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1. Introduction

CO, serves as earth thermoregulation

Pre-industrial

Global warming = climate changes




1. Introduction

CO, emission reduction strategies:
(Paris Agreement, 2015)

Upstream:

Renewable energies
00009

Downstream:
Coz ownstrea

CCSU (carbon capture, storage and utilization) processes




2. Enzymatic CO, Biorefinery

f CO, capture and

conversion
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2. Enzymatic CO, Biorefinery

Kinetic properties of FDH catalyzed CO, reduction

Most FDH are NADH dependent

104
R g Fiectron donor e NADH is needed in high concentrations
'TE 102 o NADH
= awen O M «  NADH has high costs
L Lo /\ Electrode
8 30y &Ecmj U v,
O 10
O Cm (NM) Cn ™ . Aw M Donor
100 Concentration .
S o (mM) Cofactor regeneration
-y O ‘ mm 0.1
S10 ¢ ;o = . 0.2 {\
< - 1
» = NADH  NAD*
cb o (@ Ctw ; 1::
——r———s Co, M‘_ HCOOH
Keat (s)
Current Opinion in Biotechnology

https://doi.org/10.1016/j.copbio.2021.07.011




2. Enzymatic CO, Biorefinery

Electrochemical regeneration

 Use of clean, renewable
electrical energy

€ » NADH \ /-S @ * Broad applications

Enzyme

 Low TTN,
NAD* / \ P * low selectivity
@ * Electrode fouling




2. Enzymatic CO, Biorefinery

Electrochemical regeneration

Enzyme

NAD* 4/\ Formic

acid

Use of clean, renewable
electrical energy
Broad applications

Low TTN Novel electrode
low selectivity » materials are

Electrode fouling studied
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2. Enzymatic CO, Biorefinery

|
1

Electrochemical cell configuration

Applied voltage

Good compromise for both enzymatic support and electrocatalyst

NAD* co, 5 Chemical catalysts Modifications of the
8 electrode surface
< chemistry

NADH HCOO- Reusability advantages




2. Enzymatic CO, Biorefinery

Electrochemical cell configuration

Applied voltage

Good compromise for both enzymatic support and electrocatalyst

NAD* co, 5 Chemical catalysts Modifications of the
8 electrode surface
< chemistry

NADH HCOO- Reusability advantages
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3. Fabrication of enzymatic biocathodes o

European
Commission
I

Deposition of nanoparticles on electrode

Catalyst 1 Catalyst 2
_ . Aldrich, 40-60
Material SnoO, Aldrich, <100 nm NpCu
nm
Catalyst loading (mg/cm?) 3.5 - 3.5 -
Ligand Nafion Aldrich, 5% Nafion Aldrich, 5%
Catalyst/Ligand ratio 12 % 12 %
Solvent Isopropanol Aldrich, 99.8% Isopropanol Aldrich, 99.8%
Solvent/Nafion+Catalyst ratio 2.2:1 - 2.2:1 -

11




3. Fabrication of enzymatic biocathodes
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Cyclic voltammetry of NP-modified electrodes in presence and absence of NAD*

NpCu-Electrode
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3. Fabrication of enzymatic biocathodes

mol NADH / mol NAD
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Effect of catalyst material on NADH regeneration

Sn02
Electrode
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3. Fabrication of enzymatic biocathodes

Reaction kinetic

0,6 2
Reaction conditions
0,5
CO, flow: 38 Nml/min
Phosphate Buffer 250 mM (pH 8.5) b
NAD* 1 mM o _
= >
£ E
Total enzymatic units: 0.69 U T 0,3 15
pH final: 7.6 < S
Z T
0,2
0,5
0,1
0 o o o 0
0 1 2 3 4 5 6

Time (Hours)
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2. Enzymatic CO, Biorefinery

Electrochemical cell configuration

Applied voltage

FDH
N QD
NAD* gl co,
L
i
(T
O
NADH HCOO.

Good compromise for both enzymatic support and electrocatalyst

Chemical catalysts

Active NADH

Modifications of the
electrode surface
chemistry

Reusability advantages
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3. Fabrication of enzymatic biocathodes

Activation of the electrode

1. 2. 3. > 2
/\/IJ\H
GPTMS Iminodiacetic acid  NiSO, A
5% vol. 2M 200 mM HZf P /H
105°C,5h pH 11, 4 h,rt. 2h, r.t. 7_—/7‘—>l\i|<—0\
HC. 9 H
OH \C':=O
CF IDA — Ni?*
Carbon felt Base treatment Acid treatment
Electrode (CF) KOH 1 M, 100 °C HNO, 1 M, 100 °C
Specific surface area (m2-g1) 0.23 0.41 161.53
IDA-Ni2* groups (Umol-g1) 1.38 5.36 5.02

16




3. Fabrication of enzymatic biocathodes

Activation of the electrode

L 2 )

GPTMS H,SO, NalO,

5% vol. 0.1 M 0.1 mM

105 °C, 5h 85 °C, 5h 2h, r.t.

CF Glyoxyl

Carbon felt Base treatment Acid treatment
Electrode (CF) KOH 1 M, 100 °C HNO, 1 M, 100 °C
Specific surface area (m?-g?) 0.23 0.41 161.53
Aldehyde groups (umol-g1) 800 Not measured 1500
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3. Fabrication of enzymatic biocathodes

* *
* 3 K
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Immobilization kinetic
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Ottone et al. Chemistry Open (accepted)




3. Fabrication of enzymatic biocathodes

Characterization of the immobilized FDH

o)

Activity (%)
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Ottone et al. Chemistry Open (accepted) 19




Characterization of the immobilized FDH

3. Fabrication of enzymatic biocathodes

SA RA Yo, Lo
(Ulg) (%) (%) (mg FDH/gCF)
CF-IDA Ni2* 0.51 £ 0.07 4+1 45 1.3
CF-KOH IDA Ni2* 0.89£0.8 71 7512 221204
CF-HNO; IDA Ni2* 1.26 £ 0.13 10+1 795 2.4 +0.25
CF-Glyoxil 0.265 + 0.09 2.1+£0.75 21.2+1 0.85+0.04
b) 100 4
A
SA(U-gH = W) B0 -
mcr(9) : . - .
Y 80 Similar stability with
RA(%) = ——measured 400 respect to free enzyme

SA teoretical

(. CP_end

100
Cro

C
Yp1 (%) = -

Residual activity (%)

= FOHNG-CF (madel]

® FOHG-CF
& Froee FOH

Free FOH (maded)

5 10 15 20
Time (h})
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3. Immobilization of FDH on modified electrodes
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Effect of enzyme loading

ai,so £ B - =
- — 150
1,40 e - -
51,20 - —
£ 1,00 - S
g 0,80
g ® - —a7
2 0,60
é 0,40 e -4 .
, oo - 2
0,20 - 15
[ J
0,00 - 10
0 10 20 30 40 50
Activity offered (IU)
Enzyme Loading (mg/gCF) 3 6 9 12 15 40 70
Specific recovered activity (1U/g) 0.98+0.14 3.13+1.18 4.18+1.37 3.01+0.46 3.88+1.34 8.99+7.8 13.4810.46
Immobilization activity yield (%) 8 11.7+0.3 8.3+0.2 6.5 6.6 13 3.5
Protein immobilization yield (%) 8412 91 94 92 91 8318 7715

Loaded protein (mg/gCF) 2.8+0.07 5.1 7.9+0.32 11+0.13 13.1+0.21 31.5+6.8 49+2.69




Production of formic
acid by reducing CO, as
a substrate in a 8 bar
reactor

Maureira et al. (manuscript)

Remanent activity (%)

(I
o

Concentration (mM)
O P N W » O O N 0O ©

9% -

7%%
6%
5%
4%
3%
2%
1%%

0%

* X %

*
* *
*

* ok

European

ONADH AFA

8% 1

[ J
A
(] ; }
° A
A [ J
& ® o o
A
2 4 8 10
19 Batch 292 Batch 32 Barch

22



_ SO
3. Conclusions *@"‘

v’ Efficient NADH regeneration is necessary for enzymatic CO, biorefinery.

v The deposition of nanoparticles on the electrode surface is a promising
strategy for NADH regeneration

v" Acid treatment increases the CF surface area

v IDA- Ni2* treatment yield to biocathodes with higher SA and RA

v' The immobilization of FDH on CF permits the reusability of the electrode
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