa be

evaporating procedure) to the desired |levels, The tenperature of the drying

I
pr ocedUif@ Y st ExgEEducHee D lUe PHAD ey HamefeCvirt R Cohatatt €t std cs of
the praguet oPfohMETeRt 908 @r $om ?bﬁt’e &) B5GONGL M Rlf prihififorVRd1asidy f1sh
meal , aninal feed, feedstock for further processing (pe. ., pelletization),
or the jhickean be heatedrbianfasi empeheure dfighebithasl 40°by owaighef tharHPFCeor higberdr y

protein copcentrate i 5 used.as a feedstogk t enerate. protein product with
R Gher BobEEh ot Bieden et Pen FoReRE N Geb: - BaRE QiR Tk By ot of n
concentquadk®y @bole@b al fcRPedhiRAle bdorN BPEest byew SPaGeMRMw 80FC, SOy

protein isolates, which are presently used in a |large nunber of human food

pr oductbsloy B0WL 35 pFew @ ¢i aybglewS8dur @ betaw Be’(per belewel) °UsiThg,coplirg estanpl e,
a spray_dryer...double drumdryer. flash .dr .or, the like a

conbi i BropRupE A Rsf BT Rhren AR M6 R iRret F s P B mBprsneor

t enper aédirRara30 it @NbF BECHah 20 hliuted, Yelehs thin AD@ViButes, 2BV ehadS0, eihukbove
50C, or above 75C, or above 100C, or above 125C, or above 150C, or above
175C, o lapdhan 2o0tutesordewhamd manutey. cadess shaspanges. sdess thanstmisgteabove
300C, . + 7 ¢ -abo - .qabove
azsc. oniSfide JaBtooitte ARTYE. pcborcRl pyBug atterip @R cE F e oY R
i nl et tjeicpes geucratel $ bisthrmdbding ahbEEL posteinr amcsiifaté. o 7 BCGinderstdddotha? BE t o
100C, or from 100C to 125C, or from 125C to 150C, or from 150C to 175C, or
f rom 175@RGANRIEOOHRE $310RA PESIOEMES BB PR S h tharghak ¢ssoErse abgye- f r om 250C
to 275C, or from275C to 300C, or from 300C to 325C, or from 325C to 350C,
or fromygeRGIto 34SGse® hefdiRMBAE tQeAORE thO mixid HEREIH0 a44RC prékin  OM
425C to 450C, or from450C to 475C, or from 475C to 500C, or above 500C. In
sone erdoocintmatet that tihgenarhted hyethseprataim eopgulitraanbB0Cet acid 0@tment, or dwatl 00C

to 150C,_ or. fro 50C t0.200C, or, from 200C.t.o 25 from 250C to 300C,
or 11 ofaBud B kg s hiahahs slhe b8 YgoamtfPRdRsToc o 4s0c. or from
450C to 500C, or above 500C. In sonme enbodi nents, the outlet tenperature

(the t qopera)ure Bie proeieid thefdlaifiddpicdraarie doagblateavhy306mbatioebopH275C,
or bel ow 250C, or bel ow 225C, or bel ow 200C, or bel ow 175C, or bel ow 150C,
or bel shengesand mpseteis chones: b peidicBlar Psenplary srabefimsols; thsr PieEiH S5C. | n

SR
sone e ' ' 275C
o 2500 i aduE ol BPc OBl b PR AL Sylsdo B AR Dl esBor ST £
or fronhd We€ pracib5@Geermratd. r e bo@Ily, dbefok2&Caftar paitidmeh@dsd dfothd GRE, prétemm 100C
to 75C, or from 75?1 to 5%{% ﬁ{? from50C to WO 2?1.1/ 1516 52PCT/ US 12./ 028911
25C, orBEi25%! theR 2oJRE URBOEF FRIAESPrOfaE CoRgUfation @rﬁﬁem%rm of fism 300C
t0 250Go@ito bFRPBIRRAEILG: PARGF (R plof @ ARQGnk % dBQFmOr from 150C to 100C,
from 100C to 50C, or from50C to BSC, or below 25C. [000136] A spray dryer
can operate by punping the feed through either a nozzle or an atom zer, for
t he purlBORRRSHf crleapimagmshedimends, dht biosh inghidaeniha gvas mseteinreonpritrairasee be
e oS a8 o B | A SRR AR e e B TBn B Berele
i ncreased S face ared (of 1nereased sur'face area oSN 5t 6)“'tan
al | ow fteras dhiyiid?g Whisheah HBraoNiedeEhy,ifei ©RGple, Hitteriap ! centtifegingdortthé &ké,| of d Nt 0
the drying chanber can dry the droplets containing protein that can then be
carried pneumatically by the air into col l ection vessel such as a
cycl one, bag-house, or the like, or c ination thereof. Merely by way of
exanple, the wet protein concentrate (or washed wet protein concentrate) is
conveyed froma chilled storage or fromthe centrifuge or other upstream
apparatus into a spray dryer. The spray dryer can use a hi gh-speed
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WO 2011/ 116252PCT/ US2011/ 028911 [ 000139] I n sone enbodi nents, a back-m xi ng
procedure is enployed when, for exanple, noisture content (or water

content) WD 20he116852 protein concentrate (or washed wet PCOUSROLIO8EENL rat e)
is higher than what the specific dryer can accept as input. Back-mxing is

erfornmed by m xjn ried final product (dr rotein concentrate) with the
ot o e Ao Mer D o Reielb o RE S Rlen ey e o EMpikedl | he
sol i ds FantRMrothhAt filke®ing QRM@¥EHehBlage FiRter. dryer. [000140] I n some

enbodi ments, the dry protein concentrate that exits the dryer is packed
and/or sealed in either an industry-standard bag or drum of varying sizes.

A seal i[A803238] hod lsfothaicsmplary pamhedimentsan high speed mutishikusteckpeeapdpge is
shel f-1j d I ppi Pt . r i ne i nt ed
T kb R LUROL PR EOTEL LR T %0 P IUM AR ) gt ed
shel f - Iiliy@or"s Wggestetlgbleor agedec oRdedrtOfge, i PEuorgisCloneidt {0, top of the
conpositions, or the like, or a conbjnation thereof. [000141]In sone,

enbodi MERTEUSY ¥ aefrinsialt krer eBhcent bapenped dshddewe fmseiemist protein
concentcro?&%atesca%u@a eGiicerlatf fe BoNOMhnRI AR HUCFiohRali UL CBGRLIDI TP
content (or water content) to generate a dry proteln concentrate. The

nDi st urfeomaahd eadtrifuge. Welee liquontaando tlabughhehedprptedr odutativanmeatduat end/sr bel ow
40% or bel ow 30%  or bel.ow 20% .or bel ow.10% _or bel ow 5% by wei ght of the
dry pr oSFB‘?rﬁtll?;goﬁ’fBE‘?ﬂ“Ff‘a@f‘é'?ﬂ'?‘;rgea Sf U2 comdtine bt further Frgvasity: I&‘%E?&bc‘? et

| east 60y ﬁ{de@%()iﬂgﬁﬁr%ge PBGd@Es, ahe IBAST cA0ME dRkadbd l08aslycRA% BB @bwieast
95% by wei ght of the dry bio-crude. [000142]1n sone enbddi nents, the

pr ot ei rpystomcentration (or purity) of the dry protein concentrate can be
from30%to 95% or from40%to 90% or from50%to 85% or from60%to

80% or 70%.t.0 75% by. wei gh f the, dr ot.ein concentrate. In sone
emoa OE o TR i b ssh P PR ol RS Sb O, Fanay

concentgxainglel, vatur gldeembh@mmpi¥iesOITHN @hgting E@I&e&lﬁ%is optidhb D h®lerdln@h val3¥ or
hi gher than 60% or_ higher than 70% or higher than 75% or higher than 80%
by wei gHtexappiehwaigr i adeest ©i the hRifRiR sencentTdfe ap@ raradder a ¢rtainangpg tificot ei n

concent [y -car hohydr ] t |
cont; nay st 0 L HE SR BAMEN She Smolh A Coorfifbn' (! teliperaflie St
concentaceatve ciengihg dgsntpne ther likp oe aessditidtmn thateof) dahel svatdrrcasdigechosen to

enbodi nents, the dry protein concentrate includes_one or nore amno_acids
sel ect @@tlml%ﬁﬁhﬁémaﬁgf? iofiﬂs Ve GaR 2lseyiaginde anagthiedirandie agaahl dgpisdt nEe

t her oni fned ARt SBRAN cok@ntR: i $ti HiREed M GhNinBemidSRasE kife Akt broSf i Ne,
glutam c acid, proline, WO 2011/116252PCT/ US2011/ 028911
concentration and washing water using, for example, a high-speed disc-stack centrifuge,

settling tank (or clarifier), decanter centrifuge, or the like, or a combination thereof.

[000128] The mixture of the wet protein concentrate and the washing water can undergo
another centrifuge using, for example, a high-speed disc-stack centrifuge, where the wash

liquor (or supernatant) is removed and the washed wet protein concentrate is ejected.

[000129] A settling tank or clarifier can operate by introducing the mixture of the wet
protein concentrate and the washing water into a tank where the coagulated proteins
agglomerate. Heavier particles containing protein are separated from the wash liquor by
gravity sedimentation. The settling tank or clarifier can include a series of plates and/or trays
designed to enhance the separation. The wash liquor is discharged at the location on the tank

that can facilitate an optimized protein recovery (removal from the mixture).

[000130] The washed wet protein concentrate can then be dried using a protein dryer.
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gl yci ne, al anine, tyrosine and cysteine. In sone enbodi nents, the
concentration of one essential amno acid is at least 1 g/100 g of dry
protei n csocemtrnerse, or at least 1.5 g/ 100 g of dry proP€rScanmesyir ate, or
at least 2 g/100 g of dry protein concentrate, or at least 2.5 g/100 g of

dr r i oncentrate, or at least 3 g/1 f .dr rotein concentrate,
o o MB350 s SeGirofin, Snetiane: sctentiot e Both,br Padiel S graen o of
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protein, or at least 10.9/100 g of protein, [000144]|n sone enbodj nents,
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than 40% or lower than 30% or |ower than 25% or |ower than 20% or | ower
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25% or lower than 20% _ or |lower than 15% or |lower than 10% or |ower than
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of the déﬁ/ grotei n oncentr%. .In_song enbodi nents, the dry protein
concentSVaP Y ARAT ARl ASHMRBATUDE P m 1% t 0 50% or from 2% to 40% or
from3%to 30% or from3%to 20% or WO 2011/116252PCT/ US2011/ 028911 from
3% to 196133 from 3VagopatdOan RimdveadRERd and/BYaomtilel R 2%nhterididdbean

wei ght of the dry protein concentrate. The dry protein concentrate can be
f ur t her(egsr. deewsieRiotes eaneentstel@siwasledasel proisinegenceftoon 1 44F eMapsoafer can be

hodi | . nelud
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enbodi meates), corventdaty (or otashed oehericmat@cenicdte)dbe andistber coertteor Wawer

than 20% . or. |l ower than 15% or .|lower,than 10% or |ower than 8% or | ower
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than 1%Ryvereitdid piofeid 86 dpepitRinel N concentrate. [000148] Merely by way of
exanple, the dry protein concentrate produced by the process described

herein include the follow ng contents sunmarized in Table 2. Table 2 -
Exemplary Contents of Dry Protein Conﬁgntrate Pr oduct



Product 1 Product 2 Product 3 % Solids > 90 > 88-90 > 95 % Mdi sture <10
<12-10 < 5 % Protein > 50
WO 2011/116252 PCT/US2011/028911

[000134] In some embodiments, the wet protein concentrate is dried to generate dry
protein concentrate. The drying procedure can reduce the moisture content of the wet protein
concentrate (or washed wet protein concentrate, with or without the evaporating procedure)
to the desired levels. The temperature of the drying procedure may not exceed the value that
may damage vital characteristics of the product of interest. The dry protein concentrate can
be used as a fish meal, animal feed, feedstock for further processing (e.g., pelletization), or
the like, or a combination thereof. Merely by way of example, the dry protein concentrate is
used as a feedstock to generate protein product with higher protein concentration for human
use. In particular, the dry protein concentrate of certain embodiments is an effective
replacement for soy protein isolates, which are presently used in a large number of human

food products.

[000135] The drying procedure can be performed using, for example, a spray dryer,
double drum dryer, flash dryer, or the like, or a combination thereof. In some embodiments,
the inlet temperature (the temperature at the entrance to the dryer) is above or above 25°C,or
above 50°C, or above 75°C, or above 100°C, or above 125°C, or above 150°C, or above
175°C, or above 200°C, or above 225°C, or above 250°C, or above 275°C, or above 300°C,
or above 325°C, or above 350°C, or above 375°C, or above 400°C, or above 425°C, or above
450°C, or above 475°C, or above 500°C. In some embodiments, the inlet temperature is from
25°C to 50°C, or from 50°C to 75°C, or from 75°C to 100°C, or from 100°C to 125°C, or
from 125°C to 150°C, or from 150°C to 175°C, or from 175°C to 200°C, or from 200°C to
225°C, or from 225°C to 250°C, or from 250°C to 275°C, or from 275°C to 300°C, or from
300°C to 325°C, or from 325°C to 350°C, or from 350°C to 375°C, or from 375°C to 400°C,
or from 400°C to 425°C, or from 425°C to 450°C, or from 450°C to 475°C, or from 475°C to
500°C, or above 500°C. In some embodiments, the inlet temperature is from 50°C to 100°C,
or from 100°C to 150°C, or from 150°C to 200°C, or from 200°C to 250°C, or from 250°C to
300°C, or from 300°C to 350°C, or from 350°C to 400°C, or from 400°C to 450°C, or from
450°C to 500°C, or above 500°C. In some embodiments, the outlet temperature (the
temperature at the exit from the dryer) is below 300°C, or below 275°C, or below 250°C, or
below 225°C, or below 200°C, or below 175°C, or below 150°C, or below 125°C, or below
100°C, or below 75°C, or below 50°C, or below 25°C. In some embodiments, the outlet
temperature is from 300°C to 275°C, or from 275°C to 250°C, or from 250°C to 225°C, or
from 225°C to 200°C, or from 200°C to 175°C, or from 175°C to 150°C, or from 150°C to
125°C, or from 125°C to 100°C, from 100°C to 75°C, or from 75°C to 50°C, or from 50°C to
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from60 to 80 > 65-75 % Fat <20 from5 to 20 <5-15 % Ash <15 from1 to 10
<2-10 % Car bohydrate < 20 from5 to 20 < 10-15
WO 2011/116252 PCT/US2011/028911

25°C, or below 25°C. In some embodiments, the outlet temperature is from 300°C to 250°C,
or from 250°C to 200°C, or from 200°C to 150°C, or from 150°C to 100°C, from 100°C to
50°C, or from 50°C to 25°C, or below 25°C.

[000136] A spray dryer can operate by pumping the feed through either a nozzle or an
atomizer, for the purpose of creating small droplets containing protein that have increased
surface area (or increased surface area to volume ratio). The increased surface area (or
increased surface area to volume ratio) can allow for drying with improved efficiency. Hot
air injected directly into the drying chamber can dry the droplets containing protein that can
then be carried pneumatically by the air into a collection vessel such as a cyclone, bag-house,
or the like, or combination thereof. Merely by way of example, the wet protein concentrate
(or washed wet protein concentrate) is conveyed from a chilled storage or from the centrifuge
or other upstream apparatus into a spray dryer. The spray dryer can use a high-speed
centrifugal atomizer to spray a fine mist into a heated drying chamber. The fine mist can
create more surface area, and therefore, increase the drying efficiency. The water can
evaporate as the small particles fall to the bottom. The dry protein concentrate, also referred
to as dry protein meal, can then be collected using a cyclone separator, a bag-house, or the

like, or a combination thereof.

[000137] A double drum dryer can operate by rotating two cylinders in opposite
directions. The wet protein concentrate (or washed wet protein concentrate) can be injected
onto the surface of the cylinders, or drums, which can be heated indirectly with steam. The
direct contact with the heated surface can dry the wet protein concentrate (or washed wet
protein concentrate). The flakes (or dry protein concentrate) can then be scraped off the

surface of the cylinder drums and collected.

[000138] A flash dryer can drop the wet protein concentrate (or washed wet protein
concentrate) into a closed loop system with hot air injected tangentially to the outside of the
loop. The heated air can convey the wet protein concentrate (or washed wet protein
concentrate) along the outer edge of the loop, drying continuously and reducing particle size.
Once the particle size and moisture content (or water content) are reduced to the desirable
levels, the product (dry protein concentrate) can be pneumatically transferred to a collection

apparatus such as a cyclone, bag-house, or the like, or combination thereof.
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% Fiber <10 <5 <5 %other 10 5-20 10-15 [000149]I1n sone enbodi nents,

ot her characteristics of the dry protein concentrate, e.g., the particle
si ze, bacwenialilieyeci fication, or the like, or a conbi n&Cirars2eheesef , are
suitable WD 2011/ 116252PCT/ US2011/ 028911 for the intended purpose. In sone
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| ower than 200/g, or |ower than 150/ g, or lower than 100/g, or |ower than

50/ g. [OOwWDSA[NtAéhe e o- crude can be generated by any one or a
conbi nati on of the

[000140] In some embodiments, the dry protein concentrate that exits the dryer is
packed and/or sealed in either an industry-standard bag or drum of varying sizes. A sealing
method of industry-standard can be used to ensure proper shelf-life and shipping conditions.
The bag or drum can include printed instructions or specifications regarding, for example, its
intended use, shelf-life, suggested storage conditions, shipping conditions, compositions, or

the like, or a combination thereof.

[000141] In some embodiments, the wet protein concentrate (or washed wet protein
concentrate) is subjected to a drying procedure to reduce the moisture content (or water
content) to generate a dry protein concentrate. The moisture content (or water content) of the
dry protein concentrate is below 40%, or below 30%, or below 20%, or below 10%, or below
5% by weight of the dry protein concentrate. The solids content of the dry bio-crude is at
least 60%, or at least 70%, or at least 80%, or at least 90%, or at least 95% by weight of the

dry bio-crude.

[000142] In some embodiments, the protein concentration (or purity) of the dry protein
concentrate can be from 30% to 95%, or from 40% to 90%, or from 50% to 85%, or from
60% to 80%, or from 70% to 75% by weight of the dry protein concentrate. In some
embodiments, the protein concentration (or purity) of the dry protein concentrate is higher
than 30%, or higher than 40%, or higher than 50%, or higher than 60%, or higher than 70%,
or higher than 75%, or higher than 80% by weight of the dry protein concentrate. The
remainder of the dry protein concentrate can include carbohydrates, minerals, and the like, or

a combination thereof.

[000143] In some embodiments, the dry protein concentrate includes one or more
essential amino acids. In some embodiments, the dry protein concentrate includes one or
more amino acids selected from leucine, isoleucine, lysine, methionine, phenylalanine,

theronine, tryptophan, valine, histidine, arginine, aspartic acid, serine, glutamic acid, proline,
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foll ow ng procedures descri bed above: the |ysing procedure, the separating
procedure, the filtering procedure, and the clarifying procedure. The wet
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Tabl e - Exenplary Contents of Dry Bi o-Crude Product Product A Product B
and/or moisture content) for other applications. The dry bio-crude can be used as a power
plant feedstock, a feedstock for biofuel conversion, or the like, or a combination thereof. The
dry bio-crude can be further processed, e.g., by pelletization, for storage or application. The
bio-crude drying can be performed using, for example, a fluid bed dryer, spin flash dryer,
flash dryer, drum dryer, rotary dryer, or the like, or a combination thereof. In some
embodiments, the inlet temperature (the temperature at the entrance to the dryer) is above or
above 25°C,or above 50°C, or above 75°C, or above 100°C, or above 125°C, or above
150°C, or above 175°C, or above 200°C, or above 225°C, or above 250°C, or above 275°C,
or above 300°C, or above 325°C, or above 350°C, or above 375°C, or above 400°C, or above
425°C, or above 450°C, or above 475°C, or above 500°C. In some embodiments, the inlet
temperature is from 25°C to 50°C, or from 50°C to 75°C, or from 75°C to 100°C, or from
100°C to 125°C, or from 125°C to 150°C, or from 150°C to 175°C, or from 175°C to 200°C,
or from 200°C to 225°C, or from 225°C to 250°C, or from 250°C to 275°C, or from 275°C to
300°C, or from 300°C to 325°C, or from 325°C to 350°C, or from 350°C to 375°C, or from
375°C to 400°C, or from 400°C to 425°C, or from 425°C to 450°C, or from 450°C to 475°C,
or from 475°C to 500°C, or above 500°C. In some embodiments, the inlet temperature is
from 50°C to 100°C, or from 100°C to 150°C, or from 150°C to 200°C, or from 200°C to
250°C, or from 250°C to 300°C, or from 300°C to 350°C, or from 350°C to 400°C, or from
400°C to 450°C, or from 450°C to 500°C, or above 500°C. In some embodiments, the outlet

temperature (the temperature at the exit from the dryer) is below 300°C, or below 275°C, or
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below 250°C, or below 225°C, or below 200°C, or below 175°C, or below 150°C, or below
125°C, or below 100°C, or below 75°C, or below 50°C, or below 25°C. In some
embodiments, the outlet temperature is from 300°C to 275°C, or from 275°C to 250°C, or
from 250°C to 225°C, or from 225°C to 200°C, or from 200°C to 175°C, or from 175°C to
150°C, or from 150°C to 125°C, or from 125°C to 100°C, from 100°C to 75°C, or from 75°C
to 50°C, or from 50°C to 25°C, or below 25°C. In some embodiments, the outlet temperature
is from 300°C to 250°C, or from 250°C to 200°C, or from 200°C to 150°C, or from 150°C to
100°C, from 100°C to 50°C, or from 50°C to 25°C, or below 25°C.

[000151] A fluid bed dryer can operate and dry material (e.g., the wet bio-crude) by
introducing it onto a vibrating bed with heated air passing directly or indirectly to the
material. The vibration and air can create a fluidized suspension of the material that can
increase the surface area to be dried. This effect can make fluid bed drying an efficient and

scalable solution to drying wet bio-crude to the desired characteristics.

[000152] A spin flash dryer can dry wet bio-crude into an agitated vat that causes the
material to be suspended and as air pressure creates a suspension effect. Size-reduced
particles can then be carried through a classifier at the top of the drying chamber carried by
air flow into a collection apparatus such as a cyclone, bag-house, or the like, where the

material is then collected.

[000153] A flash dryer can operate by having the wet bio-crude introduced into a closed
loop. Hot air can be injected tangentially along the walls of the loop that can force the wet
bio-crude to travel continuously in the loop, drying along the wall. By having the material
roll along the wall driven by the air flow, a particle-size reducing effect can be created--once
the size of the particles is small enough, the particles can flow freely off the air and be carried
along an exhaust pipe located at the inside portion of the loop to a collection apparatus such

as a cyclone, bag-house, or the like, to be collected.

[000154] A drum dryer can be a large vessel. It can be operated in either batch mode,
continuous mode, or semi-continuous mode. The vessel, once activated, can tumble along an
axis where heat can be applied directly into the vessel or indirectly through a heating jacket
on the vessel. Hot air can be introduced directly into the vessel to dry the wet bio-crude
directly; or heating oil can be introduced into the heating jacket of the vessel for indirect

heating (and/or drying). The wet bio-crude can be tumbled until the moisture content (or
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water content) is reduced sufficiently enough and then be removed either in batch mode or

continuous mode.

[000155] A rotary dryer is a long cylindrical dryer where the wet bio-crude can be
introduced at one end, and either gravitationally, or pneumatically conveyed to the opposite
end of the dryer. Heat can be applied either directly with hot air blowing co-currently or
counter-currently into the dryer, or indirectly using heated oil in a heating jacket surrounding

the outer layer of the dryer.

[000156] Merely by way of example, a spin flash dryer is used to dry the wet bio-crude.
The wet bio-crude can be collected in mobile hoppers, and fed to the spin flash dryer. In the
spin flash dryer, the wet bio-crude is dropped into the agitated feed vat of the spin flash dryer,
and then fed to a drying chamber equipped with a spinning mixer. Hot air can flow through
the wet bio-crude as the mixer breaks up any large clumps of wet bio-crude. The wet, heavy
bio-crude can be kept in the drying chamber until the water content is low enough for the bio-
crude to be light enough to be carried into the cyclone separator by the flow of hot air. The

dry bio-crude can then be collected at the bottom of the cyclone.

[000157] In some embodiments, the wet bio-crude is subjected to the drying procedure
to reduce the moisture content (or water content) to generate a dry bio-crude. The moisture
content (or water content) of the dry bio-crude is below 40%, or below 30%, or below 20%,
or below 10%, or below 5% by weight of the dry bio-crude. The solids content of the dry
bio-crude is at least 60%, or at least 70%, or at least 80%, or at least 90%, or at least 95% by

weight of the dry bio-crude.

[000158] In some embodiments , the dry bio-crude includes a protein content lower than
50%, or lower than 40%, or lower than 30%, or lower than 25%, or lower than 20%, or lower
than 15%, or lower than 10%, or lower than 5% by weight of the dry bio-crude. In some
embodiments, the dry bio-crude includes a protein content from 1% to 10%, or from 10% to
20%, or from 20% to 30%, or from 30% to 40%, or from 40% to 50% by weight of the dry
bio-crude. In some embodiments, the dry bio-crude includes a protein content from 1% to
50%, or from 5% to 40%, or from 5% to 30%, or from 5% to 20%, or from 5% to 15%, or
from 5% to 10%, or from 10% to 50%, or from 10% to 40%, or from 10% to 30%, or from
10% to 20%, or from 10% to 15% by weight of the dry bio-crude. The dry bio-crude can be

further processed to meet a desired protein content.
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fiber content from 1% to 10%, or from 10% to 20%, or from 20% to 30%, or from 30% to
40%, or from 40% to 50% by weight of the dry bio-crude. In some embodiments, the dry
bio-crude includes a fiber content from 1% to 50%, or from 5% to 40%, or from 5% to 30%,
or from 5% to 20%, or from 5% to 15%, or from 5% to 10%, or from 10% to 50%, or from
10% to 40%, or from 10% to 30%, or from 10% to 20%, or from 10% to 15% by weight of

the dry bio-crude. The dry bio-crude can be further processed to meet a desired fiber content.

[000160] In some embodiments , the dry bio-crude includes an ash content lower than
50%, or lower than 40%, or lower than 30%, or lower than 25%, or lower than 20%, or lower
than 15%, or lower than 10%, or lower than 5% by weight of the dry bio-crude. In some
embodiments, the dry bio-crude includes an ash content from 1% to 10%, or from 10% to
20%, or from 20% to 30%, or from 30% to 40%, or from 40% to 50% by weight of the dry
bio-crude. In some embodiments, the dry bio-crude includes an ash content from 1% to 50%,
or from 2% to 40%, or from 3% to 30%, or from 3% to 20%, or from 3% to 15%, or from 3%
to 10%, or from 5% to 10%, or from 5% to 15%, or from 5% to 20% by weight of the dry

bio-crude. The dry bio-crude can be further processed to meet a desired ash content.

[000161] In some embodiments , the dry bio-crude includes a fat content lower than
50%, or lower than 40%, or lower than 30%, or lower than 25%, or lower than 20%, or lower
than 15%, or lower than 10%, or lower than 5% by weight of the dry bio-crude. In some
embodiments, the dry bio-crude includes a fat content from 1% to 10%, or from 10% to 20%,
or from 20% to 30%, or from 30% to 40%, or from 40% to 50% by weight of the dry bio-
crude. In some embodiments, the dry bio-crude includes a fat content from 1% to 50%, or
from 1% to 40%, or from 1% to 30%, or from 1% to 20%, or from 1% to 15%, or from 1% to
10%, or from 1% to 5%, or from 2% to 40%, or from 2% to 30%, or from 2% to 20%, or
from 2% to 15%, or from 2% to 10%, or from 2% to 5%, or from 3% to 30%, or from 3% to
20%, or from 3% to 15%, or from 3% to 10%, or from 3% to 5%, or from 5% to 10%, or
from 5% to 15%, or from 5% to 20% by weight of the dry bio-crude. The dry bio-crude can

be further processed to meet a desired fat content.

[000162] In some embodiments, the dry bio-crude includes a carbohydrate content

higher than 30%, or higher than 40%, or higher than 50%, or higher than 60%, or higher than
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produci ng t he bi o- crude. &000171]In sonme enbodi nents, the wet bio-crude

dr
i s subjfexned t%l(i/%eordﬁr?mr?& i de%dar Bome’ P del O, fileen AGi tot \%e ardimmente (cor

2011/ 110953bR eS0T £ daner efEn Gt B EBREEN ) o "the meal i s bel ow 40%

or bel ow 30% or bel ow 20% or bel ow 10% or bel ow 5% by wei ght of the
meal . T80k i ds Taowhendmbdditnbets mal dry diakcrddeaiatlu68%n energy cbet@st hig@éf) or

at least 80% or at |east 90%_ or at |least 95% by weight of the al .
[000172%%9%\6%&&%@%%%, Jﬂé‘%’r?ééﬂghehg}aﬂcﬁey[@gpf)&l@ihﬁr g@ﬂtlgr}\/lﬁév@r t han
50% Orhit%&‘f‘%ant PaRAQ Y Hfghl:PMﬁﬁ 1%%%%,0%higﬁer|tﬁéﬁﬂ8 W&,%@%g}ﬁf tagWey than
20% or Tower than 15% or |ower than 10% or |ower than 5% by wel ght of

t he meaVll/eg. Ahedyy Meicghte donbe surthen psaseed rbodétrredessed erivegyne@itenitnel udes a
protein content from1%to 10% or from1l0%to 20% or from20%to 30% or

from 3Q% 0% gr from 40% to 50%,by wei.ght. of the al . .In_sone

oo st Ml B R R L e bisSorod SubGed SR8 PRet om 50
t 0 40%deadrided Gt int Rid3 09 follb win; ¥t @mdfize®@in TsEB5% to 15% or from 5%
to 10% or from1l0%to 50% or from10%to 40% or from10%to 30% or from

10%to 20% or from10%to 15% by wejght of the nmeal. The nmeal can be
f urt herT3htotedxemplasy Garients of By BitCydstRepductont ent .

Product A Product B Product C
% Solids > 90 > 88-92 > 95
% Moisture <10 <12-10 <5
% Protein <20 from 10 to 20 <15-20
% Fat <20 from 5 to 20 <5-10
% Ash <15 from 1 to 15 <5-10
% Carbohydrate | > 50 from 60 to 90 > 65-70
% Fiber <50 <40 <30-35
Energy (MJ/kg) | > 10 > 10 > 15
% Other 10% 5-20% 10-15%
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[000173] I n sone enbodi nents, the neal includes a fiber content |ower than

50% or |lower than 40% or |lower than 30% or |ower than 20% or |ower than
15% or |Iwoeenthers210% by wei ght of the neal. In sone erbodiSe&niogsdit he neal
includes a fiber content from1%to 10% or from 10%to 20% or from20%to

30% or 30% 0o 40% or from oto 50% ht. of the ne n a dr
o e OB e GheAtel St e Rl D IR et TR in e S cBER, &¥ihe oy
1% t0 59%edafe irfd%l’r‘ tﬁe/Oeh&luéé}‘ygpeaﬁcztt{o%mféf%hreqn&ﬂléq RillefiZ20i0h 2% e o%%ﬁaw from

5% to 15% or from5%to 10% from10%to 50% or from 10%to 40%
f rom 10%pleonc®osh Bachf dryen q@p/pmdu@%hghﬂyf diffeen0 psadoct1 8% ¢ e giatest tot he

| . I b h d d d fib
00017 AT LBt E BB ahARES Tor PRASTRRER el BRos B S Eo R s S0 S b

50%  orwdighiraghihenthé @oa-uedr sFéMﬁéatIoﬁié‘lWhBﬁh% therfidaDp@iduéthBd 2586 pdletizener t han
20% or | ower than 15% or lower than 10% or |ower than 5% by wei ght of

t he nmedloton a dry weight basis. In sone enbodi nents, the neal includes an
ash content from1%to 10% or from10%to 20% or from 20% t o 30% or from
30% to r fr nts,

t he rrea[légilﬁng? udesl\qgﬂr?ﬁg‘s@ﬁ%bgﬁe?{gnp )éf ‘?F;h]&il%tt/tz?%o%gem{ﬁ;é}h nrtécg]ntg@ 5 % r from
3% to 30kctedrdrer nuss@od dry2B84veobiofaradn 8% ¢e®taﬂ35%1gmf molsnmreB%m@t lcﬁ%fatexr from
5% to 10% r fro 5% 0 15% .or fromB%to %b ht of the al . The
meal caﬁ?n% O Y Qiseiudy it 9trpgdeged qnigety 16‘a?slﬂ ﬂ@n‘t’hat?/\@r shape a

2011/ 11&3@%?%9@293@;@95%%%01[@% 5148 v30BRgOdi nent s, the neal

includes a fat content |ower than 50% or |ower than 40% or |ower than
30% or |lower than 25% or |ower than 20% or |ower than 15% or |ower than
10% orl00&L681 thé\[n s%l@yemmcgmpnt@f thieditye &lo-gmde @may axilh gthe  Gaxsr sand/emn sone
erbodi MRk Sratb R Sr B b MEUUIEH R (BLSINLERL LTRM 0] BukBes0L, dlam L0V to
20% or® roml%&/nat "33 o YoM ﬁﬁ%}e 0 %0% y wei ght

of the vaeghg sik&s. SANRalaEHAEho® Y &duﬁtbyasﬂaﬁ@drd Icﬁllﬁlbéldﬁlﬁi 3 efn@tire(p@cb'ﬁee@helf riem 1%
to 50% or from 1% to 40% or from1%to 30% or from1%to 20% _or from 1%
to 15%Ngrshibpéis mﬂtt@n&oﬁi e bre OF M 961 6109%6 REtady HReiony on aRgFIfisatietsom 2%
to 30% o] () f 0/ 0 om 2%
to 5o s nE R B infhald A G g Bled LOMeE CohRL el T
to lO%coﬁdltlanWD&%ilﬁorﬁ;%)rmblﬂie,mﬂaﬁ%rﬂbﬁnalﬁ%th@éoﬁrom 5% to 15% or from5%
to 20% by weight of the neal. The neal can be further processed to neet a

desire ont 000176]1 n sone odi nents, the | .includes . a

car boh&g{)(ﬁ@ cont Engf)“{‘?edﬁiﬂd %W&ﬁ tgﬁ)(%ry gb hoy U fﬂg/’?e%“ﬁ‘i U'ﬁléﬁ'rd‘iyhan
50% orpihlicaiiercak m@%s&pa@ fe@dist&!kgﬂ%?'ireﬂﬂé%noﬁé%er OThE UBNEIDH- &Ma?leo@usgﬂ & gher
than 75% or higher than 80% or higher than 85% by weight of the neal. In
some erfbastitavkdescomtivetiorne alhd drybimtesida camalbo by dvedtfer soditeckt fof fasme®0t61n.0 90%
or from40%to 90% or from50%to 90% or from 60%to 90% or from 70%to

90% or 80% r (V t of0 % Or
50%t 0 [8{3@9 AR %’8 Q”%b%d%%%%P > ?5}163“1%@1& %rs me"‘{ % gdtng
from 408mh®is803%d aoraw fead’tbEbid @ot&ﬁ% from \i/étqm)6ﬁfdettmroﬁgﬁ/@rd@éddrépmnﬂ@P/oot o 80%

by wei ght of the meal. The meal can be further processed to neet a desired
car bohylesstte Riedcsity Hioomdy7) Ihe diffpisnestoigdhendinplsprosesiing RIRgsINEasdPr & cs of
the maa[heal ?w‘ﬂlc’ éarlllebeo?erdtfhcéa?ﬂeg's%ﬁne tﬁ:‘sﬁt lé[c@ ar@atﬁgé%lr hﬁls gj)@ﬁfﬁtah&ﬁ oior the
| i ke, or a conbination ereof, aré suitable for t Pnten purpose. In
sone endvgets rdios ,peﬂetmadam dppirathe (Slﬁnmt:ombmhnam & foaenssarel theathataoeenistié3001000/ g,
or | ower t an 80, 000/ o] t 0,000/ g, or |aower than 50,000/ g, or
| ower tREHM ‘&d”@g‘{f/‘ ca Fesl B%QFC\{\B ff%’é '%O(f?f‘éh%rpulfﬂﬂ%rm?mﬁlﬁg’z OB Cor

| over  th&Bud0: 00t Qwat‘éf cér%&ﬁf shél@ﬂlfé%to@@éy elle't @ué OPRHAIROM] RRRLS and i meal
does not i nclude detecti bl evel E. I'n some enbodi nents, the neal
does ndikei m:a admbmetl@tthemOé [Tévelbe@forsia‘rvmeﬂurfacomwti@nwaterr’gudcmbmcgor t he
meal i ncl u east/ nmo wer  t han 500/ | ower th 400/ or | ower
Than 308741 R Bae T C oS 55 SR E Yo i PPPRAHS ARG 1 PEReP o R P50 o
or Iowon{tiﬂaamloﬁ@l%gof) Qfith lreypeét tb Pedue Ghe §:9HAé8LEN some enbodi ments, the
process recovers multiple products fromindustrial- scale production of a

raw feedst ock of a biomass of an aquatic species. The nmultiple
[000171] In some embodiments, the wet bio-crude is subjected to the drying procedure

to reduce the moisture content (or water content) to generate a meal. The moisture content
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WO 2011/ 116252PCT/ US2011/ 028911 products include a dry protein concentrate
and at | east one selected froma dry bio-crude and neal. The yield of each
product s wearoheél1exsal uat ed based on the dry mass of the PaWwudSeadsesyek. As

used herein, "dry nmass" refers to the weight of the raw feedstock after it

is dried in, for exapple, a.dryin ppar at u Such a j ng.appa us can
be, 1 orOeAifh FEM o0 e direl il 302 REbsTo a0 G Be e 05 S8 HERBh A ent o,
the yi elethwwbat @%W‘é@m BF He&h&h1 C ke &BLidAtshtdd oRlthd SBSItis allea@ro08t, dre@kastl 0%
or at least 15% or at |east 20% or at |east 25% or at |east 30% of the

dry nmasi)%forahlsast S0, cedstcae RO%L ar aiderst &3t ddivraightof theheeati el d of the dry
protein concentrate is from5%50% or from5%40% or from5%30% or from
5% 25% om 5% 20%.. or m 10% 5Q% .or fro 0% 40% 0 0 0% 30%
or fr or{'noq(?J]UzZ;S% Elérsg%fg 5%%%{9@5%/0 eo%é%rl%%uéfg%ggl’%% co/grnt %{%%V%g%rh Z% ’ Oo/f: from
15% 30% wer thhh avel 2¥el@bdn thail 3090 r 1SRer tBAYR5%BL of Tower 20 20% onlower @Ran

20% 40% _ or from 20% 30% or from 20% 25% of the dry mass of the raw

f eedst doke: qro0TAEIOM A0 %o Ak lodvas dbAnmdhthy, weight ofjths aleal}lon AErYPGight Basdt ube i s

at | ea%&g}:}oe%ﬁboqﬁm ts,I B8Sheat 5 O&uc%é aZI%ro]te?@%nt %:f%rﬂrlqgtto L8ast, 4R 185 &

| east or at least 40%of t y mass o e raw feedstock. I'n sone
enbodi g, sor ftone2§doab G0, ot hremdi0fk Id 0% oudeom S0P M (BRDE BGighn of Bl m&D% or
fromb59% 40% or, from5% 30% . or from 5% 25% or _ from5%20% or from 10%
60% or nfsP%Wed%%ts’dT“e feahingbds npPyoten copishi @8%%%) 5@90 g niég)%%% or

from 102 Q% 598 RIMdR %8603 2 16 R0M, bpHorPY% 811568, AP 1Hony®s40% 18, & om
15% 30% or from 15% 25% or from 15% 20% or from 20% 60% or from

20% 50% oo 0far on 0% 4094 107 tbrddfia, 209603099 %de 3w er 209% XBéotoL0%her o nass
of the r f st ock. 0001811 1.n spone enbodi nts, the vield of the neal is
O | oo Pt SEb 0 ank f WOGEAD, PR T BTORBOEIR; pEE T Tl o iSr Y

| east 3H8feidontdnt.| east 40% of the dry mass of the raw feedstock. In sone
enbodi ments, the yield of the neal is from5%60% or 5%50% or from

5% 40% or from 5% 30% or from5% 25% or from5% 20% or from 10% 60% or
from 1090 or Iflrsememn)@%i@%nt@rth?m# 159ad30 % fiksy cPRISH tPe%s S5y SA5F. 9 om

10% 209 0%, 609 06 500 4
1506 000" & 1eh N A8 o 3D Tl 28 P ARG §F opien

20% 50%0% by fweaght 20%het @nl. ofn $onane2B8dimaN%g thermdal aml2&R¥6a2H8ér abntehefrdimy nass
f th f eedst ock. [000182] | [ ts, for the total t of
or ot o1 1 1P {6 AT AP r SR roraEOfdasp amiron Lt to 4dd onkom B R
| east 4% 0% catht bEASIMAPEN 2ty dlidhPBRs. MM nRlenflod|BARE, tROHRal iNudes 2

2011/ 116252PCT/US2011/ 028911 or at | east 60% or at | east 65% or at | east
70% orfiter comastirots e tr Sh, drdamh 58004 4Bp, @tirdreast t8EY i @ fram thetad2Gfo,

protein conceptrat In so e i ments or e tatal u of protein
P10t e bR SPe oot G ot PG & R 308 10 2P 0B ok BTG e Ao oy R R
60% or]olees339hadt RN 09 to|208S of Rl f¥Go 3% IbgSFeif et (iDHealOTht a1 Edpan
40% or less than 35% or |less than 30% or |éss than 25% or |ess than

20% orbelfegBertpregessedap imeei mdesed dibgr ¢singenér ude and/ or meal . [ 000183] Any one
i quid phase (e.g., juice, filtered juice, clarified or polished juice) or

[000174] In some embodiments , the meal includes an ash content lower than 50%, or
lower than 40%, or lower than 30%, or lower than 25%, or lower than 20%, or lower than
15%, or lower than 10%, or lower than 5% by weight of the meal on a dry weight basis. In
some embodiments, the meal includes an ash content from 1% to 10%, or from 10% to 20%,
or from 20% to 30%, or from 30% to 40%, or from 40% to 50% by weight of the meal. In
some embodiments, the meal includes an ash content from 1% to 50%, or from 2% to 40%,
or from 3% to 30%, or from 3% to 20%, or from 3% to 15%, or from 3% to 10%, or from 5%
to 10%, or from 5% to 15%, or from 5% to 20% by weight of the meal. The meal can be

further processed to meet a desired ash content.
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solid phase (e.g., a first solid phase, second solid phase, third solid
phase, wet bio-crude) generated in one procedure can be store in the
storage twokobefiease it is fed to one or nore downstreampPprasSeanoes91br
apparatuses It can help to generate a honbgeneous liquid phase or solid

phase downst ream procedure(s) or.a Thi s

P commuO 7T £ P IR anireamuRPEH s e i bR SE b REI MG 0T il .
conti nugksr MRAQOD - IbwePdAen 30%, Blidw & Bad 259l B 1&&&&@5&2@% BNRWRY tha €
downst r eam procedure(s) and/ or apparatus(es) The 1iquid phase in the

st or agel Sark lewer than %nplalorvred than o g svaighslod tlneenrpelrm udy woghtehgise In

ey of -eumnsraCiFCy Meilip Bkl dondh oot 15 GI0RERTGER PR A ™

concentffah 0%StoS0os, @ il 30% b kB dosteh A0 1081k, Biknicighk Uf thaeheal! DCRSR NJ.
The chrIIed storage tank can be maintained at a tenperature bel ow room

t enper dhodimgnis, she mealingudesnd Hdicapigaisiromyde enp)ioeer ﬁemrla‘?géo 7k of Fom
mai nt ai I b I bel ow
Jac or B %@v%zﬁfcm?ra‘ L R R e S RSN i R A TR A
bel ow -orFfem 2% tbelochyor 10 29 A0 00E4 bl ﬁremezf% tcci(erapyr fedm Lhetopr19E, eﬁsro(mt 2%
|solat|nq9%£ote|n fromthe bjonmass cogprrsrng an aguatic. specjes can be

ﬁ’

furtherto SV EQ by Ry Torfd T & % Ol el BRI S0 tohe) % o TRIN R fY b6 deir es.
[ 000185}4,R 36£f4 Aidp. amls%% SO ERRYS 1o Idb@ & PERST, &R ] G i KBEto

aquatic species can be processed to extract |ipid content using a solvent
and or 2R84 by weghgof thexmaé Tt mealekn be furthee pldckssed 6r maetaodwsirerhfat ontedter eof |
as a pre-treatnent before the process of isolating protein or

I i TR I o R e B A e D A A oY

can SUCﬂ)O/@Sor'Hl%lie‘ﬂﬁhanTm% &I RigREHIhEn 5@% e hagmet trﬁet 60% tdtqngret tRHnOGYS Sor
i medi ately before drying, or it can be used Lurce resultrng from
d

{ho. Seaelay g BFC ar NESmbieT Fhurt BSOS onpbnqohaTiEs i or Seh Ghrass)
Th f |
mat er 1 A e 150 PR e e 108 Aol flyeonltR] B s W0

ot her) .orThem @ovetd %%1 sr fr¥D 5094 14 9(11%25286‘1&1 6182 Qb 0002 88 Iiorh OM 18 X@H, oi N
certain, embodi nent s under conditions of elevated tenperature or pressure.

I n ot hdForB #BEdoNTe-<0r fEama 3ATexte iy %- 1 &} &4 o 30 %arr fisBh 1% A 8r &t OF EoBhd
at msphyy &, BSBSSU6n 7098 1d83% uc?}refrétﬁ 308E0 0% r&%ﬁqozotoafﬁ(ﬂ/’?c(ﬂ'gfdrﬂgmi
apparatus. In this apparatus, e mxture is spun at speed |, d the
I|qurdtbﬁ@%emmﬁp316@%0360%hpoﬁghlﬁﬁ%es80@7Bﬁpﬂ@ﬁtefﬁﬁ&msmlHﬂennmbcﬁwmmqthe
Irqurd 00186 certar enbodi nents, the pH val ue of any one
éh%glﬂﬁ@“%ﬁgﬂﬁﬂFﬁba gggéaé%H@EC8HWB?|S|ng the |ysed biomass, the
jurce generated by the separatlng procedure, the filtered juice generated
by the [hpoot7 i Ng 1AORBEHRdirntd, ta)@he@ lcRirhétbBdick b @R @enes. at ek Mitid1fgize,
clarifying procedure, can be chan In specific exenplary enbodi ment s,
t he pH toxbige begteritlespeeiéigatios K)rdbﬁg%s Phg edmebinatwadthpicofrears seiabledor ther eased
to abov , bo a or
above éﬁgz&%kpg%ogi i@.é?éfﬁg&%@@%¥gt§% Qéﬁygéu%a% %Q%ﬁbgg%sedté@l

exanpl eLOOtdme/gaddtdW@nh@t 80\o@De ot 1etvaeﬂ1aa@em)t)e/gkapwwar@hatnhms@)(mg cﬁklwvt:r [ n
the art. Siml arl E@lvalue of the filtered juice can be | ncreased.

The chdhyed. HOQ/HeOpP?WFéIt 2&A0Me. palovtesithd23-APYagpoletver any E&P0QE. ethe
proces tel S %@@ alized
after ?%g&pgégeggpgﬁr2hwh#%%nFﬁgﬁ% n edm%ﬂ(kgsagtbs gg?%aaﬁpﬁﬂ?gg%§87]The
resi denoé. t inmwnetuemhgdiarytspéret medl ddes npt dedsle dfedtibtel Byeingf plobsdilh. chn be
optim zed to increase the effjciency of process. In c rtai | ary
enbodi r?@ﬁtesem‘:tﬁenrles.taem%l el e%&?ﬁStﬁeO%fg@rref e OPiea e v tpet%@@y of
50|Ub|Qn96@&ﬁh%§3MW WQQbQ%fﬁhﬁésb 6€k@k&%hn@ﬁ@&?%?kkﬂﬁQHﬁhlﬁwéRhﬁ@%mpress
[ 000188] I n further exenp ary enbodi nents procedures enployed t© | nprove the
ef fi ci ghoyl@¥ g tondoyperdbas®)/g.ncl ude diluting the | ysed biomass with water to
increase the recovery of soluble protein content in unclarified juice after
passag gh filter press oni cating the S ase
FecovorJBrALaT Anebim SmuBh g, TR PERk e R e i SRR b RE LSS

t hr oughscdle f proti@tionr &5 8 ,rawuRp@%bINGF ahBiohsedf ahor@aﬁc tsPeci@y bqthyctharslpte
enzynes individually or in conbination, subjecting any of the solid phases
generated in the processes described ove to protease enzynes individually
or in conbination to reduce protein and/or ash content and to increase

car bohydrate content, perform ng chromatographi c processes, and

sol ubi I'i zi ng non-water soluble protein (by, for exanple, pH manipulation)
|n any of the solrd phases generated in the protein recovery processes



WO 2011/ 116252PCT/ US2011/ 028911 [ 000189] Enbodi nents of the invention al so
provi de systens of recovering multiple products from bi omass of an aquatic
speci es; wWochiigyersens can i nclude, for exanple: a |ysin@CuAiseoMfOL8MYSi Nng

the biomass to generate a |ysed biomass; a separating unit for separating

t he | ysed, bi o eneratea ui ce an sol i u r formng
 wet | pROIEETC B AGEY BRI h S MG TR ﬁne.aégeastapnsﬁslggﬁp A5 B Blsiare gt yi no
the wetmdi Ot Bhd yfe®d 68 Mol R tpBodiRtsIERE b@leQaRail YoaREP LRI the CRPGRAL &t e ARd @
unit for drying a wet bio-crude to generate at |east one product selected

froma fdfFCSStCNko Ay ustd henedncadripomasdr stersrtp dhe weigiht OﬁH@r@Mfeﬁﬁ%OQ@@ft%lm@ﬁr ude
can inc and whegei,n the nulti I ncl ude
ot oduct ddne{8F s3b S ORaRE AR SHEo HRnE PeteeRie Bl BE b Sy 4

bi o-cr udeuurﬁ@p@pt@ymeaﬂ@- rich neal, and the |ike, and wherein at |east about
50% of the protein in the rrultiple products Is in the dry protein
concentration. [000190] Sunmari zed in Tabl e are exenpl ary appar at uses t hat

can be PO 7ed il SPPP@ %moegn%s ¢hs piell %@%ﬁy PEAPIB cancentignip Pk fogst S
appar atdjse ast%% O{‘r z!ttylédspg?%nb atclgggt (2'0% B lat 1eaiMSo8 3P 4 lleasﬁ%é’o Jhithd iiryl_'arrmar

mll, Ginding ml Puree nmachi ne, I'ter press Separating unit Be
pr ess riess afi teer raoefeedsitéakg dn sban errrbeslﬁnerﬁ)tlasr yielr&she diScprewipe@ssntrdte fist er

Press, I8P e S S 40! of 0308, RIRLe15%, 590 LAt S0 20%, or
from 10%-50%, or from 10%-40%, or from 10%-30%, or from 10%-25%, or from 10%-20%,
or from 15%-50%, or from 15%-40%, or from 15%-30%, or from 15%-25%, or from 15%-
20%, or from 20%-50%, or from 20%-40%, or from 20%-30%, or from 20%-25% of the dry

mass of the raw feedstock.

[000180] In some embodiments, the yield of the dry bio-crude is at least 10%, or at least
15%, or at least 20%, or at least 25%, or at least 30%, or at least 40% of the dry mass of the
raw feedstock. In some embodiments, the yield of the dry bio-crude is from 5%-60%, or 5%-
50%, or from 5%-40%, or from 5%-30%, or from 5%-25%, or from 5%-20%, or from 10%-
60%, or from 10%-50%, or from 10%-40%, or from 10%-30%, or from 10%-25%, or from
10%-20%, or from 15%-60%, or from 15%-50%, or from 15%-40%, or from 15%-30%, or
from 15%-25%, or from 15%-20%, or from 20%-60%, or from 20%-50%, or from 20%-40%,
or from 20%-30%, or from 20%-25% of the dry mass of the raw feedstock.

[000181] In some embodiments, the yield of the meal is at least 10%, or at least 15%, or
at least 20%, or at least 25%, or at least 30%, or at least 40% of the dry mass of the raw
feedstock. In some embodiments, the yield of the meal is from 5%-60%, or 5%-50%, or from
5%-40%, or from 5%-30%, or from 5%-25%, or from 5%-20%, or from 10%-60%, or from
10%-50%, or from 10%-40%, or from 10%-30%, or from 10%-25%, or from 10%-20%, or
from 15%-60%, or from 15%-50%, or from 15%-40%, or from 15%-30%, or from 15%-25%,
or from 15%-20%, or from 20%-60%, or from 20%-50%, or from 20%-40%, or from 20%-
30%, or from 20%-25% of the dry mass of the raw feedstock.

[000182] In some embodiments, for the total amount of protein in the multiple products,

at least 30%, or at least 35%, or at least 40%, or at least 45%, or at least 50%, or at least 55%,
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Vi bratory separator, Vibrating screen filter, G rcular vibratory separator,
Linear/inclined notion shaker, Decanter centrifuge, Filter press,

Hi gh- speawstodbsiciiszsack centrifuge, Mcrofiltration, U tr&cTiuseeiaorsym Heat
precipitator, Acid precipitation, Settling tank, Carifier Protein drying

unit Spray . dr Drum dr , Fl ash er 0 91]1t.is er st ood t hat
el ity KOs Ot oot Sk B A% Pr et Bt g OF pliepstal Porr g et e
only, agsd;, {dihShd 8ryiabteiéREMehE 01 dhd ethh&imeRREfoPthet (381 aRRBLACH JroRin A
specific conmbi nati'on of these or other apparatuses or units can be

conf i guindb MAltpirprogduay dess AGIO% s 1essteafete Ldess abanebSh, artlessttbaackivhgs i n
t he appl.i,catiaon VWO 2011/ 1 52PCT/ US2 / 02891 LE 01 The
o] o SR 0% TS At P2 SE I (REIDFL a7 I fuai bt bt b,

enbodi MewttBar0i5% e 1@ eBRMO0%8 R |1éss @an0IF% Istin Sieodty bidervappid@6t @tad by those
of skill in the art that the techni ques disclosed in the exanpl es that

foll ow represent approaches di scovered by the inventors to function well in
the prd@09183lof 1Ay appliawdPhes, (cgnduichullteeh e chwdied or @glithsd guisek 9% ut e

exanpl -of d fore Lt Si:Ar ' 2 . hdal 1 t
Choor o PR Rl BBl S Uil 008 00 AL OB
can be gradeatednintdne pspedifel anewbadieniarnhs stolngde tanle befioscitas édll @naheséi mbreobt ai n

2 I : ke Or‘lers%tiryéé(gr r lfrué E)rvvi t hout dtfﬁ&&t i Epg féom t he S%i@éi t angqgig%%gseof t he

ppl i cAIOM: FRSFRUIFS OF RRASHYSPy HSP 6 2P’ SPRGETERHS
or solid phase for the downstream procedure(s) or apparatus(es). This can accommodate
different operation schedules or modes including, for example, continuous mode, batch
mode, or multiple feeding streams to one or more downstream procedure(s) and/or
apparatus(es). The liquid phase in the storage tank can be maintained at a desirable
temperature to reduce degradation and maintain high quality until further processing. Merely
by way of example, the wet protein concentrate (or washed wet protein concentrate is stored
in a chilled storage tank until further processing. The chilled storage tank can be maintained
at a temperature below room temperature. In particular embodiments, the chilled storage
tank is maintained at a temperature below 50°C, or below 40°C, or below 30°C, or below
25°C, or below 20°C, or below 15°C, or below 10°C, or below 5°C, or below 0°C, or below -
5°C, or below -10°C.

[000184] The efficiency of the process of isolating protein from the biomass comprising
an aquatic species can be further improved by any one or a combination of the following

procedures.

[000185] In certain exemplary embodiments, the biomass comprising the aquatic
species can be processed to extract lipid content using a solvent and or water, e.g. hexane,
ethanol, or the like, or a combination thereof, as a pre-treatment before the process of
isolating protein or post-treatment. In other exemplary embodiments, the biomass including
the aquatic species can be processed to remove components of the biomass that can such as
lipids. This procedure can be applied to the wet biomass immediately before drying, or it can
be used with the juice resulting from the separating of it from the raw feedstock biomass (or
dewatered biomass). The procedure can be performed by adding a solvent or water to the

material, followed by the addition of an acid (hydrochloric, nitric, or other). The material is
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[ 000193] An exenpl ary met hod of processing | emmae is described herein. The
process was tested by experinents. [000194] Duri ng harvest, an autonmated
ski nmer sweremvymbsRdr ew equal amounts of a m cro-crop, @CFUS201em0289¢1 from
designated areas in a growth system i ncl udi ng ponds (bi oreactor s) and a

bi omass: cont ai.ni ng sl ur al so referred to a raw feedstock

Ut e aps R i o d e e EhE ot o e b SR RG CE RS e

bi omas sotﬁérté&ﬁ%dﬁ@eﬁn@ Qhd pEtigg lsbaarﬁ&ﬁo&ca& EGUN @&Hpe@&ﬁl\éeéfﬁchtﬁl@sﬁqeﬁ@ Et&slﬁ&yl e
hanmer m |l where the wet biomass fronds were lysed to expose the internal

wat er alg prowreiin therlh@trpdmeéu ta-d é@@ntu]lgmmreftu@ min Has epparaine shevasxtube is
t ted b | t i )
ot B Bin AR TR i e o kil TFRed MaB iRl ReSGid G2,

spi n flfash @ xpid. while the juice was filtered using a vibratory separator.
The filtered juice included fine particulate solids which were renoved by

centrifugation. The protein in the centrifuged juice was then coagul ated by
reduci A80Q%$8] pH VaIsGEBfexeRwldE sbed iigrads: jthe 8B, vadye abary epmgumeredt &sing a

heat exgHANGS! thelBedfRR Bhpridin rtf?&{]@sgcp%'fﬂa% '?%e ﬁné@e eanaﬁédeW‘thg%g%}%ﬁr{gat €.

The wet proté&in concentrat separ at'e spe
mul ti - @rséedsteaake (fﬂmerdl fuige geﬂ'dmteéth:;eltheaﬁaamng |pmneduma$r cths charifed, juda | e

t he vvet trate dri ed ysing s yer The dy.i ed

pr oductg e‘é 58 i 1’89 61%s V\? W&ﬁij’ﬁ%ﬁ%e%% ¥ }(16 Pnla%‘?fgb%{l‘élﬁ’b% t he
| ermae Qi ﬁﬁ%ﬁle("(ﬁr!hé)?eeaé{ééw&fmﬁﬂsﬁ@ @ 1¥s€d HRAMGE cADEe RORYA Bfabaedy .ol bPi ds,
or ot her undesirable conponents in the final product. WO

2011/ 1126082 PSTHUSROE B Q)ZJ@QMV@[ DO6.0adpr¢ Ok onalstviery, Otrhléoveeﬂhae Thepél of
honogenj zed mxed ui ced, rlfledb centrif Iter and the
ot ohe Ft B ELY PRESngfy Bl Bieetherihn YRR Bt et dRE el i o
broth aerRsk S alguanmtarpr%ﬁlaﬂ C&B%mdl@é 6f thd igteRdGhide VRS bE RIRFabdITRKE T O
generate a pel | et conpri si ng e wet protein concentrate. The pellet was

¢l

seri al |9hanges Hetheapld alugr £311 8¢ rpyintemgd rthroygheutohe rasidoft the praedse @f trolgener at e

i SR, e EREER A By R0 T B R A e SPRER T TSN s

sl urry dhangedsiedalfi¢ Braesirghl@wt h syst em was punped to the process buil di ng
where it was dewatered and pressed through a nunber of stages to extract

its int |__juice. Large soli artlcles first solid phase) were then

il ter dBOBR of rﬁﬂﬁg@edmg wiang, bt a%rbp{}t@eﬁfa?eaﬁ F olitBe 4P RG S8rEen

filter )optimized to increase the efficiency of the process. In certain exemplary embodiments, the
residence time can be chosen to increase the recovery of soluble proteins in unclarified juice

after passage through a filter press.

[000188] In further exemplary embodiments procedures employed to improve the
efficiency of the process include diluting the lysed biomass with water to increase the
recovery of soluble protein content in unclarified juice after passage through a filter press,
sonicating the lysed biomass to increase recovery of soluble protein content in un-clarified
Juice after passage through a filter press, subjecting the lysed biomass to carbohydrase
enzymes individually or in combination, subjecting any of the solid phases generated in the
processes described above to protease enzymes individually or in combination to reduce
protein and/or ash content and to increase carbohydrate content, performing chromatographic
processes, and solubilizing non-water soluble protein (by, for example, pH manipulation) in

any of the solid phases generated in the protein recovery processes described above.
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a. Preparation i. Inclined Vibrating Screen [000199] The bi omass slurry was
hydraul i cally conveyed to a process buil ding by punping the bionmass with a
| ar ge porwopaniiofieé2sat er into the process buil ding. The biPORaSgIMAg89sEpar at ed
fromthe water by an inclined vibrating screen. The water fIOV\ed t hr ough

the scr ed back i.nto .the ponds. (bi oreactors

bi orrmad SO0, SEraP RS (i b dNsBHOB - PORORINbI DS 4 toraters, MRS cr een
deposi t;ﬁQdﬁc'f@fr&Yﬁ"bmﬁhé%%? 8n hcma@icfs?&l&omrs @Em3Bad ﬁeiuueef@r akERile: 4 Njsingf eed
auger used an Archi nedes' screw to feed e fresh biomass into the hopper
of a kriinftefos dyping tﬂnar’m@masmtb |gedeniefaelysdd bl)orrass at S@Qaretlegwnnt é@resepmtlagid@d

benef i t1 of, usi ng %h ed aug1 S thﬁfﬁ] It W?df SS _wat er tot dr

of f of YRS ReMIp; %&SE“‘%S JIPes it Hr° é)hla% |"1 RAYi'8h B PRe TGO

Kni fe MohtenQR0H8Y Heejulcri h @roteln! digTp! @yietbrairhiagiBe We@-'prd’t@lhaiohﬂﬁltﬁﬂﬁfot on
whi ch bl ades were nmounted. The rotor was spun at high speed while the

bi onas sgegwa?er%/ diyapyofegtcapicantaate pid| a yribEprispe@ Wil e-crudede gaparyte arjgast

bi omass,; g‘ﬂ&ﬁé \é‘@}ﬁ crbd/ ﬁ§91[ (ﬁ&% GE RGeS %dtﬂg%‘ﬁgﬁ'ra?e Sl ﬁl%?]h Whefeﬁ!r?t}@%ét%} of the

mill. eare bromass tron 0 expose e 1 nternal
struct wmde adnl iewiudg tsdid piage:nald whdrein tanadmﬂﬁpleeprldmcms b inetade galoduciO
2011/ 116252PCT/ US2011/ 028911 iji. Belt Press [000201] The belt press was the

pri mar yelsFedsirong. Qragempls. thelry peefginpeenicgaisate. Téhy pigcapdepicarheludrigarich mped
from a hoppel Rehiveqnd wﬁerenﬁgtﬁea{saaﬁ&ﬁt@@% offthd p@¥n mTﬂiae%ﬁn Etpisodﬂgfsqs passed

through a series of rollers. belts passed through the rollers,
i nt er nahe iy wetewasnexpsiticed. The le ce conprised water as well as

wat er - sol ubl e conpounds, such as sol uble protein and m nerals. Once t hr ough

Stage. IDGVISRLT o P Tonas T ear Bpy e e SEE RO RGBT DR g

st age fu@lits UbRribed shoveol 1 d phase of

Table 4 — Exemplary apparatuses

Option

Lysing unit Colloid mill, Knife mill, Ball mill, Hammer mill, Grinding mill,
Puree machine, Filter press

Separating unit Belt press, Decanter centrifuge, Fan press, Rotary press, Screw
press, Filter press, Finisher press

Unit for forming Vibratory separator, Vibrating screen filter, Circular vibratory

wet protein separator, Linear/inclined motion shaker, Decanter centrifuge,

concentrate Filter press, High-speed disc stack centrifuge, Microfiltration,
Ultra-filtration, Heat precipitator, Acid precipitation, Settling tank,
Clarifier

Protein drying unit | Spray dryer, Drum dryer, Flash dryer

[000191] It is understood that exemplary apparatuses for each unit are listed for
illustration purposes only, and this is not intended to limit the scope of the application. A
specific combination of these or other apparatuses or units can be configured in such a system

for the intended use based on the teachings in the application.

46



the | ysed biomass. It used the nechani cal conpression of a screw to squeeze
out at least part of the remaining internal juice fromthe first solid
phase. Afwenopadsisag t hrough the screw press, the press@dTaskeds28%l so
referred to as a wet bio-crude) were collected in |arge nobile hoppers for
drying. v. Vibratory Separator [000203] The juice flowed fromthe screw
press H@%XPﬁ) to 200 mcron vibrating screen filter. Here, |arge

parti cl assed through the screw press were filtered. The solids
(mash), also referred to as a second solid phase, were recycled back to the

screw [J0es2]wWhi et islldwihi en@dlimitinge ewaspreniref Pfovﬁlfe@t € Nfupéd fill@sdtateon.
The recycling of the second solid phase allowed further juice to be pressed
f rom t fénkodeBems sbiheProwaserplisation: ot shonlibbe appieginicdrby how20iakahéetheiart er ed

thr Oth[ " a‘% p:(r(j‘ﬁltnhﬂ‘rgs cﬁgcrlgs ’11% M} exah%lpie%rtﬁzﬂ fbﬁ'&\g ?%Bllv]?s%{l% %ﬁ)@(\),\%?{éé Jiellrsr%qrg%gdﬁf (r)1| ate

a concen I on and coa
this puh¢ inveatbrs(m fumctﬁarwerl] ﬁqug@pl(aamrcbﬁtheapplmt)lod @00 2s]cih e tondidaredltd ui ce
was punped. through a hi h speed mul ti-djsk stack centrifuge to renove

smal | ercopsitiexadiplenaf mipdes f%’cts P@ﬁﬂ%dHPWeWethﬂ%Pétﬂa}lyn Bpaftanerld, i s
step al|gQ¢ LeTRY §Fkséhnt! ASGSURD rat})Pfégla@g tﬁah%a@l?rc@ﬁhg/eqr@ahe@e ASdNEh Ith@a%&ifher

The third solid phase ejected fromthe cen fuge was added back to the
screw pmamsdimsonts that agerdidcérised hiob sébolweine lieriﬁInﬂdr]riﬁQB\&mﬂt Jseotdg 628011

the spirit and scope of the application.
Example 1-- Exemplary Method of Processing Lemnae

[000193] An exemplary method of processing lemnae is described herein. The process

was tested by experiments.

[000194] During harvest, an automated skimmer system withdrew equal amounts of a
micro-crop, e.g., lemnae, from designated areas in a growth system including ponds
(bioreactors), and a biomass-containing slurry (also referred to as a raw feedstock) was
transferred via a pumping system onto an inclined vibrating screen. The biomass slurry was
collected by the screen and conveyed to a knife-style hammer mill where the wet biomass
fronds were lysed to expose the internal water and protein. The protein-laden juice from
these fronds was then extracted by compression in a belt press and a screw press in series.
The wet bio-crude ejected from the screw press was collected for drying in a spin flash dryer,
while the juice was filtered using a vibratory separator. The filtered juice included fine
particulate solids which were removed by centrifugation. The protein in the centrifuged juice
was then coagulated by reducing the pH value of the centrifuged juice, or heat-coagulated
using a heat exchanger, to generate a broth comprising a wet protein concentrate. The wet
protein concentrate was then separated using a high-speed multi-disk stack centrifuge. The
supernatant liquid was discarded, while the wet protein concentrate was dried using a spray

dryer. The dried product was packaged.

[000195] Although not carried out in this example, the lemnae biomass can be further
treated to reduce the amount of ash, lipids, or other undesirable components in the final

product.
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reduced. The centrifuged juice (also referred to as clarified juice) was
then punped into a chilled storage tank before further processing. ii.
Protei n Gvagoizris2zsa [ 000206] The proteins in the centrif RGEWUSRULOLBMEr €
coagul ated by reducing the pH The pH was |owered to I ess than 5 by using

ei t her hlorjc or sulfuric acid. This acid treating. prqcess. .forced at
Poacs JOMRIRT Dt A eroh o, The TRt ivete hamgetekt Sred oRede SRR RS
broth coARith&iidg, Altded, ﬁHQB@E&uﬁ&DWQE{E@s@d tdf lQ@&z%l @ pretipRdtb VIR Mrotdikie

centrifuged juice was punped at a regulated owrate into a precipitator
cont ai rindgeeaerater i dsothfcopipaisimghreatt exadtiarmgeaeentraten The brshtwasgcentagast tof he

precipitator th entri.fuged juice was heated 1.0 anywhere from 4 t o 90C.
The' cerertrgeerch Fanpisib ek Er oot L8 RRENVEL Rl Nsbrtt o a
t enper afarifedigtiage fud®ion aad HOCricthioSeh@ate tAQdB3Noeanddnbéntfads. ced t he
protein to coagul ate and precipitate out of the centrifuged juice to
generate a broth con;ipri sing a wet protein concentrate. _iii. Centrifu%e
( Pr ot eilA08X 4 at i'dw) dryouoisistonsentige 2epanied dn dbipceeninelugsd Wenie 80&d from
t he renpjni ion of the broth. The broth was passed through a high
speed %i)%aiﬂ?%i‘gggsdt'ack centrifuge for separation of the wet protein
concentrate fromthe supernatant liquid, referred to as "liquor." Inside
t he cerl000¥98ye, tTe bioguey siway hawveseld thon he gtoophofystehe was npumpfadge e
centripetal farce and was d out, while the denser teipn wet .
concentiraties D e ot S eh ot BifrsHaMRAE: bEPRG: Baries: & SBeedS rom
t he cenheldfatfgfce. E@gé"&ﬂidﬁfa@ﬁ&és”(fﬁﬁ@@E@f)ﬁ@%w%&héﬂﬁ'ﬁl@er@@@ﬂe(q tHé JufceWRERY tO
e

renove inpurities and centrifuged again. wet protein concentrate from
t hi s secobdtasnepardtog@itiratnassecoiielled i n storage to reduce degradation and
mai ntain high quality until it was dried. c.Drying [000209] The wet

bi o- cruyde protein concentrate were conveyed to the drying process
to redu%éep?%gﬁrlf/l\ﬁé\%ter content to 8-12% The wet bio-crude was dried using a
spin flash dryer, while the protein wet concentrate was dried using a spray
dryer. iOnce laclinel VibratingScreeat ei n concentrate is referred to as a dry
protein concentrate. WD 2011/116252PCT/ US2011/ 028911

[000199] The biomass slurry was hydraulically conveyed to a process building by
pumping the biomass with a large portion of water into the process building. The biomass
was separated from the water by an inclined vibrating screen. The water flowed through the
screen and was pumped back into the ponds (bioreactors), while the biomass was conveyed
down the screen by low amplitude vibration. The screen deposited the wet biomass into the
hopper of an inclined auger. This feed auger used an Archimedes’ screw to feed the fresh
biomass into the hopper of a knife-style hammer mill (knife mill) at a constant rate. An
added benefit of using the feed auger was that it allowed excess water to drain off of the wet

biomass as a result of the inclination of the auger.
ii. Knife Mill

[000200] The knife mill employed a horizontal rotating shaft on which blades were
mounted. The rotor was spun at high speed while the biomass slurry was fed via a small feed
hopper built internally. The biomass slurry was lysed and expelled through a screen at the
bottom of the mill. This mill sheared the biomass fronds to expose the internal cell structure,

allowing more internal water and protein to be removed.
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i. Bio- Crude Drying [000210] The wet bio-crude fromthe screw press was
collected in nobile hoppers. The wet bio-crude was then introduced into the
spi n fl aswoanyeroesy bei ng dropped into the agitated fee@CYAS2@fi/ 02491 Spi n
flash dryer. The wet bio-crude was fed fromthe feed vat to a drying
chanben"equbggeg with a spinning mxer. Hot air flowed through the wet

bi o- cr Ule aPLhE eSS xer broke up any large clunps. The wet, heavy bi o-crude
was kept in the drying chanber until the water content (also referred to as

noi st U(rj[ao(mlqent )THaa% 1t PdYs &R WighpriRdry tp& s tsBiok #br thO1yREd bioghiks. engughedt 0 be
carried into the cyclone segarator by the flow of hot air. The dry biocrude

was t hdnomass| eest manpad fre@ Hberpsmbetweeh dweyrerforsed belt fipeist efespbglthyyere
00021 t ' t f ille i .nt
[ 18 ME‘P#%}%%%S“O i30&EN Arsg;hg b\ﬁflas;%zg)s%?&gouééqg% I?@ers ?ﬁeélBﬁu%%ew!t nto a

I
Spray dryer. Spr ryer ‘use Spee n ugal ‘atom zer %0
spray axpélied. NThd juidd eorApriveadtvederdisywaly as hadranlubldheorhpaidds) sich @k 8alugit nor e
surface area, thus increasing the drying efficiency. The water evaporated

as the REpigI aghingplss Page thiepghnde fiesothe ik salid PRt Bah S arfdeintc Stce,

al so refeld® 0 fQtein dry neal, was then collected with the use of a
cycl one sepaﬁg%b? Hg aghouse conbination. iii. Packagi ng [000212] The dry
bi o-crude and dry protein concentrate exited the dryers and were packed in
a vari davy ofSdreqy Psesses and seal ed after being anal yzed for noisture
content. [000213]This is understood that sone steps described above are

option devj.ces other than those specif.ied in.th . an be use
oo onhondR] o diRaReS! By piaf el REBRRE B Sl o B AU i OF

net hodsh@fysed pioaRsd. g usdderhe @fehihiad cehpRWISH 6f b BerbWao 3pilek € 8iitl @ Tbastpeaimpl € 2
- Protein Isolation [000214] A process for isolating protein fromlemae is

descri bddh¢ rerpainigg drtgmpsll duiceTFenphg désissalidsphase t ddtep pawijeethirorght the screw
press, the pressed solids (also referred to as a wet bio-crude) were collected in large mobile

hoppers for drying.
V. Vibratory Separator

[000203] The juice flowed from the screw press into a 10 to 200 micron vibrating screen
filter. Here, large particles that passed through the screw press were filtered. The solids
(mash), also referred to as a second solid phase, were recycled back to the screw press, while
the filtered juice was sent for protein purification. The recycling of the second solid phase

allowed further juice to be pressed from the second solid phase.
b. Protein Purification

[000204] Once filtered through a vibrating screen, the filtered juice was then purified to
isolate a concentrated protein. Centrifugation and coagulation were employed in this

purification.
i. Centrifuge (Clarification)

[000205] The filtered juice was pumped through a high speed multi-disk stack
centrifuge to remove smaller particles that were not removed in the vibratory separator. This
step also removed a large portion of the carbohydrates as well as fiber. The third solid phase

ejected from the centrifuge was added back to the screw press so that protein losses were
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[ 000215] Duri ng harvest, an automated skimrer system periodically w thdrew
equal ampunts of a mcro-crop, e.g. lemae, fromdesignated areas in a
growt h sywoemicionsei sing WO 2011/ 116252PCT/ US2011/ 02891 PCparsaet 1/028911

(bi oreactors), and a biomass-containing slurry (also referred to as a raw

f eedst ock transferred.via a I,Ng systemonta an inclined vibrating
sor eon et T e R iR ich S E SPFEEY &8 S T EBhVa e TolN HIPES SH1g1
hamrer Jdmiildd sm%eetambgempetmﬁh@@g&sgmgnds were |ysed to expose the internal
wat er and protein. The protein-laden juice fromthese fronds was then be

extracted by conpression in a belt press and a screw press in series. The
wet bi dbr udePrefein oagalagiont he screw press was col lected for drying in a
spin flash dryer, while the juice was filtered using a vibratory separator.

The fil juic [ fi.ne.part.i ' iL.ch.: ed by
oo BEARLL " SRSARELSE g R SRl n AR TR
heat - cqafuhatedredsiongssahdiefiby esxiah aige hythochlenie batdfaickicol Mdongd usatig a wet
protein concentrate. The wet protein concentrate was then separated using a
hi gh- s pEeeEsHTeTd o @%t&%ko%g‘ﬁtﬁri)%]g@. copgplaie, Ahdr gt iRlte] §gGIaHnGAsProth

di scar qgehy el BvdhBoRlcoREQkGLN concentrate was dried using a spray dryer.
The dried product s packaged. a. Preparation i. Inclined Vibrating Screen

[ 000216] The biomass slurry was hydraulically conveyed to a process building
by pundP@RW7he biltessxivalyt theacehtrrfggedpoiceivory peinpadtaen régviased Hewpaiedeiost

bui | di ng, .The bi . t t ter. b i.nclined vibrati
cor een PHGRTTeL STTERGRA 1TE UG Fife Chr BENTIAT vl S BARE: o 5 he
ponds, pidipieatéhenedicertrisiewaficcoRMe iRdtedow ahfieh&er@emn byed v+ govpl i tTide

vi bration. The screen dunped the wet biomass into the hopper of an inclined
auger . CPAirHugedeicaupey cepplaedraih wactierayiskly eqaledtor d teapegatigebetyveaih

bi omass, oAt Q t h | fe- I romll i

const ant? C g0 380 pahe B o FethtF ARG P Coaeh RS by
excess ofahetentrifugédjuitead fgemfratt heraicoipoiniag 3 velt @rdtéintcbacentiglei nati on of the
auger. ii. Knife MIIl [000217] The knife mll enployed a horizontal rotating
shaft qp whi ¢ch bl ades were nounted. The rotor was spun at high speed while
t he bi dHass é‘?‘ﬁF‘f@ge\@@ﬁeEﬂsma&aﬂo mal | feed hopper built internally. The

bi omass slurry was |ysed and expelled through a screen at the bottom of the

mil. T[bb@mp T shrar&drblat &iRBRsse WaQREsrdted BYRPER ERAiniY F6figh of ld
structure, allowing nore internal water and protein to be renoved. WO

2011/ 1180%h2 PaF/ lwushotdy peggithrduigh a Iigh speed ewdti{didoRad] cEheifhed forpepmationas t he
pri mar YotRh& \%% EI%‘[C% ggnece}clt(r)z{te tfr%?n lh\éssggergzgtgnt 1sq§1'1d, -Ir_fr:]f%rrleé{ %oegs “liquor.” Inside the
centrifuge, the liquor was forced to the top of the centrifuge by centripetal force and was
pumped out, while the denser protein wet concentrate was collected at the bottom and was
periodically ejected from the centrifuge. The wet protein concentrate was then washed with
water to remove impurities and centrifuged again. The wet protein concentrate from this
second centrifugation was chilled in storage to reduce degradation and maintain high quality

until it was dried.
c. Drying

[000209] The wet bio-crude and wet protein concentrate were conveyed to the drying
process to reduce their water content to 8-12%. The wet bio-crude was dried using a spin
flash dryer, while the protein wet concentrate was dried using a spray dryer. Once dried, the

wet protein concentrate is referred to as a dry protein concentrate.
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bi omass was punped from a hopper between two perforated belt filters. These
belts were passed through a series of rollers. As the belts passed through
the rol | ewe,20imtieaspal j ui ce was expell ed. The jui ce conpcirasdonmmesomt as wel
as wat er-sol ubl e conpounds, such as soluble protein and mnerals. Once

t hrough the .r§§s, the . first solid phase was scraped into the secondary
pressi g st dy@-Crude Iying, press [000219] The screw press was the secondary
pressing stage for the first solid phase of the |ysed biomass. It used the

nechanijogé210pnPr emizi vt bi-ciids Eofythe AceURe%ew Aot tel @RfbbA@RSpREs. tTiR
remai ning internal juice fromthe first solid phase. After passing through

t he scrvestbin-eside wap ghopriptseduged dite thy spal dashdeyes by dgingalrapped infetthdppgitatgedude)
were c ct.ed rge bil 0 of . dryi Y/ tqry S at or
500250 hEMEh 8 spG SN PRt THE RBEPRiorie. ¥ KR ol  BhE i SRR

Vi br at ichgmser @fitpfed | Wigh a spidihthgl @b@e PRt taircll@ged thadughass et biv-ough at ie screw
press were filtered. The solids (mash), also referred to as a second solid
phase, TEFkebIoke VB RBY lge RItipst HBC stet-diRapy Bigscrugivpekenidn the draingghpmbele was

: ‘ . L . ‘ ) Li
sent nPP ﬁﬁtv%t& &)_lﬁlfénft '(zﬁg)t f'e?é?red-% Qs H‘fzb%fﬁlle' c'agteﬂf v@zﬂgoxz/ge‘lﬁ?%i]pﬁﬁ) tllléjm AZe

al | one urther juice to be pressed Tromthe secon ase. b. Protein
Puri f i aatbe dighf 800212 fid knceridd intethe dytlbnosephrazonhylthatlowgf$ot @enThd iy Hied t er ed

juice was then purified tq isol at concentrated protein. Centrifugation
and coéﬁﬂ#ﬁ??ﬂﬁgﬁﬂﬂgc aﬁfg§é@“Pﬁ“§ﬁﬁ%C °f i cation. i.Centrifuge

(Carification) [000222] The filtered juice was punped through a high speed
mul ti-dj,sk g@edin Pl fuge to renove smaller particles that were not
renoved in the vibratory separator. This step can al so renpve a | arge

portion of the carbohydrates as well as fiber. The third solid
[000211] The wet protein concentrate was pumped from chilled storage into a spray

dryer. The spray dryer used a high-speed centrifugal atomizer to spray a fine mist into a
heated drying chamber. The fine mist created more surface area, thus increasing the drying
efficiency. The water evaporated as the small particles fall to the bottom. The dry protein
concentrate, also referred to as protein dry meal, was then collected with the use of a cyclone

separator and baghouse combination.
iii. Packaging

[000212] The dry bio-crude and dry protein concentrate exited the dryers and were

packed in a variety of bag sizes and sealed after being analyzed for moisture content.

[000213] This is understood that some steps described above are optional, and devices
other than those specified in the example can be use to achieved the same or similar
functions. Some additional exemplary methods of processing are described elsewhere in the

application.
Example 2 — Protein Isolation

[000214] A process for isolating protein from lemnae is described in this example. The

process was tested by experiments.

[000215] During harvest, an automated skimmer system periodically withdrew equal

amounts of a micro-crop, e.g. lemnae, from designated areas in a growth system comprising
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phase ejected fromthe centrifuge was added back to the screw press so that
protein |l osses WO 2011/ 116252PCT/ US2011/ 028911 were reduced. The
centrifugeo2puinestal so referred to as clarified jui ce) Paadiseérgf2gyunped
into a chilled storage tank before further processing. ii. Protein

Coagul ati Qn . [.000223] Th entrifuged.juice S dat ar | ated fl ow
R g Rt I0E o ket Uiy ER% RUERG e 3 ade SdhEREY Y ),
the heatdR@e@RG: £ %ﬂlg%égygsﬂnmrﬁ@w inclif&d ¢RRtnsfeger THE GRIMAS sRE|t WL

anywhere from 80C he centrifuged juice, now considered broth, was
t hen quiodkdtgd godicenvayed 10@ kwfe49ge Mamgernealt iwhgreathg wefobiomgss padsdweiee

tein t | at e. and i pi.tate. f th trjf jujce. t
ener atered GRgRHe HriRPen TG FueRifiar dins ProhOandonplee o hebibRir e
( Pr ot eitRerSep aktadctandy EHAPRLAITiLa Wek ptsotaal A LERE kS af cerivds THRpAdtatied from

the remai ning portion of the broth. The broth was run through a high speed
mul ti - direde ek freantheiseiggeriesy Wae palfestadoier §fyinth e pepindlash sityercwhbether at e

fromthe. r J 1 qui: 0 N . .l nsj trifuge,
{1 S BRCPATL b 3t L Sl omae hb e ORI MR pEPEGLLS®,
was purgpids atitch wdre remd veel iecsatifupatiine | Thengbtedo ickaiceati€ugvd Juico Magclicad at

t he bottom and was peri odi cal {lsélgej ected fromthe centrifuge. The wet.

pr ot ei MEALFRAGHIIS: BSIMAS TR¥nCHAShEY (B ERNGRAIE? refhr eQmREs igu et iRsQteing

centri fged, 3eA1 Phe ;LQFFI?M?&H 6 Rlehlrfe GRRCHREE safardd RS Qilﬁ%lg-ﬁ%@%ulti-_disk .

centrifugation was chifled in storage to reduce degradat and mai ntain

hi gh guédcktoentrifogd. iThe wagerdathgdliquid Brayidigrafde00 228 Thee wee prds¢io-concrigragnd wet
protein concentrate were conyeyed to the dryi rocess to reduce their

wat er c"iﬁarﬂ‘g]r‘?ﬁ“P@gél-sfﬁq%‘ﬁ?ﬂen%&d“ﬁfiBI%qt”ﬁtd‘@a%%’s“E%reﬁed using a spin flash
dryer, while the protein wet concentrate was dried using a spray dryer.
Once drd epregaiatiget protein concentrate is referred to as a dry protein

concentrate. i.Bio- Crude Drying [000226] The wet bio-crude fromthe screw
press was collected in nobile hoppers. The

i Inclined Vibrating Screen

[000216] The biomass slurry was hydraulically conveyed to a process building by
pumping the biomass with a large portion of water into the process building. The biomass
was separated from the water by an inclined vibrating screen. The water flowed through the
screen and was pumped back into the ponds, while the biomass was conveyed down the
screen by low-amplitude vibration. The screen dumped the wet biomass into the hopper of an
inclined auger. This feed auger employed an Archimedes’ screw to feed the fresh biomass
into the hopper of a knife-style hammer mill (knife mill) at a constant rate. An added benefit
of the feed auger was that it allowed excess water to drain off of the wet biomass due to the

inclination of the auger.
ii. Knife Mill

[000217] The knife mill employed a horizontal rotating shaft on which blades were
mounted. The rotor was spun at high speed while the biomass slurry was fed via a small feed
hopper built internally. The biomass slurry was lysed and expelled through a screen at the
bottom of the mill. This mill sheared the biomass fronds to expose the internal cell structure,

allowing more internal water and protein to be removed.
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wet bio-crude was then introduced into the spin flash dryer by being
dropped into the agitated feed vat of the dryer. The wet bio-crude was fed
to a dryiw@2ehamese equi pped with a spinning m xer. Hot PairfUSké1oxesd1t hr ough
the wet bio-crude as the m xers broke up any | arge WO

2011/ 1162525%%82011/ 028911 clunps. The wet, heavy bio-crude was kept in
t he dry'ng ESSuntil the water content (also referred to as noisture
content) was | ow enough for the material to be |ight enough to be carried

i nto 17906218} One TRARI K waY thd s ihhi9WrakinBQlagdifér thd NRed by ik - Thdgsednas
then collected at the bottomof the cyclone. ii. Protein Dryi n% [ 000227] The
wet pr diemasscuiciapnpest Bomes hprnep betvwaend ke Hierfoeaieds bl Slersi nkhese belsy wyredr yer .
The spr ryer . i gh-spee ntri | at om 0. .a fine m st
e R e S M R e IR

t her ef asxpeliadcr €Rs juig@: tditprikel iwvideredd well aneyaterld@iblat@npamndposuah ed sakblehe

smal | particles fall to the bottom The dry _protein concentrate, also

ref er r HOEH Ay prigralen @rsp theeugh Raprette thec Brst sekid @hasier Wat paarfdeingt the

cycl ong,.s&Rar ggsi%rgqaggaghouse conbination. iii. Packaging [000228] The dry
bi o-cr uﬁe an ry protein concentrate exited the dryers and was packed in a

variety of bag sizes and seal ed after being anal yzed for noisture content.
Exanpl év3- Favew Bressr am of Exenpl ary Process of Protein Isolation
[ 000229] Figure 2 shows a flow di agram of an exenplary process of isolating

protei r[OB(Sﬁ% an aﬂl%astclre(%v IS)IDng‘é? Iw%% ’thees'eg'oﬁdafr{/ %rsers]silng g&ag'é for the first solid phase of
the lysed biomass. It used the mechanical compression of a screw to squeeze out at least part
of the remaining internal juice from the first solid phase. After passing through the screw
press, the pressed solids (also referred to as a wet bio-crude) were collected in large mobile

hoppers for drying.
V. Vibratory Separator

[000220] The juice flowed from the screw press into a 10-200 micron vibrating screen
filter. Here large particles that passed through the screw press were filtered. The solids
(mash), also referred to as a second solid phase, were recycled back to the screw press, while
the filtered juice was sent for protein purification. The recycling of the second solid phase

allowed further juice to be pressed from the second solid phase.
b. Protein Purification

[000221] Once filtered through a vibrating screen, the filtered juice was then purified to
isolate a concentrated protein. Centrifugation and coagulation were employed in this

purification.
i. Centrifuge (Clarification)

[000222] The filtered juice was pumped through a high speed multi-disk stack
centrifuge to remove smaller particles that were not removed in the vibratory separator. This
step can also remove a large portion of the carbohydrates as well as fiber. The third solid

phase ejected from the centrifuge was added back to the screw press so that protein losses
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[ 000230] Fresh lema (also referred to as biomass slurry or raw feedstock)
are conveyed to a knife mll where the wet bionass fronds are |lysed to
expose t hOoi2ntleneesk wat er and protein. The | ysed bi omas®CiraScanwesped to a
belt press in which the |ysed bionmass is pressed to generate a first solid

phase (identjfi in the Figure as "Belt Press | .Bi o- Crude”) and .a juice
(1 dont FoTEdeured nEhasegtisue s iR prants fuas cu Ehagc s e BT T8 phase
I s conveygitkd QordeSahR BePrefsthtOfrobdikinBer pressing to generate a second
juice (identifi e% in the Figure as "Screw Pres Raw Juice") and a wet

bi o-crude. The first solid phase remaining in the belt press is flushed
usi ng vkt er RrotrinGoagulation t he Figure as "Belt Filter Wash Water"). The
washed belt filter solids obtained thereby are fed to the screw press for
further i ng. i 0-Gr | ect I

col | ot SRS Gy aR it Ehe SR ThER £ 8 Rl IRoP LS 35 oo
gener at@naidny abdepie€ foti pdate Heet &edhtingwiesdIn rthavhpatingezardoft the @ecipitatpr @&s r aw
juice are conbined to forma copbined raw juice and fed to a vibratory
separ atSPUHREQURS1 Y% PETED BEYY odTaMm GPEE 1P ShCeh iR e Bt ISCaloPui ce

is Tilteh&det@ bﬂﬁﬂ,e\]&@st tﬁe@qﬁﬁ@ﬁl@ &8 S0MY 4 8ge! el %QAtir%Sa_)nd%Bgliﬁé fdr&ded

juice. The mash 1s fed to'a sCrew press for further preSsing. The filtered

j ui ce itbe gtrateimdto pojgulate abdpkeclpitajeliooe off almk cdntiifngad ghick | te dgesitiateagebrotink.

Filtered juice froméui ce tank 1 is clarified using a centrifuge to

gener atcgnﬁ’é]ﬁlrnlgiaf%ﬁé)ﬂ EHPYELY ¥ m the filtered juice and a spun filtered
juice (also referred to as a "clarified juice"). The centrifuged solids
fromthga, filc¢aitEifudeUiPe6tedi Sepapatib® a screw press for further pressing. The
centrifuged solids fromthe filtered juice are used as a wet bio-crude. The
spun filtered juice is stored in juice tank 2, and the pH. thereof is

adj ust d809224be| owhe. et PrAGINSERINEHTAte g depaitted fiog thedrmaingLeRyEAN Of the

Prect pih 8horrifet GAUSE RfdhiduauGRL) Bah ShiliCORIUAALLARin BERST b Ao pr Ot
conprising a wet protein contentrate. I'n other e odi nen s, t protein in
t he spuhe fwdttppoteth ¢aricemrits fooaghd at@undiyntdajuid trefeaédremtas lauoontingidd ilen of
acid and ther reatnment. In order tq separate the protein fromthe

r erai ni%atr%a&%% s w%fqﬁ?edt et G K91 (G Bty fer e el s @davHS quor
and a Waimpel Q! \Ohi@ﬂl%%héét;ﬁoteiﬁh@eﬂ ¢SO trdtS WaS e¥ el RagK vhRomNBdaL M h
ponds (also referred to as bioreactors). In other enbodi nents, the |iquor

i s di sqeridédallyrhectaetropr deaientrdogee ehba weeprogimesiventrae vdisthanesadhed adth ng
water to the Wetd,gr.ot ei. conﬁfent r.ﬁjte to forma wet dr%r.ot ei nn[cfochntr te
wash. THECT B ISOF MRATHPORNT AetDeshfpae T Wat 8rOtFE cpngeryigie; ey

vei ght .seddifd deffitthgdtiog \Vﬁtchﬁl[e@tiﬁismrg@t@%aﬁo%t&gm&hbﬂ snddinbRehit highGpualilyr ot ei n
dryer (spray dryer) to generate a dry protein concentrate. The dry protein
concentynsil & was dpigdkaged for further use or analysis. [000231]1n Figure 2,
each dotted line indicates a recycled nass stream while each letter or

I etter/@uan%_ﬁ%:bi nation wi thin a hexagon indicates a sanpling | ocation or
a material I'D. anple 4- Dry Protein Concentrate Yield and Wt Bi o- Crude
Yi el d [000232] Fresh | etma was processed follow ng the process shown in

Fi gur e [B0@22F] descliebed bin-cExdenpldew® @wetin aoypenirad vafre appveyrd natled yryorze

nont h. [ 000233] Fi gure.3 shows the yj wet hi o-cyude (I apel.ed .

"B 0 S Lafrng i PO P 45% et e eoWaSqﬁgrﬁ%%MPm
concentiah @ik abRilee pRtbRdvdI@h&intrale WAL stHe Ddorf difeUDRLdriks mesed
herein and descri bed el sewhere in the application, ‘axis’labels, such as D1,

D2, D3,wempdotsin congenitnatdi is stferr¢dto asardre peotah comgentratepl es anal yzed.

[ 000234] The results are expressed as the ratio of the nass of bio-crude or
dry prat ei nlﬁor&erw rlzl'g edo that of the fresh I emma processed to obtain
these products. ~He& NaM%ontal axis WD 2011/ 116252PCT/ US2011/ 028911

[000226] The wet bio-crude from the screw press was collected in mobile hoppers. The
wet bio-crude was then introduced into the spin flash dryer by being dropped into the agitated
feed vat of the dryer. The wet bio-crude was fed to a drying chamber equipped with a

spinning mixer. Hot air flowed through the wet bio-crude as the mixers broke up any large
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indicates the lot IDs. For each pair of columms for the sanme lot ID, the
| eft colum is the result for the bio-crude, while the right colum is that
for the dwpDedipnersei n. [ 000235] Rel ative data are shown PATRISgun®2®11 Thi s
graph illustrates that a significantly higher portion of solids remains in

t he b|o rude ream..co red oth r ot strem Exanple 5- Wet and Dr
by ot of AEBRLChs Seb TPRET B GH00 36T BeBL e dhBRe B BIL G BoebroRRt

(wat er GROY&BEY &f ad Hl%lsv&& cBhieh§ Imsq&@%ﬁaﬁ@fo@ tRd mBRkat t0| be lighttdABug RLESS
shown in Figure 2 and carried out in Exanple 4. The results are expressed

as a pércewtieyéte dhd oyaddnet W@amesofhetﬂh@Nwéﬂ@ﬁ airo Thaatiryobiotdredayetas phast ei n
concent rﬁtc. 'I'th[Ee Eotri Z%Fh{alc alxi s indicates the Lot ID nunbers.

[00023'/c]O Fgﬁ% AEUR & 5?8{1‘& n purity by lot generated in the sane
process. The results are expressed as a percentage ratio of the nass of
proteifi.t o thateipDrylig dry protein concentrate. The horizontal axis

i ndicates the Lot |ID nunbers. [000238] Figure 5 shows that the protein

purlty generated dry protein concentrate showed the range of 52 -
67% f or[%%%t}?tl mel SeVFloBrotdsk SApfeatate Wt PuRBeDpBriylled gipsass B2 spray

[ 00023 t (o] )i faf t
bi o-cr l%gérgg?%l gpr?liﬂ:‘a %&%ﬁ%@é@ !;WE C‘S?gcgg&gnﬁaal g?i@n%%éerd&a%iﬁ%g% rﬁ&D%ﬂsPﬁml}g?dgur e

2. The heetsdlctrsmgr@amiopr e$hedinasniat peatcdrmagesuriam oreof tltereéonﬂramsre@s‘mg/vdteer to
t he tot of t wet bi o-crud he | zan i,.ndi cat he Lot
| D nuniSEYeE § oub0) P FYERGHES naroubRT O En 81 Be tfothe b Y
bi 0- cr ygstegramcaitRek, ialotrBRrred to as protein dry meal, was then collected with the use of a

cyclone separator and baghouse combination.
iii. Packaging

[000228] The dry bio-crude and dry protein concentrate exited the dryers and was

packed in a variety of bag sizes and sealed after being analyzed for moisture content.
Example 3 — Flow Diagram of Exemplary Process of Protein Isolation

[000229] Figure 2 shows a flow diagram of an exemplary process of isolating protein

from an aquatic species, e.g., fresh lemna.

[000230] Fresh lemna (also referred to as biomass slurry or raw feedstock) are conveyed
to a knife mill where the wet biomass fronds are lysed to expose the internal water and
protein. The lysed biomass is conveyed to a belt press in which the lysed biomass is pressed
to generate a first solid phase (identified in the Figure as “Belt Press Wet Bio-Crude”) and a
juice (identified in the Figure as “Belt Press Raw Juice). The first solid phase is conveyed to
a screw press for further pressing to generate a second juice (identified in the Figure as
“Screw Pres Raw Juice”) and a wet bio-crude. The first solid phase remaining in the belt
press is flushed using water (identified in the Figure as “Belt Filter Wash Water”). The
washed belt filter solids obtained thereby are fed to the screw press for further pressing. The
wet bio-crude ejected from the screw press is collected for drying using a biocrude dryer (a
spin flash dryer) to generate a dry bio-crude. The belt press raw juice and the screw press

raw juice are combined to form a combined raw juice and fed to a vibratory separator in
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process shown in Figure 2. The results are expressed as a percentage ratio

of the mass of an individual conponent to the total mass of the dry

bi o- crudewOoPha/mieasezont al axis indicates the Lot | D nunmperais2om/ozgeeh col unm

corresponding to one lot, frombottomto top, the first band shows noisture
secqnd band. sha tein content; the third b ows ash

content; .th .
o e i s e AN D Piag 18 GRREE TR doihe g ey SHo LS ST
fiber qapt&Nfuicean®hd RRsH it @%%r@@%sstﬂaﬁ f@vRE Ip@&kﬁﬁcarmﬁuéwaﬁ@e is

[000241] Figure 7 shows that the dry bio-crude was rich in carbohydrates, in
t he forstared inpjpideltatl & Swedhbimkdl &t aechibeisterageléanki Béltered\Dice from juice tankl

2011/ 116252PCT/ US2011/ 02891 Wi Cr.ude_Yi

000242} EROUFL "gnER SoaTPeee P ama R aFodlueor BEF O TP SE MaFeiTh i ¢ wo
mont hs.filhel ek aB6 gofeRadth §0WHarkfitel MREINTTIR cehtieuled soligsmanihe Glienais
processed soon after harvestin t he Ilghtggrey band shows the weight of
wet | enfise wFe & mscg%mwf@rr rReR Prestins e Pﬁgntrlﬁ%g@daﬁ%%ﬁomnthﬁréaﬁemﬁ grey

Shove, gV bl e, ML R, B S PR,

of the tﬁ@rbmdlsaﬁjulsﬁedacﬁ belbwt‘he fThespurl erad liteais nivch mce:i;@armlab@dc@bmetwvas
| ysed and pressed as described in Figure 2. The pressing was carried out by
a belt Cﬁ%eséle%ad%eécpwuar%guliaﬂ%eg?@gatmzhé Berth cRawrpings Rel et ARG el t

filter washoal ah ’oth%PQm‘oQ&*in%{-‘shﬁQ é)?&lefn ifinhd @hn?@ef&iuf@@ﬁ@cdﬁ%ﬁ%f&h?ﬂ o the

screw press. IThe results are expressed as a percentage rati e mass of
t he soltragnén, ¢ temiBna@nudecidandr tbepondieatgent hedetd sbpagate thedgro(ebsjro of

Fi gure or .i.n the e spandi ng.to t he conbi ned raw U|ce

i our e 19 fEnitiRepug et idral THoFoR ot Herngeey b Fuhaten Payorand e e o)
These fdogtdr@aite. M 118 fsirB4cRY HaBk & 1h8 Gréwethtfd8d$ QlldodefeRlel to hbARMERES.
product streans in subsequent exanples, were obtained by drying sanples of

bot h t He dsheycerkialimentst the ljquorés discasechi F[h@ eetvigpight cafcentpite ds; “tah@dem
These r e ed to obtain the a
'ysed BiBRaCe B AR s el el S REREERBORHY 1 plfr Bt b o

pai r ofwsal urmesafi®bf e powie cbdentrie tb heutdraf 1 -1h@nd1c e hqwa rédu@tighount
of solids in the bio-crude, while the right-hand colum shows the anount of
sol i ds Wi RIpi§l eancentratp avashy dy dided wiing érﬁfa@lfls@lypﬂ(sﬁé?é’sdr\)@rs) to ZeBoRGfa e mass

of t he t?ﬁldz}olﬁl:ﬁm%elﬂ%fdrwgﬁgﬁn%%l{ee te bacﬁ)('ag fopﬁﬁthCM§elcﬁra%alg/ d{)swas solids

washed t fi s Nt he juirce conpris

average, 76.5% of the solids in the Iysed bi omass. [000244] Fi gure 10 shows
an exarff0@3df t hdnsl“u'glind S pdach dafteéddine Hedicatadianedyalaivnjass s@eqmaswheidh térhough

t he vigrato 9 tor as .shown IB Figure 2. The results ar e $ressed as
a per cefitdg P&F Burgbert gpanbigalionsyithinea diGKagen neficalgs arré%fﬁplelél CéB } @ dondi ng
to " MashatbiRaqmc! ed SO|IdS) (QL) of Figure 2) or in the juice (F1,
corresponding to the "Filtered Juice" fromjuice tank 1 of Figure 2) to
that of the solids in the conbined raw juice (El) of Figure 2. The

hor i zordtxdmpdg #s Prydirotaie S onpenttade Yield endBet Bio-Cordec¥ied pair of col uims for
the sane Lot ID, the |eft-hand colum shows the result for the nash (Ql),

s011/ 110865 LB, FBioRE PORBSAE R EEIL D' Bheld kNS blet 3P s

of the deedritdd i BEkathplkQroviehe puitiddt @t dppepximately one month.

[000233] Figure 3 shows the yield of wet bio-crude (labeled “BioCrude”) sampled at D3
of Figure 2, and the yield of dry protein concentrate (labeled “Dried Protein”) sampled at O1
of Figure 2. As used herein and described elsewhere in the application, axis labels, such as

D1, D2, D3, and so on, indicate lot numbers of the samples analyzed.

[000234] The results are expressed as the ratio of the mass of bio-crude or dry protein

concentrate to that of the fresh lemna processed to obtain these products. The horizontal axis
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separator. [000246] Figure 11 shows an exenpl ary cal cul ati on of how one
woul d calculate material split fromFigure 9 and Figure 10. The area
bounded byoaodadtitzsd | i ne and nmarked "A" corresponds to PAE/USe&nlesd1shown in
Figure 9; while the area bounded by a dotted |ine and marked "B"

correspo dst t he |ts shown in Figure In A _af

ot oo HEUgen hedPt Ipf Fer SpPasd prmpimiuitar e sum gitoel bt Findyefge ¢ ne
sol i ds r\eﬂmtfeﬁtﬁalt@o Gfddﬁlewﬁﬂ?é)ﬂhé@%ﬁ%lﬂﬁrﬂﬁ 1sttqaattﬂa€the\&fed%k&ei§r ude” (D3) of
Figure 2) conprised 23.5% of the solids in the fresh | ema biomass, while
on average the solids in the juice (corresponding to the "Conbi ned Raw

Jui ce" [089235hf FiRplgtevedatacwpphowedh Fgusnd. o histgsapdolllpgigatesthatyesigniisintlyerma
bi omas . af br at i.n the second
dovat et 2eish orShiTERERE o e WERd Epthnab i S ERBH e 2
(Recycled Solids)" of Figure 2) conpri sed 28% of the solids in the conbined
raw | uiE:&uanIhBLeW@truml/BﬂaWtéihé‘oﬁeéﬂtdﬁe Yield he filtered juice (F1,
correspondi ng to the "Filtered Juice" fromjuice tank 1 in Figure 2)

conpri hes ds in the conbi ned raw U|ce .
oo L dB0REL oL e udins. B LRGSR RaRca; (EbiRIERY Goin st i
obt ai nec@n@énttl%fe APoad¢ ih Iﬂ{e%lgbesfs RBowh ki Bloul €3Rd andics GLEW Bk&Re ¢ afndl“ﬁehe

recycled solids obtained after filtration of the combined rawj uice using
the vi braﬂt@raye sapessed oy 2 pewapagsatio N gymess aftthe saldrds thap of He Wetggbtelnerma

bi onass, geth;q%ﬁlﬁi %pg%%%el t he. m %lgtlﬁg Lo[tgge filtered juice conprised 55% of

t he soI|B fetha E’rgure 12 shows the solid
split after the filtered juice underwent clarification by centrifuge as

shown i[0002379r e ZFigukb& steswlths pat€in piteBs ast g’t‘ﬁeﬁteﬂﬁh&ﬂé’lhzﬁ@@pfoaéiso Tie t he
mass of the solids in the centrifuged solids (@, corresponding to the
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protein coagul ation. The results are expressed WO

2011/ 116252PCT/ US2011/ 028911 as a_percent a?e ratio of the (calcul ated) |ost
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Lot ID numbers. In each column corresponding to one lot, from bottom to top, the first band
shows moisture content; the second band shows protein content; the third band shows ash
content; the fourth band shows fat content; the fifth band shows crude fiber content; and the

sixth band shows the available carbohydrates.

[000241] Figure 7 shows that the dry bio-crude was rich in carbohydrates, in the form of

available carbohydrates and crude fiber.
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assessed. In this exanple (step 6, Figure 15) the solids in the |iquor
(l'iquid supernatant) included 70% of the solid mass of the broth before
cent ri f ugaOi2ony116d521 e the solids in the wet protein con®e€mtusarig/oztstni ned
fromthe pellet included 30% of the solids in the broth. [000252] Figure 14

shows ex | e of duct gca .e.as it relates to the efficiency of the
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processing; and a band in medium grey shows the weight of wet lemna which was diverted

for offsite processing.
Example 8 — Solid Split in Unit Operations

[000243] Figure 9 shows an example of the solid split after the fresh lemna obtained as
described above was lysed and pressed as described in Figure 2. The pressing was carried
out by a belt press and a screw press in series. The belt was flushed using belt filter wash
water, and the washed belt filter solids were recycled to the screw press. The results are
expressed as a percentage ratio of the mass of the solids in the BioCrude (corresponding to
the wet bio-crude (D3) of Figure 2) or in the juice (corresponding to the combined raw juice
(E1) of Figure 2) to that of the solids in the lysed biomass (at C1 in Figure 2). These figures,
and the figures relating to the solid split in various product streams in subsequent examples,
were obtained by drying samples of both the biocrude and the juice to obtain the weight of
solids therein. These numbers were added to obtain the assumed amount of solids in the
lysed biomass. The horizontal axis indicates the Lot ID numbers. For each pair of columns
for the same Lot ID, the left-hand column shows the amount of solids in the bio-crude, while
the right-hand column shows the amount of solids in the juice. The average bio-crude solid
mass was 23.5% of the mass of the lysed biomass, of which 21% was wet bio-crude, while
2.5% was solids washed off of the belt filter. The solids in the juice comprised, on average,

76.5% of the solids in the lysed biomass.

[000244] Figure 10 shows an example of the solid split after the combined raw juice
passed through the vibratory separator as shown in Figure 2. The results are expressed as a
percentage ratio of the mass of the solids in the mash (Q1, corresponding to “Mash (Recycled
Solids)” (Q1) of Figure 2) or in the juice (F1, corresponding to the “Filtered Juice” from juice
tank 1 of Figure 2) to that of the solids in the combined raw juice (E1) of Figure 2. The
horizontal axis indicates the Lot ID numbers. For each pair of columns for the same Lot ID,
the left-hand column shows the result for the mash (Q1), while the right-hand column shows

the results for the juice (F1).
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Knife MIIl Stepl 100.0% 0.0% 100% Belt + Screw Press+ Belt Filter Step2
76. 5% 23. 5% 100% Vi bratory Separator Step3 72.0% 28. 0%
WO 2011/116252 PCT/US2011/028911

[000245] Figure 10 shows an example test result of the solids split for the vibrating

separator.

[000246] Figure 11 shows an exemplary calculation of how one would calculate
material split from Figure 9 and Figure 10. The area bounded by a dotted line and marked
“A” corresponds to the results shown in Figure 9; while the area bounded by a dotted line and
marked “B” corresponds to the results shown in Figure 10. In A, after lysing and pressing by
a belt filter press (FP) and a screw press (SP), on average the solids in the bio-crude
(corresponding to the “Wet Bio-Crude” (D3) of Figure 2) comprised 23.5% of the solids in
the fresh lemna biomass, while on average the solids in the juice (corresponding to the
“Combined Raw Juice” (E1) of Figure 2) comprised 76.5% of the solids in the fresh lemna
biomass. In B, after passage through the vibratory separator in the second dewatering stage,
on average the mash (QI, corresponding to the “Mash (Recycled Solids)” of Figure 2)
comprised 28% of the solids in the combined raw juice, while on average the solids in the
filtered juice (F1, corresponding to the “Filtered Juice” from juice tank 1 in Figure 2)
comprised 72% of the solids in the combined raw juice . Accordingly, on average the
combined wet bio-crude, comprising both the wet bio-crude obtained after passage through
the filter press and screw press and the recycled solids obtained after filtration of the
combined raw juice using the vibratory separator, comprised 44.9% of the solids in the fresh
lemna biomass, while on average the solids in the filtered juice comprised 55% of the solids

in the fresh lemna biomass.

[000247] Figure 12 shows the solid split after the filtered juice underwent clarification
by centrifuge as shown in Figure 2. The results are expressed as a percentage ratio of the
mass of the solids in the centrifuged solids (Q2, corresponding to the “Centrifuged Solids
from Filtered Juice” of Figure 2) or in the juice (F5, corresponding to the “Spun Filtered
Juice” of Figure 2) to that of the solids in the filtered juice (F1) of Figure 2. The horizontal
axis indicates the Lot ID numbers. For each pair of columns for the same Lot ID, the left-
hand column shows the result for the centrifuge mash (centrifuged solids, Q2), while the

right-hand column shows that for the juice (F5).
[000248] Figure 12 shows an example test of solid split of the clarification centrifuge.

[000249] Figure 13 shows an example test result of the solid split after the spun filtered

juice was passed through the precipitator for protein coagulation. The results are expressed
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100% Cl arification Centrifuge Stepd4 71.0% 29. 0% 100% Protei n Precipitator

Step5 87.0% 13. 0% 100% Separ ati on Centrifuge Stepb
WO 2011/116252 PCT/US2011/028911

as a percentage ratio of the (calculated) lost solid mass (“Loss”) or the mass of the solids in
the broth (at H1 in Figure 2) to that of the solids in the spun filtered juice before precipitation
(F6 in Figure 2). The horizontal axis indicates the Lot ID numbers. For each pair of columns
for the same Lot ID, the left column indicates the lost mass, while the right column indicates

the mass of the precipitator broth (HI).

[000250] Figure 13 illustrates that the majority of solids are passed through the

precipitator for further processing.

[000251] The solid split resulting from the protein separation by centrifuge was also
assessed. In this example (step 6, Figure 15) the solids in the liquor (liquid supernatant)
included 70% of the solid mass of the broth before centrifugation, while the solids in the wet

protein concentrate obtained from the pellet included 30% of the solids in the broth.

[000252] Figure 14 shows an example of product capture as it relates to the efficiency of
the protein dryer. Figure 14 shows that, on average, the dry protein concentrate comprised
63% of the solids mass of the wet protein concentrate, while on average 37% of the solids

mass of the wet protein concentrate was lost in the drying procedure.

[000253] As an example, Table 5 summarizes the results shown in Figure 9 through

Figure 14.

Table 5. Solid Split Summary

Solid Mass in | Solid Mass in Solid

Juice (Protein | Product(Other/BioCrude
Unit Operation Step # Pathway) Pathway) Total
Knife Mill Stepl 100.0% 0.0% 100%
Belt + Screw Press+
Belt Filter Step2 76.5% 23.5% 100%
Vibratory Separator | Step3 72.0% 28.0% 100%
Clarification
Centrifuge Step4 71.0% 29.0% 100%
Protein Precipitator StepS 87.0% 13.0% 100%
Separation
Centrifuge Stepb 30.0% 70.0% 100%
Spray Dryer Step7 63.0% 37.0% 100%
[000254] Figure 15 shows an example of the results summarized in Table 5. For each

pair of columns for the same step, the left-hand column indicates the proportion of the pre-

treatment solid mass in the resulting juice going towards protein, while the right-hand column
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30. 0% 70. 0% 100% Spray Dryer Step7 63.0% 37.0% 100% [000254] Fi gure 15
shows an exanple of the results sunmarized in Table 5. For each pair of
col ums WO 20hie1168e step, the | eft-hand col unm i ndi cat @§TiUseo1pORgYdr t | on Of
the pre- treatnent solid mass in the resulting juice going towards protein,

while t ﬁe Cl lge pro?)gptldoncg tlljle pre- treat%n%gitl /so Ja6r%gs2spgrt/hgsr62:s% t}r{goszoqlds going towards

shows t
other/BioCrude.
[000255] Figure 16 illustrates an example of how to calculate protein production yield.

Steps 1 through 3 of Table 5 and Figure 15 comprise the “Solids Dewater-Extraction” in
Figure 16, , while Steps 4 through 7 of Table 5 and Figure 15 comprise the “Solids
Separation” in Figure 16. In this example, the dry protein concentrate obtained averaged 6%
of the solid mass in the lemna biomass. This is confirmed by the amounts of dried protein

obtained experimentally, as shown in Figure 3.

Example 9 — Flow Diagram of Exemplary Process of Protein Isolation

[000256] Figure 17 shows a flow diagram of an exemplary process of isolating protein
from lemna.
[000257] In overview, this process comprises the lysing and/or pressing of a lemna

biomass (also referred to as biomass slurry or raw feedstock) to generate a juice and a bio-
crude (“Bio Crude Big Press;” the process is termed “Lysing Dewater #1” and “Extraction
#17); filtering and/or clarifying the juice to generate another juice and further bio-crude (“Bio
Crude Small Press;” the process is termed “Dewater #2 Clarification” or “Extraction #2”);
coagulating protein from the filtered or clarified juice to generate a protein-containing broth
(termed “Protein Coagulation™); and separating the broth to generate a protein product and a

liquor (termed “Protein Separation”). The liquor is recycled to a pond (bioreactor).

[000258] Figure 18 contains a more detailed flow diagram depicting the exemplary

process for isolating protein from lemna shown in Figure 17.

[000259] As shown in Figure 18, lemna are cultured in a growth system as described
above. The biomass slurry comprising harvested lemna (also referred to as raw feedstock) is
transferred via a pumping system (e.g., Pumping House) onto a vibrating screen (AO-AS),
and then to the top of an inclined auger (B). From the top of the inclined auger (B), the
biomass slurry is conveyed to a knife mill (C) where the wet biomass fronds are lysed to
expose the internal water and protein. The lysed biomass is conveyed to a large screw press
in which the lysed biomass is pressed to generate wet bio-crude (D2) and a juice. The wet
bio-crude (D2) is dried (“Vendor Drying”) to generate a dried bio-crude (termed a “Dried Bio

Crude Large Press”) (P2), while the juice is filtered using a vibratory separator to generate a
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Exanple 10- Solid Split in Unit Operations [000260] Lemma is processed
follow ng the process shown in Figure 17 and Figure 18 and described in
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solid split resulting fromthe Extraction Dewater #1 and Extraction Dewater

#2 prodeBSeY!t K HKH@iETzed in Figure 19. The area encircled by a dotted |ine
and | abel ed "A" corresponds to the Extracti on Dewater #1 process, and the

area enppiaiapd Diigydolit gebvidedesandah e bethonSio COLAIERPARASH Aeluner ary

Extraction Dewater #2 process. Figure 20 shows that in is exanple, "after
t he Extprefein opnceeinaitebased cantheExassatlowo thrDeglatlar us qpeotiossesThavEolidsel vy
62% of the soljds.in.the | emtma bjo S I.S esent,.in the bi.o-crud

el udi'ig e £ e RrRlE cafins e g e R il s g GV

ref err gfodc@sed of BigdirdX YGehierThe SR Separatibi1 & tB@WF@fe éomg)ri%@é thdS‘Centrifhie
original |ema biomass is present in the juice. [000263] Figure 21 provides
and exdftpl EPre¢ipHRign: o el gat#é,”pafnédiﬁ@rasyb@n@g”owromsyt%p@ ighig ConEkneivat e
based e t j ' “Solids Extraction”
of the ?%Elrcé)%g%%p% %)eé’gagt%g%%l?tﬁtgg? %{gfﬁgg{jﬁ\%% gidn%%gg?én%( t'r action Dewater #2
processes of Figure 19, while the "Solids Separation” of the Figure

conpr i desunigie 11 Cdnbteid Regevdiy,in Ukir Operativag i on, " " Centrifuge #2," and " Spray
Dryi ng" processes of Figure 19. The dry protein concentrate averages 8.5%

of the 1ginal | ema bi omass by weight. anple |1 - Protejn Recavery in
it oJBUAERS 1GBDB TR P B e B feoig DL o thei oSSR SR &Y WERIS ¢ he
pr ocessEs,nalo¥ie i1 B afid B&cEibdd infihniplgyr e 18 and described in Exanple 9.
[ 000265] Fi gure 22 shows the protein recovery by unit operation in the

processes shown
[000265] Figure 22 shows the protein recovery by unit operation in the processes shown

in Figure 17 and Figure 18. The results are expressed as a percentage ratio of the mass of the
protein or protein-containing juice or of the other outputs that lead to bio-crude or other
outputs (mash, wet bio-crude, liquor, etc.) to the mass of the composition forming the input
of that individual unit operation. The horizontal axis indicates the individual unit operations.
“Extraction Dewater #1” corresponds to “Extraction #1” of Figure 17; “Extraction Dewater
#2” corresponds to “Extraction #2” of Figure 17; “precipitator” corresponds to the protein
coagulation process in a precipitator depicted in Figure 18; and “Centrifuge #1,” “Centrifuge
#2” and “Spray Drying” correspond to the analogous processes in Figure 18, respectively.
For each pair of columns corresponding to the same Lot ID number, the left-hand column
shows is the results for the bio-crude and other products, while the right-hand column shows
the results for the protein and protein-containing juice. For example, the initial input to the

Extraction Dewater #1 process is lemna biomass; Figure 22 shows that after the biomass goes
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& E2) umdemwemntlacifiastidn bytemrifupy. CBiit clafitigetionTénrsespbmalsithithafiroreenwifuges ponds

to the first centrifuyge process in Figure 18, which generates sh (in
Fi gur e PI8CCSt i ﬂ%%r%gmhfch_c%mat%@@la%tf@) %1gé‘ﬁf'dlg’ el ?%‘daﬁflﬁicgég?f% " Mash
Exi t Caophy J@%ﬁn&@%m&t ThOeN18snLBxif PEAGTRRANASS Bf tiiGre (AT dshMER (Hagh” for
whi ch conposition data are provided in Figure 24, ile the filtered juice
of Fi guiGentBugnMaelsptomashittocorhpositiaot dntibefeoprevided i piguat 2orwlidr thetileheddat a

is alsa shown.in Fiqure 24, T esults are expressed.a ercentage ratio
of  he HEES" Sieulhn TF Fafreihtty o BT hy oot PRI FF rugd BulR 9F HP%he
brg_t h ?ﬁ&ﬁ%&e{lﬁec'rllﬁa ie@?l!t@&lrte_té%piée@%d afa b&&;}ﬁ rd@i@[ﬁﬁ%@mﬁass df hhendmidasl al
subjected to the clarification process, ichin this case was raw or

t r eat edropposent (¢ the cppyifugph@asioes obHiearodxbefofenpriceinttation tpethebabdisestine. For
each pajir_of caolums_.for th nent . the left-h colu shows t he
Fesul § 2omgBheidh My bRl kOB R TP g SRR m b e DR S MR R
reisylt t sﬁatba j?L@t(FlF?fm)g ph@ﬁb@idngiliam. itnma@a@&_] tEdmtgpkmn];QsS E&oaufsh_tﬂm sl i d
split after e filtered juice underwent precipitation for protein,

coagul Zo1ERns PR ghertasRs FRPRANEBY th 1eftma§dfq0§mresl%9&8r@§ peTds ferothe ranisifgiess of
heat - i e f R, i L Bi.t I i e.-18. "Loss

Cat cul At S it e RARRLORh Sk PRREGES Ble B Mlbofle BRIGIIE: ¢
precipitation procedure, while "Broth After Precipitation” indicates the
brot h dD0@269¢d afHigure 2heshpwe thepsalidtspbnafperabe diltered jTe undswehtspracigitaiqr essed

as a percentage ratio of_the nmass.of .ipdividual c onent int | oss
cal cul dPT BRER CpREYHBn BRnPisrP R e HEHTT SATERORKal BF PRS-y ghkeat-
conpongRduced prhtein®atilh@bn tHeagre¥ipRatbRSE BlblZ 88 PLOGECHERatiMT iBdicH@S theche
broth before precipitation, the conposition of which WO

2011/ 1188 [AuSRoY 1910988161 laghsins Hwpréapiritigar proadurghevhilor i Bioth afftexi s

i ndi cates .the. var.i pus ¢ aonents.. For. each pair _of colums r the sane
comonditcip st apfitar BERAMT R el F IR pRRlke o PSRt gl R s
whi | e tdxpresscdhis alRRgne@l viTd EhbvEatder AanBdiRiduafl cdrineaBaRets tdlcdlfgnbr ot h

after precigitation. o ) )
or in the broth after precipitation to that of the same component in the material that was

pasteurized procedure, which was the broth before precipitation, the composition of which
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[ 000270] Fi gure 26 shows the solid split after the broth resulting fromthe
protein coagul ati on process was centrifuged to separate out the proteins
(this corwogpurids2sto the Centrifuge #2 process in Fi gur @CT8)S2011WEI11 r ef er s
to the wet protein concentrate obtai ned after the liquor is renoved from
the broth after precipjtation, esults ar e ex ressed as ent age
ot o rehevis Begre 2 P iattr ous mlisn s K e COPESITY o BN o € o
that ofoftBRnSRTE: @@@t&ﬁ@@@ﬁl tnrtnt hge RBRLIRH RbluSHINB G 88k feQuither BRMhICLfnae #2
process, which was the bro? after precipitation of Fi gure 25. The

hori zoressh webilesth nigihe-haresk colhmnyshomsutbe compohehthe c@Evpongat in tim proghf aiel urms
for the sam tcorrponent the left-hand col um shows the anpbunt of the
corrponé)r]t?mﬁ) e WPC, while the ri ght - hand col utm shows the anpbunt of the
conponent in the liquor. [000271] Figure 27 shows the solid split after the
wet pr 0662703 oncahgurat® wWasys ﬂreayohcdEpledafteSQhayordﬁhyie@@luh@efrdﬂ?@hgqmetremt ed by
the second centrrfugatr on glenerat ed a dry protein concentrate ("

Pr ot ei rPopgulaine PLOSPISIW At sSutiiAge detseparpigt @t the psatgins{this thrresrtoa% rq hegr e
expres t o e . I Aler<Tp in
the dr ﬁ%@gé#ﬁﬁgﬁﬁg ﬁ.ﬁglg{l%stgrraé??o atctog e?”@teb@gértﬁécg‘%%%g@ In the
mat er i alftet bt liguas isserayed rfnoedthe\fdnothrafmmettwamm Photsils aorsprssedts a

obt ai ned fromthe se ond centr.i on The .hori al . is indicates the
var i ousPESHIFER EHIOO of t Fla%Sa ﬁnﬁar?hr%ar CHMPREY ip Hhe %"I%g:t ec%‘tﬂ%%ﬁ‘? fh
| ef t - hapd sopd BGBR&%Y\’% E}féemﬁt@ﬁh.'lnéubﬁcl:éédgt% m)tﬁﬁ{@%g?ﬁ?%e ) pHL%sstMnB{ AhLeH

whil e the right-hand col um shows e conponent in the | ost
mass. [tOOD2TERT FregumtetlQISO%Igw 2. slimnberyzoofal phie nmdasasesf thewarlelhsatoenpomonts he
result sho i.n ur e ure 27. After .t actr t he soljds
[ rom t e bR haifot oo iecstieofhanelsy B AT Bp SRR Pk tos Blosifot

Fi gur e thd tomp&iénoin th@wmlwrde the rigRChahdi @hhad sHIWATBS §m6@1ﬂ&if@l@éjcddfipdn6ﬁt raw
juice. The raw juice contained, on average, 38%of the solids in the

ori gi ndh theeligy@rbi onass. The raw jui ce was subjected to centrifugation
(Oentrrfuge #1 in Fi gure 28) to clarify the juice. This generated a nmash
(solid ) C n 0) i jui ce,
and a ngﬁti):ieﬂ ?supe ﬁrtk ?r?t ’Ogg%ﬁég}rﬁcﬁ lto%t]eg\}g% ajtgeggmg(glmcgﬁ Cé ea{eggjflg %a%'n t he
raw j uidtied. Bpeay driying tha3VINE aéneraed ag |t1d:— dereat mﬂtmmgamgmhmedtMymroﬁeei ns,

generating a broth. On ayerage, 5% of the soljds pr ice

bef or e Cprlgrat%nt B\Wé?’é)t% >zo§%}f‘1@3§5@aﬁw&e§2®tﬁe}2§ﬁf @%0 ﬁtetrﬁ%ﬂaﬁt?cess
of the éx?f%@éé@f%ta éf@nlt%qutl@gﬁﬁﬁgﬁasg%Y%Rflndlbﬁu§1@0'n‘%n&{tQ§@lrfg drl ’ertQﬁl duui ce
before treatment renained in the broth after treat Thi s treated broth
was t han thehtst nfaageadth@Oeﬁther Sfaugezomz))onﬁmt iprttie mateyiad ¢pa ves esptdyedrpdotwdiiahs; i n
this proce aver a 4% of t |ds int roth re.lost, while
86% of TRaTSHFT BE T CoREMBHE EROEiRTRB e e He B LRl o PR der =L aete sty ot of n
concentih@k&lks thI%n&!i@o%ﬁbn@ﬁt@d%ﬂ ea\éﬁ§a§ BF aMuﬁ’ﬁﬂs eshthé %ﬁé&n@ﬂﬂéﬁteﬂféﬁef{\hl ch,
on average, 41%of the solids in the wet protein concentrate were | ost,

whi | e 519% @plumreslmrs' s ameunhet thetcoprrenentnincbe Eurithrates, e the dighhharide
final pr r ro ance Accordingly, on average,

8. 4% ofCO e sowsggyrgl%\loélﬂe&flﬂge)erﬁ?ﬁmﬂ?@ lgglﬁa&éétt%}eﬁ)sto the final protein product
(dry protein concentrate). This result agrees with that shown in Figure 21.
Exanpl 00@72Pr oc égurt 128whdivagrsamnadigl of aheg hnasgfipwiralaged[ 02 VShi giowen 29
shows a fl ow diagram.of an exenpl ar%/ process of isolating protejn from an
aquat i cFlglaec%Elguée ¢/, tHEEntheertaction of pihg cdids wEam: st Biamays diwsBdingent s.
[ 000274} feto56h ke HRof FbAc il 1 KRSk th 2l QIRSBB bR sfts it thd BRURLOCK)
are conveyed to a knife ml Wnere t he t bionmass fronds are lysed to
expose Hidreassmempmned invht exw gmcb pFlot @ivnjnicElventaynsddorbaverags s3§% of drevseliddint 0 a

belt pr ss Wit beI frlte wash .wat er, ndt sed hio S IS essed to
gener B SPMALETEAMYSHadLE (TUNEs Prs s S s ifatid RaRrgs RCH
Vet - Bi qgpydet) t@aqnﬁy e, IlRNichEiaRA d AaRofid §UN) S Bk, T &EReRAW

Juice"). The first solid phase is conveyed to a screw press to generate a
second 1% @étl(ersdbdﬁ infthedaw guieh angiaguice (perngtanb\wommesinRaan Judregs; Podnel a wet

bi o-cr rst solrd hase remai nrn in.the eIt res s flushed
usi ng i ar el v Sk, PHEREEPEh AL Bpallo BT e REG e oy ae
washed degératihg b thesths @ dﬁera)get G%i"l@idthta rsen&dop'reaerne if 8@ jtie B Is Ge@wienf @8 for
further pressing. The wet bio-crude ejected fromthe screw press is

coll ected for drying using a biocrude gryer (a spin flash dryer) to
generate a dry bio-crude. The belt prg S raw juice and the screw press raw
juice are conmbined to forma conbined raw juice and fed to a vibratory
separator in which the conbined raw juice is filtered to generate a mash
conprrsrng recycled solrds and f||tered ]UICE The nash |s fed to a screw

o o —— r " o o, o - .



tank 2, and the pH thereof is adjusted to below 5 and left to sit
overnight. The tenperature is maintained at bel ow 35C. The spun filtered
juice is WwoeoHEHex2i N a precipitator to cause heat-i ndu®€a/yseatil®pse1l
coagul ation, generating a broth conprising a wet protein concentrate. The
broth is ce trrfu ed t ener at e i quor a tein cancentrate.
The. |1 dirn 18 Pragihoroddne HERTER: CHE ORI ode of diesB e pErFadn G B

bi or eajefdr8) trediie it RERaiSIH0 Geli tHE YrSth hﬁl@r kb AtuRht. | STHk SEah e broth NRayRien
protein concentrate ("WPC') is washed three tinmes after being diluted by
addi ng qmﬁémqudcﬁhelfv@t#%nmpeientq:m@em thatpeoteips:fin ithis aragess, pn evasage, 14%

110" by ief PR e de el Vs dOoner PRt 8" £EnRaRr ik B "Refhed Byt ng a

prot ei préfeyerod SR @t slodar dorcentgree nakq)r@reﬂrpro@lr@mrs Rp&Qdeied! ihakeeourse
[ 000275] I n Figure 29, each solid arrow indicates the process strea each
dot t ed frriieh.iondivergast 146 06 Sipciodids imths watrnsaifin SFeEraEawRre) lasty while pO%

letter/ on or
e R e S e R ‘?ét?fnn. oht,

" Tenpera@hedn@ratel ﬂtc@rbrﬂﬂ@l;&tonﬁ@&@ge 86\4% of WRGofild )n thasdmeth Bereicoreeriwidttt tel: 1 t o
1: 10 WPC. H20) and re-centrifuged” are revisions nade to the process.

Exanpl 4-Prseiic Beglugy &Wdrra&rraﬁpmeez%] FLaresso 28Kenavigh rhlaévrharvagrnam of
an exerm%n y1process of isolating protein froman aquatic species, e.g.,
fresh | etma. The process was tested by experinents. [000277] Fresh | ema
(also referred to as biomass slurry or raw feedstock) are conveyed to a

kni f e rfixdmpiinés e Rrheesnfowldliagramsuridrsompdingpeinitysed t o expose t he internal
wat er and protein. The |ysed bionass is conveyed to a belt press in which
the ly mas essed t anerate.a first, so identified in
R0 g e e R AR R R T SR R

Fi gur e fasm aBaddatrspagesRawy., JiehE @mna. Tihe prddesd wspdested phaggringenepnveyed to a
screw press for further pressing to generate a second juice (identified in

t he Fr ére as "Screw Pres Raw Juice") and a wet bio-crude. The first solid
phase ri8@0%37l ng ifiteshHempe (dlsqyetsaedite ar PlegratsBEY 95 ravafesdstosld g sIverd n t he
Figure gs, kﬁfﬁ! hnﬁ' WiEE (MBSt W lss )f on-gg'%r bedo Q@E&sef ﬂh‘etlﬁ erm® W AS: gt ai ned
t hereby are to the screw press %or further pressi ng. e wet Dbio-crude
ej ect eoprbuei)m T]htel;sed bivnpise ssscanyeyaal foex belt pfess wuthybeﬂtgﬁltmrwmghawdwoendrde dryer
(a spi sh dry t enerate a dry de. The b re r ui ce
bnd T hdveg e sl g eetn dhonti Rbtred R aRen oo i fifitte and
fed to WeNBQJcﬁIdé”)VarﬁieQ?th@é gaeﬁtrﬁerrhh Ghe rsrger& erbBae@rése\Rawrlﬁee"b S Thelfgred to
generate a mash conpri Sing recycled solids) and
2011/ 11se26 zmﬁmwmmmw preseromnj:nateceesecqmbjums(hieneﬁrﬁcbml the qusazzrsew

press f. SSi The ui.ce is.stored in.juice tank
Bt or eqeient BETTBhISES et bRed GG Thi' 65 ol ghaCE Rt 4L e
gener azﬁeﬁer@tﬂdsﬁétg adng aldtéls(iddneified he the IFgreds |“Bek eFinadwaish rwaref i) tBieed
juice (also referred to as a "clarified juice"). The centrifuged solids

from t Heashpq belt EHer sglideobfamed ghpreby e &ed iovihp paew press forfurther prgssigsi g The

trif Th
Coon IR Rl [ TR0 L 6,5 UG pong Bl Ricpspite. The
adj ust egirt fladh. cﬁyeﬂ)led) gemdratpH drfy tﬁoérdder Tieebeopiess ﬁahejmldeearﬂd;hushedz pressa

final pHof 7.0. The spun filtered jujce i.s then processed in

preci pi'f¥tBICIHe eawéeeﬁéatforrﬂ&u%eblﬁ%fer priesH AR rf%ﬂ fom, VIRjRI9EY é?HaFf’éorambr ot h

COMPY | S{KGh e SImBREE GRS HHF A 6 pchbtad Nffast? e&aﬁgrrﬁg beyebBSoREOLRI N N

the spun filtered julce %s coagul atecfg by acid treat a“conbi nati on of

aci d arfdtetrdfdewmml The atasieny fedl tro Dradew pmsssfepéutrdtee prrdssingr oTlm fltdred uith &
roth, e broth is centrifu nerate

remai ni n art .of th | or
IR A A s 1 G P g R o IR A Bt

ponds (ékéQaﬂ@ﬁQ£%ﬁQﬁk@1@%g@i@&ﬁﬁﬁ@9ﬁ%)en&ﬁup&ﬁﬁﬁﬁgaﬁgghﬂﬁ@&ﬁth&hﬁwhkﬁuor
is discarded. The wet protein concentr e is washed or diluted by adding

wat er tjsice laad wepulp fieredl uico (rdsontefeated to@s o pm@equmoﬁ@ﬁ gertuifigeaselidse

wash. The res n tein coneent rat sh is dr tein
dryer (Lo afF HieR b gl €l RBRRY FE BrtB kg T AFE HRlR%sF BIR Tl
concentfréh ghd Sltdrd€ I_fxﬁ@@ﬁkef@éd hain wee bidl&eder TasspustiBered QOEL2KE} drBd i ftidee 30,
each solid arrow i ndicates the process stream each dashed arrow indi cates
a recycl ed mass stream and each |Ett§§ or letter/nunber conbination within
a hexagon indicates a sanpling | ocati or a material ID The notation "pH
Adj ustnent (NaOH) to 8.5, held for one hour, and then re-adjusted to a
final pHof 7.0" indicates a revision to the process. Exanple 15- Process
flom1dragran1[000279]F|gure 31 shows a flow di agram of an exenpl ary process

- o, . .



froman aquatic species, e.g., fresh lema. The process was tested by
experinments. [000280] Fresh lema (also referred to as biomass slurry or raw
f eedst ockwoarda/lu@feyed to a knife mll where the wet biPOFASS01/028%E ar e
lysed to expose the internal water and protein. The |lysed bionass is
conveyed to a belt press..in which e lys omass is, pressed to enerate
ST v v e et P dd el STUFE (St oenihy B aprin e N

Bi 0-Cr liﬁ'zﬁn‘r)alrﬁﬂcht Below 88°(.i cteHat dplih @fltetdy }uiit% 51 [FUERs@Sin’ BpldeipilastSo Rawke
Juice"). The first solid phase is conve to a screw press for further

pr essi fgat-wdueadepratean goagadadiod. g@netaémgl Edémtln fcp@arlmng ehectRprgtaite cerceyiite.
2011/ 1182 / US2 /02 911 " Cl Raw J t bl 0-crude.
The 11O B8N b SAITRERureeRIE pieRE ST oo a8l e PIENE o 1R RS o

(i dentibéyebd Bhck he thd goineh ddndBelso refdie@ o \4 oYt @%). ) In Jiier yaBhRtehs) t
filter solids obtained thereby are fed to the screw press for further
pressi rife ligeereisgtiscapiedwethepvet piotrie cepesairag ¢ Wik v He vaehasthsgeedmes gfter
recycl a t c pr.e e e d
e
dryer) doacgeneraish. ahdirytidofowerpuctein chheervetd topraasis 1 Awojlul Ty waight. HEhescr ew
press raw .uice are _conbined to forma conbined raw juice and fed to a

w br at JFSPISRPAPERIBICN FPIRARENC PRE BT HEYS PRRPICH %réer PRy IEET Y 8°8°36ner at e
a mash c@ gétglhr&gngeql%pel ed solids) and filtered juice. The mash is fed to a
screw pre further pressing. The filtered juice is stored in juice
tank 1. Jui ce Tank 1lis achilled storage tank. Filtered juice fromjuice
tank 1 [080254ri f iledrigise A9, cachenlid ifroyendioatesethe pataesceream, Padedbtedlamgsy from
thefilt red juice.and a spun filtere ce o referr

o ar rngeEy b B RRe® SR rlGEEE i F bRrTRR R Pl P e oo
10 a SGlRNpRN B8RafeOf dabIplinNodiBs i ragmaféha mntrhe i G@ens OpH Ciajufsfeartbtiase
filtered juice are used as a wet bi o-crude. CEun filtered juice is

st or ed and Ipiite esitt @ypknight, anﬂempféat;ym MértEped ps <é§f’ staad “MP@.(BL) wardred e

t enper a 38 t e, is then
procesgieﬂgéssxﬁllﬂg(l ?%c?ﬁé}% or t 9‘8%&%@% ?Clin i &3&«18 %ééentrog%a I% at%l on,
generating a broth conprising a wet protein concentrate. In ot her

enbodi Mexngple e Mrocdseflawidiagrbm spun filtered juice is coagul ated by acid
treatnment, a conbination of acid and thermal treatnent. In order to

separ at pr ot |nfro t he remginin art of the broth, e broth. is
centri f[ﬁﬁg}%ﬂ oD onT Gl Sarar b GOt RoHoeAl FENE TR quor
is recyrdgdn lﬁ@&aﬁctsﬁectlékee%r %lhleﬂﬁﬁdsfh@%&%sg @glﬁ{eﬁt@&ib&@xﬁéln@n@g eactors). In
ot her enbodi nent s, |quor is discarded. The wet protein concentrate is
washed or dil uted by add water to the wet protein concentrate to forma
wet prdD@@Wﬁ’conc@i@&hd@@n Wreferli@drtatas biogfasyeirrp ooty freevndents eaneeyad wat er
Is 4:1 to 1feg rﬁ{ﬂ( e?e t su'e’& bishna¥s tfr&dgta?e sgg NS é s%t t%ewgtsernall rrI a?n using
a proteln ryer (spray ryer) 0 gener at a t&incconcent ra he

dry pr girefeth. COHRCIgHEd BbRadsSis paskeageeh 4 belt f)ltd:EsI ﬁafzhlms aleollyseairiabmmsls pressed
[ 000281] The I ema, belt filter wash wat wet bi o-crude, é bi o- crude, pH

adj ust R ENSA & idivheligiRivee degnitierdnthe %ﬂrewoﬁéﬁr?r%r%h?w gudedddy y
prot ei uféQQf&@ﬁEﬁe@tlﬁ 1 ﬁéﬁ%aﬁ uBefl Pl #aR- Juldde). | MredsPld %ﬁse ipe n{))ﬁveg%d?

wet - bi ocrude, belt pressS raw juice, Screw press rawlu raw

j uice, apgebrptds fr éunMrcprbm@to/génMe alTkeeofd ljdies eﬂemmﬁadem gpuFighiel 4ser ed

juice, and | are terlal r whi ch_vol_ume aken and mass is
cal cul agé’ﬁ?“bggégéadh Tyendiay a ”Fﬁb \R/a“é"HS’ef‘d Eﬁ? lﬁrSTtISPlilpﬁlg%ﬂ Tegeinpg) ihihepbelt

(recyclgessoladfdd alife rv@ﬁéicdﬁéilu@@& &h 'tﬁé Fidlh€ a§ e‘@"eft' Fingedy 3R WES I offe
filtered juice are wei ghed and di scarded materla WO

2011/ 1 vepbadB (iB20sblid9oBhed figodnsat fed foithe saes PpresedohfuttheiressimzoviThe

i ndi cat es cess, st each dashed arr indi.cates rec d material;
cach: dortdie TR RIHG adbe SAFATER Ner g Tahd S b Shaadioudr Rt oy "o
| et t er/Bihgh GOBHiteath@keW diyi Ho-2riieX aNbdltNshe Sta@s juiceSaaNhe Rerelvogiatd on or
a rraterlal ID(frge Fr%sh Lerma@ Belt Filter Wash V\ateJr Wt Bi 0- Crude, Dry
Bi o- Cr ude, juisstarpcemingd ¢ feentar eqrebingth envpiyicepard &chtacandksatorasepasater in
measur S 1 , r I s Raw
Tui oo, CNEHEIUNG uShite 3 RIBRR G FEh SR A e iy

cal cul ated values; Filtered Juice, Spun Filtered Juice, Liquor (Recycled
back to Gowth Ponds) i ndi cate nass vgJéues cal cul ated from neasured vol une
and known density; Washed Belt Filter "Solids and Mash (Recycl ed Soli ds)

i ndicate recycled material; and Centrifuged Solids fromFiltered Juice

i ndi cates material wei ghed and di scarded. Exanple 16- Process flow di agrans
[000283] F| gure 32 shows a fI ow di agram of an exerrpl ary process of i sol ating

o, = o



to a knife mll where the wet biomass fronds are |ysed to expose the
internal water and protein. The |ysed biomass is conveyed to a belt press
i n whi ch wbheoliynexs2bi onmass i s pressed to generate a fir $CTASRIA/OpEYAEe
(identified in the Figure as "Belt Press Wt Bio-Crude”) and a juice

i denti ed in th i "Belt Press st .salid phase
e omisEet et "B bR 5 B gk S ier oy ulith SesbingenDiatiised 38kb i
juice (delemtih thu@@ thrdk 1 heﬁlﬁéﬂaﬂ rﬁlca%roégﬁletvtﬁﬂ@t Sis Rawiridtl i &dho) a 2BFrRugelo
bi o-crude. Thé first solid phase remaining in the belt press is flushed

usi ng vgsnemte(dedeugdd sodids fromhée FAltgigd guigs and3e bpundilkared JW@s(Ialsvmferrec)i to 'cIShe
washed tht fil.ter,salids obtaine scr ew

Furt et SHELERGRED dren Rl BRI bR afle bR 40 R rse i <
recycl edrth@ciedsite Titbec@aﬁfagecpgcﬂﬁs fromeha/\ﬁtterbdi Qui€d bhdeused agtaa@letftﬁ@mddee
screw press is collected for drying using a biocrude dryer gi n flash

dryer) ths spenéiltared juicgiystpred-ig fuigrlanitRe akfbihe bt thszeof dunadi tﬁt%tha& hefbatscr ew

press r [ [ r

D b at Ay oL S PR R s T oI T TR L P e
a mash proaysedsinng predyicdt@dtos cdusel heanihdhidddt piro&dn jedhg@datiohh@enastind & Breth to a

screw press, for further pressing. The filtered juice is stored in 4%.“ ce

tank 1.COMPSWSEaNK! Projed eOncantaied I pihpagmbdimRrNts Hhe PEYER I Hic®up B ce
tank 1;iRe % &fdofilafR éc”cguéatﬁt%ﬁi R dobifhen B n $2AEHANE (RERE LExaRd: SRl &ds from
the fi 5 tered | éi ce and a spun WD 2011/ 116252PCT/ US2011/ 028911 filtered

j uice (tal $pam6fé1r:rp;dtetro frasn ¢he' cinminihg eartj off te" rothThbe deothris faegedugdl iods

fromthe filtere uice are taken for sanpling. The c u solids from
the T 1ERapaly § e S uEharoldn EBuestiraRo. D Mbior HhiF<Sh orei RoiEa T bTke. | <
stored goad HIGEr@R 8, asBikebdiSrsPHIE b@eeohbddmMisUgkafubPishalQyded. THe spun
filtered juice is then processed in a precipitator to cause heat-induced

pr ot ei m@@a@eln@pn@ﬁntra@elﬁ sashddrmy delu@ﬂ@tytaddmgpvateﬂ ta ghfawv\tettromro«t@icmtrate to
concentyate : otein n.filtered.juice

i s CoagfL e e\getbglro ein 801%creng?tne nats}l aThCeO n%tlﬁﬁa IWC?III pr(?tem co(t)acgn"tlrdltei h)vash 1S C(iirléd

treat maiing 4 prd@élﬁeryérO(sﬁﬁpafr?érE té Rendpitotaedry groem thRehi@dral rtrhagdrwrtteﬁlf t he
brot h, the broth is centrifuged to generate a liquor and a wet protein
concentGoasrateis pRikgaest for surghee yisd IEMBRER: to the growth ponds (al so referred

to as bioreactors). In other enbodinents, the liquor is discarded. The wet
pr ot ei rof@gent r%%l%tﬁe sashiefl hy &ﬂ%ﬁiﬂh&’é@és%e é\%c&s@%ﬂ%ﬁ% LAY arrow .
concentrate to form@a wet protein concentrate out Inpurities
i n t he ihdinaks prmdyrdtd meEle strazlm,oamf emét lepteotoe i lettaroraodat icambmaoommldnn ias 4:1
to 10:1 b ht The re rotei oncentrate wa i ed

usi ng 65%/ lcﬁieﬁear S%@Bﬁ ‘tfP ‘é‘?!)or t H&&‘ﬁ@?&ﬁ ﬁar@t%%‘t elis[ﬂ @H%@ﬁt‘tr at e.
The dryng et'onS SORAENHF B8h& hbdr, G KAGEEL- ttgﬁst&tl i Refindi§81 OF 7aalnRh s a

[ 000285] I |gure 32, each black arrow indicates a pr ocess stream each
dashed raVISlowt® ﬁ@lm@.‘te@S recycled material; the notation "pH Adjustnent to
beI ow 7, and processed through preci pi tat or," "Single Day Runs," "Broth,"

"Wet Pr tei ngentra and "4:1 ratio of Water added to
Exdnn (;? %80‘?%@\% "’il—rflnal i Si

Protein x(‘fo r at Product” are revisions made to the
process; "Day 1 Sanpling," "Day 2 Sanpling," and "Tenperature adjusted to
15C O/e[tmi)zym arfegpraanab ek o fleendiagehnt bOaN Eempligc@sess afidsotAamA dredetrer or
letter/ nunber conbi nation within a hexagon indicates a sanpling |ocation or
a mat er TN 2P BAUABEARFIE §2- Toplplauy. ISR RfcayVANICF o002 8B He 33 shows a
fl ow di agram of an exenplary process of isolating protein froman aquatic
speci 95{00@2%9 f rigsdh 1bRAR BalsoNetdiredas KT bohRgs bRy QP RRHstPEGLE! fonepdy.  The
process was tested by experinments. [000287] Fresh | emma (al so referred to as
bi omasgosd knifey noH wlzee ftlee st @masarfe)ndeweyedd tto eapasei the infelnal wi’ﬂefrreartdhe wet

bi omass_fron ised t.0 ex internal,. er, a rotein,

ysed Brots Y EaETaY it STHRTRY ¢ kBt onakriEh o R B Rt The
rati o ab gemdreie atﬁsbg&iaqgﬁsé @daatﬁledTlhqleJ Hige@ Ri‘BIRIGedsSWEOBNEYRMAet)and el t
press in which the |ysed bionass is %éessed to generate a first solid phase

(i dent |Jﬂtce@d¢mtlfteiden Fiegiigereas "Bt IPrespRaysIwigg”p Olie/ firsedid piayeuseonvey 62891 1
Vet B K |
Ve oot % SubSibe Rt GhRFLIY Rl et 5o SRS BBy b el

Filter Solids"). The first SO|Id phase is conveyed to screw press #1 to
generate a second juice (identified iE the Figure as "Screw Press Raw
Juice") and a wet bio-crude. The bioc %de is conveyed to screw press #2 for
further pressing to generate a juice (identified in the Figure as "Screw
Press Raw Juice") and a wet bio-crude. The first solid phase renaining in
the beIt press |s flushed u5|ng mater (|dent|f|ed in the Figure as BeIt

“AZ 2 I



arrow i ndi cates optional process steps, each dashed arrow i ndi cates
recycled material, and each letter or letter/nunber conbination within a
hexagon iwoi20atEas25a sanpling |location or a material | D. PCWDS2011/028911
2011/ 116252PCT/ US2011/ 028911 Exanpl e 18- Process fl ow di agram

000289] Fi gur.e 34 shows,a f| ow diagram of_ an. exenqpl ar rocess.of isolatin
ot o Pt b Ratntnee Lan et PR el o REBEERG i epedng
wat er agelstis Gish&i Hliﬁ% lrwat&aedffemﬁzgqn Rﬁ@ﬁ‘%ﬁe WaisBeRStiRe WaseWwekl TEN IR

S |

[ 000290] Fresh lema (also referred to a omass slurry or raw feedstock)
are corwaspied bely fdtek sofids abtainediibereby hee fadt tobfhormaresy Presmder anthel peassing o

he i : .and in. The | d_Di ' d
i i ng Yol PE AP R FoRu R e ol B e BR o R B ass 1 s
1: 1 t 0 Hielwet Bi® chids @fcRidar®s shel 2@ presyBaollectéd Reldiyips @sifig hbiodrdddriyhie

| ysed bionmass is pressed to generate a first solid phase (identified in the
Fi gur e (@spmpiash dpreskto asperaR) pdiyrhigrsrade. Jhehek dress dewigyics arfl the sEIs® Iesfur e as

"Belt Press: [ ee" ), Ki - i i i fid i j.gure
as el P kSt B elytp iafin S EHBRG by 30 i (R ERTR WibeEr) TR T2,
press #ihialn cheswhehindari@ssjui2 if ditefedrtd Referpie @simashgcdngprgénakaicdedsaidsond | ui ce
(identified in the Figure as "Screw Press Raw Juice") and a_wet bi o-crude.
The fi ri8ter&hluics phbs BpR Mal B9 PHCY HECHEPt THHES Prossing| uBlIvelitered Aycindt er
(identigdedid ﬁhcleh%ﬂfl IWi& 2snk BR! 4 cHilidd §6rallsdinVdligdred 'ui&@o%’i&ib@gankql t
filter solids obtained thereby are fed to the backm X|']ng contai ner. Sone of
t he wetis blaofied usieg ejcenttribukefto @andrhie ceurdvgedrsebds fremftbel fitteret pach amkarbpinng
container. The bi 0- crude ej ect frop rew press, #2 i s collected for
Gy ng HHFstGREel e FHREH By (LB asn AR oEs dHe fafbihs THegd
bi 0- cr ydRe aledBld sddé@Phesk 3¥Y fukihee pRILAnE. NG he CERWIIYEESS1id AWomUihe Gilfefm
screw press #1 and screw press #2 are conbined to forma conbined raw juice
and f eduice agg usedpan ovey bisegradat bie spuniiicedd jpise iceatsidrie ghiecatank di e the pH
filter to. gengrate, a.nash rising. recycl soldds and.filtered juice.
The madltd’ FeliEaE IS Dachii Ranebnrs S ihgRadr ) (6 it T Sl e
in jui qatdr@nioide ishbél @rdcassed kn iaspraciphiatbt e catsemageintigrld. prbicid esedldtidhce
fromjuice tank 1 is clarified using a centrifuge to generate centrifuged
sol i ds Zepeiatinga brethicepwaisingjacwetapgted sPsANtFate-t & edhe] gmbedimgpisothegreteied t o
as a "¢ | £l edquicen). | f |, d - WP j.uLce are
Fod to PR EAB L Toide s HORRBREN by hIRECaRAC'E confbliifol id EhERaES
coagul ateadndry. dciotder teatpaené thegproeimbiromt the reradiniagipdrtasddhd bnh,ahel barth ixeat
coagulation. In order to separate the protein fromthe remaining part of
the br SEATITSFE 1BregRHates Kt A1 BgetProuE EpRERIECa ThF JABT ARKFYSCUSECIploot ei n
Concentth@tg?owt-ﬂhﬁodd'so('d% Heferfe8CHChLHioRABIHO FNBHRF QHBIRRIMAS tﬁ@'l@ﬁo{ eferred
to as bioreactors). In other enbodinments, ‘the liquor is discarded. The wet
pr ot ei nligoniednt Tlat wei proweis hwdcantrath isuwveshed yoradititetgbyvatiding (vatédr tootheOwdf) to
the wet protein contcent%)ate to forma wet grrot ei %}b_c centr at

[

h. Th
esul ¢ T FOREBTRE HoCAReht Tt RO oM AR B Aty | nar BPoPitr (PSR WO
2011/ 11B4aGl! SRR I0R8 DL 1w &ig R aYhd FdBHihg vt PROBMAL hcentEhity wREIPYsdried

concentrate. The dry protein concentrate i S packaged for further use or
anal ysiusing[ @po2en|dryerFisplay elrger) tegeterge ackyareom fondeataates Thephyeatsin

stream __each dashe all QW dicates r[ec%cl ed material, and each letter or
concentrate is G a%% or fur: eﬁ.use or na)?/s . . . . .
| ett er/nunber conrbinati on W thin a hexagon indicates a sanpling |ocation or

a material ID Exanple 19- Process flow di agram
[000281] The lemna, belt filter wash water, wet bio-crude, dry bio-crude, pH adjustment

and temperature adjustment, wet protein concentrate, and dry protein concentrate are
measured values. The lysed biomass, belt press wet-biocrude, belt press raw juice, screw
press raw juice, combined raw juice, and broth are calculated values. The filtered juice, spun
filtered juice, and liquor are material for which volume is taken and mass is calculated based
on density. The washed belt filter solids and mash (recycled solids) are recycled material.

The centrifuged solids from filtered juice are weighed and discarded material.
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[ 000292] Fi gure 35 shows a flow di agram of an exenplary process of isolating
protein froman aquatic species, e.g., fresh lemma, with a ball mlIl and

decant er . wOhellpnezsess was tested by experinments. [00029B(Frusgttiozsma (al so
referred to as bionmass slurry or raw feedstock) are conveyed to a ball mll

to whi wat er i.s added re the t biomass fronds are | ysed to
e pone DB Th Pigut I ek MG by Milalt St Cest SORTE S apfRfast® ¢ 1.1
to 5: 1.indiBfed ¥efdehRBRE chéh SARYGYRW hicRtcd B ablveldhedRhLHiséhNEed; ¥aad

biomass is pressed to generate a first solid phase (identified in the
Fi gur e letéer apetettBi/anrapay e mbiagipnawjthince hekagomt inflicetesi an sarhpli® fpgpBomor "aRaw

Juice"). Th jrst.solid ph i ve t .e e for fuyrther
or esei M gbLEF FrER GuBO R i COMIEFRt Rl TRt Hhy e Ghot Al

Jui ce" )prafeth @oi@htrieOad DEE Protéif (Weiceldi0¢€ hited@e BRARek] OMISSECBIPRNASS #2
is collected for drying using a biocrude dryer (a spin flash dryer) to
gener atRela Pepsy WetoBieeivde. quh%resavhvnﬂé@e,f Pegivs RreswRerebuce Comkingdakapui ce
from sc . g ' r ofiiN awL.uce : to
noi d pross BpEEoff iy E RARUARA L OuL e BB MR SRR D
spun fi(Reeyodsl hack ¢e Growihdagdh)aheidath yndsR S6Me ceilchlaeld ird maneashired oo timie il
separate the protein fromthe repaining part of the broth, the broth is
cent ri Q¥ dapstenshadgeel bty gekitsr aide Mash Reexcled, golidshdpdipptgigrysled
concentnat Gy T CefrigeS SbESY Hoatl BReKdt Ryl endEaut mR0RdS weilhs® 4iff erred
to as bioreactors). Inother enbodinments, the liquor is discarded. The wet
prot ei nligorednt rate is washed by adding a known anount of water (1:1 to
10:1) to the wet protein concentrate to forma wet protein concentrate
wash. T %W§;02$ig,is gﬁFar ted in centrifuge #2 to generate a wash-1i quor,
whi ch i 46 L9 s BLATPE 448 owt h ponds (al so referred to as

bi oreactors). In other enbodi nents, the wash liquor is discarded. The
resul ti[0go283] pr dtigird 3CaRERPErfRive didgfdin bs aflek@fplusi RYcds R Hokitihg Pryein
(spray dryer) to generate a dry protein concentrate. The dry protein
concentffeid @n pguasis SRR ¢ o rfreﬁhi/qu@p wiith ©pEpn hl g sgmentygnd wet protein wash.
2011/1 : 294]In Figure 35, each black arrow
indica%@%ﬁﬁaggéggégkéé%ggg%%éé%ﬁgdashed arrow i ndi cates recycled nmaterial,
and each letter or letter/ nunber conbination within a hexagon indicates a
sanpl i 10002844t i orFresh lammatadsd @kerted.to Bx hivplass 80kry Br cve fsdftbduy adk agvayadof

pilot co rcial. unit to grow. and harvest | emma [000295] Fi gure 36 shows a
Pl ow driagh Giromitvise it Sep Bitis dBnF 2 AFngo SHaoRalb uE g WAttt |
Specl eg)rot‘%irg-'fhef 1 82ibib BANRAs IRy RELBSI PRSs IneShieH tRY1y SRS ARNE Pressed

[ 000296] The bioréactors, also réferred to as "growh reactors” are filled

wi t h weblzengrptera filvasolivease agqntidiod iiathe Kigeri 6i Battifyers Welr BeeCadealind anat er

qual ity and. .t t.h .oper | y..b nced tri.ti-pn..Smalle ands are

oot ondb 8RR Fu GRS BPG RS B e L Bl LB She § e iy

bi or eact eiréw pkb® ®ELHRS: Refds & Gederitsta bdtosdllj@te didankiedlr et Bigtiiegy

density at which point they can optinall%ﬁseed the |l arger ponds I n a manner
th

that suipptsmt BreshBapplticer hpidia gyebicheruper thheifirglrsolid phage tegnaimiag i thei ket
000207 U1 F ‘BTl et Sk PaGeTER g PR R T pR A el iom e
punp  washed belt filter solids obtained thereby are fed to the screw press for further pressing.

Some of the wet bio-crude ejected from the screw press is recycled back into the screw press.

The wet bio-crude ejected from the screw press is collected for drying using a biocrude dryer

(a spin flash dryer) to generate a dry bio-crude. The belt press raw juice and the screw press

raw juice are combined to form a combined raw juice and fed to a vibratory separator in

which the combined raw juice is filtered to generate a mash comprising recycled solids and

filtered juice. The mash is fed to a screw press for further pressing. The filtered juice is

stored in juice tank 1. Juice Tank 1 is a chilled storage tank. Filtered juice from juice tank 1

is clarified using a centrifuge to generate centrifuged solids from the filtered juice and a spun
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station that punps water to and fromthe water reservoir. Sone of the water
fromthe rapid sand filtration and well water is added to the nutrient

st ati on. 8orzei1dfiezske water fromthe rapid sand filtrati @aTASAMM®RIINAt er S
added to the | ema growth reactor to maintain the reactor |level at a
certain.set f the, wat r t e ra fi.ltratign

wel | “waliBred BRsdatsn T el Syt RIS cfcaendraeEntgs oy Tey BeER 1o
the | enpRe dfomkéh fRashPling. Foke &mﬂlﬁgéa ga1fts (ﬁ‘o(fﬁ gra RS ffideVdrd Misedt 2@9& Weit er i's
closely nonitored to nmaintain the necessary nutrients and water el enents

wi t hi n e-andar dheepen §lteigdigioe ¢ storstlan juer fank 2h enqoﬁlncpﬁ theriof & addwded cor d

he | f H d d
tenper dEe THE SRR et ARt iR Rl b aBReelob e shtF e AlSsed e

of nitrpgeh tsadultiopOREErmin & @ofhUtsheNing ankei PiRER hcsitileM Infothéqui d
| evel transmtter installed in each pond assures that the water |evel does
not f alambpdimepts. hibie qreteiedn dbptshun [forosd 89 s pagewttad Yo Aeld streatBalietd vity,

the t h'd: F‘E) %108foft£' rgn(&r eﬁﬁzﬁptrgﬁ'{ngt rBrEier Eo(rjoﬁggatgeth@&)?{)@%hfr%hl

desire Nness. I‘VES ng can ace t seve pnysi ca

mechanirsnainaidpat o¥ efeybroth, theTe®th isrmmgﬁfagéd thgengent o Ikasednda venpirstemrent al
conditions and the corresponding gromh of the sPem fi.c species. Wen the

desi r eFOREENL i Mg 1&9&}%}8@?%@% Frothe gresthrRoadyladsogplensse t? as 'P%eﬁgtﬁbsr)t ed

over thg Gl r@lﬁﬁo’ﬂlﬁ&ﬂs pﬂ&@ﬁﬁﬂoﬁ & &sydr@édat TRY w26 PGBinREEn e iy G EHRd O p i's
separated and collected i n a hopper for WO 201f/ 116252PCT/ US2011/ 028

f ur t heraddingcessi taghe Whepiogaiv egtcepraie 65 rins wetrprotin ecdlcvmteatawraslogrdawmilbl e
| ogi ¢ control | ervbSP %anlnd 5 gl[rrachl ne i nterface é 2 [000299] The

dr ai nad®'t OBV 1 t R BT MELETUTN £R8CEHE Ot Y H5WSt Fonld he
har vestjepbl %@Iﬁn "ﬁ{eereﬁilﬂﬂﬁg)é@@ p&eih@nBeHt MES vaSH PdricHh@&iNeh %ot@fnodl’&&me

harvest sunp is fed to the equallzatlon tank, fromwhich watér is fed
t he purfppray deyeontoagetietaifea diyt prpteiree@icorirate. [Fbe)d&opl]omcwetrratalls P&Cdiﬁquhe

harvest St,llll’rt]'})lfl S.Gonve ed to the nechanical scraper. The wet lema is

conveye8 heddwat eri ng station to yield dewatered | emma for further

processing. [000301]1In Figure 36, each black text indicates process

st r eang 000285l | V\HhEBigL#é. 32, edaﬁﬂﬂaﬂ:kﬁall‘aﬂv ididateatal groce'ss Sfrednp, eSbla'dhﬂﬁd arroWat er
Reser vai r " and "Equalization Tank," indicate water supply; "Nutrient
St at i orindiggfes I‘GFé‘rlF‘il ey the gpiatieR “plltAdiariment toppelqped; ans| pigcessedBepugh cal

Scr aper‘%retcﬁﬂ torDe‘é;‘i”ﬁ ?R?}n@""‘%?oth"’n%&%&eﬂ?@’ﬁéhu&%‘w&sﬁr’* A8, A0%48ach

nunber In a rho cates uhit operation anpl e Process fl ow
di agr amiadé opWagdr addﬂfd’TtBrRrDtE[n Gormdenﬂraie it WV aah ¢iqal Btaeiunt” faroraviseomsanade to the

[000302] Fi gure 37 flq am of .an ex | ar rocess, of ating
pr ot ei PIP¥GHn alaa%qﬁgoarnl‘?hé‘gecr ggj‘m]phfnrges ﬁncf srar"{;%g’.lpe“l*%é‘%p %E%%% tﬁ/aﬁogest ed
by expehieiBRhS: are parameters removed from the process; and each letter or letter/number

combination within a hexagon indicates a sampling location or a material ID.
Example 17 — Process flow diagram

[000286] Figure 33 shows a flow diagram of an exemplary process of isolating protein
from an aquatic species, €.g., fresh lemna, with backmixing and optional protein wash. The

process was tested by experiments.

[000287] Fresh lemna (also referred to as biomass slurry or raw feedstock) are conveyed
to a knife mill where the wet biomass fronds are lysed to expose the internal water and
protein. The lysed biomass is conveyed to mixing tanks to which R/O water is added. The
ratio of water to biomass is 1:1. The lysed biomass is conveyed to a belt press in which the

lysed biomass is pressed to generate a first solid phase (identified in the Figure as “Belt Press
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[ 000303] Fresh lema (also referred to as biomass slurry or raw feedst ock)
are conveyed to a sanitation system from which overflow and solid waste are
di scar dedwOThe/1reaseri al is conveyed to a dewat ering centcirfusge1oessshaker
screen conveyor system and the separated water is recycled back to the

11 WP EENED: BPGraCL TR de T BE Qs TG T’ THE Pritdr etk or
and pr oeisBlidsThEert¥S@dn RhOMRSSe h§ “BERVBYRKFil& SollRCANtRE rhgediiligiisd ar the

m xi ng step. The |ysed biomass is conveyed to a decanter which generates a
decant exonyeygdjtaisceew Tiees €bltd gephaicer besopdovies Bdentdied inetbh dinguwalas pPesyi ng

st age t enerate a secgnd juice. (identified in the Figure as ., Raw
Sut oo PreoR TR Gt 38 e sE R Foet e atbuhartri o 453
st age #@rth@préddinlehBreefdre® S j0Re t(RleHEMAY iAltBe Rigutd &L IckdlePidsE RaG JuitethendFi gur e

as "Screw Press Raw Juice") and a wet biocrude. The wet biocrude is
conveyedWVeb bip-¢radhardihe dirstpidislsphige seragiaingain thp delierressi iscilushied apiagtvedes r om

oryer PRI LR: SO0t S LGB0 B BaSRIAE I Sagihe 1o
[ 000304hdibey decdintaeded: afoieliof ehandt blvecrade ejpced efsam rsansw picse#f nadnscrew

nmechani cal §r-essi n%P st age.#1 and nechani cal pressing stage #2 are conbi ned
to for MEsEgrbiedea %%C?ﬁlﬂ%g soHRipg khs Vet biparivide sisfied drom 1§ PIeshH 2 is

cont a! %ﬁleét@d W & in%h%ir@oﬁgio@ﬁﬂe iy ] ('a!isﬁﬁl f:lacshfcirgfér‘?Eﬁgeﬂe?atg%%g%@cﬁldgash
conprising recycled solids and filtered juice. The sh is fed to the
backmni xThegbedtomtssi merjnicthed fthd saewe prgssiroe jiise Soor sdew prashé 1 jand cerevaprkss The

j uice t@nk i s ongec}[ed to a chiller.. Fi%{ red j uliérce fromthe, j u]ibice tank is
Clar | £/ BEP RSSO I ER? RYTBERY FY e 8! G Aty atomn oshr Ul WFT 4% 1 rom
the fildalatd MhChRi@NE Blttbdkd fbRGadeU GRsh THRPAQRS Hbdye@adotal lads tfifesm t he
filtered juice are fed to the backm xing container. The clarified juice is
conveyagtice.o Ehehmash prieditpithatbackmpigingaepssaiprsat Tharlieted jpicotieisioresbayivicst i on,
gener at i abroth.c rigi wet otei.n _cancentrate, |n, ather. ..
omod L IERE IoE AT R P ik e IR TP Lo e i o
t r eat maRing Ac&Rithighabig@herafe @@irtfu@didicdids tthen iR fittéreatiiedtand lanspah dBferddo
separate the protein fromthe remaining part of the broth, the broth is

cent r i fiige frlsoredarrdrtatas agclprifigdivieeny Bhegantiifugedesalids fiearihe fdeeed jyse arg quor
IS recy : : 0, -t ef. : Of e . In
other - Sb ERaRrich Bl G PR ARIEEMIGLELRR SR ML PR L 1]
washed filteréch@iiqer Btthém ptanksedyin adeecigitavat er ciise thaat-indtcedrpbeimcenixenhy at e
to forma wet protein concentrate wash. The protein is scﬁparated in a

cent ri fA7HELB2 § SHUNLOBIPESRASHY P RAGIT CRMTFRIFT s 1} eE§EPRROBHER St BetriR Y owt h
ponds (ialiROsJff BF&Aihi@ RLoRIMERSY A treatifeR NEEMEMROSH FEALS and RRHREH
liquor 1s di'scarded.” The resulting wet proteln concentrate wash is dried
usi ng drqafroerei An drdeetto feprag thgrprete)n fromgbnesratining pdrtyofphobmwitin thohoenis at e.
[ 000305] I n..Figure 37, each black arrow.i ndi cates rocess stream .each
dashed PV HaEsIAE § IyE ke o] BRI SasTtaE: HEIAPEP R Pee
utilitigs ;grsxﬁ%nggér@fsl @Ro ELRE fo asDBWABI)g (EBiHet fetBBdimedRy thEmRUEY &
indicate sanitation system "Ball MI|," "Decanter Feed Tank (M Xing),"

" Decantdscarded N\Hbh awek pepteireercenigie St ejionslly washod ohtidiived by Rdéiggiwagerde flige #2, "
"Mechani cal Pressin { #3." "Biocrude Dryer," and.'Backm.xing' indicate
oi oo udb rORBEETRERr 39 oditp cuet PRI LY penf tns TREE Vi) ot

" Pol i shdoRgenGiard fol fatgeis"4:1 @i weight. " ThéCaiRtiting U@ plotemecohdéitrate Wdslals dried
Precipitator,” "Protein Separation (Centri fugez . "Protein Tank (Protein
Wash) , "usingr PERIN SEXRr GPAp fir Vs o gersitte iof diyeprotein ppnseirae Talde dry paetein
"Protei L Lndgi i i ng. Exanple 22- Process flow

di agr an‘ﬁ%(r)lgl%%retlls ?%ggi@%ﬁ)r%%{e?ggﬁ @{)%ggégpr otein from|ema [000306] Fi gure
38 shows a flow diagram of an exenplary certification run to isolate

pr ot ei 1000288] an dgurature 33, pach bkick errgw,indicgsha peirnsa. strtie, giecbdeged limsartdest ed
by experinents. WO 20]@/ 116252PCT/ U 2(% 1/ 028911 .000307&Fr§sh I ema d( al so
r ef er r 6476 LA HRICBAISRTGFTS) SEPST SARN1 YERY nfigatepfRres/eq material, an

each letter or letter/number combination within a hexagon indicates a sampling location or a

material ID.
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to a ball mlIl where the wet bionmass fronds are m xed with water and |ysed
to expose the internal water and protein. The |ysed biomass is conveyed to
a decant ewoferditzmeak for the m xing step. The |ysed bi omra3aSeéi1028WEYyed toO
a decanter which gener at es a decanter raw juice and decanter wet-biocrude.
The declgtnt er :ﬁt le ocr .S conveyed to a nechanical pressing stage #1 to
gener at/&aqiple §p i Jiraees w 48T press bio-crude. The first press bio-crude
is conveyed to mechanical pressing stage #2 to generate a screw press raw
juice 6[000%9?eCOffdgtﬁE%&%hbW@amd:bd@mgﬂﬁ?oﬁ@&@?&nﬁlﬁﬁﬁﬁrobés@'oﬁliskbqjeﬁmg%)r@t@irﬂ ect ed
for drying using a biocrude dryer (a spin flash dryer) enerate a dry

bi ocr ucfé)m[aemeeq prsiage e antieashrlamng.uivile baekaixeer @w Wla@g éidgléwl jtoireiingr om
mechani screw press raw juice from nechani cal
pr essi nté&sst ;&rhg%i‘%%are sg%gt i n%ﬁ%gm%egl‘?sm a conbined raw juice and fed to a
coarse soli ds filtration container in which the conbined raw juice is
filterdd00290genertatsh lamnasdiscCefpredso agbioamyctledy o0dvd feeandck)iakd ﬁj’rﬁdyquI ce.

The mash is fed to mechanical  pressi sta 1. The filtered juice
stored Pri KiEF ,Huf Lowhare the et biqmpasy ffqd‘%é &g ?ﬁﬁi fth&xpeiece iasra S | ed

using g5l S’bﬁéqgls&{aﬂl%ﬁiagéjﬂecoﬁ@?eﬂ@@ hading! ik e tfich R/@&eLAL GageintTidf uged

solids Tromthe ltered juice and a clarified juice. The clarified juice
i s conveyedf twratfa themompsseisilpl t@tdor. e dyvad eidreasts-is wdoeydd po at wlnpress in

coagul at | rating .a broth co risi t.el anc rate. In
ordor eniEh e S S pBRee oot ¢ B Pl er B e iR (6 bt e
broth i %eﬁ@}ésrsl\ifémﬁ @ﬁd@@n@{lﬁé&h&nhhwﬁf th@llnigu@e HWEEBAN Peg Rav ilieent 4t €.
The liquor is recycled bac t rowt h ponds éal so referred to as

bi or eackonzyd- ouhsqhdhétdeehﬁ@tumém@gunewé fBe‘dfuBrress ilgr Solidsied TheHarsiwealid
pl' otein hcon{:SeCnOtnI;Iat '[IOSSC}‘,C\B'WS ree%s I# P SC{)r ot reelssn#é %O %}fleadldesgll t grli I‘Ste lto
10: 1) o 3brot eI cEnceht r orma wefu protein Fat’e

wash. Tsheorﬂrjaicel(ialemsﬁe&ieﬂaahel?%drd s ‘BceSNPrdst RA& JureJENRY Alvet alov@sdk | Tiguor,
which is recycled back to the growth ponds (also referred to as

bi or eadt'8l Wid phasegepamingHole helﬁpsess iSH@SJRﬁ% Rsing gk (1dgnidfieciartbefigunmes
resul ti. %y ‘é\r%gtelp PRl wa{éPg.C gﬁﬂdé Ahshetasd hfedidind o%%n';h%[ @‘8‘%@8 gaﬁ; '}ecgw e

(spray t o generat ry protelin concentrate I gure 38,
each blackmadingpuorntaidérc 8odse af fhe aae dio-stude ajerted doiim dasdeedy aresow fieddo clat es a

recycl ed stream each tted arrow i ndi cates a di scar Str m and each
| etter BFKPEIRETIVRINGer %&%. DipsEy ﬁeiﬁ{:&eﬁ?wr%sq{ew@% 5%?@%& for &g i ng

| ocat i QRifr, BiobRIde dr&dr (h qufaﬁztshpcﬂryeﬁ%j g%er%é'a%(’cﬁ‘(g %rlﬁ@”pﬂ}fésberlt}ﬁrsssa{a@/ taken

for internal and external anal ysis. ; i,
and | 1-jVice nod det eresappisesaw frate @om spakxepresso#l et mrmn)rfam&ﬂylm eamMmrd to
2011/ 116252PCT/ USﬁOll/ 02891% I%ag%lljﬁ %3 - Lemwa.Grﬁ. Q and Processin

Faci | i t§"T 868FPOIR ‘B It 58 8N4 eGPt RGN FERLFOE I VRGN AP RGBS M Bed i n
this exampbd tdRendhRGesssMemprisiedcie XRRE 'aH@'ﬂlt%red[JQQ@?’]Ilﬂaeifnasﬁt?i§%@ay

Bi oreactors [000312] The facili tf{i i's designed to utilize multiple Raceway

Bi or eadp dh bagkaukinRxeateneri sheiftegedajuice ILDPEeQ 3ojuied Yank|lastuice gvlerl ig a
geomerrbg@g%f&ﬁ% Oeét)ahk AFlWIeI%g i?é‘%ro%{ JtuE % t%cf'{s C?Arllfged e][ % ceﬂéf&t § Ct | Orﬂelfﬂ]é t urn

wi nd wat er su ere

Punps  aieh@ifi@di §gidk rfesth tthe fﬁ’d’etddiaj’uYCd'ﬁhicﬂhr@)uHQﬂﬁbredA\hdled’ nate rofatred tsupply is
di scussed in the Water Supply & Storage section below Overall water flow

i nto eachriRse dwiss )i sTheosantéiuaes saligs dFom |tefiitpicd juise RrRideiRaiic haskraixing s
aut omatd.Gakly Ceqt rﬁueﬁg ‘in the spun filtered juice is coagulated by acid treatment, a

combination of acid addition and/or heat coagulation. In order to separate the protein from
the remaining part of the broth, the broth is centrifuged to generate a liquor and a wet protein
concentrate. The liquor is recycled back to the growth ponds (also referred to as bioreactors).
In other embodiments, the liquor is discarded. The wet protein concentrate is washed or
diluted by adding water (1:1 to 10:1) to the wet protein concentrate to form a wet protein

concentrate wash. The resulting wet protein concentrate wash is dried using a protein dryer
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[ 000314] Several alternatives exist to deliver water to a Raceway using
automated val ves controlled by the Central PLC. The water supply may be

di rect ed whroughezske pair of Rai nmaker distribution pip@sT/ush@1parddl ewheel
Bl ade Cl eaner distribution pipe, or the Water Manifold distribution pipe.
In the rai nrc’riak r, blade cleaner, and water gaaifold,. t he flow.ratg s

cont r ol FRIBY 458 ReABFale HPIPIRIGN BUCaRTFUET 48° R BRHHN CARCRYE AWBIEREE ean
Suct i onb# furih@AdeR afh1SEis i bution pipe. [000315]1n sonme enbodiments, the
raceway circulation is directed through the Paddl ewheel. The Paddl ewheel is
| ocated at the outside turnaround end of each raceway, which is the

oper at i[A802Hd. THe Hewe BduntnskIblacstagtavo igicats eepforess suerm.clark daghpd arrpar i abl e
frequency. drive d rface Ci i t ti. I

contr ottt G Rae Rl vl SaPURLRET bR P oRtkBPReUR) H etver gea
Har vestin&kiten®sdnplihadoSkionse a el €. are installed in each Raceway. The
first is |located downstream of the outside turnaround near the Paddl ewheel.
The second i s | ocated downstream of the inside turnaround. Skinmmers are
const r Jeta@led? peossshilfYy 4% | ed in subnerged concrete boxes. A harvest
cycl e consists of harvesting through each Raceway' s pair of Harvest

Ski merggod921i N9 BeliaR¥aRbws Yt Ry dRkFRTBE 8n @i&nﬁlﬁi‘yiggcés@ of H's%laihh%f;ﬁ*&t%inOf the
pond by a linear actuator and mechani cal |inkage. rvest is achieved by

dr awi ndrguaniagnatichspsagh, ¢ e fickh hera, piighi aathimiH aodaleofinteheTharpragassabvisel  Mat
Harvestt Pu(g?s. HarveFted WO 2011/ 116252PCT/ US2011/ 028911 I ema i s punped to
the Prd&ae Bth‘Pé{}F‘FB sng for processing into the various products,

i ncluding, but not limted to, protein concentrate, bio-crude, and | emma
(ani mal[pooaal] . Flrewhtlbmas ghsd Reé:ridtto Habloasks SUAP or Save Glall§totl) gt tyhvagdduat i ng
t he Ski mmer Flow Valves to neet the set point for FIC 141. The two Mat

Har vestto purifamidldpehigh R/Q wrages iRaddagayiere tieevefhip@assrieonds gt eedato expase

Ha t ' NG, . . j

ot 11 (RO AR &g BT Mte DB By [N Sy SEPPRICLE OORER
syst emis thdeyadtoer ddvanteesit whicbhwhe lgsaichio@ueds byesshidawigagerstact firstnsohid tphagehe
Underwat er .Harvest Punp. Bj ss detrjtus is, pupped.to.the Processin

Bui | d REenBHe : ;rbﬁnesé’g% i Ve G CRf e MPWEé%“EﬂB‘&%&FéﬁW&NZ@F% s
oper at gd;eoNtTRUGUSIidfThe® @'cbrln_tel%&?o &%@@&\#ﬁé@ #2 B fuRe UERINAL Sendlalcuest

the flowis nonitored and totalized by conputer function. Uiderwater
har vestse¢amddjuaanidentfred iRdeeli@yreusd MRpvaltionitad v aley b®-cwode.r dibkexetdyot he

Central PLC.(programmable |ogic control.ler). Alternativel unpder wat er

ar vestri it b P TR ProniuideT R iy e s Busri st Pl B
Racewaydrydy td EeHBratd dedrpai@ErudC ITHRN-aR jRiceYrd M seé@NplBacemand rdv) ficl §bRaceway
wat er anal ysis and instrunentation is performed by nonitoring water |evel

and watsefevt Pliepiefatigreembined tRAeemaygomhined riwvere prd fadripagidericpariipnaialss
ot £ (pRRBHmNSARD 5o Writh 86 ol ey 3h o iR R S BREAL et o

of wate eve e’ per or med P or wrt

wat er taip®Idaidh enicsdelts Qepmitt tiey @dieirafidmahardBaimag iphit of g Biofh, \@heeitotbhe
high or. I ow al arm set points are reached. Control of water tenperature my
be per fipFerétTUgRY i epntiffuen &lito geresHanilsHor DD YEOPIOHR RNCANY YrRatlBE ligHPI i ng

Syst emjg }Jb& 18 ‘P[’)Iaéﬁ 'éoctﬁ% él%@vqﬂl 'oH@s (Ig}ém}ei%ﬂ@dr% Mi@@eﬁ@t‘brsf) I D erﬂ‘lleocfhlﬂ@ntg,hr ee
Raceways openi ng t sanﬁl I'ng valve. The Sanpling Punp discharge I's run
t hr oughh¢ higudsaspisearfied. t Elie et prewwdveonpaittdte isegashéd bpeaddihg a kabwasmount of

water (1:1 to 10:1) to the wet protein concentrate to form a wet protein concentrate wash.

The protein is separated in centrifuge #2 to generate a wash-liquor, which is recycled back to

the growth ponds (also referred to as bioreactors). In other embodiments, the wash liquor is

discarded. The resulting wet protein concentrate wash is dried using a protein dryer (spray

dryer) to generate a dry protein concentrate. The dry protein concentrate is packaged for

further use or analysis.
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[ 000320] Raceways are protected fromoverflow during a severe rain event by
a passive system|located at the overflow end of each raceway. A gooseneck
posi ti onasoantiaibaseght bel ow t he raceway wal | hei ght al PORUSaEILOL891D be

di scharged. [000321]b. Water Supply and Storage [000322] Supply water can be

suppl i he facility_b ter s |y punps or by the | 1. wat er
car | SfiodRaL"s, RdisirsasotchdTichotty PRRBI D RERs ey ik i et alBier s 1o
remove jR@EAtkbe FRcIed mdutSREChld Sachi 18Rer SFCERENRAMBAR I MblrtibM it @%lsza%%hppl y
water sand filtérs WD 2011/ 116252PCT/ US2011/ 028911 and conveyed to the

G owt h igdirptevesampingtleeationgr ermatergdl dPned from the process is drained by
gravity fromthe reclained water tanks in the process building to the

raceways. an | dj_n nds,. [000323]1ln the ter, Return stem, the return
bunpe. daxPll Mt S OnP Gt St e sl e b B g o
process building. Alternatively, the return punps can draw suction fromthe
secondd 090295l di ndripoadcasicbwded ifloar dia@ranheffaaceeintplargrprocest o€ goowingr ynd

hol di ng pond. Return water is Purﬂzjed thrgugh t he supply water screeners to

renpve PAFEIRY FEAPRAIG SRIGES] §-¢ 16T ]émnf‘ﬂg BTV SRS @f?ﬁ‘l’ﬁﬁpﬁpﬁg pond is

utilized as a process water reservoir to supplenment the primary hol ding

pond agopeRded. VAot aoRealld RASFAIH @Y “floQmh FdasoRyian@fiNed RiHiwed JRaad and
t he Raceways by gravity. [000325]c. Nutrient System [000326] The Nutri ent

Syst emtbonsicets sappfopaiafrabpecdicatipns farntccTptalls watenqinelity sanduthenethe properly
balanced nutrition. Smaller ponds are designed and sized to adequately serve as “feeder”
ponds to the larger bioreactors. The smaller ponds are first inoculated and grown to high
density at which point they can optimally seed the larger ponds in a manner that supports the
most rapid growth. Fertilizer is fed to the nutrient station, and the nutrients are fed to the

lemna growth reactor.

[000297] Well water is conveyed to rapid sand filtration with water from the pump
station that pumps water to and from the water reservoir. Some of the water from the rapid
sand filtration and well water is added to the nutrient station. Some of the water from the
rapid sand filtration and well water is added to the lemna growth reactor to maintain the
reactor level at a certain set-point. Some of the water from the rapid sand filtration and well
water is added to the sprinklers, which acts as a cooling system to the lemna growth reactor.
For optimum micro-crop productivity, the water is closely monitored to maintain the
necessary nutrients and water elements within standard levels. Sensors installed in the ponds
monitor and record the levels of ammonia, pH, oxidation reduction potential (ORP), and
temperature. The ammonia sensor is used as feedback to control the levels of nitrogen in the
ponds via the nutrient tank injection system. A liquid level transmitter installed in each pond

assures that the water level does not fall below the desired depth.

[000298] For maximum biomass productivity, the thickness of the micro-crop mat is
monitored and maintained at a desired thickness. Harvesting can take place through several
physical mechanisms and at varying times throughout the year, based on environmental
conditions and the corresponding growth of the specific species. When the desired
harvesting conditions are met, the micro-crop mat is transported over the skimmers and

pumped to a vibrating screen where the micro-crop is separated and collected in a hopper for
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solution is blended in batches that are delivered to the Raceways. Nutrient
blending is a sem -automated process by which Supply Water is netered to

t he Nut riwot2olankxs2 The operator utilizes automated val PEF/USRO1LI0R$91t he
Nutrient Tank. Dry nutrient blend is added either manually or automatically

accor di t he desired.dosi ng concentration. ,As the dry nutrient blend is
g o ek B i P sct@leg, 5% § Mad ke e trgstr Ut
Tanks. (PPEYIRY hisal/heciias av@yee ausibhi |l 1 ed for conm ssioning and start-up,
an initial dose of nutrient is delivered. Mintenance-|evel doses of

nutrient are required on a regular basis to maintain the desired nutrient

concent[PBO299h i n Theedraimpgs OV%ﬂ@Wefquadbq\éw”@na gaptih gesstorjand ghe patlgwofrom
nutrie t tration that. will maintain t sire utriti
level o hghfled SHRBRAUR BN pehiph el bR YRt R ME A WD s o
prepar edd 36lthd equmlizhtieh ek oy whidhCRar iiS f&R R tlaup@ptsedion Eindh@e Wiér i ent
Punp can deliver a dose to any Raceway by use of automated val ves.

[ 000328F§Y°.emma Processi ng [ 000329] a. Dewatering and Screening WO

2011/116252PCT/ US2011/ 028911 [000330] Lemrma harvested through the Harvest
Ski mergodspof he Mee H%eﬁ%sgglﬁuﬂﬂp%ah%sﬂﬁﬂﬁﬁ & 8chWRyed e adahvanhRdl LemNE,

Screener, which is a two-d screener that separates oversized naterial
and debFlieswétr lomnthie chevayad tOeher dewmeriing stetimy edyikldodew HtereRdeeways foythethe
Underwat er Harvest Punp and is screened by the Underwater Harvest Screener.
RacewayP' RarVBst water from both screeners is collected in the Reclained
Wat er Tanks, which are two horizontal tanks nounted on an el evated platform

| ocat eqogo3oagt | y Ibefﬁigwetjag 261 @RNRT teRE TNt Eprdesk . strhas; Rewk Ri weedr Mt er
Tanks are hydraulically linked to effectively conbine their volume and
accomm@éipéiytsh@ fHilyratien.” r'&amp dionat eWatar JReSBBi. s @peeharalizatipe Takks al so
serve t. I i ’ \V: agess. di ] X5, pr ess
Tu oo gt G I Bl e R e e S B S S e R S o
from t evddhshied SrrapeainakenDewhtegidg StadomRedydidaes hapeki dgwavatigd; Ardosadbhe
Juice Cooler. The tanks drain by gravity through a PVC pipe into the

Pri mar Y/UERDCH VY IO Mk Klictqs UgiH aPetAEiPh s reached, a high level switch
will alarmand interlock to shut down the Mat Harvest Punps and the

Under wat @iim g1 bY €Sro b How dRh g AT B)DildRE bfember i ularid T 3OWE PRALin fARR Y&hed

| erma from'the Harvest'ed Lerma ScCreener and detritus fromthé Underwater
Harvest Screener drop onto the Wigh Belt Feeder to be netered by a | oad
cel | cdA0@30dl i n HignrpBdcbswis ngloy dREEE1 pPHan Beaunapleryepiotesmed iSlatige protgiver

000332] Th d : omed 1Sl | -
he i JEoR BTN aP & fko s e B ek Rl BT HilnfifE noPPer

production. The Dewatered Lemma Surge Hopper is a |ive-bottom hopper

enpt i eq000308] Scr reshdsmay alsoMefgiedde b vehmshaunest eny feeditack)araednveyn@ The
conveyor rotational speed is controlled by VFD to match the flow of the
downst rl@ EniAHtRI9INYy sisib Eags Which sl and_ elith WRAE [Arhgisgaodrs3 sEner atesiaf fs M | |

Feeder Joﬁ%%jeﬁeé zI h%tgfiﬁénc&nﬁf&vﬁt sq{aﬁé} g‘c%gﬂacoﬁl%% J?Qn%ﬁ?ﬁnd the separated

water is recycled back to the sanitation system. The material is fed to a conveyor and then to
a ball mill where the wet biomass fronds are lysed to expose the internal water and protein.
The lysed biomass is conveyed to a decanter feed tank for the mixing step. The lysed
biomass is conveyed to a decanter which generates a decanter raw juice. The solid phase is
conveyed to a mechanical pressing stage #1 to generate a second juice (identified in the
Figure as “Raw Juice”) and a biocrude. The biocrude is conveyed to mechanical pressing
stage #2 for further pressing to generate a juice (identified in the Figure as “Screw Press Raw
Juice”) and a wet biocrude. The wet biocrude is conveyed to a mechanical pressing stage #3.
The wet biocrude ejected from screw press #3 is collected for drying using a biocrude dryer

(a spin flash dryer) to generate a dry biocrude.
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Conveyor and controls flowinto the Ball MIIl. Lemma is mlled into mash by
the Ball MII and is discharged into the Mash M x Tank. The desired total
sol i ds cowmoentwiabisen of mlled mash is optim zed to facPPCritste1pe89¢ESSi Ny
in the Lemma Decanter. The Ball MII| Feeder can accept flow fromrecycled

streamr{hg(?ﬁé‘ihe ﬁsh M x Tank, .Prote(%]]n Juice fromthe.l.iquid receiver. of
the Ler®0Bdant et defdnifacay o Bhe PriEds S8 14 AYCheitermeqbrricely

| ema Bfﬁ\édamgsst L8 bkl hlRendMRSD pMs¥ind atlse #2Mrd@bidlined tb 38ikn W dobhiaanaci ty
to hold all of the anticipated total daily harvest of dewatered |lemma from
al | Radeisaysd fedmo20:Daysg selkBARTTVIcISIOMaiNg 28 hicl] (ho0esdbindd rave priee Bddtgradi ng

[ 000336] The feed rate to the Lemma anter.is controlled by .the Mash Punp
VP, AP STei3fiet atioh RRPrOHE SR TRS e RER arh &Rt b LSRRl | e
by the Haelkmxide eamth@er. SKid @estd QhicPanetored e t Qriéd ush®. SThé gsicoulnruis from
the decanter initiates the Bi o-Crude processing stream Bio-Crude is

t r ansf €opeested: gmat thallete c Bftesad gtiesc Fary ghet iigen gnkj is-dprifipd prieg ¢ AYlisbHIZ by

t he Wt R o- d - Jy QH t er. LNni4i ates
the proedids BEEedERRy St kISl bth Gl Bbed IR JilEe RERAM Shick NI e
Jui ce Resaeifvexd, sodidd fiogn thel filisegdeiider menféch® the dackaixirtgocdnldnelui Te Gatfeeiner by

the Juice Punp. The recycled streans, which include Press Juice from Screw
Press #Yice p gweyrd oet hgappiesipitalpr B sdise Aoat-igdnsed profeincoag Hipée PEFiesHingg

Cent ri fLg8m & rgsh%toa} gvg{‘ V&G bR chfifed Yh %ﬁwﬁ@ﬁl%éfiﬁ{ents:rﬁl%lﬁ}&’ﬂgﬁi nafe EI%Lﬁlteei n

Jui ce and recycl fromthe Juice Receiver are delivered to
Jui ce Filterat julrg it beaghlsitaiebyPamg tredihens uspemdadios of hdd ahd/onthehealRreatreém. Jui ce

stream are screened through the Juice Filter. Soljds are discharged from
he JuiIBETID SHPRGHIF S HHg Tk ot B BRI Pt UEE Dy QJoPoI P B Tbe ¢ o
Bi 0- O yd@eRr8® S IRfhor dbd & ek ?rd@éiﬁ ¢hadedB et THENRuUEH Isti8FREEIIBALE € tiRNMfoRAd 1S
transferred to Juice Tank #1 by the Filtered Juice Punp. [000337]1ii .

Bi 0- Cr uedPfadseredirry POBIEB8IOISBI b ghadembedimentsgthe AR08 9] BeaededPrByes #1
[ 000340] The Bi o-Crude stream fromthe Lema, Decant.er i ewat er ed. i n.

br epar atToorst ey uf Sa%ed fob JoL B REBILE walordR B ST B (e

first sdoagmra¥bifoimatved pidkeinycoptamitaed wash. ofhd hretdhi &-sepatdedfih hsen@if@ssi ng
wi |l vary based on the nunber of bioreactors and the size of the dgrocessi ng
cent er .t0[230031¢13 Bapleliamre sdichois repehaobak o thegeowtd mopds kdso erdeiErdetoetd af t er

bei ng dj; dj : . - S .
Aot o1 SRR U SRR el B SR S R SRR o
based amntdnerattuwher i0dribd arseact grsteandryehdsay elrgdr) theepraees sirprotami 11 ty.
WD 2011/ 116252PCT/ US2011/ 028911

concentrate.

[000305] In Figure 37, each black arrow indicates a process stream; each dashed arrow
indicates recycled stream; each dotted arrow indicates utilities; “Sanitation System,”
“Dewatering Centrifuge,” and “Conveyor” indicate sanitation system; “Ball Mill,” “Decanter
Feed Tank (Mixing),” “Decanter,” “Mechanical Pressing Stage #1,” “Mechanical Pressing
Stage #2,” “Mechanical Pressing Stage #3,” “Biocrude Dryer,” and “Backmixing” indicate
biocrude processing; and “Coarse Solids Filtration,” “Juice Tank,” “Polishing Centrifuge,”
“Chiller,” “Centrifuge Juice Tank,” “Heat Precipitator,” “Protein Separation (Centrifuge),”
“Protein Tank (Protein Wash),” “Protein Separation Wash (Centrifuge),” “Protein Tank,” and

“Protein Dryer” indicate protein processing.
Example 22 — Process flow diagram of certification run to isolate protein from lemna

[000306] Figure 38 shows a flow diagram of an exemplary certification run to isolate

protein from an aquatic species, e.g., fresh lemna. The process was tested by experiments.
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[ 000343] Press Jui ce Recovery [000344] The conbi ned Press Juice from Screw
Press #1 and Screw Press #2 is conveyed to the Press Juice Receiver.
Recover eawBnresigiidasece i s recycl ed back to the Wt Bi o- CPaaiaSSonmesper by t he
Press Jui ce Punp. [000345] Screw Press #3 [000346] Bi o-Crude i s further

dewat er ng dir charged fr m Screw 2 into Screw
o oo AB00Rg] o e e Bt i Lo de ORmE ey 06 fats refoed &t Giverdee s,
Ant i ci pateeshidai Wlﬁf@%%étod}oﬁﬁsstfiﬂ@nd@ #e @{&&ﬁwﬁthlmelpaﬁﬁ@lsémw/veiﬂosm{ey
based on the nunber of bioreactors and the size of the processing facility.

Pr essednteimg! Gratrteandspreiegc h&h‘g ded bormass riewoPreged (63 demrktﬁrt fned Bink-for thte
Conveyar., . whi.ch Cr ud

00054 st i, 3B W Did s o fatesiT 1) B chiBrer SREF Feeler b ahfudiORRE cos

#3 i's GoveyedetttéhreMbistiaddUiTiR dResety get-bidaside id dbsryes tpunpethahiat he
Waste Juice Punp to the Reclained Water. Tanks for return to the Primary

Hol di ngPrPeHE.stq2030 32 gpReratpiagawvige amy § fing Proe bBsodh e im dist pigsBpig-coyidede
Ho of
b et Loy AP AR ngRRAS ke A0 Fenb e ARIGFRR B hetng Qelchd

until  tpressfbdd-tardenghe pedoat iphgs Bivycrudd Esrboillbctbﬁ falrdreitlg anihg patt&ageéddrylr essed
Bio-Crude | s transferred by the Pressed Bi o-Crude Conveyor to the Dryer

Feed F@ﬁﬂbﬂasgtdr&er}@tg@nﬁ@ﬁ%%ylbé‘?frw VFD to maintain an operating level in
the Bi o-Crude Dryer Feed Hopper. [000351] The Pressed Bio-Crude is dried by

the Bi qofs308¢ Dr Y- ddcMnSO Ry ﬁ.ﬂ@(iihérgd}é@ préf&aRl RicCrHole FEXNERichISprBssing
spin-flash dryer with intake heated by an Air Heater fired by natural gas.

Li qui fisexgertét lancétheg@;sev( NG ravapkee e inodrunizdl prssig sagof2 e erambisediy v.

prckagi A rbBHT OGS it BT TR0 R e T ‘DRGhe BPreRE B QLo yor

Ski d ar@nfbaid QW Ry Rtdediks abrGaeONhiah cP@APBYing recycled solids and filtered
juice. The mash is fed to mechanical pressing stage #1. The filtered juice is stored in the
juice tank. Filtered juice from the juice tank is clarified using a polishing centrifuge and
washed with water to generate centrifuged solids from the filtered juice and a clarified juice.
The clarified juice is conveyed to a heat precipitator to cause heat-induced protein
coagulation, generating a broth comprising a wet protein concentrate. In order to separate the
protein from the remaining part of the broth, the broth is centrifuged to generate a liquor and
a wet protein concentrate. The liquor is recycled back to the growth ponds (also referred to
as bioreactors). In other embodiments, the liquor is discarded. The wet protein concentrate is
washed in the protein tank by adding water (1:1 to 10:1) to the wet protein concentrate to
form a wet protein concentrate wash. The protein is separated in a centrifuge to generate a
wash-liquor, which is recycled back to the growth ponds (also referred to as bioreactors). In

other embodiments, the wash liquor is discarded. The resulting wet protein concentrate wash

is dried using a protein dryer (spray dryer) to generate a dry protein concentrate.

[000309] In Figure 38, each block arrow indicates a process stream, each dashed arrow
indicates a recycled stream; each dotted arrow indicates a discarded stream; and each letter or
letter/number combination within a hexagon indicates a sampling location or a material ID.
AQ, P1, and O1-W indicate samples that are taken for internal and external analysis. C1, K2,
D2, D3, F5, Q2, J1, J1-W, I1, and I1-W indicate samples that are taken for internal analysis.
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WO 2011/ 116252PCT/ US2011/ 028911 [ 000352] c. Bi o- Crude Packagi ng [ 000353] The
packaging area is climate controlled area to reduce humdity effects on the
Bi 0- Cr udewpr2otumas252Bi o- Crude i s packaged i n appropri at epPprasaeitiozgseci fi c
bags, fiber drums, or other containers. [000354]iv. Protein Concentrate

Processj n 0Q0355] a. Polishi Centri fugation [ 000356] Jui ce Poli shing
[ 00035 Wgé‘{lﬁggr% I"f‘(fg" freai gfﬂféff”f “‘%ﬁp’tered Protein Juice by the
Pol i shing Centrifuge. [000358] Pul p Recycle [000359] The solids discharged

fromt fmomlop shi ng pteREy dff 4RI Hd SR Ichalifi8e JoBBaNinthisHxa i ldRecRl ver,
where the solids are recycled into the Juice Filter and Wet Lemma Conveyor.
[ 00036a)rBcePt veelostepbgexpiriaditon [ 000361] St eam | nj ecti on Preci pi tation

[000311] a. Raceway Bioreactors

[000312] The facility is designed to utilize multiple Raceway Bioreactors. Each
Raceway is lined with LDPE (30 mil) plastic over a geomembrane (8 oz). A windbreak of

PE material provides protection from wind.

[000313] The water supply to the Raceway is delivered via the Return Pumps
originating from the Primary Holding Pond. Alternate water supply is discussed in the Water
Supply & Storage section below. Overall water flow into each Raceway is monitored. Water

flow into each Raceway harvest is automatically controlled.

[000314] Several alternatives exist to deliver water to a Raceway using automated
valves controlled by the Central PLC. The water supply may be directed through the pair of
Rainmaker distribution pipes, the paddlewheel Blade Cleaner distribution pipe, or the Water
Manifold distribution pipe. In the rainmaker, blade cleaner, and water manifold, the flow rate
is controlled. = The water supply may be directed through the underwater Clean

Suction/Irrigation distribution pipe.

[000315] In some embodiments, the raceway circulation is directed through the
Paddlewheel. The Paddlewheel is located at the outside turnaround end of each raceway,
which is the operating end. The Paddlewheel rotational speed is controlled by a variable

frequency drive (VFD), and the surface velocity is automatically controlled.

[000316] Lemna is harvested from the growth raceway by submerged Harvest
Skimmers. Two Skimmer Modules are installed in each Raceway. The first is located
downstream of the outside turnaround near the Paddlewheel. The second is located
downstream of the inside turnaround. Skimmers are constructed of PVC piping installed in
submerged concrete boxes. A harvest cycle consists of harvesting through each Raceway’s
pair of Harvest Skimmers. During a harvest cycle, skimmers are raised to the surface of the
pond by a linear actuator and mechanical linkage. Harvest is achieved by drawing suction

through the skimmer piping with one of the two parallel Mat Harvest Pumps. Harvested
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[ 000362] Liquid proteins in the Polished Juice are precipitated for
separation by the SteamlInjection Precipitator. [000363]c.Protein Broth
Cent ri f ugaiDi20n/116230364] Concentrated Protein Broth [ 0003®@6]/Ise01P0289¢i n Br ot h
is concentrated by the Protein Broth Centrifuge. The Broth is fed to the
Protein Brot.h CentrlfuaF g t he BﬁOtQ Hol di ng Tank Punp. 000366%#» uor

Recl amat™dh '} db‘@’fa"@?] #h P Hen BAHYINg hoL ePTPPSINE HBtOPERS: SPHOW B

Centri flﬂaﬁdmg tuigot | hﬂﬁt@& P RSEin dehnBiffatd, %ldiéﬁa@aarngqanﬁ@(axnnﬁaﬁ%hal m%eb Vat er
Tanks for urn to the Primary Hol ding Pond. WO

2011/1 fﬁb@@gp@ﬁ Mapblanves2Bonn ls[ @D03BE] by afting the konmenElot WQlV&: to mﬁet
Ce i 6 B
SomcentPo s ppfhs FayHIECE e TV IR SO PRREs Rhd O e RRERE v, TR

t he congepich@l aethbHiVest StaffbxX Bﬁi thef dperatias Rndvaf @k Ratéeapdhshed Broth is
conveyed to the Washed Broth Centrifuge. The Broth is fed to the Wash
CEntrlfu e b¥ the Broth WAsh Punp. The Washed Broth is separated from wash
wat er Hell vasPiesmasy detiges. 1STh@V%%%é@HBrﬂaﬁ Rapevaphioay &y the odereater

t f P t th
vash 'oé*é?fe.s et SR Mo Y D o P et R 0 e ot

varlesIhaEeGMbm}ﬁMGmn@uh@r Bfiorhasor@adtueris pangpetiite the A&oodssinpeByitdicessi ng

facilit The i hase se ara in the Wash Centrifuge is c nve ed to
the Redlraseieipe \V@&e erfllﬂr bt t]P&CYfV&teﬁ farvest ltsré?PVaFﬁ @ 6“‘?5‘8 rom

[ 000370} ke REEALH)sD [ﬂrﬂlﬂg'?ﬁhderwater harvest, the flow is monitored and totalized by computer
function. Underwater harvest is drawn from a Raceway using automated valves controlled by
the Central PLC (programmable logic controller). Alternatively, underwater harvest may be
directed from underwater harvest screen boxes in each Raceway, or from underwater suction

piping in each Raceway.

[000318] Raceway water analysis and instrumentation is performed by monitoring water
level and water temperature. The Raceway water level is monitored, and alarms notify the
PLC when the high or low alarm set points are reached. Control of water level may be
performed with or without automation. The Raceway water temperature is also monitored,
and alarms notify the PLC when the high or low alarm set points are reached. Control of

water temperature may be performed with or without automation.

[000319] In the Automated Sampling System, the Analytical Sampling Pump can draw
water from any of the three Raceways by opening the sampling valve. The Sampling Pump

discharge is run through the Sample filter to remove particles of specific sizes.

[000320] Raceways are protected from overflow during a severe rain event by a passive
system located at the overflow end of each raceway. A gooseneck positioned at a height

below the raceway wall height allows water to be discharged.
[000321] b. Water Supply and Storage

[000322] Supply water can be supplied to the facility by the water supply pumps or by
the well water pump. Surface or well water is pumped through the supply water screeners to

remove particles of a specific size. Screened water is run through supply water sand filters
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[ 000371] The Protein Tank has a nom nal of 125% of the anticipated total
daily production of Washed Protein Concentrate. The Protein Tank is

equi pped wot2b11a1163521 | ed water jacket to nmintain the teRpEsunm2gsilt he
contents at the desired tenperature. Daily production is held in the tank

until it is dri n ack d. The Concentr at P tel IS drle b t he
b ot o1 B BrCver o BB OB AR aYS(E R BRGt B BR8P Be Brochisds g i t h
i nt ake Hay;%aﬁ & B¥make Aklaidiepbaler fank & Y pRREWRIIIIBSe t}lé aeddyedndabuigl gas

(LNG t s are located on site for burner supply. Anticipated daily
pr oductfonds.of Dry Protein Concentrate will vary based on the nunber of
bi oreactors and the size of the processing facility. The Dried Protein

Concent s c 0 nsfe

packagitigo 23 PBGBY S6r B SRR P RE R o B L Sl Bt A 1
cl i mat enotding p@ﬂld ®cthé eacewapiCandpuodeds byildadd. eAItérn@uﬂveﬂﬁ ehdredir@ipimpo bmedtaat e
product. The Protein Concentrate is packaged in _appropriate

pr oductsllgtﬁ{*b fromcthe sggendiry fplsidpe pRngnand dedinerate4hs facpity ok xstheipgigiagy balding ng
d Hol rﬂgllgg T,
@i 1 Q@Q éf/lst emis ggnedgu?h%%%g?(%ggnggsr ??ré”ﬁogggrﬁ%%gé?gof mash,

juice @ped:lﬁosllzedurl ng a process upset. The follow ng process WO
2011/ 116252PCT/ U82011/ 028911 | ocations can transfer partially processed

duct the Chill &H0|d Filt d J Pol hed
S ea bl ¢ £ o' oty datldhas POCe BRI Bary AR R S T o RSP B0 7] b,
Syst em GopRRRANhS pHAAPBR SRl FHAE Yis GoQldinaVE@POATE] REARSRS fFdHitkSPimam

Filtered Juice, PoI i shed JUI ce, Precipitated Broth,
Holding Pond and the Raceways by gravity.

[000325] c. Nutrient System

[000326] The Nutrient System consists of a pair of Nutrient Tanks in which a nutrient
solution is blended in batches that are delivered to the Raceways. Nutrient blending is a
semi-automated process by which Supply Water is metered to the Nutrient Tanks. The
operator utilizes automated valves to fill the Nutrient Tank. Dry nutrient blend is added
either manually or automatically according the desired dosing concentration. As the dry
nutrient blend is added, the Nutrient Pumps recirculate the Supply Water in the Nutrient
Tanks.

[000327] As the Raceways are filled for commissioning and start-up, an initial dose of
nutrient is delivered. Maintenance-level doses of nutrient are required on a regular basis to
maintain the desired nutrient concentration in the water in the Raceways. Each dose is a
blend of nutrients at a concentration that will maintain the desired nutrition levels. Once a
nutrient solution is blended and a Nutrient Tank contains a prepared solution, the delivery
process is semi-automated. Either Nutrient Pump can deliver a dose to any Raceway by use

of automated valves.
[000328] ii. Lemna Processing

[000329] a. Dewatering and Screening
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Concentrated Broth, and Washed Broth pass through the Juice Cooler to set
or maintain the tenperature at the desired level. [000380]Chilling

[ 000381] AWoceslst1b1sai ds exiting the Juice Cool er al so pa®€Tiusecaugksdthe Jui ce
Chiller to set or nmaintain the tenperature at the desired level. The

hilli ' t t h t i | Skid, which .
o her ot 4800330 P 4R o SRR AER bt By BE AT HT s PRIt g 1 he
Juice Ql'awate%d by tﬁé) Hamlsde@ctenhw@é%&]eMHkHQS Tano- &&Qos%ﬁe%h&hﬁlaﬂaéﬂakﬁ@s Juice

Tank has a nom nal capacity of 100% of the anticipated total daily
pr oductqvommvﬁlnnaé@rla_@nﬁéemsfrpmmﬁ‘elema| D@trltumscremtrmfromthfqﬁa@was wy the a

chille maintain th atur ontent at the
Gt 1 o iBHFiet AANSh Bl i Bl o TBRRE M a0, SRRRE00 Ballvdy 'S o
Ski d [ GRERS6WItRae ChPoSBk iscrebifere BWoppaed W thB ReoRitheh hatsi zeds appepprd @iel y
for the volune of material being processed. The CIP Rinse Tank normal |y

cont ai i9rizertalyianks mewHed @ i sde e plsforguioprehtditsetly relem dthaf scegener
| t
cl eani ng. wh Lihe CRUBLT §p8 Oﬂaé‘élélﬁn@fll %ﬂsr_rﬁgrﬂ%s C@%M caﬁ? Hﬁ<t%§l§o eff%:c?tﬁ?@ ¥ ¢ hat

process equi pnent by recircu

del i vercon{Blire ﬁleimtoﬂmﬂe andl ac¢amsr@odade @lePﬂ@wsdf&mluﬁl&rds\watEhﬁroa l?otlﬂ%teenemzar ns
CIP solutions to the desired tenperature. Flow can be recircul ated through
the C Phoeiatley alsphaeras dhfo ol iRgample olyne aFcsss GsshesEhstiamsy dGusieelyess

t enper ?EHE SR SRA Nresd POOBRALP frofl FheS@ldtEihOBrofh @‘e’ﬂﬁ?fugp Liquor from the
2011/1 6252PCT/U82011/028g11 000388] The CIP solution is a caustic solution
heat ed Weshad d&rsicimedeteifugeonmt Redyvded cooling water from the Juice Cooler. The tanks

drain by gravity through a PVC pipe into the Primary Holding Pond. When a high level is

reached, a high level switch will alarm and interlock to shut down the Mat Harvest Pumps

and the Underwater Harvest Pump. For lemna harvest rate measurement, harvested lemna

from the Harvested Lemna Screener and detritus from the Underwater Harvest Screener drop

onto the Weigh Belt Feeder to be metered by a load cell conveyed in to processing.
[000331] b. Dewatered Lemna Surge Hopper

[000332] The Dewatered Lemna Surge Hopper is a rectangular steel hopper with the
size chosen to accommodate the specific number of raceways in production. The Dewatered
Lemna Surge Hopper is a live-bottom hopper emptied by a screw conveyor which delivers
harvested lemna to milling. The conveyor rotational speed is controlled by VFD to match the

flow of the downstream milling process.
[000333] c. Lemna Milling

[000334] The Ball Mill Feeder receives flow from the Dewatered Lemna Surge Hopper
Conveyor and controls flow into the Ball Mill. Lemna is milled into mash by the Ball Mill
and is discharged into the Mash Mix Tank. The desired total solids concentration of milled
mash is optimized to facilitate processing in the Lemna Decanter. The Ball Mill Feeder can
accept flow from recycled stream from the Mash Mix Tank, Protein Juice from the liquid
receiver of the Lemna Decanter, and water from the Process Building header. Milled lemna
mash is held in the Mash Mix Tank, an agitated tank with a capacity to hold all of the

anticipated total daily harvest of dewatered lemna from all Raceways.

82



solution is prepared by dilution with the appropriate amount of water. The
CIPrinse refers to clean water heated to the designated set point.

[ 000389] cwOChR/13603pl y & Ret urn [ 000390] The CI P Syst em Ugeraisaria/o2s91f ol | ows:
Mash M x Tank, Juice Tank #1, Polishing Centrifuge, Broth Hol di ng Tank,

Pr ot ei Centrifu Brot h Wash Tanks, Wash Centrifuge, Juice Cool er,
Jui ce gﬂ&‘?ﬁé? Clﬂt'ﬁ‘le@&gﬁ?f:?f&m?ank, and Protein Tank. Exanple 24- Protein
Purity, Protein Product Yield, and Biocrude Product Yield [000391]Dry

prot ei T0ge33eENt I afi Red r4E Yo lﬂieOL&ﬁMDewﬁft& i@rc@ﬂtlﬂ&j%di t}férMhﬂgPﬁlﬂpt\*’lﬂ).
Process Fl ow D agram shown in Figure 38 and descri bed herein.

[ 000392} wraRatece duntabioTalyithis the d-cpmet Beeaninir bli¢, arprasneplied by dthie tLapns d,
and bi %?é&a‘ﬁt%r @k%fé%trc}i'}%,'ngt e BREENES §’é}{11s%%? J&56h 'ﬂ?eegec%h%?‘{‘ﬁlﬁ&cﬁs #ﬂ% the
application, protéin purity is cal culat ed' as appercen age of tota I nal

pr oductBidrGrudelpsdcaniey, stpFaat. e Bio-Yingledisitfancfled Ifatne thed8ecantee dxehdrag o @ie t ot al
I nput dry substance nmass, and biocrude éi eld is calculated as a percentage
c

of tot BOiGPde Fuesyingulait e thendss Bigfprge Eonveyggudhe Waridgeutppiafiom Bigy | |

Day 11 lgecanter initiates the Protein processing stream. Protein Juice falls from the decanter to the
Juice Receiver, and is delivered from the receiver to the Juice Screener by the Juice Pump.
The recycled streams, which include Press Juice from Screw Press #1, Press Juice from
Screw Press #2, and pulp from the Polishing Centrifuge, are also conveyed to the Juice
Receiver. The combined Protein Juice and recycle streams from the Juice Receiver are
delivered to the Juice Filter by the Juice Pump. The suspended solids from the Protein Juice
stream are screened through the Juice Filter. Solids are discharged from the Juice Filter
directly into the Wet Bio-Crude Conveyor for delivery to Bio-Crude Pressing. Juice is
discharged to the Filtered Juice Tank and is transferred to Juice Tank #1 by the Filtered Juice

Pump.
[000337] iii. Bio-Crude Processing
[000338] a. Bio-Crude Pressing

[000339] Screw Press #1

[000340] The Bio-Crude stream from the Lemna Decanter is dewatered in preparation
for drying by a series of screw presses. Screw Press #1 is the first stage. Anticipated daily
production of the Bio-Crude first pressing will vary based on the number of bioreactors and

the size of the processing center.

[000341] Screw Press #2

[000342] Bio-Crude is further dewatered after being directly discharged from Screw
Press #1 into Screw Press #2. Anticipated daily production of the Bio-Crude second pressing

will vary based on the number of bioreactors and the size of the processing facility.
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Protein Purity 67.7% 69. 9% 69. 1% Protein Product Yield 23.2% 20. 3% 21. 6%
Bi ocrude Product Yield 43. 7% 47.6% 37.9% [000393] The dry protein
concent r awe 2andiidesg bi o- crude were anal yzed further. PCT/US2011/028911

[000343] Press Juice Recovery

[000344] The combined Press Juice from Screw Press #1 and Screw Press #2 is
conveyed to the Press Juice Receiver. Recovered Press Juice is recycled back to the Wet

Bio-Crude Conveyor by the Press Juice Pump.

[000345] Screw Press #3

[000346] Bio-Crude is further dewatered after being directly discharged from Screw
Press #2 into Screw Press #3. Optional adjustments include injecting steam into Screw Press
#3. Anticipated daily production of the Bio-Crude third pressing will vary based on the
number of bioreactors and the size of the processing facility. Pressed Bio-Crude is
discharged from Screw Press #3 into the Bio-Crude Conveyor, which delivers the Bio-Crude

to the Pressed Bio-Crude Hopper.

[000347] Waste Press Juice Reclamation

[000348] Press Juice from Screw Press #3 is conveyed to the Waste Juice Receiver.
Waste Juice is pumped by the Waste Juice Pump to the Reclaimed Water Tanks for return to

the Primary Holding Pond.
[000349] b. Bio-Crude Drying

[000350] The Pressed Bio-Crude Hopper has a nominal capacity of 125% of the
anticipated total daily production of Pressed Bio-Crude. Daily production is held in the
hopper until the following operating day, when it is dried and packaged. Pressed Bio-Crude
is transferred by the Pressed Bio-Crude Conveyor to the Dryer Feed Hopper at a rate
controlled by VFD to maintain an operating level in the Bio-Crude Dryer Feed Hopper.

[000351] The Pressed Bio-Crude is dried by the Bio-Crude Dryer. In some
embodiments, the Bio-Crude Dryer is a spin-flash dryer with intake heated by an Air Heater
fired by natural gas. Liquified natural gas (LNG) tanks are located on site for burner supply.
Dried Bio-Crude is discharged into a product hopper and transferred to the packaging room.
Automated functions within the scope of the Bio-Crude Dryer Skid are controlled by a

dedicated control panel.
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Exanpl e 25- Process Product Yields [000394] Summarized in Table 7 are

typi cal

yield ranges of the protein, bio-crude, and | emma neal. WO

2011/ 116280R0M/1082011/ 028911 Table 7 Process Product Yi @CHaS201028935
Product Yields Product Typical Yield Range Protein 15% 28% Bi o- Crude

0, 0,
30% 52 ﬂ)00352] c. Bio-Crude Packaging

[000353] The packaging area is climate controlled area to reduce humidity effects on the
Bio-Crude product. Bio-Crude is packaged in appropriate product-specific bags, fiber drums,

or other containers.
[000354] iv. Protein Concentrate Processing
[000355] a. Polishing Centrifugation

[000356] Juice Polishing

[000357] Residual solids are removed for Filtered Protein Juice by the Polishing

Centrifuge.
[000358] Pulp Recycle

[000359] The solids discharged from the Polishing Centrifuge are conveyed to the
Decanter Juice Receiver, where the solids are recycled into the Juice Filter and Wet Lemna

Conveyor.
[000360] b. Protein Precipitation

[000361] Steam Injection Precipitation

[000362] Liquid proteins in the Polished Juice are precipitated for separation by the

Steam Injection Precipitator.
[000363] C. Protein Broth Centrifugation

[000364] Concentrated Protein Broth

[000365] The Protein Broth is concentrated by the Protein Broth Centrifuge. The Broth
is fed to the Protein Broth Centrifuge by the Broth Holding Tank Pump.

[000366] Liquor Reclamation

[000367] The complementary phase from the Protein Broth Centrifuge is the liquor
phase. Liquor is discharged to the Reclaimed Water Tanks for return to the Primary Holding
Pond.
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Lemma Meal 32% 55% [000395] The various net hods and techni ques descri bed
above provide a nunber of ways to carry out the application. O course, it
is to be woaerigtieasd t hat not necessarily all objectivesPOT/SAMAMNREIPES
descri bed can be achieved in accordance with any particul ar enbodi nent

descri ein. Thus, for | e, .thaose skilled in the art wll
recognﬁﬁ&’#ﬁit t b ﬁ%’?lﬁo%gthc@ﬁaggg g‘eq:?néli'l 8"™h a manner that achieves or
optim zes one advantage or group of advantages as taught herein w thout

necessgpo0369RCchi avdreentedte Pradbih Eibity BSwAhe@ QY FtRg @S n@mthRUAR raipitikagest ed
herein. A variety of alternatives are nentioned herein. It is to be

under strRie@in $rdidss diior g dhe Bret Watodpmerthe ceprsairptied Areth i meikediavidnwash
anot hery,. or ﬁ%vﬁfraﬂ}edf]%%%hufs%%hvmld W& th%t\%‘i,ﬁed Y56 &érﬁf\hl' ¥ ShEIRIG8 818
anot her’, '0r several features, Wwhrle sti others m |§ate a particul ar

f eat ur ahdbWdshddnsiifape 0f tNBrotANidhePum®r The Wedsabd Bayant agredisd freal wigs.
[ 000396] Furthernore, the skilled artisan will recognize the applicability

of var e Pedteulesh Ceaiifess f dhenYassad Supthehcanvespition (e, canialugate digs
el em“tﬁoteiﬁ?aﬂﬂ{e%hﬁ%“ﬁ{]a?g ﬁtbﬁﬂ?&é?%ﬂd %Qﬁvt%wh@ﬁwm'ée&ﬁ%lg& *et@Jn]n%P? 1.

equi val ents for each suc enent, feature or step, can npl oyed 1 n
var i ousAmaigitatbddilgnsoductionef 8¥asbed Brah yasds Balsed on tHei mingret of biopearfoos and

met hods_ i n. accordance with the pringiples described. herejn. ng. t he
var i ousPe P BRetitES PrssPie %Cﬂ&xdn@&eeﬁglfog SW?Har%@d bt PR HES fded
and ot %Eﬁeﬁ_ﬁ% el 1621 diMe @ ¥ dBMKE ForGbal @Qh@?ﬁ&%ﬂ@lﬁﬁwg RJHA0397] Al t hough
the application has been disclosed in the context "of certain enbodi nents

and exanples, it will be understood by those skilled in the art that the
enmbodi tBYR3T0bf t Ive Pegipinilyaitnigon ext end beyond the specifically disclosed
enbodi nents to other alternative enbodi nents and/ or uses and nodifications

and qubﬁ@iﬁﬂt S RS ﬁPJt?m.[PQ&?’g% LN, SR SFPLAVIER t%ﬁ & gI:é'&b?rtzﬁ daily
expressing quantities of ingredients, properties such as ol ecul ar vve‘/lght,
react i grodwnidn taf ONSshedRotein ontdnirates eThé PretemcTakeisagihippedi witle ardhallea
enbodi ments, of the application are to be understood as being nodified in
some i MEtEhiRgket 39 yrtainaths, tepggture ohtheosalitsigt ¢t the esisideteapBtdihed?dly t he

numeri %l}d&ﬁﬁﬁ‘@h@lﬁsin the tank until it is dried and packaged. The Concentrated Protein is
dried by the Protein Dryer. In some embodiments, the Protein Dryer is a spray dryer with
intake heated by an Air Heater fired by natural gas. Liquified natural gas (LNG) tanks are
located on site for burner supply. Anticipated daily production of Dry Protein Concentrate
will vary based on the number of bioreactors and the size of the processing facility. The
Dried Protein Concentrate is conveyed to a product hopper and transferred to the packaging

room.
[000372] f. Protein Packaging

[000373] The packaging area is climate controlled to reduce humidity effects on the
Protein Concentrate product. The Protein Concentrate is packaged in appropriate product-

specific bags or fiber drums.
[000374] v. Process Liquid Chilling and Holding
[000375] a. System Design Intent

[000376] The Process Liquid Chilling & Holding System is designed to preserve

partially processed mash, juice or broth during a process upset. The following process

86



WO 2011/ 116252PCT/ US2011/ 028911 set forth in the witten description and
attached clains are approxi mati ons that can vary dependi ng upon the desired
properti es§020uUght2sto be obtai ned by a particul ar enbodi RERIUS2011/0289ME

enbodi nents, the nunerical paraneters should be construed in light of the

nunber of reported nificant digits and undlng
oot daesoTRGT eSS T EeSHih PLar Tt Go8igha DRl Siien

set ti nerifi@ed fuibd %tme@ctuﬁeonec@ttae@ Imoten@aweﬁeata Bobtht {1 WRMHeH %Bﬂho n are
approxi mations, the numerical values set forth in the specific exanples are

reported as Ere0|sely as practicable. [000399]1n some enbodi nents, the
terms "[Q00¥Ad " arP SapemGdpongad sinilar references used in the context of
describing a particul ar enbodi nent of the application (especially in the
cont ext rtai |l owi ng cl ai ns) can be construed to cover both
t he 5| ﬁﬁaﬁﬁa dI{}IﬂIr e - The recitation of ranges of values hereinis
nerely |ntended to serve as a shorthand nethod of referring individually to
each sdp803n9¢ valRrecdsallhidegrom Fitteredtlneer Boigbed Lin¢ee PeecitiberdBoeh, i ndi cat ed
herein, .each ingdjvidual value_is incao L nt he s eC|f|cat| nas if
e wer CTRERATEEIG P oV ROBS Bedbieh R bt Gl SBG G A Ban be
per f or nedpdAnddy: (Bslbdall e der unless otherw se indicated herein or
othermnse clearly contradicted by context The use of any and all exanpl es,
or exenplary |anguage (for exanple, "such as") provided with respect to
certai 0 @Wﬁ% |nedﬂsﬂm§re|n is intended nmerely to better illumnate the
application and does not pose a limtation on the scope of the application
ot her wi i me K rued as
i ndi cat[lﬁﬁ%ga y ngPr{O%!I%al meglé%ﬁ%?l lﬁlktfugcgeséecgotq%a Oﬁl "3% e01§ O[H%I ce oﬁ{ﬂgﬁo

appl i catt @maihQ0DHe dhpeefitare @ dheeddsveld eel Srhefchtlhng flajdplupplgtis genesat&l by
descri bed_herein, including the best nDde known to the inventors for

carryi rife aterirullerkid. é"éﬁl?lb?tper%? Ingt 519356 1op- t Hssiemprrafes Peide erssen ittt s

w il becq tﬁpmﬁ&ﬁﬂhﬂﬁpmcﬁﬁéﬁkgf ordinary skill in the art upon reading the
f oregoi ng descri ption. I's contenplated that skilled artisans can enpl oy

such variations as approprlate and the application can be practiced

ot her wi[8803824n spddaiingclanky descri bed herein. Accordingly, many enbodi nents
of this application include all nodifications and equivalents of t he

subj ect r regit iLnthe is a ended_her et e

applicagﬁ@§%§ML ﬁ@F @é?djgﬁﬁrﬁéﬁb.na B@ﬁngfcgﬁcuaﬁgJ§6ggs£g% 1%££kd

in all tpasgbily @rodictiad NS tIhefRoMaks. eneocnme&eldldeyrtrhtelsamthpp‘eatwm aunl ess
ot herwi se indicated herein or otherwi se clearly contradicted by context.

[ 00040 1Ajed Wwrsergpgkst topapiatin gsdepaatushel the geonteria et the desdred et Romt.
applications, and other material, such as articles, books, specifications,
publ i caj do r the like, referenced herein are

her eby qlﬂ@%ﬁ oraﬁgd @%?gtﬁnﬁ€g? Rgggé erence in their entirety for all WO
2011/116252PCT/U82011/028911 pur poses, excepting any prosecution file

hi st or y0@¥8S¢i at ed CWP Skidsane, any of same that is inconsistent with or in
conflict with the present docunent, or any of sane that may have a limting

hepr QB0 c Ry Ay Bl e ESora Endre BERRD TRREMALTE, ency

or confrhitetiallinke pidctfRed. dgserd Pt RRe TAek inBirhAlBNcorRdigé @bt tvlaer WS&l @f ridset er m
associated with any of the incorporated material and that associated with

t he prd¥eenss %emmeﬁtbefqrﬁencaeféftfrqlq@mremﬂuea‘qsm taletion, andip srustingolysien gsedt he

termin_t p t ev to be
unders?o‘g&t g%%%% a% 1 gﬁnér Qﬁ&bMQhe gg%|?%g? gz%lsclgggggﬁg ﬁh%te
i 11 ust raalivere COP sblheopandcihgd tesCI@fsytstlam te;etzodﬁhasﬁrit’s{@tertmﬁamPlsomhb@mto Q her

nodi fications that can be enployed can be within the scope of the

appl i cdb§ 8?ﬁ1retﬁeeper591r%a§10m Caék caculpige thigpehthe C1R Hatteoand gifhes oh s ve
config t e Ilcatlon can be utilized in
accordgﬁgéﬂa??HQ gﬂ?gaohlgg&Pﬁhﬁg@%nE@& ingly, enbodinents of the

present application are not limted to that preci sely as shown and
descri H800387] b. CIP Solution & Rinse
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STATEMENT OF EXEMPLARY EMBODI MENTS OF | NVENTI ON Sone enbodi nents of the
invention are disclosed in the followng itens. Itens 1. A process of
recoveri nyorrlriipdse products from bi onass of an aquati c PEpAS2@&E/028MPri si ng:
provi ding the bionmass; |ysing the biomass to generate a | ysed bi onass;

separ at i e lysed hionpss to generate a juice, and first solid phase;
Form ndOBOARBI o1 A6 L SHEERE ieee s go et PoREL I dr rvisarne Pokt ot of n
conce ntsbﬁ&i%n_tié)p&?zﬁ@di 8l @ilacist WitRHet HpfofrRRCAMURLE wWalkE OFHE TN rifsdeters to

bi o-crude using the first solid phase, drying the wet bio-crude to generate

at | eagtleanrveatprhedigdito theldesigaaied padmpotntdry bi o-crude and a carbohydrate-rich
nmeal, wherein the nmultiple products conprise products selected fromthe

dry pr i oncen e, .dr i 0-crude, and carbohydrate-rich neal, and
wher ei ﬁhg‘?ﬂﬁgiast %Eﬁfgypglﬂgg?%l ®inin the multi pl e products is in the dry

protein concentration. 2. The process of item 1, wherein the providing step
conpr i 466803901 oducitegCIIMeS hicamiBsrsofireais &gjivatst Msghe dMieSTatk, dnicenTaskt #i al

scal e; .and haryesting the hiaonmass, 3. The process of item1l, wherein the
separ atholghise Fi Beadh fildag nEaﬂih BIOiGSCHTalR drratues, Brof Wihc ks of
I tem 1, whyf EORFifue@MRideSdWkr, Juice Chiller, Chilled Juice Tank, and Protein Tank.

Example 24 - Protein Purity, Protein Product Yield, and Biocrude Product Yield

[000391] Dry protein concentrate and dry bio-crude were produced according to the

Process Flow Diagram shown in Figure 38 and described herein.

[000392] Summarized in Table 6 are protein purity, protein product yield, and biocrude
product yield. As used herein and described elsewhere in the application, protein purity is
calculated as a percentage of total final product dry substance, protein yield is calculated as a
percentage of total input dry substance mass, and biocrude yield is calculated as a percentage

of total input dry substance mass.

Table 6 — Product Yields

Day I Day 11 Day III
Protein Purity 67.7% 69.9% 69.1%
Protein Product 23.2% 20.3% 21.6%
Yield
Biocrude Product 43.7% 47.6% 37.9%
Yield
[000393] The dry protein concentrate and dry bio-crude were analyzed further.

Example 25 — Process Product Yields

[000394] Summarized in Table 7 are typical yield ranges of the protein, bio-crude, and

lemna meal.
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filtering the juice to generate a filtered juice and a second solid phase;
clarifying the filtered juice to generate a clarified juice and a third
solid phawe2otdagsati ng protein fromthe clarified jui PETIUS2¢y2/028%t € a
broth conprising the wet protein concentrate; and separating the wet

pr ot ei nt r at the broth. 5. The process of item4, wherein at

| east gﬁgﬁgfﬁﬂFﬁg FP‘§?q§3@?d phase, the second solid phase, the third
solid phase, PGccsd ProdlQ Yielgd S7 & © Jsed to recover the bio-crude and the

car bohye+et-e—eh—pea p-ee¢ss of item 1, wherein the aquatic
specie$ ¢ HB??%es E ﬁgfﬁégddghﬁ%ﬁna. 7. The process of item 1, wherein the
| ysi ng|lconprises using at | east onelof: a ball mll a colloid mll, a knife
mll, & haproeinm ||, a gsend8ng mlll, a puree machine, and a filter press.

8. The[prpRiSHaeT | em JygpVeed,ei n Lje pressing conprises using at | east one
of a b:iiﬂ ‘Jwﬁa%a fan PheS85q,c TOt4ry press, a screw press, a filter

press, Lan TS )cess of item 1, wherein the juice
conprises soluble protein. WD 2011/116252PCT/ US2011/028911 10. The process
of item4 conprising pressing at |east one of the first solid phase, the
second igd pha S t C uiee and
R R e S A

combi newayai tb lratrieuf thecmphﬂ;éhonTh@f pomscess isoth bet wrdedstyodvihetr mtmetémarﬂlwaﬂ]her

ressing.is carried out using a SCrew press.
P %JCCtIVeS or advantages Sescgbed can g hieved in accordance with any particular

embodiment described herein. Thus, for example, those skilled in the art will recognize that
the methods can be performed in a manner that achieves or optimizes one advantage or group
of advantages as taught herein without necessarily achieving other objectives or advantages
as taught or suggested herein. A variety of alternatives are mentioned herein. It is to be
understood that some preferred embodiments specifically include one, another, or several
features, while others specifically exclude one, another, or several features, while still others

mitigate a particular feature by inclusion of one, another, or several advantageous features.

[000396] Furthermore, the skilled artisan will recognize the applicability of various
features from different embodiments. Similarly, the various elements, features and steps
discussed above, as well as other known equivalents for each such element, feature or step,
can be employed in various combinations by one of ordinary skill in this art to perform
methods in accordance with the principles described herein. Among the various elements,
features, and steps some will be specifically included and others specifically excluded in

diverse embodiments.

[000397] Although the application has been disclosed in the context of certain
embodiments and examples, it will be understood by those skilled in the art that the
embodiments of the application extend beyond the specifically disclosed embodiments to

other alternative embodiments and/or uses and modifications and equivalents thereof.

[000398] In some embodiments, the numbers expressing quantities of ingredients,
properties such as molecular weight, reaction conditions, and so forth, used to describe and
claim certain embodiments of the application are to be understood as being modified in some

instances by the term “about.” Accordingly, in some embodiments, the numerical parameters
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13. The process of item 10, further conprising drying the bio-crude. 14.
The process of item 13, wherein the drying is carried out using at |east
one of: avepon/fibx®3h dryer, a spray dryer, a drum dryer pCa/Usk@sioz’myer, a
fluid bed dryer, a double drumdryer, and a rotary dryer. 15. The process

of item4 erein the filtering i,s carrjed. out using .at .|l east one of: a
O b ot O TeetiD G Sieytiten eterbtiph ot S EEhed RSy hre st P iip R gt SHE G
separ atRpenddngd LAt idBGldNREpdratd QRgRNRBKRT obtAndEERRLERicERPEMbbMaRNt. and a

£
filter press. 16. The process of item 15, wherein the vibratory separator
conpr i segmegmbodanentsribe vinpeneal pgragistare shduld be constrped ThEghir ofdbes sumber efem 4,

wherein the cl.ar.jfyi .conmpr. ses .centri.fugin nd/or furth filtration of
the f11pReted g ittt B SR 0 BRugEE rindd, BRa g & haidis nRonvinedriies
conpri SB& ths Bubridll rdrgasindpadbteds sté'ttgigsrbﬁﬁdhmﬂow séps ©f SbiAe knbeaindntsige,

mcrofiltration and ultrafiltration. . The process of item4, wherein the
cl ari f i®ddhg nrdisation aye gpRI@ximationghe pagedead valyes seaAeth pothe Tpreifig eeusydesof

item 4, %%#ﬁé@a§%§ci§899$bﬁ%éi&% conprises lowering the pH of the clarified

j ui ce. ) e process’of "item 20, wherein the pHis |Iowered to bel ow about
S 22 ORI 37 P ST B R oo Sy Sl gl ©
2011/ 1185 2R6d b1kl 2fartidiler AMBSRSSNASf thd S5pliéMionNasseRiallyli®wry i ng
the pH conprises using at | east one acid selected from hydrochl oric acid,
nitric a8yt ofa:r@gagmfftgfp fodlom@nggclaims) can be construed to cover both the singular and the
plural. The recitation of ranges of values herein is merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range. Unless
otherwise indicated herein, each individual value is incorporated into the specification as if it
were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (for example, “such as”) provided
with respect to certain embodiments herein is intended merely to better illuminate the
application and does not pose a limitation on the scope of the application otherwise claimed.

No language in the specification should be construed as indicating any non-claimed element

essential to the practice of the application.

[000400] Preferred embodiments of this application are described herein, including the
best mode known to the inventors for carrying out the application. Variations on those
preferred embodiments will become apparent to those of ordinary skill in the art upon reading
the foregoing description. It is contemplated that skilled artisans can employ such variations
as appropriate, and the application can be practiced otherwise than specifically described
herein. Accordingly, many embodiments of this application include all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the application unless otherwise indicated herein or

otherwise clearly contradicted by context.

[000401] All patents, patent applications, publications of patent applications, and other
material, such as articles, books, specifications, publications, documents, things, and/or the

like, referenced herein are hereby incorporated herein by this reference in their entirety for all
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25. The process of item4, wherein the coagulating is carried out using a
preci pitator conprising at | east one heat exchanger. 26. The process of
item 25, wbepHimeisPe at | east one heat exchanger conpri $EF/UBR0IM8IM1 one
pl ate, or tube or stean1injection heat exchanger. 27. The process of item

4, wherein the coagélatln Ehglheatln Eﬁe arlfled |ce &P a first
t enper ATREY EXGEH EFFB? SOBHPFRGaL Sthet *B“Y

1steAP wit serft: d r S t E\
t enper ghdBistedP withltg H%@ﬁﬁ&?w@ﬂh thé E@&? HABERI, r@ tbhe of kimt ﬁa@m&rmvere i's
from about 40C to about 100C. he process of item 27, wherein the

second lireitipgafiectras tp éheblerb@wsamm ofige.clams mpheoplaige asseciofediwignihe presahier ei n

the secpnd te rature. is b OC 31. Th ess~.of Li.tem

wher o (PRt EEPEY Hr bdnif Stiaf s B8 Gny Jheup Balh O ERTel phbEE fre
centri fdeg@iptida, ddfeitipn 0LRIBS QF dskesn 4 terhas@bitddh@itneinyPsothei McEPoReRt r at e
is stored in a chilled storage tank. 33. The process og item1l, further

conpr i sP#grialapd fept ppeciatad ity thei pescahdeqyment. sha desgrptmadelinition. yngop thei n
ConcenﬁkQB?ﬂw%ﬁnlmnﬁeg&%&ﬁ%ﬁc8£mh%ﬁﬂ%$%v¥ ereln the drying is carried out

usi ng a spray rumdryer ‘ash dryer, a flash dryer, a fluid

17 ur AR e e it Y s el B b ¥RbeciRpindt B GRERRS T

consi stdisigbsedl HeR@n talid fiGiss@tived o NS riacigle & Bk adnhBdd@dlertyliof &hdvia th@hoh east
one of: an al cohol, a solvent, or water, and with an acid catalyst, to form

a ni xt Pder mepiicationsghattass beicktnlexedi Gap de v g thedscane ok thegippicatighe rigwy,

: : g'uf'g H"a 8Pl AL N8 GRTRE BN Sioh Matlel VB IS At flrafif STRHL SHBLEThnflt §F L he
the application can be utilized in accordance with the teachings herein. Accordingly,
embodiments of the present application are not limited to that precisely as shown and

described.

STATEMENT OF EXEMPLARY EMBODIMENTS OF INVENTION
Some embodiments of the invention are disclosed in the following items.
Items

1. A process of recovering multiple products from biomass of an aquatic species
comprising:

providing the biomass;

lysing the biomass to generate a lysed biomass;

separating the lysed biomass to generate a juice and a first solid phase;

forming a wet protein concentrate using the juice;

drying the wet protein concentrate to generate a dry protein concentrate;

producing a wet bio-crude using the first solid phase,

drying the wet bio-crude to generate at least one product selected from a dry bio-crude

and a carbohydrate-rich meal,
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36. The process of item 1, further conprising, either before or directly
after the lysing, washing the biomass using an aqueous solvent. 37. A
syst em ofwpeoenvisisag nul ti pl e products from bi onass of &OTAe@Ei0e893peci es
conprising: a lysing unit for lysing the biomass to generate a | ysed

bi omass; a separ.ating unit fqr separating. the S bi S to.generate a
Pubce: and o brria thnduliblepraieS FRb RS R ac R ot BT BiGER: rat o usi ng
the juice; a prot@hferifai, B8 BHictudeOindbay¥bdgdiRe v eRl @i n concentrate to
generate a dry protein concentrate; and a unit for drying a wet bio-crude

to generate at |.easf on roduct selected froma dry bio-crude and

car bohydr at é¥hereiA a%t,S%%%&gF ATQLFB i %?laplema%@cgdﬁm&gégywﬁéﬂ%m id
phase; wherein thg,subiiphe products conprise products selected fromthe
dry protein concentrate, dry bio-crude, and carbohydrate-rich nmeal, and
wherein at | east 50% of the protein in the multiple products is in the dry
proteiﬁlconéﬁwﬂﬁawﬁmnfﬁaﬁl,WE@E@MQ@Eﬁm@ﬁHgﬁEM?@mpﬁvarein the |ysing unit
conprises at |east one apparatus selected froma colloid mlIl, knife mll,

bal I mlI, gﬁ‘g&ﬁac'ing”@hé lbiongHst Bfiéﬂ"&wmlé Epec%%ﬁ%m'ﬁ?{ﬁﬂirﬁ?sca@é?gmfli Iter press. 39.
The system of item 37, wherein the separating unit conprises at |east one

apparatus selected froma belt press, decanter centrifuge, fan press,
rotary presdiar§sipgfhgbinaassti|ter press, and finisher press. WO
2011/ 116252PCT/ US2011/ 028911 40. The systemof item 37, wherein the unit

for forgn ng Tﬂ%%r&@ss Bf RdiR1 NwhQBMmERE Eé})taﬁltﬁ@is&g comprises pressing the lysed

biomass.

4. The process of item 1, further comprising:
filtering the juice to generate a filtered juice and a second solid phase;
clarifying the filtered juice to generate a clarified juice and a third solid phase;

coagulating protein from the clarified juice to generate a broth comprising the wet

protein concentrate; and

separating the wet protein concentrate from the broth.

5. The process of item 4, wherein at least one of: the first solid phase, the second solid
phase, the third solid phase, and the broth, is/are used to recover the bio-crude and the

carbohydrate-rich meal.
6. The process of item 1, wherein the aquatic species comprises a species of Lemna.

7. The process of item 1, wherein the lysing comprises using at least one of: a ball mill
a colloid mill, a knife mill, a hammer mill, a grinding mill, a puree machine, and a

filter press.

8. The process of item 3, wherein the pressing comprises using at least one of a belt

press, a fan press, a rotary press, a screw press, a filter press, and finisher press.

0. The process of item 1, wherein the juice comprises soluble protein.
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the juice conprising at | east one unit selected froma filtering unit, a
clarifying unit, a protein coagulation unit, and a protein collection unit.
41. The swyetemnviab2set em 40, wherein the filtering unit cegprissEs/ g1l east
one apparatus selected froma vibratory separator, vibrating screen filter,
circul ar V|b#ator separator, |.inear/incliped nntigp hakgﬁﬁhdec nt er

centrif He| Rr@eshPlam 4 £9MPHiRiaE DsPIRAbICAS O8mOh B ¥ieMEl ari fyi ng

unit conpri %@@orﬂtsoh@?ﬁ&seOMh@ﬂﬁﬁrs’éhbl%h&é%'t@%%ﬁ‘éi‘atfera%%&ldf]hﬁgaﬁcpﬁﬁ% -guac stack
centrifuge, mcrofiltration, ultra-filtration. 43. The system of item 40,

wherein thedﬁ{oteln coagul ation unit conprises at | east one apparatus
sel ect eld- f r orheapreeat obiteseil Bi wharein thhipcard wigsrieepipbingd with thpjyéseat us. 44, The
system of item 40, wherein the protein coIIectlon unit conprises at | east

one appgar at #EneSp?{) &St fjltgt{l FLA \Qh«%élg hs Rl?t%gr # %Jl(si 'cﬁllﬁfg toﬂfrﬁsu(fé Y EJrE\fv uge,

settling ta ari |er and decanter ce ystem of item
37, wherein fgrés. protein drylng uni t conprlses at | east one apparatus
selected froma spray dryer, double drumdryer, and flash dryer. 46. The

systemaof item 37, mh reln the unit for drying the brp-crude conprises at
Last ohle appRrAbIR® SEFER T8dUrbEr o R bt Y8t n Tl ach Or yer
flash dryer, drumdryer, and rotary dryer. 47. The system of item 37

furt herj4conprieSirb&s@osiddth Ui B ZkRdeidhd drying is carried out using at least one of: a spin

flash dryer, a spray dryer, a drum dryer, a flash dryer, a fluid bed dryer, a double drum

dryer, and a rotary dryer.

15. The process of item 4, wherein the filtering is carried out using at least one of: a
vibratory separator, a vibrating screen filter, a circular vibratory separator, a

linear/inclined motion shaker, a decanter centrifuge, and a filter press.

16. The process of item 15, wherein the vibratory separator comprises at least one

vibrating screen filter.

17. The process of item 4, wherein the clarifying comprises centrifuging and/or further

filtration of the filtered juice.

18. The process of item 17, wherein the clarifying comprises use of at least one of a high-

speed multi disc stack centrifuge, microfiltration and ultrafiltration.

19. The process of item 4, wherein the clarified juice is stored in a chilled storage tank.

20. The process of item 4, wherein the coagulating comprises lowering the pH of the
clarified juice.

21. The process of item 20, wherein the pH is lowered to below about 6.

22. The process of item 20, wherein the pH is lowered to below about 5.

23. The process of item 20, wherein the pH is lowered to about 4.5.
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WO 2011/ 116252PCT/ US2011/ 028911 CLAIMS W claim 1. A process of recovering
mul tiple products from bi omass of an aquatic species conprising: providing
t he bi onew®;2011y9525¢ t he bi onass to generate a | ysed bi oma3gis2aiaf289at i ng t he
| ysed bionmass to generate a juice and a first solid phase; formng a wet

protein concentrate usin he juice, dryin he wet protein concentrate to
Gener atid- o dHy BPSeer U BALeR b apd e PR SRS BIGE SrtEoUet oty ¢ ho
first solid phRege frddi MdrecHifg: ¥d, tirR-eldudfd LfugRnReldat e at | east one _
product selected froma dry bio-crude and a carbohydrate-rich neal, wherein

the nmultiple products conprise products selected fromthe dry protein
concent¥dat e, Therprogsispotitersd, wherdindhe porsptitiag és qarged o asing arecipiedtel n at

| east 50% Ofco%%i_s%%%%%& d'n@ htegteefx@i'g%rftg%lpl e products is in the dry protein

concentrati on. rocess o m 1, wherein the providing step
conprises: producing the biomss of an aquatic species on an industrial
scal e; 26nd hEtfevestdsngf itdre 2B) wivasia.the at least one heat exchanger comprises at least one

plate, or tube or steam injection heat exchanger.

27. The process of item 4, wherein the coagulating comprises

heating the clarified juice to a first temperature to generate a broth; and

cooling the broth to a second temperature.

28. The process of item 27, wherein the first temperature is from about 40°C to about
100°C.

29. The process of item 27, wherein the second temperature is below about 40°C.

30. The process of item 27, wherein the second temperature is below about 30°C.

31. The process of item 1, wherein the separating comprises using a high speed multi-disk

stack centrifuge.

32. The process of item 1, wherein the wet protein concentrate is stored in a chilled
storage tank.
33. The process of item 1, further comprising drying the wet protein concentrate to

generate a dry protein concentrate.

34. The process of item 33, wherein the drying is carried out using a spray dryer, a drum
dryer, spin flash dryer, a flash dryer, a fluid bed dryer, a double drum dryer, and a

rotary dryer.

35. The process of item 1, further comprising contacting a material selected from the
group consisting of the third solid phase and the clarified juice with at least one of: an

alcohol, a solvent, or water, and with an acid catalyst, to form a mixture, separating
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3. The process of claim1, wherein the separating step conprises pressing
the Iysed biomass. 4. The process of claim1l, further conprising: filtering
t he jui cewbaogenersate a filtered juice and a second sol ipdTlsasie/ 028 ari fyi ng
the filtered juice to generate a clarified juice and a third solid phase;

coagul ating protein fromthe clarified juice.fto generate a broth conprising
Che et pr oBY Ruftbies TS o & S, SPatedidDidyanfan b b 5o BHERA T ot ¢
from the brahdmakriallile s®reeR&SIn®S thelidumm 4, wherein at |east one of: the
first solid phase, the second solid phase, the third solid phase, and the

broth, is/are used to recover the bio-crude and the carbohydrate-rich neal.
WO 201130116 28zporvassoiem 0 2@other @mprisengp edlecs betosg oxdisgcHy piteighe bysing. t he

aquatic spe '§$H%QHPB%EE§sﬁn%£§9$?%oﬁg J&hpa. 7. The process of claiml,
ySI Ag conp wgear

wherein the rrses «usin east one of: a ball mll a colloid
mll, a knife mll, a hanmmer mll, a grinding mll, a puree nmachine, and a
filter 37 essA syktent bérged aaagandfiplel paodncs frovh dicehass bfien pqasis ispgicconpri ses
using at |east one of a belt press, a fan press, a rotary press, a screw
press, a filPEPH8€ss, and finisher press. 9. The process of claim1,
wherein the juice conprises soluble protein. 10. The process of claim4
conpri si ng pi BsBignaitabr lysiagtthohiemass tol@nératest lysdlHismpiase, the second solid
phase, or the third solid phase to generate a second juice and a bi o-crude.

a separating unit for separating the lysed biomass to generate a juice and a solid

phase;
a unit for forming a wet protein concentrate using the juice;

a protein drying unit for drying the wet protein concentrate to generate a dry protein

concentrate; and

a unit for drying a wet bio-crude to generate at least one product selected from a dry
bio-crude and carbohydrate-rich meal, wherein the wet bio-crude comprises

the solid phase;

wherein the multiple products comprise products selected from the dry protein

concentrate, dry bio-crude, and carbohydrate-rich meal, and

wherein at least 50% of the protein in the multiple products is in the dry protein

concentration.

38. The system of item 37, wherein the lysing unit comprises at least one apparatus
selected from a colloid mill, knife mill, ball mill, hammer mill, grinding mill, puree

machine, and filter press.

39. The system of item 37, wherein the separating unit comprises at least one apparatus
selected from a belt press, decanter centrifuge, fan press, rotary press, screw press,

filter press, and finisher press.
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11. The process of claim 10, wherein the second juice is conbined with the
juice. 12. The process of claim 10, wherein the further pressing is carried
out usi ngwvea28traeespress. 13. The process of claim 10, f®RCThSe01GO2§MI Sing
drying the bio-crude. 14. The process of claim 13, wherein the drying is
carried out ing at least_one aof: a spin_flash dryer, a spray dryer, a
arum arigor Lo DR o 37 57 avrcin bl Jurioe TGP R STy oSk
rotary dryerheldee dSBpNIRCRISsPENCh R Wl tedihisth Bitleting uhit 4 @5 ehe $hiCarri ed
out using at |east one of: a vibratory separator, a vibrating screen
filter, a cipotdimeoagulation vny, andparrateaycollgctidmundt: /i ncl i ned notion shaker, a
decanter centrifuge, and a filter press. 16. The process of claim15,

wher ei n,;t he wi - - ] - 0, ' in creen
fiter i ThebSlLReRas AP RLIRD, i ocitihel i el aCy

centri f ugi ngsedsrtdofiorh Wnvithiefory sdphraddr] Oibrading tsbeed filtéeeechljrutib@torit8. The
process of claim 17, wherein the clarifying conprises_use of at |east one
of a hi gh- sp¥@araiay) ineag{inghined me o ghaket, fergater seririBre) fkdtes and
ultrafiltration. 19. The process of claim4, wherein the clarified juice is
stored 0 @ S Liath St RAR08 LRk @O CHIZRZPETLUSALILGRRALL 20
The process of claim4, wherein the coagulTating conprises |lo IPI ng the pH
of the cl ari felested fuorne.higtspeFh dispsocle sentofuge] micnof0atiovh ettsi-filttabenpH i s

| owered to bel ow about 6. 22. The process of claim20, wherein the pHis

| ower ed43t. 0 b’ﬁleoglg/s%tr)nogft iteSm 40, wherein the protein coagulation unit comprises at least one

apparatus selected from a heat precipitator and acid precipitation apparatus.

44. The system of item 40, wherein the protein collection unit comprises at least one
apparatus selected from a high speed multi-disk stack centrifuge, settling tank,

clarifier, and decanter centrifuge.

45. The system of item 37, wherein the protein drying unit comprises at least one

apparatus selected from a spray dryer, double drum dryer, and flash dryer.

46. The system of item 37, wherein the unit for drying the bro-crude comprises at least
one apparatus selected from a fluid bed dryer, spin flash dryer, flash dryer, drum

dryer, and rotary dryer.

47. The system of item 37 further comprising a sanitizing unit.

96



23. The process of claim 20, wherein the pHis lowred to about 4.5. 24.
The process of claim 20, wherein |lowering the pH conprises using at | east
one aci d weleatyaestr om hydrochloric acid, nitric acid, &au/Gseéifoesder aci d.
25. The process of claim4, wherein the coagulating is carried out using a
precipitator conprising at | east one heat exchanger. 26. The process of
claim25, wherein the at |east one GeAiM8xchanger conprises at |east one

pl ate, or tube or steaminjection heat exchanger. 27. The process of claim
4, whenginifie coagul ating conprises heating the clarified juice to a first
tenperature to generate a broth; and cooling the broth to a second
tenperature. 28. The process of claim27, wherein the first tenperature is
from ablout 48@rdcessafoetovdGROmulple fiodugs Goesmomhssaifanmy@atic sphaeei n t he
second tenperature is bel ow about 40C. 30. The process of claim 27, wherein
the second t@MEYRure is bel ow about 30C. 31. The process of claim i,
wherein the pﬁr@ﬂafn%ttjl@gloﬁgg@ri ses using a high speed nulti-disk stack
centrifuge. 32. The process of claim1, wherein the wet protein concentrate
i s stored irysingHiclliedasstiogengsate adysed 3®maskie process of claim 1, further

com 9. Xy BhIE NER LSBT, B SERTa R T proceln

forming a wet protein concentrate using the juice;

drying the wet protein concentrate to generate a dry protein concentrate;

producing a wet bio-crude using the first solid phase,

drying the wet bio-crude to generate at least one product selected from a dry bio-crude
and a carbohydrate-rich meal,

wherein the multiple products comprise products selected from the dry protein
concentrate, dry bio-crude, and carbohydrate-rich meal, and

wherein at least 50% of the protein in the multiple products is in the dry protein

concentration.

2. The process of claim 1, wherein the providing step comprises:
producing the biomass of an aquatic species on an industrial scale; and

harvesting the biomass.

3. The process of claim 1, wherein the separating step comprises pressing the lysed
biomass.
4. The process of claim 1, further comprising:

filtering the juice to generate a filtered juice and a second solid phase;

clarifying the filtered juice to generate a clarified juice and a third solid phase;

coagulating protein from the clarified juice to generate a broth comprising the wet
protein concentrate; and

separating the wet protein concentrate from the broth.

5. The process of claim 4, wherein at least one of: the first solid phase, the second solid
phase, the third solid phase, and the broth, is/are used to recover the bio-crude and the

carbohydrate-rich meal.
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34. The process of claim33, wherein the drying is carried out using a
spray dryer, a drumdryer, spin flash dryer, a flash dryer, a fluid bed
dryer, a woublwidesam dryer, and a rotary dryer. 35. ThePprasess/oefic] aim 1,
further conprising contacting a material selected fromthe group consisting
of the6thi rd.solid Ehfsle‘ and IEhe clari fi.edpéj uice wi.th at I.easft one of: an
al cohol® a sJIeRSResS Bttt brvhesrig the 1avatin SREcies CRBPHIS S SPeGiSs ¢4 ni xt ur e,
separating the mxture into a liquid and a solid, whereby |ipids and

ash-f ormm ng PRPEASHbECIhiM | NehdEihehd Bhinc8mpAReBREaH Idaf dhelofea bhlwid.  36.
The process of claim 1, further conprising, either before or directly after
the |ysing, afedhidwggill hknbe ontisshasinagmih azdgindgsnidlop peree maghinepangast em of
recovering rw{e%i Pels? products from bi omass of an aquatic species conpri sing:
a lysing uni 8r 'ysing the biomass to generate a | ysed bi omass; a
separating unit for separating the |lysed bionmass to generate a juice and a
sol i d mhase;Tie procdss bHelaibrod, nivitgeia theepre it @niproncdng ftdesst usd oith bdle | ui ce;
a protein drying ynit for drying the wet protein concentrate to generate a
dry protei n RE&TcRROMEEsS: 2 LYY RT i & SCFOY PEFPY i Jich PGSt apil SnEPEIRICtSo generat e
at | east one product selected froma dry bio-crude and carbohydrate-rich
neal , whier eitheld36casebs Qhidr £ WidSeif APRIR S ndphiSe SOl poase; wherein the

mul ti pl e products conprise products selected fromthe dry protein
concentrate, dry bio-crude, and carbohydrate-rich neal, and wherein at

| east 5% of Therpgognseolglpim Hcomprisng picpting pirloahyensof the ifinst spled plrage.ghot ei n

concentrati ot 4 solid phase, or the third solid phase to generate a second juice and a bio-crude.

11. The process of claim 10, wherein the second juice is combined with the juice.
12. The process of claim 10, wherein the further pressing is carried out using a screw
press.

13. The process of claim 10, further comprising drying the bio-crude.

14. The process of claim 13, wherein the drying is carried out using at least one of: a spin
flash dryer, a spray dryer, a drum dryer, a flash dryer, a fluid bed dryer, a double drum

dryer, and a rotary dryer.

15. The process of claim 4, wherein the filtering is carried out using at least one of: a
vibratory separator, a vibrating screen filter, a circular vibratory separator, a

linear/inclined motion shaker, a decanter centrifuge, and a filter press.

16. The process of claim 15, wherein the vibratory separator comprises at least one

vibrating screen filter.

17. The process of claim 4, wherein the clarifying comprises centrifuging and/or further

filtration of the filtered juice.

18. The process of claim 17, wherein the clarifying comprises use of at least one of a

high-speed multi disc stack centrifuge, microfiltration and ultrafiltration.

19. The process of claim 4, wherein the clarified juice is stored in a chilled storage tank.
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20. The process of claim 4, wherein the coagulating comprises lowering the pH of the
clarified juice.

21. The process of claim 20, wherein the pH is lowered to below about 6.

22. The process of claim 20, wherein the pH is lowered to below about 5.

23. The process of claim 20, wherein the pH is lowered to about 4.5.

24. The process of claim 20, wherein lowering the pH comprises using at least one acid

selected from hydrochloric acid, nitric acid, and sulfuric acid.

25. The process of claim 4, wherein the coagulating is carried out using a precipitator

comprising at least one heat exchanger.

26. The process of claim 25, wherein the at least one heat exchanger comprises at least

one plate, or tube or steam injection heat exchanger.

27. The process of claim 4, wherein the coagulating comprises

heating the clarified juice to a first temperature to generate a broth; and

cooling the broth to a second temperature.

28. The process of claim 27, wherein the first temperature is from about 40°C to about
100°C.

29. The process of claim 27, wherein the second temperature is below about 40°C.

30. The process of claim 27, wherein the second temperature is below about 30°C.

31. The process of claim 1, wherein the separating comprises using a high speed multi-

disk stack centrifuge.

32. The process of claim 1, wherein the wet protein concentrate is stored in a chilled
storage tank.
33. The process of claim 1, further comprising drying the wet protein concentrate to

generate a dry protein concentrate.
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34. The process of claim 33, wherein the drying is carried out using a spray dryer, a drum
dryer, spin flash dryer, a flash dryer, a fluid bed dryer, a double drum dryer, and a

rotary dryer.

35. The process of claim 1, further comprising contacting a material selected from the
group consisting of the third solid phase and the clarified juice with at least one of: an
alcohol, a solvent, or water, and with an acid catalyst, to form a mixture, separating
the mixture into a liquid and a solid, whereby lipids and ash-forming components in

the material are segregated into the liquid.

36. The process of claim 1, further comprising, either before or directly after the lysing,

washing the biomass using an aqueous solvent.

37. A system of recovering multiple products from biomass of an aquatic species

comprising:

a lysing unit for lysing the biomass to generate a lysed biomass;

a separating unit for separating the lysed biomass to generate a juice and a solid
phase;

a unit for forming a wet protein concentrate using the juice;

a protein drying unit for drying the wet protein concentrate to generate a dry protein
concentrate; and

a unit for drying a wet bio-crude to generate at least one product selected from a dry
bio-crude and carbohydrate-rich meal, wherein the wet bio-crude comprises
the solid phase;

wherein the multiple products comprise products selected from the dry protein
concentrate, dry bio-crude, and carbohydrate-rich meal, and

wherein at least 50% of the protein in the multiple products is in the dry protein

concentration.
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