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CURRENT FEEDSTOCKS OF THE
MANUFACTURING INDUSTRY

Fossil based
energy
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Multi-commodities microbial-driven BiOrefinery based on food-processing
industry wastes, biogenic CO, and bioprocess wastewaters.
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THE GOODBYO PROJECT SRR
Multi-commodities microbial-driven BiOrefinery based on food-processing
industry wastes, biogenic CO, and bloprocess wastewaters.

B et ELJ TARGET:

Chain Elongation Bio-Industry
based on agri-food waste

CLh

Powered by: f

ey

Long-term

BIO ‘ e B SN\ . production stability
@ Bioprocess il U=\ I8/ Biogas rich éL’O}
wastewaters N o 9
S W p N C02 By—product Of GOOd ByO
E% effluent
L a | bioprocesses at TRL 5,
© Microalgae Tech CHAINCRAFT Gas Fermentation Tech .
‘HI-I‘ (Carotonoids ) %@ miLri Twv— using real gaseous
= ) \ S . .
[ gy ] Microbial and liquid feedstocks
rotein - rotein
. P Photo-anaerobic Blogas - © ) &>
\desulfurlzatlon UE BioCH,
S-rich ¥
Walefc)epvrvoac':t:fz I Biofertilizers I Desulf.
Bi
https://chaincraft.com/ 0995 https://goodbyo.eu/
‘W:. A ’//}Z/'Y\&\\ : _§< 0 o // ‘ i < \\ \\\ b\

2
Circular °
Bio-based : . S 6
«Q » Europe gy Biobased Industries C QDB I 0
Joint Undertaking
1A%

N [


https://chaincraft.com/
https://goodbyo.eu/

THE GOODBYO GAS FERMENTATION PROCESS
o

CHAINCRAFT

Turning chemistry circular

Biogas
rich in CO,

Cas Fermentation Tech

Bio-hexanol

Microbial
protein

HHE
&

Clostridium
carboxidivorans hex21
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On Behalf of Nature.



L 3 ISTITUTO ITALIANO
E DI TECNOLOGIA
®

CENTER FOR SUSTAINABLE

1-HEXANOL MARKET LS oo,

Textile Solvent for Lubricant Plastics Food and Fragrances &
industry pharma industry manufacturin beverage personal care
Industry
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Actual hexanol production routes:

+ Petroleum-based via Ziegler alcohol synthesis and the hydroformylation of
1-pentene followed by hydrogenation

« Palm-oil based via methyl-ester hydrogenation and fatty acid
hydrogenation
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1-HEXANOL USES IN F&F INDUSTRIES

Flavour Fragrances

s M\\ >

Odor: green; herbaceous; woody;

Taste: green, fruity and winey.
sweet

It gives a delicate fatty-fruity, woody Floral fragrance family
and fermented profile to fruit,

vegetable and alcoholic flavors
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THE GAS FERMENTATION TECHNOLOGY

Cl-rich gases Gas fermentation Technology Outputs
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Lanzal
Ethanol

—

https://lanzatech.com/

Producer

Hebel Shoulang New Energy Technology Co.,
Ltd (China)

Ningxia Shoulang Jiyuan New Energy
Technology Co., Ltd (China)

Guizhou Jinze New Energy Technology Co.,
Ltd (China)

Ningxia Binze New Energy Technology Co,,
Ltd (China)

INndianOil Corporation (India)

v ArcelorMittal (Belgium)
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Gaseous source
Steel-mill
Ferroalloy off-gases
Ferroalloy off-gases

Ferroalloy off-gases

Refinery off-gases

Steel-mill
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Startup

2018
2021
2022

2023

2023

2023

INDUSTRIAL EXAMPLES OF GAS FERMENTATION

Capacity per

year

45Kk tons
45Kk tons
o0k tons

60k tons

33,5k tons

64k tons
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Acetate

https://again.bio/

Danish Start-up, biochemicals
production of from CO, and H,

Future production site In Texas
using industrial CO,
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WHAT ABOUT GAS
FERMENTATION
WITH Clostridium

carboxidivorans?
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PRODUCT VERSATILITY OF THE ACETOGEN
Clostridium carboxidivorans
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Gas input Gas fermentation OUtPUt Bioresource Technology 387 (2023) 129689
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= 1,’% i SH Contents lists available at ScienceDirect BIORESOURCE
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Lo ) | gk
1-hexano FI SEVIER jourmal homeapage: www.alsevier.com/locata/biortech :
Bioethanol plants, cement b
industry, chemical
processing plants etc.

+ Expanding the product portfolio of carbon dioxide and hydrogen-based gas ===

A fermentation with an evolved strain of Clostridium carboxidivorans
H,O electrolysis
/8 G. Antonicelli ™", L. Ricci?, L. Tar_raran'“:, S. Fraterrigo Garofalo“, A. Re®, N.S. Vasile ",
%i/l\ F. Verga ", C.F. Pirri **, B. Menin ", V. Agostino ™"
Clostridium - / First time hexanol production from CO, and H,
carboxidivorans

Bioresource Technology 418 (2025) 131966

Carbon selectivity (%)

| s | Il (] {— [} |
Biomass Acetate Butyrate Caproate Ethanol Butanol Hexanol

. . . _— = §iF
Contents lists available at ScienceDirect BIORESOURCE
TECHNOLOGY

| Bioresource Technology
100-

journal homepage: www.elsevier.com/locate/biortech

Harnessing an adapted strain of Clostridium carboxidivorans to unlock
hexanol production from carbon dioxide and hydrogen in elevated-pressure
stirred tank reactors
G. Antonicelli ™", N. Vasile “P E. Piro ™, S. Fraterrigo Garofalo®, B. Menin ™", F. Verga ",
F. Pirri ™%, V. Agostino ™
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TOWARD BIO-HEXANOL PRODUCTION
PROCESS FEASIBILITY ANALYSIS

Biomass Butyrate Caproate Ethanol Butanol Hexanol H,O

CO, + 2.89 H, — 0.149 CH,; 40y + 0.001 C4Hg0, + 0.001 CcH,,0, + 0.046 C,H,0 + 0.043 C4H{,0 + 0.096 C;H.,0 + 1.75 H,0

Carbon

selectivity 0.149 0.006 0.007 0.092 0.171 0.576
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a steady-state biomass of 20 g/L
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TOWARD BIO-HEXANOL PRODUCTION
PROCESS FEASIBILITY ANALYSIS

/fcmgN )

1412 kg/h
Total Gas OUT
CO,: 35 kg/h
H,: 72 kg/h

H. IN Hexanol produced
2

212 kgh %////// C02 converted (tonS)

Gas 1376 kg/h
| fermentation H, converted

500 m? /////// 150 kg/h  Hexanol CO, valorized (tons) 11200

Other products

84 kg/h
M H, required (tons) 1730

l

TN

2500

Volume:

Cell recycling

With a bio-hexanol volumetric productivity of
15 g/L per day
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TOWARD BIO-HEXANOL PRODUCTION
PROCESS FEASIBILITY ANALYSIS
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Bio-hexanol Cost Of Goods Sold prediction (No CAPEX considered)

H, cost 6 €/kg

6
l 9.45 €

€/K9HexoH

m Fossil based
hexanol COGS

B Medium cost
™ Process energy
B H, prouction cost

Green H, is the primary cost driver!

+—— H, cost 2 €/kg
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Cultivation
medium (L)

Bio-Process
energy (MJ)

CO,used H,used Energy for
(kg) (kg) H, (MJ)

1 kg Bio-

47
hexanol

0.75 144 7.2 67/
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CHAINCRAFT Raw
e B";‘gas Let's move toward industrial
ric 'E" O, application:
u + Use of raw biogenic CO,
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_”“_ . Validation of a steady-state
o continuous hexanol
Microbia :
' roduction at TRL 5
YN P
Clostridium o0 t ) isTruTo mALiANo TECHNISCHE
carboxidivorans_hex21 lL: CENTER FOR SUSTAINABLE ot Unerstyof Technotosy  On Behalfof Nature.

TR N z,_';‘_x;-‘?,'r{,.‘_é,'\':r..;; : 7 / - . {'\ ida
_ W OO < -\‘\ : et .\,v:,'\‘.' AU
R - - l_{JQ_‘ r-

Circular 2 AR i ", ‘ o ' Y
Q Elroraed Bio-based Industries SRl Co-funded by | : STt G . D B 0 -
Europe Consortium BRI the European Union % S AN
Joint Undertaking R L ALt o
AT S
“‘.',‘:‘.|":_. 'l' o Y
e " D A%




"THE GOODBYO GAS FERMENTATION PROCESS

First year of GoodByO

Biocatalyst optimization
and adaptation to real

biogas
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Lowering Cultivation
Medium costs

Co-funded by
the European Union
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Second year of GoodByO

Continuous Gas
Fermentation process
development

Bioprocess simulation
platform
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THE GOODBYO GAS FERMENTATION PROCESS
BIOGAS SAMPLING CAMPAIGN

CHAINCRAFT

Turning chemistry circular

Biogas sampling at ChainCraft

plant in Amsterdam by
On Behalf of Nature.
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THE GOODBYO GAS FERMENTATION PROCESS:
BIOCATALYST GROWTH ON BIOGAS
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CC Biogas BS;Lm:La:;Sh Control H,
Biogas | with H, gH and CO,
2
H 0.1% 54% 54% 80%
N, 36% 16% 32% /
CH, 34% 16% / /
CO, 30% 14% 14% 20

carboxidivorans hex21
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Control H,+CO, 0.040 0.13 1.01

+ 0.001 +0.00 +0.03

Real Biogas +H, 0.035 +(())'!)l1r ) (1)23
+ 0.01 - -

Simulated Biogas 0.028 0.16 1.09

+H, + 0.01 + 0.02 + 0.02
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- Biomass growth rate and production yield is the
Clostridium same of the Control conc

- Both real and simulated biogas showed same growth
performance



THE GOODBYO GAS FERMENTATION PROCESS:

Bio-hexanol production with the addition of H,S

H,S TOLERANCE
NS
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650 ppm 0.021  0.002 337+ 0.4
1250 ppm 0.020 + 0.003 33.0+ 0.4
2400 ppm 0.019 + 0.001 288+ 0.8

CTRL (0 ppm) 0.021 + 0.001 323+0.7

The presence of H.S DOES NOT affect the
hexanol production performances
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THE GOODBYO GAS FERMENTATION PROCESS:
FIRST YEAR ACHIEVEMENTS

Biocatalyst optimization Lowering Cultivation
and adaptation to real Medium costs
biogas
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THE GOODBYO GAS FERMENTATION PROCESS: L1 U e
UPCOMING PHASES

FUTURE TECHNOLOGIES

)

- Cascade continuous process optimization in hig

pressure lab-scale reactors

- Hexanol purification unit development

- Process modeling

&

CHAINCRAFT

Biogas

F.  richin CO, /

Gas Fermentation Tech

' Bio-hexanol ]
- :

( Microbial

\@%Q{Q  protein ]&
S\ BioCH, |

Clostridium
carboxidivorans_hex21

- TRL5 Pilot Design

- Process validation in TRL5 Pilot

TARGETS

Steady-state biomass >20 g/L
Steady-state bio-hexanol volumetric productivity >15 g/L day
Bio-hexanol carbon selectivity >65%
Kg bio-hexanol per kg H, >1.5
Bioprocess stability >1 month
Purity of hexanol >97%
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REPLICABILITY OF THE GOODBYO CONCEPT IN
ANAEROBIC DIGESTION PLANTS

Focused project task:

= Evaluate the current regulatory framework and policy analysis of the

biogas and biomethane (In the main current EU markets then *

Germany - France - Italy); CIB

BIOGAS

= Understand which limitations are present for the future

implementation of GOOdBYO technologies in existing anaerobic

digestion plants.
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WEBSITE https://goodbyo.eu/

Follow us on

Linked [[1)
https://www.linkedin.com/company/goodbyo/
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@OBiobased Industries Co-funded by
Dr. Valeria Agostino Consortium the European Unian
valeria.agostino@iit.it
Prof Fabrizio Pirri The projectis supported by the Circular Bio-based Europe Joint Undertaking and its members.

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect

fabrizio.pirri@iit.it those of the European Union or CBE JU. Neither the European Union nor the CBE JU can be held responsible for them.
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