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l.Introduction




Gasification is interesting...

g 1, IC. 4 S, H
Gasifier Gas Stream C P p P n E Eusli

s |

. Chemicals

<
Transportation Fuels

M—— %

Fuel Cell Electric Power
Combined

Sulfor/ 1 Combustion | Turbine / Cycle

Sulfuric Acid Generator /7%

Hz

Particulates

4 N
| Biomass
\ y

\‘v' Feedstock

Petroleum
Coke/Resid Electric Power
//\—/\\a

CO;, for Sequestration
Generator

nll—e—

Steam Turbine Electric Power

Marketable Solid By-Products

SINTEF

Source: NETL gasification

introduction

E2DT - Palermo - Tuesday, Oct 14th 2025
Speaker - Filippo Bisotti (SINTEF Industry)

Funded by
the European Union

E20T s

12 - 15 ottobre 2025 Palermo, Italy



SINTEF

.. but rather complex

BIOMASS ) * Multistep

[ 1.DRYING ——  100-150°C

\ diriving off waler with heat

_* Hundred thousands of species
(2 e e ot chmc 2osso0c )

» Complex chemistry

/
e s o
H,0+CO, NSl a= .
P cRACKED TAR [ERESIAEOIY _* Heavily dependent on the
(5 REDUCTION - 650-900°C | i
N comeringchrcoat o ammatego feedstock and operating
conditions
PRODUCER GAS CHAR-ASH
H; and CO small pieces of
with N, from cwv - ‘, asherich charcoal
* tar cracking is the breakdown of tar into H,, CO, and other flammable gases by exposure to high temperatures.
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2.State-of -
the-art

How is gasification modelled?




e Current modelsin flowsheet
simulators are too simplified

* Models developed and tuned for
one operation point

« Oftensolely based on estimated
yields

What happens if the feed or the
operating conditions change?
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Why do we need rigorous models?

Only rigorous models allow for:

« describing a wider range of A

feedstocks without extensive
measurements to re-tune the
yield-based model

» designing and sizing the unit

“make it as simple as possible .
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This is the process

BIOMASS

{ 1.DRYING
diriving off waler with heat -

_——  100-150°C )

(" 2.PYROLYSIS

heating without air to make charcoal 200-500°C

What is done normally
in commercial

HOT REACTIVE ~ °

pr— wiceeo e [ process simulators?

'\\ converting charcoa! to flammable gas

3. COMBUSTION 4. CRACKING
adding air to burn and crack tar gases”

PRODUCER GAS CHAR-ASH
H; and CO 4 small pieces of
with N, from cwv - asherich charcoal
* tar cracking is the breakdown of tar into H,, €O, and other flammable gases by exposure to high temperatures.
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How is it modelled? (1)

Gasification

agent
Duty g

I j Duty 0

Decomposition RSTOIC Gasification Syngas

reactor reactor D (Gibbs reactor)

Bypassline
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How is it modelled? (2)

Duty & Duty estimatedtp F:Iose
|m————— energy balance: itis
I fictitious
|
|
Volatilem r w I\
clatile matte Decomposition : N\

Fixed carbon
Ash

This chemical process
does not exist in
pyrolysis/gasification

reactort

J
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How is it modelled? (3)

Duty estimated to close & \
fictitious atoms into the pyrolysis cuts

C based onyield measured with
0 specific biomass and operating
2 RSTOIC . conditions
H, Splitter /
reactor
N,
S

( Splitter is designed to match A

Tar char production and methane
Elements Ol B £ ch yield at the outlet of the
ch YPZSSO Char A gasification chamber )
ar and bypass
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How is it modelled? (4)

Gasification Gasification agent is manipulated
agent to reach adiabatic condition or
desire outlet temperature

DULY == o o o o o o o e e

DUty = e e e e iy :
[ I

Gibbs reactor (TMD

Gasification Syngas > equilibrium) predicts
complete gasification of char

Splitter

(Gibbs reactor)

Bypass line arbitrarily remove “species”
from the reaction environment just to
“match”and adjust the final bio-syngas

Bypassline & composition to the expected one
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750

N al [ o
gasification? ;
- g
i -
§ =11 3’ /’ g
E} =
5 -2 /
For T<1000°C char isinertto  ~ 3 3] /7}'
gasification and the reactions | 4 ""-.,; i
are slow... N =51 A ’
-8 + L +
&\ o 300K 3000K
KINETIC control though = / IRHIpRRRAR (Rt s°""'e\
thermodynamic is correct [ 20+21,0 [5COCH, | ......CO+2N, +> CH.OH
(Gasrﬁcat-ln) (MethaRol)
- C+2H,0 «» CO+H, e (CB*CSQ 4—;)200
ificati oudouar
Basu, 2010, Biomass Gasification and Pyrolysis - Practical e
Design, Academic Press, 117-165 03 5 3 0 = . CO+H,0 ¢+ CO,+H; CO+3H, +»> HO+CH,
Groeneveld, M.J., van Swaaij, W.P.M., 1980. Chemical 1250°C VAR -NUR) 1000°C (Gas shift) (Methanation)
Engineering Science, 35, 1-2, 307-313.
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Takeaway on commercial solutions

A Modelling does not represent the actual chemistry of what

is occurring in the gasification process Houston, we

have (a big)
problem

A Heat balance is based on fictitious duties

A Even evidence is not fulfilled (thermodynamic vs kinetic)

A Missing generality: what happens to RSTOIC/splitter if you
change the feed and/or operating conditions?

A RSTOIC distribute atoms into the products, but this aspect
is highly dependent on feedstock quality (kind, size etc)and
operational window!
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3.Case study




SEM PRE'BIO prOjeCt SEMPR‘E-mo

SEcuring
doMestic
PRoduction of
cost-Effective
-« SEMPRE-BIO aims at demonstrating novel CETAQUA Biogas-‘& Naturgy ¥ BlOmethane

WATER TECHNOLOGY CENTRE

and cost-effective bio-CH, production -
. . [T}

solutions to support the circular economy W Cryo Inox  mvenam M. . UNERSITET Total granted

and reduce dependence on fossil fuels . funding
@terrawatt Aiglies de \_/ IDnr] 919}? € 9 926 450

* Biomethane production tested in 3 demo Barcelona
plants across Europe accounting for 3 " ABeta @ HORIZON-IA
different feedstocks e ]
DTU &

ProPus s

@ SINTEF T B
O |
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Case stu

Aiglies de Barcelona, Terrawatt, De zwanebloem,
Barcelona, Spain Marmagne, France De Panne, Belgium

Direct biomethanation of bio-gas/syngas Biogas upgrade and

bio-CH, Liquefaction
Source: SEMPRE-BIO webpage
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Block Flow Diagram

Flue Burner

» Biomass gasification gas — A —
followed by
biomethanation of

SyngaS Wood Biological Biogas
e chips Gasification ——— Syngas cleaning methanation Biogas —» purification | Bio-CHy —»

* Simulationin COFE I

Wastewater
V3.6, license-free Bioghar \_)W
simulation software by y digestion

AmsterChem

Syngas to burner T

H2 (optional)

Heat Purge

Technology provider:
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Process Flow Diagram

e HE-3 ; Burner Burner . X
= = \ / [ —
“—— Flue gas —)(j«— 518 ——ff;— §17 — [«— S16 bl . i
\ Bio-syngas splitis

wood chips

w1 szt sis €= the key to reach

(cold side) __"'“-___ '," 513 H H H
e L P s> adiabatic operation!
S ) rsw—b\- S11=»  |Sep-1
J N T £ potae ... but we need a good gasification
_,|' '[ﬁ“d split - model to
S04 (wastowasor) | *  predict the biosyngas
509

R4 - Gasificati

composition — heating value
hence estimate the split fraction
overall yield/efficiency of the

L system
S08 —»

— | Cyclone

02

aay
VI NNNSNS |
|

T

R1 - Pyrolysis
RN |«
| OO
w
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I
wood chips ——————
i BIOMASS _ Solid split
. G L g . \._
'\ ! gﬂ;’iﬁ'waa’g with heat A 100-150°C /.' 504
H,0 i
e \m;OR B i S02 = g’ g
[ 2.PYROLYSIS e ) =2 = o
\ ™" besting without air to make charcoal 200-500°C ) 2] = x =
- ' & g 8 2
3 x o ?
o 3 - so7  ©
3. COMBUSTION 4. CRACKING T
& adding air to burn and crack tar gases” 800-1200°C S05 it
S03 o
HOT REACTIVE o
- CHARCOAL ) Kineti & E
. . r:no b ] e
,\\_5 REDUCTION » £50-900°C ) lne:‘ IC 58 Cyclone
modelin PFR ™ *®
S05
Blochar
PRODUCER GAS CHAR-ASH
H; and CO small pieces of Gasification
with N, from cﬂlv N e ashrichcharcoal
Volatilization and Tar cracking and Secondary gas reaction
. . . . . rolysis steam reformin asification/reduction
Ranzi et al, 2017. ACS Sustainable Chemistry & Engineering 5, 4, 2867-2881 pyroly ¢ (@ )
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Biomass gasification

wood chips
BIOMASS . Solid split
) G - ] . ™
N ! gﬂgiffwamr with heat = 100-150°C J S04
) HO | DRY BIOMASS _ 2 sz | o l :
£ VAPOR j e ) > © S o o o —
\ = xﬁm”.—om charcoal e __ 200-500°C ) [ '- S Kl netl § T
A - > o~ © =
a = .
L CHARLUAL - = o modelin B 509
& Y [ — s07 ©
3.COMBUSTION 4. CRACKING L v '
& adding air to burn and crack tar gases” | S l=TE ) S05 -
[V
HO4+CO UAT BEACTIVE = 503
_ CRACKED TAR CHARCOAL T = a
. \ FE Gibbs S08
.,\‘_5. r:;nutnon » - - 650-900°C ) é ‘g Cyclone
= reactar
Biochar
PRODUCER GAS CHAR-ASH l
H; and CO - small pieces of Gasification
with M, from ci _ e ashrrich charcoal
. X . Volatilization and Tar cracking and Secondary gas reaction
Chenet al., 2021. Chemical Engineering Journal, 417, 127923 pyrolysis steam reforming (gasification/reduction)
Chaurasia, A., 2016. Energy, 116, 1, 1065-1076.
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Biomass gasification

BIOMASS

wood chips

Kinetic
model in‘PFR

Solid split

SINTEF

/1. DRYING - o \
I\ dirving off water with heat — BOREE "-I S04
0
N g g 5
[ 2.PYROLYSIS ~ § ] oc ) = = =
I_\ e T - . — 200-500°C g‘ 5 §
- - a g E
) - ] S09
4 3. COMBUSTION 4. CRACKING - o ('?
l\ aading air to burn and crack far gases’ | e <
o
H,0 + CO,, HOT REACTIVE o
- CRACKED TAR CHARCOAL ';_'E £
[ 5.REDUCTION B = e Cyclone
"\_ converting charcoad to Rammabie gas E ,.g
S05
Biochar
PRODUCER GAS CHAR-ASH
H; and CO - small pieces of Gasification
with N, from CM N e ash-richcharcoal
Chaurasia, A., 2016. Energy, 116, 1, 1065-1076. Volatilization and Tar cracking and Secondary gas reaction
Groeneveld, M.J., van Swaaij, W.P.M., 1980. Chemical Engineering Science, 35, 1-2, 307-313. pyrolysis steam reforming (gasification/reduction)
Gomez-Barea, A., Leckner, B., 2010. Progress in Energy and Combustion Science, 36, 4, 444-509.
m S
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4. Results
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Data source

 The proposed semi-rigorous model has been compared to experimental data collected
from an existing gasifier, whose owner and technology supplier are sensitive.

« The facility considered has an analogous layout and size of the unit designed for
TERRAWATT and commissioned in Bourges.
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Dry comp[vol%] Order to magnitude | Absolute error Relative error (%)
(magnitude)

10" % 0.1% -2.0%
CO, 10" % 0.1% +3.4%
H, 10" % 1.0% +4.5%
CH, 100 % 1.0% -25%
Residue tar 107 % 0.1% -12%
C,3 hydrocarbons 10" % 1.0% -9%
Char production(kg/h) 10'(kg/h) 1.0(kg/h) -5%
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Other KPlIs

» Estimated pyrolysis specific energy demand is " . e Bumer
1.78 MJ/K9 .y hiomass iN line with experimental . e —ese——sr—| r—se—— |
data for several kind of woody biomass rer e s oot o)

(cold side) el ',', @
(Daugaard and Brown, 2003, Energy & Fuels) e .
‘ ----77-__'““--\“_ 'ES"-‘:;,"_‘-S”-’. ’Se‘-”
*  BothLHV(13.5 MJ/Nm3,,  .c)and HHV (13.7 P t
[— s12

(wastewater)

MJ/Nm?,,..s) of produced syngas are aligned
(10-15 MJ/Nm3 . ) with industrial data for a
similar gasification plant in Sweden(Larson et
al, 2021, Fuel Processing Technology)

S09

d

)
NSRS

R1 - Pyrolysis
NN |4—
L NN
w
&
<]
T T

R4 - Gasificati

= | Cyclone

LSUH—I— =

Syngas cleaning

Biochar

« Estimated bio-syngas fractionis to be burnt
(S15)is around 35% of S13(in line with pilot data)
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5.Conclusions




COCO COFE

Tﬁt
Physics and chemistry background
R |
True reactive steps are simulated
'@'General model

'ﬁ'Flexibility: can handle variations in the feedstock
and operating window

1rlﬁ'Kine'cic model: preliminary sizing of units
P
Computational-intensive

B
Bl Need for more details (including thermodynamic
properties) for unconventional species

Aspen PLUS

B
Limited theoretical background
#T& .
Non-real steps are also included
oy . "
Feedstock and operating conditions dependent

#?I#
Not flexible unless RSTOIC mass balanceis re-tuned
for different conditions

#T&
Yield model: fulfil only energy & material balance
e
Lower numerical effort

flﬁ'Only conventional species are considered
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Long-term plan

« Wrap up everything into a single custom module (CAPE-open etc)

 Validate the approach over experimental data within different projects using different
types of biomass

* Extend the approach to other feedstocks as the literature will propose “rigorous” models
to be adopted
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Other application for gasification i

Organic waste Clean Hy-rich H, (9997%) ‘ H, (9997%) A novel multi-
syngas stage steam

gasificationand
syngas purification
demonstration
plant for waste to
hydrogen
conversion

Total granted

Waste management Multi-stage gasification WGS membrane Metal hydride Cement .
& supply & gas cleaning reactor hydrogen storage kiln fundmg
€9999 964

HORIZON-IA
&
Picture credits: HYIELD Project webpage T

SEMPRE-BIO
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Pilot data IBC-CSIC 30 kW,,, BFB gasification pilot

ar/NH; samplin
: =g ! N:,Smm .
Shell & tube
condenser
- The gasification model will be E2=(TMm i
validated on exp data collected P4 — P filter
H T7== F___nin;——1
from the 30 kW, pilotplantat % _ | B\ | (e S i L
IBC-CSIC 6t P v lowHcowo)
= Induced X‘
P3 draft fan V
° ° ° . TS —=
- Different operating points will Condensed sample gas
. ags tor L,-Cy
be tested by changing o and s analysis
temperature, SC, and ER to 3 = firiiie i
. . SS
screen awide domain to g rz—}
industrially relevant conditions d " T
i Plﬁm@r_ﬁ i g W
» O Electrical resistance element
=1 Water cooled
Source: Moles and Murillo et al., 2024, Fuel, 360, 130611
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Disclaimer

B Co-funded by i Clean Hydrogen
SOt the European Union Partnership

Co-funded by the European Union. Views and opinions
expressed are however those of the author(s) only and do
not necessarily reflect those of the European Union or the
Clean Hydrogen Partnership. Neither the European Union nor
the granting authority can be held responsible for them.
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Disclaimer

* X %
: *; Funded by the European Union. Views and
2 9 opinions expressed are however those of the
‘ Xk % author(s) only and do not necessarily reflect

those of the European Union or CINEA.

SEMPRE-BIO EFunded bﬁ tha Neither the European Union nor the granting
uropean tnion authority can be held responsible for them.
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g ﬁ}“dCI’GEAL Next Appointment

N M E E T | N G Presentation Title: Process Design and

Comparison of Three Innovative

NOVEMEER 2 - 6. 2025 Technologies for Biomethane Production
John B, Hynes Veterans Memorial Convention Center and/or Furification and Upgrading from
Marriott Copley Place » Sheraton Back Bay Biomass and Biological Wastes
Bostan, MA
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Thank you for your

kind attention! @
lam pleased to answer  gp\ppe_pjo @i HiiH
any questions!

Filippo Bisotti
Research Scientist ‘ 2
SINTEF Industry - Process Technology

Kjemisk prosess- og miljoteknologi 1
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