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H, production technologies

H, production feedstocks

_ AH cost GWP
. Technology reaction
— +7/0 kl/mol ($/kg) (kg CO, eq)
o .
Steam Methane Reforming CHy+ H,0 < CO + 3H, 206 2.08 11.9
SMR + CCS 2.27 3.7
' Coal Gasification C+ H,0 & CO+ H, 130 1.34 22.9
- CG+CCS 1.63 4.8
Electrolysis 2H,0 © 2H; + 0, 285 >3 >0.7
Coal
CDM on carbonaceous catalyst:
U less energy-intensive
L Less greenhouse gas emission
CH4 R C(S) + ZHZ (g) AH =74 kJ/mol O Produces H, with high purity
O Cheap catalyst
O Sulfur-resistive catalyst
—
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can H, replace methane affordably?

CH, - C+ 2H, AH =74 kl/mol

CH, consumption in 2024: ~2.9 Gt

H, route needs ~50% more CH, H, cost vs GDPs

H, production ~1.1 Gt m: 30.5

CO, avoided ~9 Gtlyr - =

H, production cost ~ 1.5 $/kg 1: L6s

GDP-US GDP-EU GDP-China H2 Cost

Annual H, cost ~$1.65 trillion
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outline

— Introduction

— model development

— ElectroThermal Fluidized Bed reactor (ETFB)

— processes

— e-CODUCT: simultaneous CO, and H,S abatement
— OBIWAN: biogas upcycling via H, production

— conclusions & perspectives
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advantages of electrical heating

CH, - C+ 2H, AH =74 klJ/mol

induction microwave Joule
|
Gas Flow Out
Current in Coil
Magnetic Field ,' noy C‘fmm Fluidized Bed Electricity from ° . .
/ P renewable Ze rO e m I SS I O n
sources
| — e Temperatur ‘energy efficient
— =t el better T control
T- 2 | Catalyst . .
Heat 25}
Generation ~—7 .rapld heatlng
L A4 N e
Heating Conductive Material Gias Flowi I
-
LTI} = .‘ .. Imtiaz, et al. Ind. Eng. Chem. Res. 63 (2024) 4205
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ElectroThermal Fluidized Bed reactor (ETFB)

" " . _} Feed in
— CO m b I n atl O n . .q Over-bed
i ...;.:..,.,::' —space (c)
— fluidization paricies 0%
— Joule heatin e Y oo
g . . Center 5% //jki(::;?ivcaell)
— compared to conventional fluidized beds ==
chiﬁzel / / Fluidized bed
— better control over bed temperature Wedh ges
— higher energy efficiency e % zone (0
: : : N
— rapid and uniform heating od () HER %
— *‘-‘% istributor
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Fluidizing gas in

Fedorov J. Fluids Eng. 138 (2016) 044502
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Joule heating in a fluidized bed
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-

Conductive Particles
at Fluidized Condition

BED RESISTIVITY, ohm=in.

Ind. Eng. Chem. Res. 2024 https://pubs.acs.org/doi/10.1021/acs.iecr.3c04232
Malinovskii et al., J. Eng. Physics Therm, 85(2), 251-258, 2012

Pulsifer and Wheelock, Interim Report No. 3, lowa State University, Ames, 1974.
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ETFB reactor heat balance

q +dq Qout = MHyye

dQu

Nj
Qrxn = EZ(_Aern,ij,j)Acrdz
J

q = _kt?E Qin = mH;,

GHENT
UNIVERSITY

dT

dQ;u
C —_ = Z —AH Ry, =(

heat generation
-> Joule heating term

convection conduction heat of reaction

assumptions

* bubbling fluidization regime

* low- and high-density phases are at the
same temperature

* no radial profiles

» constant effective conductivity at average
temperature and composition

» adiabatic operation

» steady state operation
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ETFB electrical field

coaxial resistor

1.0

Insulating wall

o
o

d2V+ 1dV+d2V_0
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Laplacian Filed Model vs Current Partition Model
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outline

— Introduction

— model development

— ElectroThermal Fluidized Bed reactor (ETFB)

— processes

— e-CODUCT: simultaneous CO, and H,S abatement
— OBIWAN: biogas upcycling

— conclusions & perspectives
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e-CODUCT: process lay-out

CO, —— COS /2 > CO 1 > sustainable products
7 \\\\ %I{
i - I platform molecule
]
H,S ,0 S
marketable product
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COS decomposition
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» COS decomposition to CO and sulphur
= temperatures up to 800-1200 °C
* |n situ heat generation by joule heating

LFM vs CPM results

01 02 03 04 05 06 07 08 09
(=) Relative Electrode width

Deviation from field model prediction (%)



OBIWAN: process lay-out
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OBIWAN: context

— biogas (CH, + CO,) valorization

— calorific

— to chemicals/(sustainable aviation

fuels)
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CH, pyrolysis in ETFBR

Effect of Electrode Depth on linear power density Effect of Electrode Depth on temperature Effect of Electrode Depth on conversion
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conclusions, opportunities and perspectives

— “electricity is in the catalyst”
— reactor electrification more than connecting an electric heater to the grid
— reasoning from the inside: ElectroThermal Fluidized Bed (ETFB) reactor

— opportunities (for endothermic reactions):
— acid gas conversion (decomposition of COS)
— bio-gas upcycling (CH, pyrolysis)

— challenges
— (renewable) electricity availability
— Impact on chemistry
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CAR nd TCR resistor formulation

@ + |dentification of the characteristic length (L) and the cross-sectional area to

the flow of the current (A.) for both resistors
i Speal
: R = > LCAR — T',AC CAR — 2TTrZ
AC ’
_ a2
= Lrcr = 2, Acrcr = Y
« Coaxial resistor * Truncated cone resistor
Shed 2 SpeadZ2
dRcar = In|— dRrcp = 2
2mdz, 71 r
resistances in parallel resistances in series

Replace resistances expressions in the Joule heating equation

U I

TCR !

—~ _ VZZTL'le 12 Sp ddZZ

LI dQju,car = ) ln(r—z) dQurcr = TCR e2

giev bt ot bealn| -7 ' T
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Dual zone

electrothermal model

@

—W\
Coaxial resistor

— AVAVAY AI

_

Truncat.ed CONE [
resistor '

ICAR

Itutal

« Assuming contact resistances with the

electrodes are negligible

« CARs and TCRs are represented as two

resistors in parallel

&

o (1,1 i
O \Rcar  Rrcr

U

. 0/ _
— ItotalRtotal — VItotal

VZ

Q]H,total —
Rtotal
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ETFBR Mass balance

Assumptions

* Bed is divided into two phases
A * High density phase
* Low density phase

No radial profiles

dz » Constant properties

e At average bed temperature and average composition

* High density phase at minimum fluidization condition
e Steady state operation
* Bubbling fluidization regime

Fi=F +Fny
Us = Yruy +Pyuy
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ETFBR for CH, pyrolysis

Effect of Electrode Depth on linear power density Effect of Electrode Depth on temperature
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Field characteristics of the electrical properties in an
ETFBR -

| Coaxial ETFBR configuration | » Electric potential_fie_lc.:l determination
““““ = * Uniform resistivity of the bed

Insulating wall » Voltage is uniform along the electrode surfaces

« 2D Laplace equation over cylindrical coordinates
dv 1dv d?V

_ 4 = =0
dr2+ rdr-l_dz2

Central electrode

« Current density

| PR O
Side electrode ' " Spea AT’ ’ Spedq AZ
e Current
V:EtOZ 2w ~H 21 R
1 L. =f f J.rdzd®, I, =f f J,rdrd®
o Jo o Jo
| « Joule heating
; | r2m H (R 1 /dV\*
................ | S —!— Pr — _ d TdrdZd@
Conductive i ' Z, Jo Jo Jo  Spbea \dr ,
Distributor H p pem i fR_ 1 (dV) e drdrd@
zZ - dz

SRIRYE UR SN Jo Jo Jo Spea
| R
A L_-Jd L_-d
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Derivation of the Coaxial Resistor Expression

Insulating wall
H
g
Central electrode F _____________
Side electrode E
ICAR E
— :
“W\~ ' Z,
CAR
S A, +
Conductive TCR ™ ' Z,
Distributor | _ _— — 4 — — > o
SRR
| | | | | | | |
| | | | | | | |
L_J.__I__L.I.L__I__L_J
|
_
I = rr
GHENT Y 0

UNIVERSITY

+ |dentification of the characteristic length (L) and the cross-sectional area to

the flow of the current (A, )

Stoq L
R = bed
Ac

« Derivation of the Coaxial resistor expression
— Shbed 2\ _
Rear = g LM (rl) (

If V is constant along the axial direction - Differential resistances in
the coaxial resistor can be treated as resistances in parallel

Y

* Replace the coaxial resistance in the Joule heating equation

> L =r,A4,; = 2nrZ,

Shed I Ly
n —
1 Sped L 2mdz, (rl)

_1 .
1 >
(r2)> over dzy dRcap =
n —_—
27'[le 1

0 V2 V22T[21
JH,CAR — — r
Rcar Speq LN (_2)
r
V22Tl'dZ1
dAQyu.car = -
Sbedln<a) 28/21



Derivation of the Truncated Cone Resistor Expression

+ |dentification of the characteristic length (L) and the cross-sectional area to

. ; the flow of the current (A, )
Insulating wall i C,
Spea L
A R = > L =2zA.; = mr?
Central electrode 1 AC
r . . . . .
’ « Derivation of the Coaxial resistor expression
Side electrode I P _ SbedZ2 _ Z Speqdzz e dz > qR _ SpeddZzz
S ; TCR Tr1T > Tr1T > % TCR Tr17T >
CAR | If | is constant along the axial direction = Differential resistances in
s | the truncated cone resistor can be treated as resistances in series
Conductive TCR :‘?lllm Z, ! ]
Distributor  [L _ _ _ AVTE ) o

P4 4 4 g * Replace the truncated cone resistance in the Joule heating equation

L_J__I__L.:.L__I__L_J Q B 12 R B I'IZ'CRSbedZZ

JH,TCR TCRINTCR 12
—_
[T 1 51 I d
GHENT I E B dQ _ ITcRSbedA%2
HTCR —
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