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npomsBoacCTBa
3/IEKTPO3HEpPIrnm

(cTtouHuk: Tony Seba
at rethinkx.com)

Kutan nngupyetT B 3TOM

TeXHONTONNM4YeCKOM rnpopbiBe.

Bo3MoO)XHble orpaHn4eHud

pecypcoB ansa npomsBoacTsa

COJTHEUYHbIX NaHenewn.

MeHee peHTabeNlbHbl B CEBEPHbIX

LnpoTax.

Falling costs drive technology disruptions. Solar and wind are already the cheapest
new generation options, and cost less than existing coal, gas, and nuclear power
plants in many areas. The cost of SWB systems will fall another 70% by 2030, making
disruption inevitable.
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Portable Bilomass Refinery

We are beyond the
rupture point, and
the bulk of disruption
will unfold rapidly
over the next decade.

Electricity from

a 100% SWB system
in 2030 will cost less
than 3 cents per
kilowatt-hour.

New investments in
coal, gas, or nuclear
power is financially
unviable.

Existing coal, gas,
and nuclear assets
will be stranded.
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Pa3pyLleHune pbiHKa

5-aq aBeHIo, Hblo-Nopk

1900 ron
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PaspyLleHUue pbiHKa —
HoBaqa da3a

5-aq aBeH1o, Hbio-Nopk

1913 ron
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no6anbHble TpeHabl B
NMPou3BOACTBE TPAHCMOPTHOIro

TOlMJiNBa
CerogHsa 50% HedTH B MUpe ncrnonb3yeTcsa ang B Mupe npounssogmnTca 129 M/IH TOHH
aBTOMOOWIbHOIO TPaHCMOPTa, ewe 5% TOM/IMBHOIO 3TaHOMa B rof, ncrnonb3ysa 256
NpUXoAnUTCa Ha BLUOo3TaHON. MJTH TOHH caxapa U Kpaxmana.
ABTOMOGUIIbHbBIN TPAHCMNOPT MepexoamT Ha MoxHo nponssecTi 129 MNTH TOHH 6enka B
aKKyMYyNnaTopHble aniekTpoMobunu (BEV). Kutam oA N3 3TUX CaXapoB U KpaxMara.
n Tesla LOMUHUPYIOT Ha PbIHKE. BONbLIMHCTBO
HOBbIX aBToMob6unen B Kutae — BEV. Yepe3 10 HaceneHwue yBenuuuTcs ¢ 8 Mnpa oo 10 Mnpa
neT 60NbLIMHCTBO NPOMU3BOAUTENEN yenoBeK B 6nvkaliume 20 ner.

aBTOMOGMNIEN C ABUraTenamm BHYyTpeHHero

Mpwn 80 r 6enka Ha YenoBeKa B O€Hb
cropaHma o6aHKpPOTATCS.

noTpebyeTca AOMOMHUTENbHO He MeHee 160
VW, GM, Ford, Toyota nmMetoT orpoMHble J0MT1, MJTH TOHH 6enKa B rop.

ObICTPO ABMXYTCA K 6BaHKPOTCTBY.
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(no6anbHble TpeHAabl B
NMPOU3BOACTBE 3/IEKTPO3HEpPrumn

N3 npupopHoro rasa npounssoantca 6 300 MocKoNbKy NPOU3BOACTBO 3MNEKTPO3HEPrumn

TBT4Y 2N1eKTpPO3HEPrun B roa BO BCEM MUPE, nepeknoyaeTca Ha GOTOBOMbTaUKY, U36bITOK

noTpe6nasa 891 MT npmupoaHoro rasa NPUPOLHOro rasa B cregytowme 20 fieT B KOHEYHOM
NTOre MOXXeT NponsBoauTb 450 M/TH TOHH 6enka B

CebecToMMOCTb NPOM3BOACTBA rof 13 3Toro NnpnpoaHoro rasa.

3NEeKTPO3HEPI MU N3 CONTHEYHOM DHEPIrmn
MeHblUe, YeM U3 NMPUPOLHOro rasa

N36bITOK ra3a n3s NordStream 1 v 2 coctaBngaer
110 mnpa M3.(75 MNH TOHH B roa)

Poccua oxxuraeTt Ha dakenax 10 MfH OoNnapos
B AeHb (3,6 MNpO Oonnapos B roa)

N36bITOK ra3za Norstream Mo)XXeT MPUHOCUTDB
aoxon B pasmMepe 75-150 mnpg gonnapos B rog
OT MPOM3BOACTBA M NPOOAXKU NPOTEMHA
ogHokeTo4HbIX (Single Cell Protein, SCP)



= 3
\/ CelloFuel

Portable Bilomass Refinery

Nno6asnbHble NICTOUYHUKMU
Heaopororo rasa

B Poccuin 6o/blloe KoNMMYecTBO U36bITOYHOIO
MnpupoaHoro rasa u dakesbHOro rasa, eLle
6onblle HepeHTabebHOro MPUPOAHOro rasa —
TpybonpoBoabl goporue.

KaTap n BaxpelH nmMmetoT 6onblLUne U3NTULLKU
MPUPOAHOro rasa, orpaHMYeHHbI€ MOLLHOCTAMM
MO CXXUXKEHMUIO.

B CLUA 6onblume 3anacbl HepeHTabenbHOro
NPUPOAHOro rasa - TpybonpoBogbl goporue.

Becb 3TOT NPUPOOHbIM a3 MOXXeT
yOOBNETBOPUTb BCE MUPOBbIE
noTpebHoCTU B 6enke.

JTroan npegnoYmnTaloT pbiby U KypuLly
TEKCTYpPUpOBaHHOMY 6enKy. MpoTenH
oaHoKNeTouHbIX (SCP) uMmeeT oueHb
Xopowmnm KoadPULMEHT KOHBEPCUU KOPMA
C pPbIOOM N KypULEN.

Beyond Meat — 6enokK 13 ropoxa, 60608
MYHI, KOHCKNX 6060B, KOPUYHEBOIO pUCa
He TaKOWM BKYCHbIWN, KaK TOCOCb 1 KypuLua.
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Ecnun Tak BCe NpocTo — B YEM
npoo6nema?

B CoBeTckoM Coto3e ThICAYUM NHIKXEHEPOB
MMPOBOIo K/lacca paboTanum Hag co3gaHneEM
SCP (FanpwH) 3 npupogHoro rasa.

HaHuna n Hopeermva gecatunnetmamm pabortanu
Hapg co3gaHuneM 6enka ogHOKNeTo4YHbIX (SCP)
N3 MeTaHa.

fepMaHmMga npounsBoauna 6enok
ogHOKJ1IeToYHbIX (SCP) ns otpaboTtaHHOro
CcyNbPUTHOro wenoka B 1930-x 1 1940-x rogax.

Poccuma B HacTodlllee BpeMSd
npomnssogunT SCP 13 npupoaHoro rasa
(Protelux)

NMOYEMY BCE 2TU NPOEKTDI
MPOBAJINJTNCD?

CoeBbiN 6enok gewesne - $2/kr.
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Protein from Natural

Gas - Norferm

/' centrifug®
Gas
Mineral

Solution
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Protein from Natural

Gas - Norferm
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Protein from Natural Gas

- Protelux
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MpoTenH U3 NPUpPoOOHOro rasa —
CTaTyC NMPOEKTOB

BuonpoTtenH (Methylococcus capsulatus)
npowunssoaoumnca ¢ 1997 no 2005 rog Ha 3aBofge
Norferm B TbengbeproogeHe, K ceBepy oT
TpoHxenmMa, Hopeerus.

NMocTpoeH B 1997 rogy, npoussogun 20 000
TOHH 6UonpoTenHa B rog, 3akpbiT B 2005 roay
nocne yobiTka B 9 MUNNMOHOB OON1IApOB B rofg
- H& MOl KOHKYpPUpPOBaTb C LLEHOW Ha COEBbIN
6enok.

Protelux npounssogut buonpoteunH ¢ 2018 roaa
Ha 3aBoae B MBaHropopae JIeHNHrpagckou
o6nacTtun, Heganeko oT FrPaHULbl C DCTOHUEN.

CTpouTenbCcTBO 3aBoaa obolunoch B 3,5
MApa pyonen, «MpoTtentoKe» HUKorga He
6bl1 MPUObITbHBIM — HE MOXXET
KOHKYpPUPOBaTb C LleHaMM Ha coeBbln 6enokK.

Cargill n Calysta o6baBunun o co3gaHum
COBMECTHOro npegnpuatnsa c
MCMOMb30BaHNEM TOM XKe TEXHOMOMNK, UTO U
Protelux, CTpOUTENBbCTBO KOTOPOIro Ha4vanoch
B 2017 rogy. TeKyLwmMi1 CHUMOK CO CNyTHUKA
MoKa3biBaeT 60/1bLLUON MYCTOM y4aCTOK
3€MJZIM — HE MOXKET KOHKYpPMPOBaTb C LLeHOM
Ha coeBbl 6enok.

YpoK: Heo6xoanMMo NpPomnsBoaAnUTb 6esIoK Mo LeHe
MeHee 2 00/1N1apoB 3a KI, YTO6bl KOHKYPUPOBATb C

COeBbIM 6enKomMm.
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MpoTenH U3 NPUpPoOOHOro rasa —
KaK 0o6buTbCcea ycrnexa

. . The definition of insanity is doing the
Albert Einstein same thing over and over again and

expecting different results

563yM me - TO Aesiatb OHO N TO »XKe
CHOBa 1M CHOBa 1 OXXNOaTb Npn 5TOM
MHOIo pe3yJsibTaTa

AnbbepT DUHLLUTENH

nnnnnnnnnnnnnnnnnnnnnnnn
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benoK oagHOKNEeTOYHbIX U3
yrneBogoB U MeTaHa —
cTexmomMeTpud

CH,O + 0.33 0, + 0.133 NH, -> 0.333 CO, + 0.666 H,O + 0.1333

BenokK ogHOKNEeTOUHbIX CcH,00, N
13 yrneBsoaos 1 kg CH,O -> 0.55 kg SCP
/CH +1.20 O, + 0.064 N, -> 0.360 CO +1424HO+O1280\
Benok oAHOKNEeTOUYHbIX 7 27 Y 2 27 L 2 :
N3 MeTaHa C:H;O,N
1kg CH, ($0.18) + 2.4 kg O, ($0.36) -> 0.92 kg SCP
($0.92) Y

\

\

C)XXUraHme MeTaHa CH4 N 202 s C02 N 2H20
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benoK oagHOKNEeTOYHbIX U3
yrneBogoB U MeTaHa —
cTexmomMeTpud

Benok (SCP) ns metaHa TpebyeT B 3,6 pa3a
6onblUe KMCNopoaa, YeM U3 yrneBsodoB. DTO
6onbliag NpobneMa, Tak Kak KMCopoa Naoxo
pacTBoOpaeTca B BoAe.

BAXHDbIE BbIBO[bl

Benok (SCP) ns MeTtaHa npousBoguT NnLlb 1/3
CO2 Nno cpaBHEHUIO CO CXXUMAHMEM MeTaHa.
XopoLwwunm cnocob yMeHbLUNTb YIrNepoaHbIn
chepn MeTaHa.
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MpepblayLwime peeHus —
neHHble depMeHTepbI

1937 — Stob Fermenter 1940 - Waldhof Fermenter 1976 — Phillips Petroleum

U.S. Patent  sept. 28, 1976 3,982,998
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MpoTenH U3 NpPpUpPoOaHOro rasa —
KakK 0o6buTbCcea ycrnexa

Ncnonb3oBaHMe pa3baBrieHHOro atTMocdepHoro
(6%) KUcnopoda BMeCTO YNCTOro KUcnopoaa
(100%).

Pe3ynbTaT: PuKcauma asoTta (He HY»KeH aMMMaK) u
CHWMXXEHUIO 3aTpaT Ha KNCnopoa.

depMeHTaLMNa BHYTPU NMeHbl BMECTO MOrpPy»XXHOM
depMeHTaumm NpmnBogUT K XXMUOKOCTU € 10%
npoTenHa BMecTo 1-2% ¢ U-obpa3Hon neTnen

Pe3ynbTaT: ropa3go MeHbllme 3aTpaThbl Ha
BblaesieHne npoayKrTa

Mcnonb3oBaHMe NNacTUKOBOM 060TOUKM BHYTPU
TPaAHCMOPTHOIO KOHTEMHEPbI Kak depMeHTep.

Pe3ynbTaT: depmMeHTep cTonuT MeHee 1000 gonn.
CLUA/M3 no cpaBHeHUto ¢ 200 000 gonn. CLUA/M3
ona U-obpasHoro ¢pepmeHTepa.

MacwTtabupoBaHue 4o NPOMbILLUIEHHOIO
MacLiTaba c UCMosib30BaHNEM MOAY/TbHOIO
peweHuna (KOHTeMHepoB), eCnn OaMH
KOHTEeMHeP 3KOHOMMYeH, 10 000
KOHTEMHEPOB TaKXXe 3KOHOMUYHbI, MOXXHO
TPaHCNOPTUPOBATb 3aCTPABLLUUN
NPUPOLOHbIN ras.

Ncnonb3oBaHWe BOOAAHOIoO oxnaaeHua ang
bepMeHTepa, onTUManbHO oxfa)aatoLlad
MoOpCKaga Boaa, xonoaHaa soaa B Poccum
6ecnnaTtHa ©.

Llenb - npon3BoacTBo 6e5ika MeHee Yyem 3a 1
nonnap CLUA 3a Kr.
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[MTpOTEeUH mns
NpUpoOoaHOIro rasa -

CelloFuel

% Bubbles
Fan ‘

__________________________

When nitrogen fixing,

recirculate cyclone gas

Vertical confined space —"|

Foam—T

)
\J

i Optional mixing cyclone gas
{ with air to produce 6% 09 gas

§ CelloFuel

Portable Bilomass Refinery

r Cyclone gas (No + CO9)

Cyclone foam breaker

Cyclone liquid

™>Cooler, cold
water or
refrigeration

be muIt|pIe
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[MpoTeunH ms
npupoaHoOro rasa -
20’ KOHTEeUHep
CelloFuel
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UPVC BAG
CYCLONE

]

HEAT
EXCHANGER

AIR BLOWER
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CONTAINER

BAG SEAL FOAM COLLECTION

UPVC BAG
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BAG SEAL
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FLUID PUMP

20



. . . Candida utilis
Microorganism and nitrogen source

Methylococcus
capsulatus + NH3

Methylococcus

. = ;
A HaHOTa'/"_a capsulatus + N2 \"’ belIOFuEI

+urea
Doubling time (min) 105
Heat (MJ/mol_02) 0.40
Fermentation temperature (C) 30
Substrate (sub) CH20
Molar mass of substrate (g/mol_sub) 30
Cell composition (cell) C5H1002.5N
Molar mass of cells (g/mol_cell) 124
Molar yield from substrate (mol_cell/mol_sub) 0.13
Mass yield from substrate (g_cell/g_sub) 0.55
Cell yield from O2 (mol_cell / mol_0O2) 0.40
Ratio of substrate to O2 (mol_sub/mol_02) 3.03
Cell yield from O2 (g_cell/mol_0O2) 50.09
Oxygen concentration (mol_0O2/mol_gas) 0.21
Fermenter width (m) 2.40
Fermenter height (m) 2.40
Fermenter length (m) 4.00
Fermenter volume (m3) 23.04
Cell density in liquid (g_cell/g_liquid) 0.10
Liquid fraction (fraction) 0.10
Fermenter liquid (kg) 2,304.00
Fermenter gas (L) 20,736.00
Fermenter cells (kg_cell) 230.40
Fermenter gas (mol_gas) 833.56
Fermenter O2 (mol_0O2) 174.60
Cell mass grown if all 02 used (kg) 8.75
Heat generated if all 02 used (kJ) 69,839
Temperature rise in water (C) 7.24
Time to use all 02 (min) 3.99
Fan airflow (m3/h) 312.17
Fan power needed (kW) 2.60
Cooling needed (kW) 292.05
Cooling water temperature (C) 20.00
Cooling water mass flow (kg/s) 6.98
Cooling water volume flow (m3/hr) 25.12
Cooling water heat exchanger area (m2) 10.82
Yearly substrate (ton_sub/year) 2,093.23
Yearly productivity (ton_cell/year) 1,153.32
Hourly productivity (kg/hr) 131.66
Cost of substrate ($/ton_sub) 500.00
Cost of nitrogen ($/ton_cell) 46.28
Cost of electricity ($/ton_cell) 7.67
Sale of cells ($/ton_cell) 1,500.00
Profitlyear ($) 621,000.00
CAPEX (%) 50,000.00

120
0.47
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CH4

16
C5H902N
115

0.13

0.92

0.11

0.83

12.27
0.21

2.40
2.40
4.00
23.04
0.07
0.10
2,304.00
20,736.00
161.28
794.26
166.37

2.04
77,693
8.06
1.52
819.38
6.83
852.78
20.00
8.15
29.34
12.63

767.83
706.41
80.64

110.00
28.02
17.77

1,500.00

943,000.00
50,000.00
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63.54

0.78
29,673
3.08
1.35
919.43
7.66
365.48
20.00
3.49
12.57
5.41

329.07
302.75
34.56

110.00

43.87
1,500.00

405,000.00
50,000.00
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[MaTeHTHbIM cTaTyC

MaTeHT NnopgaH B U.S. Patent Office,

“AEROBIC FERMENTATION USING PNEUMATIC FOAM”
application number 63/530,954, npuropuTeT oT 5 aBrycrta 2023
“CONTAMINATION CONTROL WHEN GROWING YEASTS”
Application number 63/534,123, priority data of 23 August 2023

3annaHmnpoBaHHada nogada PCT B Poccun, CLUA, KuTae,
NHuounn, bpasunun, EC, Katape
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Cnacmb6o 3a BHMMaHume!

{ 3a4aBanTe BOMpoOChHI ]

Anekcen Abnaes Edward B. Hamrick
OO0 «HaHoTawura» Hamrick Engineering
MockBa, Poccuga Miami, FL USA

info@nanotaiga.ru info@cellofuel.com
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