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In 2022, the global carbon CO, emission reached 36,8 Gt, the first
time above 10 Gt pure carbon.

Accessing renewable carbon-based commodities, without
requirement for repurposing or intensifying current land use

he brasilian sugarcane (SC) industry alone annualy turns over -
147,7 Mt carbon / 724,4 Mt SC/a, cultivated on 9,9 Mha land.

Currently, only ~18,3 w% of assimilated SC carbon is
converted into products like sugar and ethanol,
\t\he rest Is re-emitted IOca”y. Area proportional to CO2-equivalent

Evaluating process routes to increase field-to-product carbon
conversion in SC biorefineries (SCB) by potential low-tech retrofit:

@ Gas fermentation — Obtain commodity chemicals, e.g., Ethanol
\ @ Fast pyrolysis — Obtain Diesel-Substitute and CDR-Product
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Open points on integration

1. Conti long-term operation at varying feed properties:

Integration steps
1. Reactor: Up-/downstream reactor embedding determines operation

How much plant capacity does process variance cost?

2. Process: CO,-Hubs enable industrial application of gas-fermentation 2. Mixed culture to allow variable fermenter temprature:

Which advantage has a temperature adaptive culture?

\3. Market: A viable process value chain defines target product
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2 1 Sugarcane Biorefinery

j @ Black-Box model of brasilian case

1 1 Sugarcane field

@ Average in Sdo Paolo (state) assumed | | | ' 492

@ Sufficient el. Energy (grid or island)
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Sugarcane Biorefinery properties

COZ N
Sugarcane Field properties 470t oo?) 13,61 Sugar production 48 [kg tsc1] , as market product
_____ — [ .
SC yield 73,4 [thalal] 888t - - Ferment. products 66,2 [KQgon tsc™] / 63,3 [KQcop tsc™]
SC properties 20.4 W% C / 56,9 W% moisture Susarene Biorefiny Scrubber | | ¢ > | . SC bagasse 280 [kg tsc1] ; 20,6 [t hat al]
_ L _ ] A Fermentation unit 1 Fermentation unit 2 SC bagasse prop. 47,4 w% C /9,3 w% moisture

Straw yield 14,7 [t hal a1], 70% collectible: 1 | 8 = | : ’ !

10,3 [t hal a]/ 140 [kg tsc] _, : | | A — A Steam demand 190 [KW tg-1] at 140 °C
Straw properties  45,1w% C /l\ : | — | Electricity demand 25 [KW te]
Carbon fixation 21,6 [tc- hal al] = 79,2 [topyeq hal @l | /|\ | | |

| | |
Ashes removed 2,32 [t hatl al] —- - - - - - - R - I 903 Mwh — .
. . ) | | | 6 | Cogeneration

Straw collection No energy demand considered _séi_ Electricity Vv L 14,1 MWh|— — —}— —28MWh | — — — S — — — — —

Ash-optimised collection 2y~ supply | ] _ _

Storage baled at field @E% 6 | | @ Cogeneration plant (CHP) with burner
Harvest season  April — September (9 months) o N NN\ NN |'Q' and load-flexible turbine

Biomass pyrolysis unit CHP = —>
. . . S — - — - Electricit : :
3 Blomass rol SIS unlt I—> y Cogeneration properties
py y ‘ — — —> Steam
o _ 1691 Eff. Thermal n=0,9
@ Autothermal _fIU|d|sed b_ed reactor with 042t Eff. Electric n =08, total N = 0,72
char separation, experimental input Turbine load 0,33 [kg KGrouced’]

@ Linear miscibility of bagasse and straw

4 )& 5 ) Fermentation unit 1 (FU 1) & Fermentation unit 2 (FU 2) 7 gas scrubbing

s ® Engineered strains FU 1 and FU 2 properties FU1/FU 2 ® CO, separation with Amine scrubbing
| | ) —> ® Overall dilution rate Reactor condition 6 bar,, high K a2 (Microbubble sparged) T 25700 0 Removal of HZS, COS, HCN

Biomass pyrolysis unit properties D = 0,02 [1/h] Cell retention Cross-flow-filtration, 10/1 Feed / Permeate [rr'ﬁ/ms'h] ['m3/m3'h]
Pretreatment Separate bagasse and straw chopper, . FUl pH Controlled Tolerances 25 [gEtOH L_l] / 30 [gAcetate L_l] at pHFUl 5,2 e 1 Gas scrubber properties

shared dryer |

- o [g/Lh] Separation eff. N, = 0,9, Ny, = 0,99
Reactor Fast pyrolysis, Triomass < 2 at > 500 °C Fermentation unit 1 Fermentation unit 2 — g/]fh? Energy cons 2c1:(())2[kWh : Oi]
Condenser Single-stage quench at 120 °C Reaction equation 2CO, + 6 H, — CH,COOH + 2 H, — N } : CO2
Char separation 10 % separable (simplified) 0,8 C,H.OH + 0,2 CH,COOH C,HOH
Energy recovery Heat pump quenche -> dryer / heating Cell concentration 5 [Oeow / L] 5 [9eow / L] - 8 E le Ct I'O lys e r
Ashes distribution 10 % of Ashes in Pyrolysis vapor Cell-specific consumption 1,45 (CO / h 1,75 (Acet. / h e .
— | p . P (CO,) [Greed(c) / 9eow Nl ( ) Oreeaic)/ Geowhl WL IN | [ B  Assumed as Commodlty

Carbon recovery 80 % of inlet carbon in overall outlet Selectivity S, 0,8 [MOloyquet / MOl ons ] 09 [moloyqe/ Mool ML W | peeeeee-
Sez:sog_al straw 0,253 [t5raw thagasse ] Conversion Xp 0,9 [mol.,,s / MOlgeqy] 0,9 [mol.,s / MOlggeqy] < \',\/» Electrolyser properties
co-feeding : .
Off-seasonal 1167 [h a'1] Volumetr!c productIVIFy 2,45 [9eion/Lh], 0,8 [Oacetae/LN] 6 [Qeion/LN] 003 /035 [m*/m*h] j Conversion 49 [kWhg, kg,
operation Volumetric consumption 7,25 [gcogth], 1 [gHgth] 8,75 [Jacet/LN] , 0,6 [gHgth] at 15 / 1 [geron/L] efficiency 10 [Liyoo KOy,

| Carbon distribution [w% ,C] =
@ Fast pyrolysis could convert 50% S o
carbon from field to products and SC Biorefinery Copena e

T Ener:;zze;:nﬂla;':’rvfy:a_, . allows self-sufficient heat supply i Developing dynamic process and

8 ¢ : : : co2 _ ' 1o

K I ® In combination, gas-fermentation - 56 Bagases techno-economic model for plant sizing

m Electrici "Lt Straw harvested .

= 25 Eec could convert additional 10% of B ® Product selection through cost

= : . .

Z 2 :L:or::l;gf::rd carbon to products (z 67% danish Retrofit #1: Retrofit #2._ \ abatement curves (COSt per C)

€ 15 " Pyrolysis Gas fermentation

% ] CO, ., at competitice energy costs

Ew = = & 3 § = ea’

> 5 = % ° = ° @ An eql_leaIent of 3_25 Mtpoz,eq/a are

5 0 potentially accessible without

- 23 5592 1235233 change in current land use \ Thanks to the support of Marcel Marin JanRen
\\ o Mogpssg® ® and the collaboration with IPT, Sao Paolo, Brasil.
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