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Aixprocess at a glance

“ Refining

Petrochemical

« established 2001
by Dr. Martin Weng, Markus Hufschmidt, Michael
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engineering, combustion Envy_ro.nmental

> 1000 engineering & modeling projects

> 400 worldwide customers

Engineering Services Digital Solutions Products

= CFD process simulation = aixProM Data Management = cyclones

= SolidSheet process modeling = aixProM RealTime Optimiser = Barracuda Virtual Reactor
= process optimisation = aixProM Big Data Analytics = aixProM smart-sensors
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GCCA'’s net zero pathway for Cement industry

Source: GCCA

Societies need for concrete '
(in the absence of any '
action) is forecast to result |
in 3.8Gt CO2 in 2050. :

Contributions to

achieve net zero W

Efficiency in design
& construction

Efficiency in concrete
production

Savings in cement & binders 9%

Savings in clinker production

Substitution of Fossile Fuels I

CO2 emissions (Gt COz2)
% Contribution o net zero

Enhancement of Thermal Efficiency I

Carbon capture and
utilisation/ storage (CCUS)

De-carbonisation of electricity

CO:z sink: recarbonation

l
. $

Total reduction 100%
2020 2030 2050

= = = Net zero pathway % COz emissions from electricity - Direct net CO2 emissions (Direct COz2 emissions minus recarbonation)
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Basic Principle of Cement production and Calciner

operation
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Decarbonization of Cement Production — A Use Case

Ecocementos plant in Rio Claro

Located in Colombia

Commissioned in 2019

Clinker Production 1.5 Mt/yr

CO, emissions ~1.4 Mt/yr (estimated)

Reduction of Carbon footprint

Substitution of Coal by Solid Recovered Fuel (SRF)

Improvement of Process Performance
» Keep Plant Productivity
* Minimize CO emissions

CFD Process Engineering of a Cost-Efficient Solution

Get it Right the First Time!
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What is Solid Recovered Fuel?

Plastic Foil

» Very broad particle size distribution
* Non-spherical shape of almost all particles
* Inhomogeneous and varying particle density

R m—
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Morphologic charaterization of SRF

Vgas=16.0 m/s Vgas=14.3m/s Vgas=10.1 m/s

25000000e+01 25000000€+01

Model parametrization

aterial Shape Size Densit

25000000e+01

[¢] Vg Vg
| & [ : " Class1
Class 4 F Class 3 Class 2

BARRACUDA
VIRTUAL REACTOR
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Combustion behavior of SRF Particles

intense flame [s]
Sample 1 . weak flame [s]

m Char conversion [s]

0 5 10 15 20 25 30 35 40
Duration [s]

Type: 2D
Size: 25 x 25 mm
Weight: 12 mg

T sampl =
sEsus sasEEEEES AR ju s an | 0 5 10 15 20 25 30 35 40
| 5a3ssns anse e Duration [s]
Tl susaszans

Type: 3D

Size: 30 x5 mm

Weight: 140 mg
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Barracuda Model SetUp

Calciner CFD Modeling

Downcomer CFD SOIVer BarraCUda V21 1 O
f the ri .
ortheriser Barracuda models * Mass, species and energy balance
*  Fluid particle heat transfer
*  Fluid walls heat transfer
* Meal and fuel particles dra
Bottom Lower |c_)ot e el p I e g
of the riser * Meal agglomeration
stage BARRACUDA
cyclone * Turbulence model VIRTUAL REACTOR
Top meal
box
Tertiary air duct
Bottom
meal box

/ Bypass

Kiln section

2 Coal burners
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CFD Process Engineering

_ As - Is fuel scenario Future fuel scenario

Hard coal 13,000 kg/h 5,888 kg/h

Tyre chips - 2,500 kg/h

As-Is Fuel

Scenario

-> Final future
Engineerin i
Reference : g g fuel scenario

»> Base future
scenario

Ramp-up Modify
Alternative Fuels Geometry

Engineering Objectives:

* Maintain / improve meal Degree of Calcination (DOC)
Reduce meal and fuel spillage into kiln inlet

Increase Degree of Burnout (DOB) of all fuel particles Ll e 3,10 jterations
Minimize CO emission conditions
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from pathlib import Path

n
from tecplot_automation.automation import Fluid Variable, Multi_Slice, Particle Type, Single Slice, View
from tecplot_automation.main import run
from tecplot_automation.utils import burnout_eqn, complete_eqn, doc_eqn, initiate_level
# Inputs Required.

# Locations
# Simualtion Folde

* Calciner CFD postprocessing typically involves numerous el e L it i Al sy ot uto o
particle types (due to many meal inlets, many fuel inlets, e s
M . ;tartlng step = 7‘5-.\ Level 4
many fuel species and many fuel species class) e s

# For initial test, t rt with 3 steps and then check the results.

: Level 6
# For complete post pr ssing the total steps to process to be provided

f i:a:;-;i Z;r,mZa; in u,r'\u'at on seconds Lovel 3
» Creating postprocessing template for evaluation of meal TOPIOLpOTHDST = TS0 e e the mmeraction wmfe‘
. i . . T N B B T N - cyclor
calcination and each fuel burnout across the calciner is b I6 mmination a1z to ve saves e relse -
complicated, time - consuming and highly prone to errors T \ A
iso view = View(name="is0" 57.57, theta=-47.72, alpha=0, zoom=None) - -
e Fioe  vineaame _H .
» Repetitive, tedious and non - value adding tasks for each  hotar-17 72, aighasd, socem(l0. 1, 513, -Se.sh, 2ash N K nlet

front zoom = View(name —5;1, alpha_. , zoom—[ 6.81, -0

4
8.13, =54.24, €1.46 -
0 5, -50.49, 12.541) .
left zoom = View(name= theta—- , alpha=0, zoom=[16 0.341, 12.541)

.
project #rdf zoom = View(name="rdf room", psi=90, theta=50, alpha=0, zoom= 4 7369, -312, 401])

120 Calciner CFD Project - Man hours
» Calciner CFD postprocessing completely automated with

PyTecplot python scripting 100 e
80
60
. Wlth aUtomated pOStproceSSing WorkfIOW' ~20% man ’ 2023 workflow 2024 workflow

hours saved per prOjeCt W Pre-processing ® Model setup & simulation

Post processing Engineering
B Report

___ e 31Xprocess

» PyTecplot also enables detailed data analysis and numerical
evaluation of calciner performance with use of python
libraries like NumPy

40

Man hours (%)

20
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Optimisation Engineering Deliverables

Feeding location selection

Step 1

Feeding concept (pneumatic or

Fuel Feeding gravity)
Engineering

* Fuel engineering (size and
moisture)

Thermal efficiency

enhancement i X
Step 2 — A \ —+
Process * Elimination of process : FANV/N g il
Engineering deficiencies | §””+j§' . ‘ — L
* Enhancement of process
stability - = ——
’ mln:kg‘ggggm:”3522.044-1000.01 !E‘ ’

I : I z [

process
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Particle Motion — Limestone Meal

DOC_Meal

KPI 1:

Degree of Calcination:
Fraction calcined
I Fraction uncalcined

BARRACUDA
VIRTUAL REACTOR

Solution Time: 30.00 s

As-Is Fuel
Scenario

Reference

DOC_Meal

0.75

KPI 1:

Degree of Calcinatiof
Fraction calcined
I Fraction uncalcined

Solution Time: 30.00 s

BARRACUDA Final future
VIRTUAL REACTOR' .
fuel scenario

TheModeliNG
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CO - Emissions

Fluid domain mole fraction CO(G) Time average Fluid domain mole fraction CO(G) Time average
r r r r # N ‘{: N .
KPI 2: CO ' ’ -
y o Y'kPl 2: CO
100%

. As-Is Fuel b(
BARRACUDA c

VIRTUAL REACTOR S cenario

Reference

BARRACUDA Final future
VIRTUAL REACTOR .
fuel scenario
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Particle Motion — SRF

Final optimisation
Burnout_RDF Solution Time: 30.00 s Burnout_RDF Solution Time: 30.00 s

1 1
KPI 3: SRF-Burnout KPI 3: SRF-Burnout

902 Fraction burned 0:43 Fraction burned

. = Fraction unburned - = Fraction unburned
1%

0.25

0

0.25 -
0

KPI 4: KPI 4:
z SRF-Rain-out ﬁ z SRF-Rain-out
%Y <50 kg/h %Y <50 kg/h %
X BARRACUDA Base future X BARRACUDA Final future
VIRTUAL REACTOR VIRTUAL REACTOR

fuel scenario

scenario




Particle Motion — Tyre Chips

Burnout_TyreChips
1

KPI 3: TDF-Burnout
075 Fraction burned
= Fraction unburned

0.5

0.25

KPI 4
z TDF-Rain-out

%Y 300 kg/h
BARRACUDA

X
VIRTUAL REACTOR

Solution Time: 30.00 s

Base future
scenario

Burnout_TyreChips

1

. KPI 3: TDF-Burnout
0.75 Fraction burned

= Fraction unburned

KPI 2

5 TDF-Rain-out
%Y <50 kg/h
X BARRACUDA
VIRTUAL REACTOR

Solution Time: 30.00 s

Final future
fuel scenario




TakeAways

« aixprocess GmbH contributes to cement industry decarbonisation by enhancing cement plant performance

using Barracuda Virtual Reactor @
* Use case plant was successfully commissioned in Q1/2024

* In particular project 55,000 t/yr coal are substituted by waste derived f
corresponding to ~51,000 t/yr CO, emission savings from primary fuel

Carlos =1,
¥’ Coprocessing, Sustzinability, Circular Economy, Waste Management, ..
Ll

[t's so important to do the CFD for increase the TSR with alternative fuels.

It was a pleasure to have aixprocess GmbH suppeorting us on this project.

Tks so much to everyone and especially to Matthias Schumacher! Success

and cheers

« Barracuda software proves to be a right choice for cement calciner engineering among several other
commercial software packages due to its modeling capabilities, numerical stability and computational

efficiency

* PyTecplot utility in Tecplot enables us to automate the postprocessing, saving significant man hours and

adding value to the clients.

« Apart from cement plants, Barracuda also aid us to design and optimize industrial reactors, fluidized bed

reactors etc.,

___ e 31Xprocess
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